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In Memory
Sumner J. Yaffe, M.D.

May 9, 1923–August 10, 2011
On August 10, 2011, Dr. Sumner J. Yaffe, often regarded as the father of
pediatric clinical pharmacology, passed away. He had a long and distinguished
career as a renowned researcher and expert in pediatric pharmacology.

Dr. Yaffe was our friend, colleague, and co-author for 31 years. In 1980, he
enthusiastically accepted our offer to co-author this book. At that time, he was
the Director of the Center for Research for Mothers and Children at the
National Institute of Child Health and Human Development. Over the years, he
authored and/or contributed to nearly 300 scientific articles and books, including
ours. His comments on our reviews were always on target. Our readers and
ourselves have reaped the benefits of his vast experience. We were indeed
fortunate to have received his wise advice and counsel over three decades.



Foreword

This book is now in its 10th edition and continues to enjoy great success with
physicians and other professionals involved in the care of pregnant and
lactating patients. Many of the reviews are exhaustive but pertinent to the
management of pregnant and lactating patients who have already ingested a
drug or who are in need of drug therapy where a cost–benefit analysis may be
necessary for appropriate counseling. There are seldom absolute answers to
questions a woman may have when she ingests a drug when pregnant or
nursing because human experience is usually, of necessity, somewhat
anecdotal. Even with all the information in this publication, there are risks that
are yet unknown that may apply to a small number of people making the dictum
of not using drugs in pregnancy without good cause still important. The effect of
drugs in animals, the importance of timing and dose, and the effect of
environmental factors are all involved in the risks and benefits of drugs in
pregnant and/or lactating women and their fetuses/neonates. These factors are
considered when data are available, but we must admit that in no individual
case is the understanding of risks and benefits absolute.

Because many pregnant and lactating women take substances, both legal
and illegal, without the knowledge of their caregivers, the challenge to
understand the risks/benefits of any drug and its interactions with these
substances is daunting. Today, we are just beginning to understand the specific
genetic influences on the action, toxicity, and teratogenicity of drugs in an
individual. I expect in the future there will be many identified genetic factors that
will influence therapeutic decisions.

The contributions of Dr. Sumner J. Yaffe, who died after the last edition, will
be greatly missed. His vast experience and expertise regarding the use of
drugs in pregnancy and lactation were significant contributions to all editions of
this book.

It is our hope that the 10th edition will continue to provide the practitioner
appropriate assistance with questions regarding drugs in pregnancy and
lactation.

Roger K. Freeman, MD
MemorialCare Center for Women

Miller Children’s Hospital



Long Beach Memorial Medical Center
Long Beach, California

Director Mednax Medical Group
Clinical Professor of Obstetrics and Gynecology
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Preface

In 2011, our co-author, Dr. Sumner J. Yaffe, MD, passed away. Our tribute to
this great man is shown on the In Memory page.

We have been writing this book for 34 years. The first edition was released
in 1983, 31 years ago. With each new edition, we have tried to make
improvements that would benefit our readers. The same is true for this edition.

Not only is the 10th edition in a print version, it is now completely online for
those who prefer that method to acquire information. We have attempted to
reduce the size of the book by removing 161 reviews of drugs no longer
marketed. If information is needed for these agents, it can be obtained by
referring to the 9th edition. There are 124 new drugs in this edition.
Unfortunately, the majority have no reported human pregnancy experience.
Consequently, to estimate the embryo–fetal risk, we had to rely on information
from other drugs that had the same mechanism of action (if they had human
data) and/or on animal data. Finally, 201 drug reviews have been revised with
new information, but no new relevant data were found for an additional 300
drugs. However, the search for new data on all drugs in this edition is an
ongoing process. Although new or revised drug reviews published in future
quarterly Updates will not be in the print version of this edition, they will be
available online. We believe this will be a significant benefit for our readers.

The revision focus has been on drugs with no human pregnancy data and
those where new information would change our pregnancy or breastfeeding
recommendation. Nevertheless, there are still a large number of drugs that
have little or no published human pregnancy experience, thus making the
counseling function difficult.

As in previous editions, some drug reviews have toll-free telephone numbers
for the use of health care professionals or patients to enroll in observational
studies. These studies are an important method for gathering prospective data
on pregnancy exposures for high-risk drugs. In fact, such studies are often the
only human pregnancy experience available for new drugs and pharmacologic
drug classes. The data generated by these studies and registries can be
valuable for the raising of hypotheses of major teratogenicity or providing some
assurance that the agent is not a significant teratogen. Because their
importance is so high, health care professionals and patients are encouraged to



call for information about patient enrollment.
We take great pleasure for the opportunity to thank the many individuals who

have helped us. To those who have sent us references, know that your efforts
are sincerely appreciated. We also appreciate those who have commented on
our work because it identifies areas that may need modification or topics that
we need to cover. In addition, the questions we received served to keep us
informed of your information needs and often lead to the preparation of new
reviews. On the following page, we have listed the names of those who have
been particularly helpful in the preparation of this edition.

It also is a pleasure to announce that we have two new co-authors who will
assist us in the next edition. Dr. Craig Towers, M.D., is a Maternal-Fetal
Specialist and a professor at the University of Tennessee Medical Center,
Knoxville. We have had the pleasure of working with Dr. Towers in the past and
look forward to renewing that relationship. Dr. Alicia Forinash, Pharm.D, FCCP,
BCPS, BCACP, is an Associate Professor, Saint Louis College of Pharmacy,
and a Clinical Pharmacy Specialist in the Maternal-Fetal Care Clinic at Saint
Mary’s Health Center in Saint Louis. We believe both will have a significant and
beneficial impact on future editions of this book.

Gerald G. Briggs, BPharm, FCCP
Pharmacist Clinical Specialist (Obstetrics) (Retired)

MemorialCare Center for Women
Miller Children’s Hospital

Long Beach Memorial Medical Center
Long Beach, California

Clinical Professor of Pharmacy
University of California, San Francisco

Adjunct Professor of Pharmacy Practice
University of Southern California, Los Angeles

Adjunct Professor, Department of Pharmacotherapy
Washington State University, Spokane, Washington
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Introduction, 9th Edition
Sumner J. Yaffe, MD

It is now generally accepted that the developing fetus may be adversely
affected by exposure to drugs and environmental chemicals. The stage of
development of the intrauterine host is a major determinant of the resultant
effect as well as the nature and the concentration of the drug or chemical
agent. On a more positive side, fetal therapy (i.e., treatment of fetal disease in
utero by administering the drug to the mother or directly to the fetus) has been
recognized recently as a rational approach to treat fetal disease.

Forty years ago, the thalidomide catastrophe (limb defects) occurred when
this drug was administered to pregnant women as an antianxiety and hypnotic
agent during the 1st trimester. Thalidomide had been evaluated for safety in
several animal species, had been given a clean bill of health, and had come to
be regarded as a good pharmacologic agent (hypnotic/sedative). It is of
interest that this drug is being re-evaluated today for use in leprosy and
approval for this use has been given by the FDA.

It is important to note that, even though thalidomide produces a distinct
cluster of anatomic defects that are virtually pathognomonic for this agent, it
required several years of thalidomide use and the birth of many thousands of
grossly malformed infants before the cause-and-effect relationship between
thalidomide administration in early pregnancy and its harmful effects was
recognized. This serves to emphasize the difficulties that exist in incriminating
drugs and chemicals that are harmful when administered during pregnancy.
Hopefully, we will never have another drug prescribed for use during pregnancy
whose teratogenicity is as potent as thalidomide (about one-third of women
taking this agent during the 1st trimester gave birth to infants with birth
defects).

Concern about the safety of foreign compounds administered to pregnant
women has been increasingly evident since thalidomide. The direct response to
this misadventure led to the promulgation of the drug regulations of 1962 in the
United States. According to these regulations, a drug must be demonstrated to
be safe and effective for the conditions of use prescribed in its labeling. The
regulations concerning this requirement state that a drug should be investigated
for the conditions of use specified in the labeling, including dosage levels and
patient populations for whom the drug is intended. In addition, appropriate



information must be provided in the labeling and be available when the drug is
prescribed. The intent of the regulations is not only to ensure adequate labeling
information for the safe and effective administration of the drug by the physician
but also to ensure that marketed drugs have an acceptable benefit:risk ratio for
their intended uses.

It is clear that any drug or chemical substance administered to the mother is
able to cross the placenta to some extent unless it is destroyed or altered
during passage, or its molecular size and low lipid solubility limit transplacental
transfer. Placental transport of maternal substrates to the fetus and of
substances from the fetus to the mother is established at about the 5th week of
embryo life. Substances of low molecular weight diffuse freely across the
placenta, driven primarily by the concentration gradient. It is important to note,
therefore, that almost every substance used for therapeutic purposes can and
does pass from the mother to the fetus. Of greater importance is whether the
rate and extent of transfer are sufficient to result in significant concentrations
within the fetus. Today, the concept of a placental barrier must be discarded.

Experiments with animals have provided considerable information concerning
the teratogenic effects of drugs. Unfortunately, these experimental findings
cannot be extrapolated with certainty from species to species, or even from
strain to strain within the same species, much less from animals to humans.
Research in this area and the prediction of toxicity in the human are further
hampered by a lack of specificity between cause and effect.

Traditionally, teratogenic effects of drugs have been noted as anatomic
malformations. It is clear that these are dose and time related and that the
fetus is at greater risk during the first 3 months of gestation. However, it is
possible for drugs and chemicals to exert their effects upon the fetus at other
times during pregnancy. Functional and behavioral changes are much more
difficult to identify as to cause and effect. Consequently, they are rarely
recognized. A heightened awareness on the part of health care providers and
recipients will make this task easier.

The use of dietary supplements as well as complementary or alternative
medicine products has been increasing markedly in the Western industrialized
world. This use continues unabated during pregnancy and lactation. The
efficacy of these compounds is generally unknown, with rare exception, and
their safety poorly studied. In particular, little is known about the interaction
between the use of a broad range of dietary supplements, alternative medicine
products, and health outcomes in women, developing fetuses and nursing
neonates. Such knowledge is essential to the evaluation of both the justification



and safety of the use of these products during these critical periods of
development. Until this occurs, women should be advised about current lack of
knowledge and cautioned as to their use. A notable exception is folic acid
supplementation during pregnancy to prevent neural tube defects.

It is crucial that concern also be given to events beyond the narrow limits of
congenital anatomic malformations; evidence exist that intellectual, social, and
functional development can also be adversely affected by drug administration
during pregnancy. There are examples that toxic manifestations of intrauterine
exposure to environmental agents may be subtle, unexpected, and delayed.
Concern for the delayed effects of drugs, following intrauterine exposure, was
first raised following the tragic discovery that female fetuses exposed to
diethylstilbestrol (DES) are at an increased risk for adenocarcinoma of the
vagina. This type of malignancy is not discovered until after puberty. Many of
the drugs prescribed to pregnant women have been evaluated in the following
pages as to their propensity to produce congenital anatomic malformations.
During the past several decades, awareness that many of these compounds
may act after the period of organogenesis, through birth and into lactation, has
increased. We now realize that drugs considered safe (i.e., not producing
anatomic malformations) can still produce more subtle yet permanent
alterations in the physiology and biochemistry of the developing perinate.
Furthermore, many of these subtle hitherto unrecognized defects are not
present at birth and may be dormant and latent until years later after the time
of administration. The teratogen appears to produce a programming or
imprinting defect in the developing tissue or organ. This defect need not be
expressed until adulthood, because the program may not be required until that
time. Consequently, in the absence of anatomical defects readily recognized,
there is the danger that these late-onset dysfunctions will either be
unrecognized or will be attributed to some other cause.

The purpose of the above paragraph is to raise the concept of a little known
but potentially serious health hazard in children and adults. This refers to the
ability of perinatally consumed drugs and food additives and nonprescription
alternative agents to produce the subtle biochemical defects undetectable or
unrecognized in the neonate but expressed years or even decades after birth.
How serious a problem is the in utero exposure to drugs and chemicals to the
delayed latent defect? The answer may in lie in the use of animals for these
fetal origins of adult disease.

The physician is confronted with two imperatives in treating the pregnant
woman: alleviate maternal suffering and do no harm to the fetus. Until now, the



emphasis has been on the amelioration of suffering, but the time has come to
concentrate on not harming the fetus. The simple equation to be applied here is
to weigh the therapeutic benefits of the drug to the mother against its risk
potential to the developing fetus. Since fetal ova may also be exposed to drugs
given to the mother, effects may be evident in future generations.

When one considers that more than a billion drug prescriptions are written
each year, that there is unlimited self-administration of over-the-counter drugs,
and that approximately 500 new pharmaceutical products are introduced
annually, the need for prudence and caution in the administration of
pharmaceuticals has reached a critical point. Pregnancy is a symptom-
producing event. Pregnancy has the potential of causing women to increase
their intake of drugs and chemicals, with the potential being that the fetus will
be nurtured in a sea of drugs.

In today’s society, the physician cannot stand alone in the therapeutic
decision-making process. It has now become the responsibility of each woman
of childbearing age to consider her use of drugs carefully. In a pregnant
woman, the decision to administer a drug should be made only after a
collaborative appraisal between the woman and her physician of the risk:benefit
ratio.

BREASTFEEDING AND DRUGS
Between 1930 and the late 1960s, there was a dramatic decline in the
percentage of American mothers who breastfed their babies. This was also
accompanied by a reduction in the length of breastfeeding for those who did
nurse. The incidence of breastfeeding declined from approximately 80% of the
children born between 1926 and 1930 to 49% of children born some 25 years
later. For children born between 1966 and 1970, 28% were breastfed. Indeed,
in 1972 only 20% of newborns were breastfed. As data have become available
for the following years, it is clear the decline has been reversed. By 1975, the
percentage of first-born babies who were breastfed rose to 37%. At the
present time in the United States, a number of surveys indicate that more than
50% of babies discharged from the hospital are breastfed, and the number is
increasing. Breastfeeding is difficult to contemplate, as more than 50% of
mothers work and return to work soon after delivery. New solutions must be
found by employers to encourage breastfeeding and develop the logistics to
enable employees to breastfeed on the job.

Breast milk is known to possess nutritional and immunologic properties
superior to those found in infant formulas. An American Academy of Pediatrics



position paper emphasizes breastfeeding as the best nutritional mode for
infants for the first 6 months of life. In addition to those qualities, studies also
suggest significant psychologic benefits of breastfeeding for both the mother
and the infant.

The upswing in breastfeeding, together with a markedly increased concern
about health needs on the part of parents, has led to increased questioning of
the physician, pharmacist, and other health professionals about the safety and
potential toxicity of drugs and chemicals that may be excreted in breast milk.
Answers to these questions are not very apparent. Our knowledge concerning
the long- and short-term effects and safety of maternally ingested drugs on the
suckling infant is meager. We know more now than Soranus did in 150 AD,
when he admonished wet nurses to refrain from the use of drugs and alcohol,
lest it have an adverse effect on the nursing infant. We must know more! The
knowledge to be acquired should be specific with respect to dose administered
to the mother, amount excreted in breast milk, and amount absorbed by the
suckling infant. In addition, effects on the infant should be determined (both
acute and chronic).

It would be easy to recommend that the medicated mother not nurse, but it is
likely that this recommendation would be ignored by the mother and may offend
many health providers, as well as their patients, on both psychosocial and
physiologic grounds.

It must be emphasized that many of the investigations concerned with milk
secretion and synthesis have been carried out in animals. The difficulty in
studying human lactation using histologic techniques and the administration of
radioactive isotopes is obvious. There are considerable differences in the
composition of milk in different species. Some of these differences in
composition would obviously bring about changes in drug elimination. Of great
importance in this regard are the differences in the pH of human milk (pH
usually >7.0) compared with the pH of cow’s milk (pH usually <6.8) where drug
excretion has been extensively studied.

A number of reviews give tables of the concentration of drugs in breast milk.
Often, these tables also give the milk:plasma ratio. Most of the values from
which the tables are derived consist of a single measurement of the drug
concentration. Important information, such as the maternal dose, the frequency
of dose, the time from drug administration to sampling, the frequency of
nursing, and the length of lactation, is not given.

The significance of these concentration tables only means that the drug is
present in the milk, and they offer no advice to the physician. Because the drug



in the nursing infant’s blood or urine is not measured, we have little information
about the amount that is actually absorbed by the infant from the milk and,
therefore, have no way of determining the possible pharmacologic effects on
the infant. In fact, a critical examination of the tables that have been published
reveals that much of the information was gathered decades ago when analytic
methodology was not as sensitive as it is today. Because the discipline of
pharmacokinetics was not developed until recently, many of the studies quoted
in the tables of the review articles do not precisely look at the time relationship
between drug administration and disposition.

Certain things are evident with regard to drugs administered during lactation.
It is necessary that physicians become aware of the results of animal studies in
this area and of the potential risk of maternal drug ingestion to the suckling
infant. Many drugs prescribed to the lactating woman need to be studied more
so that their safety during lactation can be assessed. It is clear that if the
mother needs a drug that has a moderate-to-high potential to cause infant
harm, then she should consider not nursing. The ultimate decision must be
individualized according to the specific illness and the therapeutic modality.
Nursing should be avoided following the administration of radioactive
pharmaceuticals that are usually given to the mother for diagnostic purposes.

CONCLUSIONS
Two basic situations are dealt with throughout this book: (a) risk potential to the
fetus of maternal drugs ingested during the course of pregnancy, and (b) risk
potential to the infant of drugs taken by the mother while nursing.

The obvious solution to fetal and nursing infant risk avoidance is maternal
abstinence. However, from a pragmatic standpoint, that would be impossible to
implement. Another solution is to disseminate knowledge, in an authoritative
manner, to all those involved in the pregnancy and breastfeeding processes:
physician, mother, midwife, nurse, father, and pharmacist.

This book helps to fill a communication and information gap. We have
carefully evaluated the research literature, animal and human, applied and
clinical. Each of the more than 1180 drugs has a risk factor assigned by the
manufacturer or ourselves in keeping with the FDA guidelines. We have also
assigned our own recommendations for use of these drugs in pregnancy and
lactation. We believe that this book will be helpful to all concerned parties in
developing the risk:benefit decision.

This is but a beginning. It is our fervent hope that the information gained from
the use of this book will cause the concerned parties to be more trenchant in



their future decision-making, either before prescribing or before ingesting drugs
during pregnancy and lactation.



Instructions for Use of the Reference Guide

The Reference Guide is arranged so that the user can quickly locate a
monograph. If the American generic name is known, go directly to the
monographs, which are listed in alphabetical order. If only the trade or foreign
name is known, refer to the Index for the appropriate American generic name.
Foreign trade names have been included in the Index. To the best of our
knowledge, all trade and foreign generic names are correct as shown, but
because these may change, the reader should check other reference sources if
there is any question as to the identity of an individual drug. Some prescription
combination products are listed in the Index. If not listed, the user should refer
to the manufacturer’s product information for the specific ingredients, and then
use the Reference Guide as for single entities.

Each monograph contains eight parts:
Generic Name (United States)
Pharmacologic Class
Pregnancy Recommendation
Breastfeeding Recommendation
Pregnancy Summary
Fetal Risk Summary
Breastfeeding Summary
References

PREGNANCY SUMMARY
The Pregnancy Summary is intended as a brief overview of the reported data in
pregnancy, both animal and human, whereas the Fetal Risk Summary provides
the specific details of the data. Both the Pregnancy Summary and the Fetal
Risk Summary support the Pregnancy Recommendation.

FETAL RISK SUMMARY
The Fetal Risk Summary is an analysis of the literature concerning use of the
drug in pregnancy. The intent is to provide clinicians and others with sufficient
data to counsel patients and to arrive at conclusions as to the risk:benefit ratio
a particular drug poses for the embryo, fetus, and newborn. The molecular



weight of most drugs has been included in the reviews because they help
determine if a drug can reach the embryo or fetus, but this value, by itself, may
not predict the amount crossing the placenta. The major determinant of the
drug concentration in the embryo or fetus is the blood concentration of the drug
in the mother. Other important factors include the elimination half-life,
metabolism, placental blood flow, the placental surface area available for
crossing (i.e., correlated to the gestational age), and the lipid solubility, protein
binding, and the amount of ionization of the drug at physiologic pH.

Because few absolutes are possible in the area of human teratology, the
reader must carefully weigh the evidence, or lack thereof, before utilizing any
drug in a pregnant woman. Readers who require more details than are
presented should refer to the specific references listed at the end of the
monograph. See Definitions for recommendations.

BREASTFEEDING SUMMARY
The Breastfeeding Summary is a brief review of the literature concerning
excretion of the drug into human breast milk and the effects, if any, on a nursing
infant. Unfortunately, in many cases, there is no published information about
use of the drug during lactation. Moreover, when studies do exist, infants often
were not allowed to breastfeed. Readers should pay close attention to this
distinction (i.e., excretion into milk vs. effects on the nursing infant) when using
a Summary. Those who require more details than are presented should refer to
the specific references listed at the end of the monograph. See Definitions for
recommendations.

PREGNANCY AND BREASTFEEDING RECOMMENDATIONS
The pregnancy recommendations are intended to assist the reader in
determining the level of risk of a specific drug. They only apply to the usual
therapeutic dose of the drug in a typical patient. Because the genetic makeup
of a specific patient may significantly alter the risk, the recommendations may
not apply to the entire population. In addition to the animal reproduction data
and known human pregnancy outcomes, the assessment of risk includes, when
relevant, other major factors such as route of administration, metabolism to
active metabolites, species differences, type of defects, pharmacokinetics,
effects of other agents in the drug class, and the embryo–fetal effects of
untreated or undertreated maternal disease. Moreover, drug exposures
represent different levels of risk depending on the stage of pregnancy and,



thus, timing of the exposure is critical in determining risk. Because short
statements of risk may not always adequately assess the risk throughout the
pregnancy, readers are encouraged to review the entire monograph before
estimating the risk for a specific patient.

The risks also change during breastfeeding because nearly all reported
adverse effects in nursing infants have occurred in infants <6 months of age.
The neonate and very young infant are most at risk for toxic effects from drugs
present in breast milk. The recommendations for breastfeeding are based on
the known toxicity of the drug or similar drugs in adults or children (when
known) and the amount of drug excreted into breast milk (if known). Although
most drugs taken by the mother are probably present in milk, the milk
concentrations are usually unknown. Fortunately, the amounts are usually too
low to cause toxicity. However, the therapeutic dose for infants of most drugs
is rarely known. Therefore, we used a proposal from the literature (Ito S. N
Engl J Med 2000;343:118–28) to classify exposures as clinically insignificant if,
in the absence of data suggesting otherwise, the estimated dose ingested by a
nursing infant was no more than 10% of the mother’s weight-adjusted dose. In
some cases, this classification may not be relevant. For example, the potential
for neurotoxicity in a nursing infant from long-term maternal use of psychotropic
medications continues to be a concern.

DEFINITIONS OF PREGNANCY RECOMMENDATIONS
COMPATIBLE
The human pregnancy experience, either for the drug itself or drugs in the same
class or with similar mechanisms of action, is adequate to demonstrate that the
embryo–fetal risk is very low or nonexistent. Animal reproduction data are not
relevant.

NO (LIMITED) HUMAN DATA—PROBABLY COMPATIBLE
There may or may not be human pregnancy experience, but the characteristics
of the drug suggest that it does not represent a significant risk to the embryo–
fetus. For example, other drugs in the same class or with similar mechanisms
are compatible or the drug does not obtain significant systemic concentrations.
Any animal reproduction data are not relevant.

COMPATIBLE—MATERNAL BENEFIT >> EMBRYO– FETAL RISK
There may or may not be human pregnancy experience, but the potential
maternal benefit far outweighs the known or unknown embryo–fetal risk. Animal
reproduction data are not relevant.



HUMAN DATA SUGGEST LOW RISK
There is limited human pregnancy experience, either for the drug itself or drugs
in the same class or with similar mechanisms of action, including the 1st
trimester, suggesting that the drug does not represent a significant risk of
developmental toxicity (growth restriction, structural anomalies,
functional/behavioral deficits, or death) at any time in pregnancy. The limited
human pregnancy data outweigh any animal reproduction data.

NO (LIMITED) HUMAN DATA—ANIMAL DATA SUGGEST LOW RISK
Either there is no human pregnancy experience or the few pregnancy
exposures have not been associated with developmental toxicity (growth
restriction, structural anomalies, functional/behavioral deficits, or death). The
drug does not cause developmental toxicity (at doses that did not cause
maternal toxicity) in all animal species studied at doses ≤10 times the human
dose based on body surface area (BSA) or AUC*.

NO (LIMITED) HUMAN DATA—ANIMAL DATA SUGGEST MODERATE RISK
Either there is no human pregnancy experience or the few pregnancy
exposures have not been associated with developmental toxicity (growth
restriction, structural anomalies, functional/behavioral deficits, or death). The
drug causes developmental toxicity (at doses that did not cause maternal
toxicity) in one animal species at doses ≤10 times the human dose based on
body surface area (BSA) or AUC*.

NO (LIMITED) HUMAN DATA—ANIMAL DATA SUGGEST RISK
Either there is no human pregnancy experience or the few pregnancy
exposures have not been associated with developmental toxicity (growth
restriction, structural anomalies, functional/behavioral deficits, or death). The
drug causes developmental toxicity (at doses that did not cause maternal
toxicity) in two animal species at doses ≤10 times the human dose based on
body surface area (BSA) or AUC*.

NO (LIMITED) HUMAN DATA—ANIMAL DATA SUGGEST HIGH RISK
Either there is no human pregnancy experience or the few pregnancy
exposures have not been associated with developmental toxicity (growth
restriction, structural anomalies, functional/behavioral deficits, or death). The
drug causes developmental toxicity (at doses that did not cause maternal
toxicity) in three or more animal species at doses ≤10 times the human dose
based on body surface area (BSA) or AUC*.

CONTRAINDICATED—1ST TRIMESTER



Human exposures in the 1st trimester, either to the drug itself or to drugs in the
same class or with similar mechanisms of action, have been associated with
developmental toxicity (growth restriction, structural anomalies,
functional/behavioral deficits, or death). The drug should not be used in the 1st
trimester.

CONTRAINDICATED—2ND AND 3RD TRIMESTERS
Human exposures in the 2nd and 3rd trimesters, either to the drug itself or to
drugs in the same class or with similar mechanisms of action, have been
associated with developmental toxicity (growth restriction, structural anomalies,
functional/behavior deficits, or death). The drug should not be used in the 2nd
and 3rd trimesters.

CONTRAINDICATED
Human exposures at any time in pregnancy, either to the drug itself or to drugs
in the same class or with similar mechanisms of action, have been associated
with developmental toxicity (growth restriction, structural anomalies,
functional/behavioral deficits, or death). Animal reproduction data, if available,
confirm the risk. The drug should not be used in pregnancy.

NO (LIMITED) HUMAN DATA—NO RELEVANT ANIMAL DATA
There is no human pregnancy data or relevant data in animals, or the human
pregnancy experience, that may or may not include the 1st trimester, is limited.
The risk in pregnancy cannot be assessed.

HUMAN DATA SUGGEST RISK IN 1ST TRIMESTER
Evidence (for the drug or similar drugs) suggests that there may be an
embryo–fetal risk for developmental toxicity (growth restriction, structural
anomalies, functional/behavioral deficits, or death) in the 1st trimester but not in
the 2nd and 3rd trimesters. The human pregnancy data outweigh any animal
reproduction data.

HUMAN DATA SUGGEST RISK IN 1ST AND 3RD TRIMESTERS
Evidence (for the drug or similar drugs) suggests that there may be an
embryo–fetal risk for developmental toxicity (growth restriction, structural
anomalies, functional/behavioral deficits, or death) in the 1st and 3rd trimesters
but not in the 2nd trimester. The human pregnancy data outweigh any animal
reproduction data.

HUMAN DATA SUGGEST RISK IN 2ND AND 3RD TRIMESTERS
Evidence (for the drug or similar drugs) suggests that there may be a fetal risk



for developmental toxicity (growth restriction, structural anomalies,
functional/behavioral deficits, or death) in the 2nd and 3rd trimesters but not in
the 1st trimester. The human pregnancy data outweigh any animal reproduction
data.

HUMAN DATA SUGGEST RISK IN 3RD TRIMESTER
Evidence (for the drug or similar drugs) suggests that there may be a fetal risk
for developmental toxicity (growth restriction, structural anomalies,
functional/behavioral deficits, or death) in the 3rd trimester, or close to delivery
but not in the 1st or 2nd trimesters. The human pregnancy data outweigh any
animal reproduction data.

HUMAN (AND ANIMAL) DATA SUGGEST RISK
The human data for the drug or drugs in the same class or with the same
mechanism of action, and animal reproduction data if available, suggest there
may be a risk for developmental toxicity (growth restriction, structural
anomalies, functional/behavioral deficits, or death) throughout pregnancy.
Usually, pregnancy exposure should be avoided, but the risk may be
acceptable if the maternal condition requires the drug.

DEFINITIONS OF BREASTFEEDING RECOMMENDATIONS
COMPATIBLE
Either the drug is not excreted in clinically significant amounts into human breast
milk or its use during lactation does not, or is not expected to, cause toxicity in
a nursing infant.

HOLD BREASTFEEDING
The drug may or may not be excreted into human breast milk, but the maternal
benefit of therapy far outweighs the benefits of breast milk to an infant.
Breastfeeding should be held until maternal therapy is completed and the drug
has been eliminated (or reaches a low concentration) from her system.

NO (LIMITED) HUMAN DATA—PROBABLY COMPATIBLE
Either there is no human data or the human data are limited. The available data
suggest that the drug does not represent a significant risk to a nursing infant.

NO (LIMITED) HUMAN DATA—POTENTIAL TOXICITY
Either there is no human data or the human data are limited. The
characteristics of the drug suggest that it could represent a clinically significant
risk to a nursing infant. Breastfeeding is not recommended.



HUMAN DATA SUGGEST POTENTIAL TOXICITY
Human data suggest a risk to a nursing infant. The drug is best avoided during
breastfeeding. Depending on the drug, short-term use by the mother may be
possible, but the infant should be closely monitored for potential adverse
effects.

NO (LIMITED) HUMAN DATA—POTENTIAL TOXICITY (MOTHER)
Either there is no human data or the human data are limited. The
characteristics of the drug suggest that breastfeeding could represent a
clinically significant risk to the mother such as further loss of essential vitamins
or nutrients. Breastfeeding is not recommended.

CONTRAINDICATED
There may or may not be human experience, but the combined data suggest
that the drug may cause severe toxicity in a nursing infant, or breastfeeding is
contraindicated because of the maternal condition for which the drug is
indicated. Women should not breastfeed if they are taking the drug or have the
condition.

COMPARISON OF AGENTS WITHIN THE SAME PHARMACOLOGIC CLASS
The Appendix arranges the drugs by their pharmacologic category. This allows
the reader to identify all of the drugs that have been reviewed within a specific
category, thus allowing, if desired, a comparison of the drugs. For example, the
subsection Antihypertensives lists together those agents used for this purpose
under the general heading Cardiovascular Drugs. To assist the reader in
locating an agent in the Appendix, page numbers (in parentheses) referring to
the location in the Appendix have been added to the generic names (shown in
bold) in the Index.

FDA RISK CATEGORIES DEFINITIONS
Although the FDA risk categories have been excluded from this edition, readers
wanting this information can obtain it from the manufacturer’s product
information.

*AUC = area under the plasma concentration vs. time curve; a measure of the systemic exposure of a drug
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ABACAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The animal data suggest moderate risk. Although the human pregnancy
experience does not suggest a risk of structural anomalies, other potential
developmental toxicities require study. Antiretroviral nucleosides have been
shown to have a direct dose-related cytotoxic effect on preimplantation
mouse embryos (see Didanosine, Stavudine, Zalcitabine, and Zidovudine).
This toxicity has not been studied in humans. Mitochondrial dysfunction in
offspring exposed in utero or postnatally to nucleoside reverse
transcriptase inhibitors (NRTIs) has been reported (see Lamivudine and
Zidovudine), but these findings are controversial and require confirmation.
However, if indicated, the drug should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Abacavir is a synthetic carbocyclic nucleoside analog that is converted by
cellular enzymes to the active metabolite, carbovir triphosphate. It is an NRTI
used for the treatment of HIV type 1 (HIV-1). Other drugs in this class are
didanosine, lamivudine, stavudine, zalcitabine, and zidovudine (1).

In reproduction studies, doses of abacavir up to 8 times the human
therapeutic dose (HTD) based on BSA had no effect on the fertility or mating
performance of male and female rats. However, embryo toxicity (increased
resorptions, decreased body weight) was observed. During organogenesis,
doses up to 35 times the human exposure based on AUC (about 16 times the



HTD) resulted in fetal growth restriction (reduced body weight and crown–rump
length), as well as increased incidences of fetal anasarca and skeletal
malformations. Offspring exposed from implantation through weaning had an
increased incidence of stillbirth and survivors had decreased body weights
throughout life. In contrast, no developmental toxicity or malformations were
observed in rabbits at doses up to 8.5 times the human exposure based on
AUC (1).

Abacavir crosses the human placenta. In four women being treated for
multiple agents for HIV infection, the mean abacavir cord:maternal blood ratio
was 1.03 at a mean of 3.5 hours (range 0.4–9.0 hours) after a dose (dose not
specified) and the amniotic fluid concentration in one woman was 1.6 mg/L (2).
These results are consistent with the relatively low molecular weight (about
671) and high lipophilic properties of abacavir. In an ex vivo human placental
model, the antiviral agent readily crossed to the fetal side with a high clearance
index of about 50% that of antipyrine (3). No accumulation of the drug was
found on the fetal side.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (4). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 1547 outcomes exposed to abacavir (628
in the 1st trimester and 919 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were 45 birth defects (19 in the 1st trimester and
26 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective and
retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (4). (See Lamivudine for
required statement.)

Two reviews, one in 1996 and the other in 1997, concluded that all women
receiving antiretroviral therapy should continue to receive therapy during
pregnancy and that treatment of the mother with monotherapy should be



considered inadequate therapy (5,6). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (7). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (8). If indicated, abacavir should not be withheld in pregnancy
because the expected benefit to the HIV-positive mother outweighs the
unknown risk to the fetus. Updated guidelines for the use of antiretroviral drugs
to reduce perinatal HIV-1 transmission were also released in 2010 (9). Women
receiving antiretroviral therapy during pregnancy should continue the therapy
but, regardless of the regimen, zidovudine administration is recommended
during the intrapartum period to prevent vertical transmission of HIV to the
newborn (9).

BREASTFEEDING SUMMARY
No reports have been located that describe the use of abacavir during human
lactation. The molecular weight (about 671) suggests that the drug will be
excreted into breast milk. The effect on a nursing infant is unknown.

Reports on the use of abacavir during human lactation are unlikely because
the drug is used in the treatment of HIV-1 infections. HIV-1 is transmitted in
milk, and in developed countries, breastfeeding is not recommended
(5,6,8,10–12). In developing countries, breastfeeding is undertaken despite the
risk because there are no affordable milk substitutes available. Until 1999, no
studies had been published that examined the effect of any antiretroviral
therapy on HIV-1 transmission in milk. In that year, a study involving zidovudine
was published that measured a 38% reduction in vertical transmission of HIV-1
infection despite breastfeeding when compared with controls (see Zidovudine).
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ABATACEPT
Immunologic Agent (Immunomodulator)/Antirheumatic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal data suggest low risk, the human pregnancy
experience is too limited to assess the embryo–fetal risk. Several reviews
have discussed the potential risk of abatacept in human pregnancy ( 1– 5).
Some recommend discontinuing the drug 10–18 weeks before pregnancy
because the drug has a long elimination half-life (2,4,5). It is not known if in
utero exposure could result in autoimmune diseases in later life (6).
Moreover, use in pregnancy is contraindicated if abatacept is combined
with methotrexate or leflunomide. Until more data are available, the safest
course is to avoid abatacept during gestation. If abatacept is used in
pregnancy for the treatment of rheumatoid arthritis, health care
professionals are encouraged to call the toll-free number (877-311-8972)
for information about patient enrollment in the Organization of Teratology
Information Specialists (OTIS) Rheumatoid Arthritis study.

FETAL RISK SUMMARY
Abatacept, a soluble fusion protein, is a selective costimulation modulator that
inhibits T-lymphocyte activation, thereby decreasing T-cell proliferation and
inhibiting the production of the cytokines tumor necrosis factor-α, interferon-γ,
and interleukin-2. It is administered as an IV infusion. Abatacept is indicated,
either as monotherapy or in combination with other agents, for the treatment of
rheumatoid arthritis in patients with moderately to severely active rheumatoid
arthritis that has not responded to other drug therapy. The elimination half-life
after a single 10 mg/kg IV dose in a healthy subject was 16.7 days (range 12–
23 days), whereas in rheumatoid arthritis patients after multiple 10 mg/kg IV
infusions, it was 13.1 days (range 8–25 days) (6).



Reproduction studies have been conducted in mice, rats, and rabbits. In
these species, daily doses (route not specified but assumed to be SC) were
not teratogenic. The dose comparisons were about 29 times the maximum
recommended human dose of 10 mg/kg dose based on AUC (MRHD). There
were no adverse effects in the offspring when rats were treated every 3 days
from early gestation and throughout lactation with doses up to 3 times the
MRHD. However, at a dose 11 times the MRHD, alterations of immune function
were observed in female pups and one female pup (of 10 male and 10 female
pups evaluated) had inflammation of the thyroid (6).

In carcinogenicity studies, weekly SC doses of abatacept for about 2 years
in mice were associated with increased incidences of malignant lymphomas and
mammary gland tumors at doses ≤3 times the HD. However, the mice were
infected with viruses known to cause these cancers in immunosuppressed
mice. In cynomolgus monkeys, an IV dose given once weekly that was 9 times
the HD was not associated with any significant adverse effects. No evidence of
lymphomas or preneoplastic morphologic changes was observed despite the
presence of a virus known to cause these lesions in immunosuppressed
monkeys. Abatacept was not mutagenic and did not cause chromosomal
aberrations, nor did it impair the fertility of male and female monkeys given
doses every 3 days up to 11 times the HD (6).

Abatacept crosses the human placenta, despite its high molecular weight
(about 92,000) (6). However, the amount reaching the embryo and/or fetus
was not quantified.

Several reviews have discussed the potential risks of abatacept in pregnancy
(1–5). As discussed in a 2012 review, eight patients became pregnant while
receiving abatacept during clinical trials in rheumatoid arthritis, seven of whom
were also receiving methotrexate and one was also receiving leflunomide (4). A
spontaneous abortion (SAB) occurred during the 1st trimester in three (two had
a prior history of SAB) and two had an elective abortion (EAB). The remaining
three women were still pregnant. In another case, the wife of a man treated
with abatacept became pregnant and gave birth to a healthy baby. In a phase
II trial of abatacept in multiple sclerosis, two women became pregnant and a
third women became pregnant by a abatacept-treated man. The outcomes of
these pregnancies were a healthy baby, an EAB, and a SAB (4).

A 2013 case report described the outcome of a pregnancy exposed to
abatacept in the 1st trimester (7). A 33-year-old woman with rheumatoid
arthritis conceived while receiving abatacept (10 mg/kg every 4 weeks) and
methotrexate (15 mg/week). The dose given in pregnancy occurred at



2.5 weeks’. Both drugs were stopped, but a daily 5 mg dose of an unspecified
corticosteroid was allowed. At 40 weeks’, the woman gave birth vaginally to a
healthy 3180-g infant (sex not specified) with Apgar scores of 10 and 10 at 5
and 10 minutes, respectively. The child was doing well at 3.5-year follow-up
(7).

BREASTFEEDING SUMMARY
No reports describing the use of abatacept during human lactation have been
located. Although the molecular weight is high (about 92,000), excretion into
breast milk is a possibility, especially because of the long elimination half-life
(13 days; range 8–25 days). However, the amount in milk and the systemic
bioavailability are unknown as are the effects on a nursing infant, but the
potential for adverse effects on an infant’s developing immune system should
be considered.
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ABCIXIMAB
Hematologic Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Two case reports have described the use of abciximab during human
pregnancy. In addition, the reproduction effects of the drug, if any, have not
been studied in animals. However, a placental perfusion study suggests
that abciximab does not reach the fetus in clinically significant amounts. The
primary risk, therefore, appears to be from maternal hemorrhage during
drug administration. If this is adequately controlled, the benefits of the drug
to the mother appear to far outweigh the unknown risks to the embryo–
fetus.

FETAL RISK SUMMARY
Abciximab, the Fab fragment of the chimeric human-murine monoclonal
antibody 7E3, binds to the GP IIb/IIIa receptor on human platelets and inhibits
platelet aggregation. It also binds to vessel wall endothelial and smooth muscle
cells. It is in the same subclass of antiplatelet agents as eptifibatide and
tirofiban. Abciximab is indicated as an adjunct to percutaneous coronary
intervention for the prevention of cardiac ischemic complications. It increases
the risk of bleeding, especially when used with heparin and other anticoagulants
or thrombolytics (1).

Animal reproduction studies have not been conducted with abciximab. No
mutagenicity was observed with in vitro and in vivo tests, but long-term animal
studies to detect carcinogenicity or adverse effects on fertility have not been
conducted (1).

Using an in vitro perfused human placenta, researchers found that only
pharmaceutically insignificant amounts of abciximab could be detected in the
fetal circuit. Minute amounts of abciximab were found on fetal platelets, but not
on the endothelium or smooth muscle of fetal blood vessels, indicating that



some transfer had taken place (2).
A 1998 case described the treatment of an acute myocardial infarction (AMI)

in a 30-year-old woman at 38 weeks’ gestation (3). Because her condition did
not improve with aspirin, heparin, nitrates, or balloon angioplasty after an
abciximab infusion was started, a stent was placed in the partially occluded left
anterior descending coronary artery. The drug infusion was continued for 12
hours. Adequate blood flow was reestablished in the artery. Postoperatively,
the woman was treated with ticlopidine, aspirin, and an unspecified β-blocker.
Two weeks later, she delivered a healthy baby boy vaginally, with no evidence
of bleeding and a normal ductus arteriosus. No excessive maternal bleeding
was observed (3).

A brief 2009 case report described a 39-year-old woman at 6 weeks’ who
developed an AMI and was started on clopidogrel, aspirin, and heparin (4).
Following placement of a stent, the woman again experienced chest pain and
thrombus were discovered in three coronary arteries that were removed under
coverage of abciximab (dose not specified) and intracoronary adenosine. She
was maintained on clopidogrel and aspirin throughout the pregnancy. At 41
weeks’, she was given platelet concentrates and a cesarean section delivered
a female infant with appropriate weight (weight not specified). Defects in the
infant included a patent foramen ovale, a muscular ventricular septal defect,
and moderate mitral regurgitation. The authors considered the anomalies
relatively common with a benign prognosis (4).

BREASTFEEDING SUMMARY
No reports describing the use of abciximab during lactation have been located.
Because of the indications for abciximab, it is doubtful that such reports will be
forthcoming. The very high molecular weight of the drug (about 48,000)
suggests that it will not be excreted into milk in clinically significant amounts.
Therefore, the risk to a nursing infant appears to be nil.
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ABIRATERONE ACETATE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Abiraterone acetate, given in combination with prednisone, is indicated for
the treatment of prostate cancer. No reports describing its use in human
pregnancy have been located, but such reports are unlikely because of the
indication. Reproduction studies in pregnant animals have not been
conducted. Because of the risk of embryo and fetal harm, the drug is
classified as contraindicated in pregnancy.

FETAL RISK SUMMARY
Abiraterone acetate is converted in vivo to abiraterone, an inhibitor of the
enzyme (CYP17) that is expressed in testicular, adrenal, and prostatic tumor
tissues and is required for androgen biosynthesis. It is indicated for use in
combination with prednisone for the treatment of patients with metastatic
castration-resistant prostate cancer who have received prior chemotherapy
containing docetaxel. The active metabolite abiraterone is further metabolized
to inactive metabolites. Abiraterone is highly bound (>99%) to human plasma
proteins, albumin, and α1-acid glycoprotein and the mean terminal half-life is 12
hours (1).

Reproduction and carcinogenesis studies with abiraterone acetate in animals
have not been conducted. However, neither abiraterone acetate nor
abiraterone was mutagenic or clastogenic in multiple assays. In rats and
monkeys, abiraterone caused atrophy, aspermia/hypospermia, and hyperplasia
in the reproductive system at doses that were 1.14 and 0.6 times, respectively,
the human clinical exposure based on AUC. These effects were consistent with
the antiandrogenic pharmacologic action of the agent (1).

It is not known if abiraterone acetate or its active metabolite abiraterone
crosses the human placenta. The molecular weight of abiraterone acetate
(about 392) and abiraterone (about 333) and the long terminal half-life of



abiraterone suggest that both agents will cross to the embryo–fetus, but the
high plasma protein binding of abiraterone might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of abiraterone acetate during human lactation
have been located. Because of the indication, it is unlikely that such reports will
occur. The molecular weight of abiraterone acetate (about 392) and the active
metabolite abiraterone (about 333), and the long terminal half-life of
abiraterone (12 hours) suggest that the both agents will be excreted into breast
milk. However, the high plasma protein binding (>99%) of abiraterone might
limit the exposure. The effects of exposure to the drug on a nursing infant are
unknown but, because of the potential for severe toxicity, breastfeeding is
classified as contraindicated.
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ACAMPROSATE
Antialcoholic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no published reports describing the use of acamprosate in human
pregnancy have been located, there are human data from a Teratology
Information Service (TIS) in France. The animal data suggest high risk, but
the very limited human pregnancy experience prevents an assessment of
the embryo–fetal risk. However, the use of ethanol (alcohol) in pregnancy is
well known to cause dose-related developmental toxicity (see Ethanol).
Even in the absence of obvious structural defects, alcohol use during
gestation is associated with marked neurotoxicity in the offspring.
Therefore, in pregnant women with alcohol dependency, the risk:benefit
ratio may favor the use of acamprosate.

FETAL RISK SUMMARY
The synthetic compound acamprosate has a chemical structure similar to that
of the endogenous amino acid homotaurine, a structural analog of the amino
acid neurotransmitter γ-aminobutyric acid and the amino acid neuromodulator
taurine. Acamprosate is indicated to maintain abstinence from alcohol in
patients with alcohol dependence who are abstinent at treatment initiation. The
mechanism of action is not completely understood, but acamprosate is thought
to act differently than disulfiram, another agent in the class. Moreover,
acamprosate and disulfiram have completely different chemical structures.
Acamprosate is not metabolized and protein binding is negligible. It has a long
elimination half-life ranging from about 20 to 33 hours (1).

Reproduction studies have been conducted in rats, rabbits, and mice. In rats,
acamprosate was teratogenic at doses about equal to the maximum
recommended human daily dose based on BSA (MRHDD). The dose-related



defects were hydronephrosis, malformed iris, retinal dysplasia, and
retroesophageal subclavian artery. The no-effect dose in rats was about 0.2
times the MRHDD. In Burgundy Tawny rabbits, hydronephrosis was observed
at about 3 times the MRHDD. However, no defects were observed in New
Zealand white rabbits at doses about 8 times the MRHDD. In mice, a dose
about 2 times the MRHDD administered from day 15 of gestation through the
end of lactation on postnatal day 28 was associated with an increased
incidence of stillbirths. The no-effect dose in mice was about 0.5 times the
MRHDD (1).

No carcinogenicity was observed in studies with rats, and no evidence of
mutagenicity or clastogenicity was noted in several tests and assays.
Acamprosate had no effect on the fertility of male and female rats at doses up
to about 4 times the MRHDD, or in female mice at doses up to about 5 times
the MRHDD (1).

It is not known ifacamprosate crosses the human placenta. The molecular
weight (about 400), lack of metabolism and protein binding, and long elimination
half-life suggest that it will cross to the embryo and/or fetus.

A TIS in France has gathered information on 18 pregnancies exposed to
acamprosate during the 1st trimester (T. Vial, personal communication,
Teratology Information Service, Lyon, France, 2010). The outcomes of these
pregnancies included 2 spontaneous abortions, 3 elective abortions, 10 normal
newborns (1 premature and 1 died at 1 month of age probably from sudden
infant death syndrome), 1 newborn with minor facial anomalies, and a fetus and
a newborn with major malformations. The fetus was electively aborted because
of an omphalocele and found also to have microretrognathism, cleft palate, and
a ventricular septal defect. The major defect in the infant was a cleft lip.
Concomitant exposure to alcohol and other drugs occurred in several of the
pregnancies.

BREASTFEEDING SUMMARY
No reports describing the use of acamprosate during human lactation have
been located. The molecular weight (about 400), lack of metabolism and
protein binding, and prolonged elimination half-life (20–33 hours) suggest that
the drug will be excreted in breast milk. The effect on a nursing infant from
exposure in milk is unknown. However, alcohol is excreted into milk and is
known to be a neurotoxin (see Ethanol). Thus, if a lactating woman requires
acamprosate to refrain from drinking, the benefit to the nursing infant appears
to outweigh the unknown risk from the drug.
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ACARBOSE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Less than 2% of acarbose is absorbed systemically, but several
metabolites are absorbed in much greater proportions, and the embryo or
fetal risk from any of these is unknown. Acarbose is normally used in
combination with oral hypoglycemic agents, and these hypoglycemic drugs
might not be indicated for the pregnant diabetic. Carefully prescribed insulin
therapy will provide better control of the mother’s blood glucose, thereby
preventing the fetal and neonatal complications that occur with this disease.
High maternal glucose levels, as may occur in diabetes mellitus, are closely
associated with a number of maternal and fetal effects, including fetal
structural anomalies if the hyperglycemia occurs early in gestation. To
prevent this toxicity, the American College of Obstetricians and
Gynecologists recommends that insulin be used for type 1 and type 2
diabetes occurring during pregnancy and, if diet therapy alone is not
successful, for gestational diabetes (1,2).

FETAL RISK SUMMARY
Acarbose is an oral α-glucosidase inhibitor that delays the digestion of ingested
carbohydrates within the gastrointestinal tract, thereby reducing the rise in
blood glucose after meals. It is used in the management of non–insulin-
dependent diabetes mellitus (type 2). Less than 2% of a dose is absorbed as
active drug in adults, but the systemic absorption of metabolites is much higher
(approximately 34% of the dose) (3).

Reproductive studies in rats found no evidence of impaired fertility or
reproductive performance. Doses of acarbose up to 9 and 32 times the human
dose (HD) in pregnant rats and rabbits, respectively, were not teratogenic in



either species or, at 10 times the HD, embryotoxic in rabbits (3).
A 1998 noninterventional observational cohort study described the outcomes

of pregnancies in women who had been prescribed 1 or more of 34 newly
marketed drugs by general practitioners in England (4). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Acarbose was taken during the 1st
trimester in five pregnancies. The outcomes of these pregnancies included two
spontaneous abortions and three normal newborns (one premature) (4).

A 2002 abstract reported the pregnancy outcomes (birth weight and
gestational age at delivery) of 91 women at ≥20 weeks’ gestation who were
treated with either acarbose (N = 45) or insulin (N = 46) for gestational
diabetes mellitus (5). The women had failed to achieve glucose goals with diet
alone. In the oral group, 6% were changed to insulin because they were unable
to tolerate acarbose (gastrointestinal complaints). There was no difference in
the pregnancy outcomes between the groups.

A 2002 report described the use of acarbose (200 mg/day) in early
pregnancy (6). A 35-year-old woman with several diseases (hypertension,
diabetes mellitus, hypercholesterolemia, anxiety disorder, epilepsia, and morbid
obesity) conceived while being treated with multiple drugs: rosiglitazone,
gliclazide (a sulfonylurea), atorvastatin, spironolactone, hydrochlorothiazide,
carbamazepine, thioridazine, amitriptyline, chlordiazepoxide, and pipenzolate
bromide (an antispasmodic). Her pregnancy was diagnosed in the 8th week of
gestation and all medications were stopped. She was treated with methyldopa
and insulin for the remainder of her pregnancy. At 36 weeks’ gestation, a
repeat cesarean section delivered a healthy, 3.5-kg female infant with Apgar
scores of 7 and 8 at 1 and 5 minutes, respectively. The infant was developing
normally after 4 months (6).

BREASTFEEDING SUMMARY
No studies describing the use of acarbose during human lactation have been
located. Because the drug acts within the gastrointestinal tract to slow the
absorption of ingested carbohydrates, and <2% of a dose is absorbed
systemically, the amount of unmetabolized drug in the mother’s circulation
available for transfer to the milk is probably clinically insignificant. As with all



drugs, however, the safest course while taking acarbose is not to breastfeed
until data on its safety during lactation are available.
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ACEBUTOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Some β-blockers may cause growth restriction, including intrauterine
growth restriction (IUGR), and reduced placental weight, especially those
lacking intrinsic sympathomimetic activity (ISA) (i.e., partial agonist).
Treatment beginning early in the 2nd trimester results in the greatest
weight reductions, whereas treatment restricted to the 3rd trimester
primarily affects only placental weight. Acebutolol does possess ISA.
However, IUGR and reduced placental weight may potentially occur with all
agents within this class. Although growth restriction is a serious concern,
the benefits of maternal therapy with β-blockers, in some cases, might
outweigh the risks to the fetus and must be judged on a case-by-case
basis.

FETAL RISK SUMMARY
Acebutolol, a cardioselective β-adrenergic blocking agent, has been used for
the treatment of hypertension occurring during pregnancy (1–5). The drug
undergoes extensive first-pass hepatic metabolism after oral administration
(absolute bioavailability about 40%). The major metabolite, diacetolol, is
equipotent to acebutolol (6).

In animal reproduction studies, no teratogenic effects were observed in
pregnant rats and rabbits with doses up to about 32 times the maximum
recommended human dose (MRHD) and up to about 7 times the MRHD,
respectively. The maximum dose in rabbits produced slight intrauterine growth
restriction that was thought to be secondary to maternal toxicity (6).

Acebutolol crosses the placenta, producing a maternal:cord ratio of 0.8 (3).
The corresponding ratio for the active metabolite, diacetolol, was 0.6. Newborn



serum levels of acebutolol and the metabolite were <5–244 and 17–663 ng/mL,
respectively (3). A cord:maternal ratio of 0.7 for acebutolol has also been
reported (4).

No human malformations attributable to acebutolol have been observed, but
experience with the drug during the 1st trimester is lacking. In a study
comparing three β-blockers, the mean birth weight of 56 newborns was slightly
lower than 38 pindolol-exposed infants but higher than 31 offspring of atenolol-
treated mothers (3160 vs. 3375 vs. 2745 g) (2). Growth restriction has been
associated with β-blockers and the weight reduction may have been drug
induced.

In a comparison of 20 pregnant women treated with either acebutolol or
methyldopa for mild-to-moderate hypertension, no differences between the
drugs were found for pregnancy duration, birth weight, Apgar scores, or
placental weight (5). In addition, no evidence of bradycardia, hypoglycemia, or
respiratory problems was found in the acebutolol-exposed newborns. In an
earlier study, however, 10 newborns exposed to acebutolol near term had
blood pressures and heart rates significantly lower than similar infants exposed
to methyldopa (7). The hemodynamic differences were still evident 3 days after
birth. Mean blood glucose levels were not significantly lower than those of
similar infants exposed to methyldopa, but transient hypoglycemia was present
3 hours after birth in four term newborns (5). The mean half-life of acebutolol in
the serum of newborns has been calculated to be 10.1 hours, but the half-life
based on urinary excretion was 15.6 hours (7). The manufacturer cites the
elimination half-life of acebutolol in newborns as 6–14 hours, compared with a
half-life for diacetolol of 24–30 hours during the first 24 hours, then 12–16
hours thereafter (6). Therefore, newborn infants of women consuming the drug
near delivery should be closely observed for signs and symptoms of β-
blockade for at least 3–4 days to allow for elimination of the parent and active
metabolite from the infant. Long-term effects of in utero exposure to β-blockers
have not been studied but warrant evaluation.

BREASTFEEDING SUMMARY
Acebutolol and its active metabolite, diacetolol, are excreted into breast milk
(3,8). Milk:plasma ratios for the two compounds were 7.1 and 12.2,
respectively (3). Absorption of both compounds was demonstrated in
breastfeeding infants, but no adverse effects were mentioned (3).

In a study of seven nursing, hypertensive mothers treated with 200–1200
mg/day within 13 days of delivery, milk:plasma acebutolol ratios in three of the



mothers varied from 2.3 to 9.2, whereas similar ratios of the metabolite ranged
from 1.5 to 13.5 (8). The highest milk concentration of acebutolol, 4123 ng/mL,
occurred in a mother taking 1200 mg/day. Two to three days after treatment
was stopped, milk:plasma ratios of acebutolol and the metabolite in the seven
women were 1.9–9.8 and 2.3–24.7, respectively. Symptoms of β-blockade
(hypotension, bradycardia, and transient tachypnea) were observed in one
nursing infant, although the time of onset of the adverse effects was not given.
Neonatal plasma concentrations of the drug and metabolite (specific data not
given), which were already high from in utero exposure, rose sharply after
nursing commenced. The mother was taking 400 mg/day, and her milk:plasma
ratios of acebutolol and metabolite during treatment were 9.2 and 13.5,
respectively, the highest observed in this study (8).

Breastfed infants of mothers taking acebutolol should be closely observed for
hypotension, bradycardia, and other signs or symptoms of β-blockade. Long-
term effects of exposure to β-blockers from milk have not been studied but
warrant evaluation. The American Academy of Pediatrics classifies acebutolol
as a drug that has been associated with adverse effects in nursing infants (9).
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ACETAMINOPHEN
Analgesic/Antipyretic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Acetaminophen is commonly used in all stages of pregnancy. Although
originally thought not to cause risk in offspring, some recent reports have
questioned this assessment, especially with frequent maternal use or in
cases where genetic variability exists. Additional data are needed to
confirm these risks but, as with all drug use in pregnancy, routine use of
acetaminophen should be avoided.

FETAL RISK SUMMARY
Acetaminophen is routinely used during all stages of pregnancy for pain relief
and to lower elevated body temperature. The drug crosses the placenta (1). In
therapeutic doses, it is apparently safe for short-term use. However,
continuous, high daily dosage in one mother probably caused severe anemia
(possibly hemolytic) in her and fatal kidney disease in her newborn (2).

The pharmacokinetics of acetaminophen in pregnancy have been reported
(3,4). In six healthy women who ingested a 1000-mg dose at 36 weeks’
gestation and again 6 weeks after delivery, the mean serum half-lives were
similar, 3.7 and 3.1 hours, respectively (3). The absorption, metabolism, and
renal clearance of the drug were similar in the pregnant and nonpregnant
states. A 1994 study compared the pharmacokinetics of a single 650-mg
acetaminophen oral dose in 10 nonpregnant women (controls) with 8 women at
a mean gestational age of 11.1 weeks (4). Among the pharmacokinetic
parameters evaluated, significant differences between the pregnant and
controls were found for elimination constant (0.431 vs. 0.348/hour), serum half-
life (1.62 vs. 2.02 hours), and clearance (7.14 vs. 5.22 L/hour-kg).

The potential for acetaminophen-induced fetal liver toxicity after a toxic
maternal dose was first suggested in 1979 (5). Two recent reports have
described such toxicity (6,7). A woman, in her 27th–28th week of pregnancy,



ingested 29.5 g of acetaminophen over <24 hours for severe dental pain (6).
Fetal movements were last felt about 23 hours after the first dose, and on
presentation to the hospital 16 hours later, no fetal heart beat was heard. The
mother eventually recovered, although her serum levels of acetaminophen by
extrapolation were thought to exceed 300 mcg/mL, a toxic level. Autopsy of the
2190-g female fetus revealed a liver acetaminophen concentration of 250
mcg/g of tissue. The extensive lysis of the fetal liver and kidneys, which may
have been caused by autolysis before delivery (approximately 3 days after the
mother last felt fetal movement), prevented documentation of the characteristic
lesions observed in acetaminophen overdose (6).

A 1997 report described the fatal outcomes of a 38-year-old woman and her
fetus at 31 weeks’ gestation after she consumed an acute 35-g acetaminophen
dose (7). The woman presented to the hospital 26 hours after the overdose
with signs and symptoms of hepatorenal failure. On admission, she had a toxic
acetaminophen serum level (40.43 mcg/mL) that was predictive of a very high
risk of hepatocellular damage and subsequent fulminant liver failure (7). IV
administration of N-acetylcysteine was started 30 minutes after admission.
Severe fetal distress was diagnosed 30 minutes later and a cesarean section
under spinal anesthesia was performed to deliver a 1620-g female infant who
had Apgar scores of 0, 0, and 1 at 1, 5, and 10 minutes, respectively. The
infant’s acetaminophen serum level was 41.42 mcg/mL. Despite intensive
therapy, the infant died 34 hours after birth and the mother died 66 hours after
the overdose. Although the infant’s laboratory data indicated hepatorenal
toxicity, the actual cause of death could not be determined because permission
for autopsy was refused (7).

In four other cases of acute overdosage, acetaminophen-induced fetal liver
toxicity was apparently not observed, although such damage may have
resolved before delivery in some cases (8–11). One woman, at 36 weeks’
gestation, consumed a single dose of 22.5 g of acetaminophen, producing toxic
blood levels of 200 mcg/mL (8). She delivered a normal infant approximately 6
weeks later. In another case, a woman at 20 weeks’ gestation consumed a
total of 25 g in two doses during a 10-hour period (9). She gave birth at 41
weeks to a normal infant with an occipital cephalohematoma as a result of birth
position. At 24 hours of age, the infant had jaundice that responded to
phototherapy. No evidence of permanent liver damage was observed. The
jaundice was thought to have been caused by the cephalohematoma. A third
case of acute maternal overdose occurred at 15.5 weeks’ gestation when a
mother ingested 64 g of the drug (10). Her acetaminophen level 10 hours after



the ingestion was 198.5 mcg/mL. Marked hepatic necrosis and adult
respiratory distress syndrome (because of aspiration pneumonia) ensued and
then gradually resolved. The patient was discharged home approximately 3
weeks after ingestion and subsequently delivered a healthy 2000-g male infant
at 32 weeks’ gestation. The infant had physiologic hyperbilirubinemia with a
peak level on the fourth day of life of 10.3 mg/dL, but phototherapy was not
required. Follow-up evaluation at 4 months indicated normal development. One
case involved a 22-year-old woman in her 31st week of pregnancy who
consumed a 15-g dose, followed by a 50-g dose 1 week later (11). Fetal
distress was observed 16 hours after the second overdose, as evidenced by a
complete lack of fetal movements and breathing, a marked decrease in fetal
heart rate beat-to-beat variability with no accelerations, and a falling baseline
rate. Because of the fetal condition, labor was induced (cesarean section was
excluded because of the mother’s incipient hepatic failure). Eighty-four hours
after the overdose, a healthy 2198-g female infant was delivered with Apgar
scores of 9 and 10 at 1 and 5 minutes, respectively. Except for hypoglycemia,
mild respiratory disease, and mild jaundice, the newborn did well. Liver
enzymes were always within the normal range, and the jaundice was
compatible with immaturity. Acetaminophen was not detected in the cord blood.
Follow-up examinations of the infant at 6 weeks and again at 6 months were
normal. In each of these instances, protection against serious or permanent
liver damage was probably afforded by the prompt administration of IV N-
acetylcysteine.

A 1993 report described a 25-year-old woman at 27 weeks’ gestation who
consumed 12.5–15 g of acetaminophen as a single dose 36 hours before
admission for premature labor (12). She had also consumed an unknown
amount of the drug over a few days before the acute overdose. Because of
severe fetal distress, a cesarean section was performed under general
anesthesia before her preoperative laboratory tests indicating liver failure were
available. A 1300-g male infant was delivered who had Apgar scores of 1, 4,
and 4 at 1, 5, and 10 minutes, respectively. No mention was made of hepatic or
other toxicity in the infant and his course was thought to be satisfactory for his
gestational age. The mother was treated for progressive liver failure and
eventually recovered.

The Rocky Mountain Poison and Drug Center reported the results of a
nationwide study on acetaminophen overdose during pregnancy involving 113
women (13). Of the 60 cases that had appropriate laboratory and pregnancy
outcome data, 19 occurred during the 1st trimester, 22 during the 2nd



trimester, and 19 during the 3rd trimester. In those cases with a potentially
toxic serum level of acetaminophen, early treatment with N-acetylcysteine was
statistically associated with an improved pregnancy outcome by lessening the
incidence of spontaneous abortion and fetal death. Only one congenital
anomaly was observed in the series and that involved a 3rd trimester overdose
with nontoxic maternal acetaminophen serum levels (13). Based on these
observations, neither acetaminophen nor N-acetylcysteine was likely a
teratogen, although follow-up data on the infants were not available (13).

A Teratology Information Service in England conducted a prospective study
of the pregnancy outcomes of 300 women who had consumed an overdose of
acetaminophen, either alone or as a combination product (14). The overdoses
occurred in all trimesters: 118 (39.3%), 103 (34.3%), and 79 (26.3%) in the
1st, 2nd, and 3rd trimesters, respectively. Systemic antidote treatment
consisted of N-acetylcysteine (N = 33), ipecac (N = 52), and methionine (N =
16). In the remaining 199 cases, treatment was not recorded or not given, or a
variety of nonsystemic treatments (charcoal, gastric lavage, or miscellaneous)
were used. The fetal outcomes included 219 (72%) normal infants (two sets of
twins), 16 (5%) spontaneous abortions (10 within 3 weeks of the overdose), 2
(1%) late fetal deaths, 54 (18%) elective abortions (1 with a diaphragmatic
hernia), and 11 (4%) newborns with malformations (exposed between 16 and
32 weeks’ gestation). All of the spontaneous abortions and one late fetal death
occurred after 1st trimester overdoses. The other late fetal death followed a
2nd trimester overdose. The majority of the elective abortions were conducted
for “social,” rather than medical reasons. Malformations included one each of
systolic murmur, small port wine stain on occiput, cleft lip and palate, bilateral
inguinal hernia, soft palate defect, spina bifida occulta/bilateral squint,
hypospadias, and ptosis of left eye. There were three cases of talipes. The
malformation rate was within the expected rate in England and none of the
cases, including the one with diaphragmatic hernia, could be related to
acetaminophen (14). Seven full-term newborns had neonatal complications (all
exposed during the 2nd or 3rd trimester). The complications did not appear to
be related to acetaminophen overdose (14). Moreover, evaluations up to at
least 6 weeks of age did not demonstrate any clinical signs of renal or
hepatotoxicity.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 226
of whom had 1st trimester exposure to acetaminophen (15, pp. 286–295).
Although no evidence was found to suggest a relationship to large categories of
major or minor malformations, a possible association with congenital dislocation



of the hip based on three cases was found, but independent confirmation is
required (15, p. 471). For use anytime during pregnancy, 781 exposures were
recorded (15, p. 434). As with the qualifications expressed for 1st trimester
exposure, possible associations with congenital dislocation of the hip (eight
cases) and clubfoot (six cases) were found (15, p. 484).

A 1982 report described craniofacial and digital anomalies in an infant
exposed in utero to large daily doses of acetaminophen and propoxyphene
throughout pregnancy (16). The infant also exhibited withdrawal symptoms as a
result of propoxyphene (see also Propoxyphene). The authors speculated with
caution that the combination of propoxyphene with other drugs, such as
acetaminophen, might have been teratogenic. In a study examining 6509
women with live births, acetaminophen with or without codeine was used by
697 (11%) during the 1st trimester (17). No evidence of a relationship to
malformations was observed.

In a surveillance study of Michigan Medicaid recipients conducted between
1985 and 1992 involving 229,101 completed pregnancies, 9146 newborns had
been exposed to acetaminophen during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 423 (4.6%) major birth defects were
observed (416 expected). Specific data were available for six defect
categories, including (observed/expected) 87/91 cardiovascular defects, 16/16
oral clefts, 4/7 spina bifida, 30/27 polydactyly, 14/16 limb reduction defects,
and 16/22 hypospadias. These data do not support an association between the
drug and the defects.

Using data from the North Jutland Pharmaco-Epidemiological Prescription
Database in Denmark, investigators identified 123 women who had received a
prescription for acetaminophen during pregnancy and/or 30 days before
conception (18). The pregnancy outcomes of these women were compared
with 13,329 controls who had received no prescriptions. Among the offspring of
the 55 women who had received an acetaminophen prescription up to 30 days
before conception and/or during the 1st trimester, there were six (10.9%)
infants with congenital malformations compared with 697 (5.2%) from controls.
The odds ratio (OR) for malformations was 2.3 (95% confidence interval [CI]
1.0–5.4). The six malformations were ventricular septal defect, two congenital
dislocations of the hip, stenosis of tear canal, diaphragmatic hernia, and
megalocornea (keratoglobus). The nature of the defects does not indicate a
causal relationship to acetaminophen (18). No increased risk of malformation
was found when the analysis was restricted to primigravidas (OR 0.7, 95% CI
0.1–5.5) (18). In addition, no effect was observed on fetal growth.



Unlike aspirin, acetaminophen does not affect platelet function, and there is
no increased risk of hemorrhage if the drug is given to the mother at term
(19,20). In a study examining intracranial hemorrhage in premature infants, the
incidence of bleeding after exposure of the fetus to acetaminophen close to
birth was no different from that in nonexposed control infants (21) (see also
Aspirin).

A 1993 study examined the effect of therapeutic levels of acetaminophen on
prostacyclin (PGI2) production by endothelial cells isolated from human
umbilical veins in culture and during the 3rd trimester in women with either
hypertension or various complications of pregnancy (22). The drug reduced the
production of PGI2 in culture and during pregnancy, but thromboxane (TxA2)
production was not affected in the women. A balance between PGI 2 and TxA2
is thought to be critical during pregnancy. PGI2, derived from endothelial cells,
is vasodilatory and antiaggregatory, whereas the platelet-derived TxA2 is
vasoconstrictive and proaggregatory (22). PGI2 production increases normally
during pregnancy, but this increase is markedly inhibited in pregnancy-induced
hypertension (PIH) (22). Thus, a significant acetaminophen-induced reduction in
PGI2 production could adversely affect pregnancies complicated by PIH,
including those treated with low-dose aspirin (see Aspirin). Because the effects
of acetaminophen on PGI2 are known to be tissue-specific, the authors of this
study cautioned that additional studies, such as those measuring the effect of
acetaminophen on placental PGI2 and in patients being treated with low-dose
aspirin for PIH, are required before the clinical significance of their findings can
be determined (22).

In a prospective study of 1529 pregnant women in the mid-1970s,
acetaminophen was used in the first half of pregnancy by 41% (23). A
computerized system for stratifying on maternal alcohol and smoking histories
was used to select 421 newborns for follow-up. Of this group, 43.5% had been
exposed in utero to acetaminophen in the first half of pregnancy. After
statistical control of numerous potentially confounding covariates, the data
indicated that acetaminophen was not significantly related to child IQ at 4 years
of age or to attention variables (see Aspirin for opposite results). Three
physical growth parameters (height, weight, and head circumference) were
also not significantly related to in utero acetaminophen exposure.

Acetaminophen has been used as an antipyretic just before delivery in
women with fever secondary to chorioamnionitis (24). A significant improvement
in fetal and newborn status, as measured by fetal heart rate tracings and



arterial blood gases, was observed after normalization of the mother’s
temperature.

In a 2004 case–control study, 168 infants who had a nonsyndromic muscular
ventricular septal defect were compared with 692 infants without birth defects
(25). No significant associations were found between the occurrence of the
ventricular septal defect and maternal use of acetaminophen or nonsteroidal
anti-inflammatory agents after adjusting for maternal fever nor were they
detected between maternal fever and the defect.

Use of acetaminophen during pregnancy was not associated with an
increased risk of congenital anomalies in a 7-year prospective cohort study of
101,041 Danish women (26). Similar results were found in a 2010 report from
the National Birth Defects Prevention Study (27). Moreover, use of
acetaminophen appeared to decrease the risk of selected malformations when
used for febrile illness.

In contrast to the above two studies, male offspring of Danish mothers who
had used mild analgesics (acetaminophen, aspirin, ibuprofen) for >2 weeks,
especially in the 2nd trimester, had a significant risk of cryptorchidism
diagnosed at birth. The greatest risk observed was when more than one mild
analgesic was used. The findings of this study were supported by
antiandrogenic effects in rat models (28).

An in vitro study was conducted to determine the primary hepatic enzymes
responsible for acetaminophen sulfation (29). The study found that the
sulfotransferse isoform, SULT1A3/4, was the primary determinant of this
activity. Genetic variation in this enzyme could lead to reduced fetal
biotransformation of acetaminophen and persistence of the drug in the fetus.
The investigators hypothesized that this could be a risk factor for the
development of fetal gastroschisis (29).

A 2013 study evaluated the effect of prolonged use of acetaminophen during
pregnancy on the neurodevelopment of 3-year-old offspring (30). The cases
came from the prospective Norwegian Mother and Child Cohort Study. Data on
acetaminophen use were obtained from a follow-up questionnaire sent to the
mothers who were asked about their use of acetaminophen at gestational
weeks 17 and 30. Among the 48,631 children whose mothers returned the
questionnaire, 2919 same-sex sibling pairs were identified. In the sibling-
controlled analysis, children exposed to prenatal acetaminophen for >28 days
had significantly poorer gross motor development, communication, externalizing
behavior, internalizing behavior, and higher activity levels than their nonexposed
siblings. In those exposed prenatally to short-term use (1–27 days), poorer



gross motor outcomes were found but the effects were smaller than with long-
term use. Ibuprofen prenatal exposure was not associated with adverse
neurodevelopment outcomes (30).

In a 2009 study, 1505 pregnant women and their children were prospectively
followed up until 6 months of life (31). The use of acetaminophen during
gestation did not increase the risk of asthma in the children. Use of the drug in
the 1st and 3rd trimesters significantly reduced the risk of asthma. There was
no evidence of a dose response, even with very high doses, such as >32
tablets (10,400 mg) per month (31).

BREASTFEEDING SUMMARY
Acetaminophen is excreted into breast milk in low concentrations (32–36). A
single case of maculopapular rash on a breastfeeding infant’s upper trunk and
face was described in 1985 (32). The mother had taken 1 g of the drug at
bedtime for 2 days before the onset of the symptoms. The rash resolved 24
hours after discontinuing acetaminophen. Two weeks later, the mother took
another 1-g dose, and the rash recurred in the infant after breastfeeding at 3,
8, and 12 hours after the dose. Milk levels at 2.25 and 3.25 hours after the
dose were 5.78/7.10 (right/left breasts) and 3.80/5.95 mcg/mL (right/left
breasts), respectively. These represented milk:plasma ratios of 0.76 and 0.50,
respectively (32).

Unpublished data obtained from one manufacturer showed that after an oral
dose of 650 mg, an average milk level of 11 mcg/mL occurred (McNeil
Laboratories, personal communication, 1979). Timing of the samples was not
provided.

In 12 nursing mothers (nursing 2–22 months) given a single oral dose of 650
mg, peak levels of acetaminophen occurred at 1–2 hours in the range of 10–15
mcg/mL (33). Assuming 90 mL of milk were ingested at 3-, 6-, and 9-hour
intervals after ingestion, the amount of drug available to the infant was
estimated to range from 0.04% to 0.23% of the maternal dose.

After ingestion of a single analgesic combination tablet containing 324 mg of
phenacetin, average milk levels of acetaminophen, the active metabolite, were
0.89 mcg/mL (34). Milk:plasma ratios at 1 and 12 hours were 0.91 and 1.42,
with a milk half-life of 4.7 hours, as compared with 3.0 hours in the serum.
Repeated doses at 4-hour intervals were expected to result in a steady-state
concentration of 2.69 mcg/mL (34).

In three lactating women, a mean milk:plasma ratio of 0.76 was reported
after a single oral dose of 500 mg of acetaminophen (35). In this case, the



mean serum and milk half-lives were 2.7 and 2.6 hours, respectively. Peak milk
concentrations of 4.2 mcg/mL occurred at 2 hours. In a more recent study, the
calculated milk:plasma ratio was approximately 1.0 (36). Based on a dose of
1000 mg, the estimated maximum dose the infant could ingest was 1.85% of
the maternal dose.

Except for the single case of rash, no other adverse effects of
acetaminophen ingestion via breast milk have been reported. The American
Academy of Pediatrics classifies acetaminophen as compatible with
breastfeeding (37).
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ACETAZOLAMIDE
Diuretic (Carbonic Anhydrase Inhibitor)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although some animal data have shown toxicity in offspring, a comparison
to the human dose has not been provided and most studies found no
adverse effects. Moreover, despite widespread use, the human data do
not suggest a risk of developmental toxicity. The drug can be considered
compatible in pregnancy.

FETAL RISK SUMMARY
Acetazolamide is an inhibitor of the enzyme carbonic anhydrase. It is indicated
as adjunctive treatment of chronic simple (open-angle) glaucoma, secondary
glaucoma, and preoperatively in acute angle-closure glaucoma where delay of
surgery is desired in order to lower intraocular pressure. It also is indicated for
the prevention or amelioration of symptoms associated with acute mountain
sickness despite gradual ascent (1). The drug also is used off-label for
idiopathic intracranial hypertension (IIH) (2–5).

Shepard (6) reviewed six reproduction studies using acetazolamide in mice,
rats, hamsters, and monkeys. Forelimb defects were observed in the fetuses
of rodents, but not in those of monkeys. One of the studies found that
potassium replacement reduced the risk of congenital defects in rats (6). A
study with pregnant rabbits found that, with doses producing maternal acidosis
and electrolyte changes, acetazolamide produced a dose-related increase in
axial skeletal malformations (7). The combination of acetazolamide and
amiloride was found to produce abnormal development of the ureter and kidney
in fetal mice when given at the critical moment of ureter development (8).

It is not known if acetazolamide crosses the human placenta. However, the
molecular weight (about 222) suggests that the drug will cross to the embryo–
fetus.

Despite widespread usage, no reports linking the use of acetazolamide with



congenital defects have been located. A single case of a neonatal
sacrococcygeal teratoma has been described (9). The mother received 750 mg
daily for glaucoma during the 1st and 2nd trimesters. A relationship between
the drug and carcinogenic effects in the fetus has not been supported by other
reports. Retrospective surveys on the use of acetazolamide during gestation
have not demonstrated an increased fetal risk (10,11).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 12
of whom had 1st trimester exposure to acetazolamide (12, p. 372). No
anomalies were observed in the exposed offspring. For use anytime during
pregnancy, 1024 exposures were recorded (12, p. 441), and 18 infants were
found to have malformations (18.06 expected). Thus, no evidence was found to
suggest a relationship to large categories of major or minor malformations or to
individual defects.

A woman with glaucoma was treated throughout pregnancy with
acetazolamide, 250 mg twice daily, and topical pilocarpine and timolol (13).
Within 48 hours of birth at 36 weeks’ gestation, the infant’s condition was
complicated by hyperbilirubinemia and asymptomatic hypocalcemia,
hypomagnesemia, and metabolic acidosis. The deficiencies of calcium and
magnesium resolved quickly after treatment, as did the acidosis, even though
the mother continued her medications while breastfeeding the infant. Mild
hypertonicity of the lower limbs requiring physiotherapy was observed at 1-, 3-,
and 8-month examinations. Two healthy infants of an epileptic mother, treated
throughout two pregnancies with acetazolamide 250 mg/day and
carbamazepine, were delivered at term and showed no effects of exposure to
the drugs (13).

Four reports described the use of acetazolamide for treatment of IIH in a
large number of pregnant women (2–5). No embryo or fetal adverse effects
attributable to the drug were noted in any of the cases.

BREASTFEEDING SUMMARY
Acetazolamide is excreted into breast milk (14). A mother, 6 days postpartum,
was given 500 mg (sustained-release formulation) twice daily for glaucoma,
and she breastfed her infant for the following week. Nursing was stopped after
that time because of the mother’s concerns about exposing the infant to the
drug. However, no changes attributable to drug exposure were noted in the
infant. Breast milk levels of acetazolamide on the fourth and fifth days of
therapy, 1–9 hours after a maternal dose, varied between 1.3 and 2.1 mcg/mL.
A consistent relationship between concentration and time from last dose was



not apparent. A milk:plasma ratio 1 hour after a dose was 0.25. Three plasma
levels of acetazolamide in the infant were 0.2, 0.2, and 0.6 mcg/mL. The
authors estimated that the infant ingested about 0.6 mg/day (i.e., 0.06% of the
maternal dose) (15).

The American Academy of Pediatrics classifies acetazolamide as compatible
with breastfeeding (15).

References
1. Product information. Acetazolamide. Teva Pharmaceuticals, 2009.
2. Lee AG, Pless M, Falardeau J, Capozzoli T, Wall M, Kardon RH. The use of acetazolamide in idiopathic

intracranial hypertension during pregnancy. Am J Ophthalmol 2005;139:855–9.
3. Falardeau J, Lobb BM, Golden S, Maxfield SD, Tanne E. The use of acetazolamide during pregnancy in

intracranial hypertension patients. J Neuroophthalmol 2013;33:9–12.
4. Kesler A, Kupferminc M. Idiopathic intracranial hypertension and pregnancy. Clin Obstet Gynecol

2013;56:389–96.
5. Golan S, Maslovitz S, Kupferminc MJ, Kesler A. Management and outcome of consecutive pregnancies

complicated by idiopathic intracranial hypertension. Isr Med Assoc J 2013;15:160–3.
6. Shepard TH. Catalog of Teratogenic Agents . 6th ed. Baltimore, MD: Johns Hopkins University Press,

1989:5–6.
7. Nakatsuka T, Komatsu T, Fujii T. Axial skeletal malformations induced by acetazolamide in rabbits.

Teratology 1992;45:629–36.
8. Miller TA, Scott WJ Jr. Abnormalities in ureter and kidney development in mice give acetazolamide–

amiloride or dimethadione (DMO) during embryogenesis. Teratology 1992;46:541–50.
9. Worsham GF, Beckman EN, Mitchell EH. Sacrococcygeal teratoma in a neonate. Association with

maternal use of acetazolamide. JAMA 1978;240:251–2.
10. Favre-Tissot M, Broussole P, Robert JM, Dumont L. An original clinical study of the pharmacologic–

teratogenic relationship. Ann Med Psychol 1964;1:389. As cited in Nishimura H, Tanimura T, eds.
Clinical Aspects of the Teratogenicity of Drugs. New York, NY: Excerpta Medica, 1976:210.

11. McBride WG. The teratogenic action of drugs. Med J Aust 1963;2:689–93.
12. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing

Sciences Group, 1977.
13. Merlob P, Litwin A, Mor N. Possible association between acetazolamide administration during

pregnancy and metabolic disorders in the newborn. Eur J Obstet Gynecol Reprod Biol 1990;35:85–8.
14. Soderman P, Hartvig P, Fagerlund C. Acetazolamide excretion into human breast milk. Br J Clin

Pharmacol 1984;17:599–600.
15. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



ACETOHEXAMIDE

[Withdrawn from the market. See 9th edition.]



ACETOPHENAZINE
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ACETYLCYSTEINE
Respiratory Agent (Mucolytic), Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefits >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Acetylcysteine is not teratogenic or embryotoxic in animals and, although
the data are limited, do not appear to represent a risk to the human fetus
when IV doses are used as an antidote for acute acetaminophen overdose.
After IV administration, the drug crosses the placenta to achieve protective
serum levels in the fetus. A 1999 report concluded that acetaminophen
overdose in pregnant women should be managed the same way as in
nonpregnant patients and that acetylcysteine therapy was protective to
both the mother and the fetus (1). There is no reported human pregnancy
experience after use of acetylcysteine as a mucolytic agent.

FETAL RISK SUMMARY
Acetylcysteine (N-acetyl-L-cysteine) is a mucolytic agent indicated as adjuvant
therapy in the treatment of abnormal, viscid, or inspissated mucous secretions
in a variety of pulmonary conditions. It is also indicated as an antidote to
prevent or lessen hepatic injury following the ingestion of potentially hepatic
toxic doses of acetaminophen (2). Acetylcysteine has been used as an
ophthalmic solution to treat keratoconjunctivitis sicca (dry eye) and as an
enema for bowel obstruction due to meconium ileus (3), although these
indications are not approved by the FDA. In mice, the agent has also
demonstrated efficacy as a chelating agent to reduce organic mercury-induced
developmental toxicity (4).

Reproductive studies with acetylcysteine have been conducted in rats and
rabbits. Pregnant rabbits were given oral doses about 3 times the human
mucolytic dose on days 6–16 of gestation. Additional pregnant rabbits were
exposed to an aerosol of 10% acetylcysteine and 0.05% isoproterenol for 30–



35 minutes twice daily from the 16th to the18th day of gestation. No
teratogenic effects were observed in either the oral or the aerosol studies. In
pregnant rats, an aerosol combination of acetylcysteine and isoproterenol was
given in a manner similar to that used in rabbits from the 6th to the 15th day of
gestation. Other pregnant rats were exposed to the aerosol from the 15th to
the 21st day of gestation. No teratogenic effects or maternal or fetal toxicity
was observed in these studies (2).

Consistent with its low molecular weight (about 163), acetylcysteine crosses
the human placenta. In a study of three pregnant women who delivered viable
infants while undergoing treatment for acetaminophen toxicity, the mean
acetylcysteine cord blood concentrations was 9.4 mcg/mL (range 8.6–10.9
mcg/mL) (5). The corresponding maternal serum concentrations (trough levels,
4 hours after a dose) ranged from 7.2–11.8 mcg/mL. In a fourth nonviable
infant delivered at 22 weeks’ gestation, the acetylcysteine level in a
postmortem cardiac blood sample obtained 48 hours after death was 55.8
mcg/mL. The mean cord blood level was within the range associated with
therapeutic acetylcysteine doses in adults. No adverse effects attributable to
acetylcysteine or acetaminophen were observed in the three viable infants, nor
was there evidence of acetaminophen toxicity in the fourth infant (5).

The only published reports describing the use of acetylcysteine during human
pregnancy involve the agent’s use as an antidote following acute
acetaminophen overdose (1,6–10). A case report published in 1982 described
a woman at 36 weeks’ gestation who took an overdose of acetaminophen (6).
A few hours after the ingestion, acetylcysteine was administered (140 mg/kg
IV, then 70 mg/kg IV every 4 hours for 17 doses). The mother made an
uneventful recovery and 6 weeks later delivered a healthy 3.29-kg female infant
with Apgar scores of 9 and 9 (6).

Two other case reports of maternal acetaminophen overdose, at 15 and 32
weeks’ gestation, respectively, appeared in 1986 and 1989 (7,8). Both women
were successfully treated with IV acetylcysteine. In the first case, a 2.00-kg
male infant was eventually delivered at 32 weeks’ gestation. He was developing
normally at 4 months of age (7). Because of severe toxicity in the second
woman and fetal distress, delivery was induced 84 hours after the overdose
resulting in the birth of a healthy 2.198-kg female infant (8). Acetaminophen
was not detected in the cord blood (no test for acetylcysteine was done).
Except for hyperbilirubinemia of prematurity, the infant did well with no evidence
of toxicity at follow-up examinations at 6 weeks and 6 months of age (8).

In a 1989 study from the Rocky Mountain Poison and Drug Center, covering



1976–1985, pregnancy outcomes were available for 60 of the 110 women who
had an acute acetaminophen overdose during gestation (9). Of the 60 women,
24 were treated with IV acetylcysteine (4 in the 1st trimester) for toxic
acetaminophen serum levels. The outcomes of the 24 cases were 14 viable
infants (2 premature), 3 spontaneous abortions (SABs), 5 elective abortions, 1
stillbirth, and 1 maternal death. In the stillbirth case, the mother overdosed at
33 weeks’ gestation with fetal death occurring 2 days later. An autopsy of the
fetus revealed massive centrilobular hepatic necrosis that was consistent with
acetaminophen-induced hepatotoxicity. Of the five potential independent
variables evaluated, only two were significantly predictive of pregnancy
outcome: time to start of acetylcysteine and gestational age. The probability of
fetal death increased the longer it took to receive the antidote and the lower the
gestational age. One infant was reported to have a mild positional deformity of
the feet. No other congenital defects were reported (9).

A 1997 study from a teratology information service in England reported the
pregnancy outcomes of 300 cases of acute acetaminophen overdose (10). A
total of 33 mothers were treated with IV acetylcysteine. The outcomes of these
cases were 24 normal infants, 3 SABs or fetal deaths, 5 elective terminations,
and 1 infant with hypospadias. There was no relationship between the defect
and either acetaminophen or acetylcysteine due to the timing of exposure. None
of the other adverse outcomes were related to acetylcysteine (10).

BREASTFEEDING SUMMARY
No reports have described the use of acetylcysteine during lactation. Although
the molecular weight of the drug (about 163) is low enough for excretion into
breast milk, the various conditions in which acetylcysteine is used suggest that
the drug will rarely be prescribed during breastfeeding. Moreover, IV
acetylcysteine has been administered directly to preterm neonates for
therapeutic indications, at doses far above those that would be obtained from
milk, without causing toxicity (11,12).
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ACETYLDIGITOXIN
Cardiac Glycoside

[See Digitalis.]



ACITRETIN
Vitamin
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Like all retinoids, acitretin, the active metabolite of etretinate, is a potent
teratogen. It represents not only a significant fetal risk during pregnancy,
but also a risk for an unknown time after therapy has ceased. This added
fetal risk results because acitretin can be converted back to the parent
drug, etretinate, which can persist, along with acitretin and 13-cis-acitretin,
in SC fat for prolonged periods, perhaps for >3 years. Measuring plasma
levels of the retinoids does not appear to be beneficial in determining the
risk of fetal harm. Effective contraception must be used for at least 1
month before beginning acitretin, during therapy, and for at least 3 years
after acitretin therapy (1). Women of childbearing age who are considering
treatment with acitretin must be informed of this very slow elimination and
the possibility of adverse pregnancy outcome if they conceive within 3
years of therapy. There apparently is no risk of acitretin-induced
developmental toxicity when only the father is being treated (2).

FETAL RISK SUMMARY
Acitretin, an oral active synthetic retinoid and vitamin A derivative, is the active
metabolite of etretinate (see also Etretinate). It is used for the treatment of
severe psoriasis resistant to other forms of therapy and for severe congenital
ichthyosis and keratosis follicularis (Darier disease).

Similar to vitamin A and it derivatives, acitretin may cause congenital defects
at human dosage levels in various animal species, including the mouse, rat, and
rabbit. Fertility of rats was not impaired at the highest dose tested (about 3
times the maximum recommended human dose [MRHD]). Chronic
administration to male dogs (30 mg/kg/day) produced testicular changes:
reversible mild-to-moderate spermatogenic arrest and the appearance of
multinucleated giant cells (1).



After oral absorption, acitretin undergoes extensive metabolism and
interconversion by simple isomerization to 13-cis-acitretin. When consumed with
alcohol, acitretin may be converted back to etretinate, a retinoid with a very
long elimination half-life (mean 120 days, but may be as long as 168 days).
Because the prolonged elimination would increase the teratogenic potential for
women of childbearing age (see also Etretinate), the manufacturer states that
alcohol must not be ingested during therapy with acitretin and for 2 months
after cessation of therapy because of the long elimination period of acitretin (1).

In a 1994 reference, the concentrations of etretinate, acitretin, and 13-cis-
acitretin were measured in plasma and SC fat samples from 37 women of
childbearing age (3). Twenty of the women were receiving acitretin and 17 had
stopped. Sixteen of the 20 women current acitretin users had taken etretinate
but had stopped that drug a mean 45 months before sampling, whereas 4
women had never received etretinate. Among current acitretin users,
detectable etretinate levels in the plasma and SC fat were found in 45% and
83%, respectively. The 17 women who had stopped taking acitretin had been
off the drug a mean 12 months. Eleven of these women had also used
etretinate but had stopped a mean 43 months before sampling. The 6 women
who had never taken etretinate stopped acitretin 17 months before testing.
Among these 17 women, etretinate was detected in 18% and 86%,
respectively, of the plasma and SC fat samples. In some cases, acitretin
and/or etretinate were detectable in plasma or SC fat up to 29 months after
acitretin therapy had ceased. Thus, plasma concentrations correlated poorly
with concentrations in fat. The findings led the authors to conclude that the
recommended contraception period of 2 years after acitretin treatment (in
1994) was too short to avoid the risk of teratogenicity (3). Currently, the
manufacturer recommends a contraception period of 3 years, but the human
threshold concentration of acitretin below which the drug is not teratogenic has
not been established (1).

A case report of a pregnancy exposed to acitretin starting 10 days after
conception and throughout the 1st trimester was published in 1995 (4). The 34-
year-old woman was treated with acitretin (50 mg/day) for severe palmoplantar
epidermolytic keratoderma. Pregnancy was diagnosed 6 weeks after stopping
acitretin therapy. The pregnancy was terminated at 20 weeks’ gestation with
delivery of a stillborn, 210-g, 24-cm-long male fetus with severe symmetric
defects of the upper and lower limbs and craniofacial malformations. The
extremity defects included bilateral short arms with pterygium formation in the
elbows, shortened thumbs and little fingers without nails, contractures of both



lower limbs in the groins and knees, irregularly thickened femora and tibiae,
and point-shaped feet with only two small toes without nails. X-ray of the limbs
revealed bilateral humeroradial synostosis and bone defects in the hands and
feet. Craniofacial malformations included underdeveloped maxilla and
mandibula, a small mouth with a high, arched and narrow palate, low-set ears,
bilateral microtia, agenesis of the external ear canals, and bilateral preauricular
tags. Except for an atrioventricular septal defect type II, no other anomalies
were discovered on autopsy. Concentrations of acitretin, 13-cis-acitretin, and
etretinate, in the maternal plasma, fetal brain and liver, and amniotic fluid 48
days after stopping therapy, were either undetectable (<0.3 ng/mL) or
unquantifiable. An attempted chromosomal analysis of the fetus failed. Because
the authors could find no other explanation for the malformations, including
potential genetic defects, and the craniofacial malformations were similar to
previous cases of retinoic acid embryopathy (e.g., see Isotretinoin), they
concluded that the defects were caused by acitretin. In addition, the authors
were aware of the poor correlation between plasma and fat concentrations of
the vitamin A derivatives (3); thus the failure to detect the retinoids in the
plasma did not affect their conclusion (4).

A 1994 study attempted to determine if there was a threshold dose or
plasma concentration of acitretin below which there was no teratogenic risk in
females (5). In various species, the highest nonteratogenic oral doses
(mg/kg/day) were 1 (mouse), 7.5 (rat), and 0.2 (rabbit). No data were available
for cynomolgus monkeys or humans. The authors also summarized the
outcomes of pregnancies that had occurred during or after acitretin therapy and
been reported to the manufacturer since human therapy with the drug began in
1983. A total of 75 women were exposed to acitretin either during pregnancy
(N = 8) or before pregnancy (N = 67) (median time before pregnancy 5 months,
range 6 weeks to 23 months). Among those exposed during pregnancy, there
were four spontaneous abortions, one induced abortion (no information on the
fetus), one induced abortion with typical malformations, one newborn with a
nontypical anomaly, and one normal newborn. The mother of the fetus with
typical malformations took 50 mg/day of acitretin during the first 19 weeks of
gestation. Malformations in the fetus were microtia and defects of the face and
extremities. The mother of the infant with a nontypical anomaly took acitretin
(20 mg/day) during the first 8 months of pregnancy. The infant had a hearing
impairment for high frequencies. The outcomes of the 67 pregnancies exposed
before conception were 9 spontaneous abortions, 18 induced abortions (15
fetuses with no information, 3 normal fetuses), 4 newborns with nontypical



abnormalities, and 36 normal newborns. One of the mothers who delivered an
infant with nontypical malformations had received 1 week of acitretin, 25
mg/day, 18 months before conception. The abnormalities, considered
incompatible with life, included macrocephaly, low-set ears, microphthalmia,
low-inserted thumb, ventricular and atrial septal defects, total duodenal
obstruction, and cystic kidneys. The malformations were thought to be due to a
chromosomal abnormality (partial trisomy 1) and a history of maternal drug
abuse. The nontypical abnormalities in the other three newborns were
transitory neonatal icterus and hypocalcemia, left testis ectopia, and slight
transitory hypotonia (5).

In 1999, a report from the manufacturer summarized the worldwide data
relating to acitretin and human pregnancy exposures that had been reported to
the manufacturer since acitretin became available (6). Some of these data may
have also been reported in the study discussed above. There were 123 reports
of acitretin exposure either before or during pregnancy, 88 of which were
prospective reports. Details on malformations were provided in only one case.
Outcomes that did not involve congenital malformations were classified as
“other abnormalities,” defined as pregnancy-related, placental, perinatal, or
neonatal disorders, such as hyperbilirubinemia, abnormal growth, and delayed
motor skills. There were 11 exposures during pregnancy, five reported
prospectively and six retrospectively. Among the prospective cases, there was
one spontaneous abortion (SAB) (no information on the fetus), three elective
abortions (EABs) (no information on the fetuses), and one newborn with
malformations (no details provided, but reference 3 above was included
whereas reference 4 was not). Among those reported retrospectively, there
was one SAB (no information), three EABs (two with malformations and one
with other adverse conditions), and two newborns with other adverse
conditions. For exposures that occurred 0–2 years before pregnancy, there
were 97 cases, 77 of them prospective. Outcomes in these cases were 8
SABs (1 normal embryo–fetus, and 7 with no information), 25 EABs (3 normal,
2 with malformations, and 20 with no information), and 44 newborns (41
normal, 1 with an undescended testicle, 1 hypotonic, and 1 with hypocalcemia
and jaundice). The outcomes in the 20 retrospective cases were 5 SABs (no
information), 4 EABs (1 normal, 1 with malformations, and 2 with no
information), and 11 newborns (9 normal, 2 with malformations). Two of the
five cases in which exposure occurred more than 2 years before pregnancy
were prospective. Their outcomes were one SAB (no information) and one
normal newborn. The three retrospective cases all involved newborns with



malformations. Finally, 10 cases involved exposure at an unknown time before
conception, 4 of which were prospective. The outcomes were one SAB (no
information), one EA (no information), and two normal neonates. For the six
retrospective cases, there was one SAB (no information), two EABs (one
normal and one with no information), and three normal newborns (6).

A 2004 case described the pregnancy outcome of a woman who had taken
acitretin 10 mg/day until the 10 completed weeks of pregnancy (7). The 1450-g
(25th percentile) female infant was born at 32 weeks’ with Apgar scores of 8
and 10 at 1 and 5 minutes, respectively. Evaluation up to 11 months of age
revealed growth restriction (length and head circumference <3rd percentile,
weight 50th percentile), epicanthal folds, low nasal bridge, high palate, cup-
shaped ears, anteverted nostrils, prominent heels, atrial septal defect (closed
spontaneously), and bilateral sensorineural deafness. At 18 months of age, the
infant was microcephalic, hypotonic, and had neurodevelopmental delay. The
pattern of defects resembled those observed with isotretinoin and etretinate
(7).

An interaction between acitretin and a very low-dose progestin contraceptive
(levonorgestrel 0.03 mg) was observed in one woman undergoing treatment
with acitretin 0.4 mg/kg/day (8). Her plasma progesterone level increased from
2.15 ng/mL before acitretin or contraceptive to 3.87–13.46 ng/mL while
receiving both drugs. The increase in plasma concentration was thought to
indicate failure of contraception and development of a corpus luteum after
ovulation. No interaction, as evidenced by a rise in plasma progesterone
concentration, was observed in nine other women who received combined oral
contraceptives (normal or mini-dose) (8).

Acitretin has been measured in the seminal fluid of men consuming either
acitretin or etretinate (1). In men administered 30–50 mg/day for at least 12
weeks, the sperm count, concentration, motility, and morphology were
unchanged. In addition, no adverse effects were observed with regard to
testosterone production, luteinizing hormone, follicle-stimulating hormone, or on
the hypothalamic–pituitary axis. The maximum concentration of acitretin found in
seminal fluid was 12.5 ng/mL. The amount of acitretin transferred in semen,
assuming an ejaculate volume of 10 mL, would be 125 ng or 1/200,000th of a
single 25-mg capsule. Of five pregnancies in which the father was receiving
acitretin therapy, two ended in SABs, one fetus had bilateral cystic hygromas
and multiple cardiopulmonary anomalies, one normal newborn was delivered,
and one was lost to follow-up. The relationship between acitretin and the fetal
malformations is unknown. However, no teratogenicity was observed in the



offspring of male rats treated with 5 mg/kg/day (about 5 times the MRHD) for
10 weeks (approximate duration of one spermatogenic cycle) before and during
mating with untreated females (1).

BREASTFEEDING SUMMARY
Acitretin is excreted into the milk of humans. A woman 8 months postpartum
was treated with a single daily 40 mg dose of acitretin (0.65 mg/kg/day) for
extensive plaque psoriasis and acral pustulosis (9). Nursing was stopped
before the therapy was started. Milk was collected each day by an electric
pump before the dose and again 12 hours later. At steady state, milk
concentrations of the drug and its main metabolite were 30–40 ng/mL,
corresponding to a milk:serum ratio of 0.18. The estimated infant dose was
1.5% of the maternal dose (9).

The plasma elimination half-lives of acitretin and 13-cis-acitretin may be as
long as 96 and 157 hours, respectively (1). Because of storage in
subcutaneous fat, the actual elimination of these compounds may take much
longer. The manufacturer recommends a contraception period of 3 year after
acitretin therapy is stopped, but a similar recommendation for breastfeeding
has not been made. Although there is a potential for toxicity, the American
Academy of Pediatrics classifies the drug as compatible with breastfeeding
(10).
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ACLIDINIUM BROMIDE
Respiratory (Bronchodilator)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of aclidinium in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of embryo–
fetal risk. However, the low (unspecified) plasma concentrations suggest
that the drug, if indicated, represents a low, if any, risk in pregnancy.

FETAL RISK SUMMARY
Aclidinium bromide, a dry powder for inhalation, is indicated for the long-term,
maintenance treatment of bronchospasm associated with chronic obstructive
pulmonary disease, including chronic bronchitis and emphysema. It is an
antimuscarinic agent that is often referred to as an anticholinergic. Aclidinium is
rapidly and extensively hydrolyzed to inactive metabolites so that plasma
concentrations (not specified) are low. The estimated effective half-life is 5–8
hours (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of structural anomalies was observed in rats exposed during organogenesis to
about 15 times the recommended human daily dose based on summed AUC of
aclidinium and its metabolites (RHDD) (based on inhaled doses ≤5 mg/kg/day).
However, during lactation, exposures that were about 5 times the RHDD
(based on inhaled doses ≥0.2 mg/kg/day) resulted in decreased pup weights.
These doses also caused maternal toxicity. In rabbits during organogenesis, no
evidence of structural anomalies was observed at exposures that were about
20 times the RHDD (based on inhaled doses ≤3.6 mg/kg/day). Compared with
controls, an increased incidence of liver lobes was noted at exposures that
were about 1400 times the RHDD (based on oral doses ≥150 mg/kg/day) and



decreased fetal body weights occurred at exposures that were about 2300
times the RHDD (based on oral doses ≥300 mg/kg/day). Both exposures
caused maternal toxicity (1).

Long-term studies for carcinogenicity in mice and rats were negative. In
various tests for mutagenicity, both positive and negative assays were noted. In
male and female rats given inhaled doses that were about 15 times the RHDD,
impaired fertility and reproductive performance were observed, as well as
paternal toxicity. However, in other rat studies (treated males mated with
untreated females; treated females mated with untreated males), no effects on
fertility were observed at inhaled doses resulting in exposures that were about
30 and 15 times the RHDD, respectively (1).

It is not known if aclidinium or its metabolites cross the human placenta. The
molecular weight of the parent drug (about 565) and the long half-life suggest
that the drug will cross to the embryo–fetus. However, the low (unspecified)
plasma concentrations indicate that the amount crossing will also be low.

BREASTFEEDING SUMMARY
No reports describing the use of aclidinium during human lactation have been
located. The molecular weight of the parent drug (about 565) and the long
effective half-life (5–8 hours) suggest that the drug will be excreted into breast
milk. However, the low (unspecified) plasma concentrations indicate that the
amount excreted into milk will also be low. The most common adverse
reactions (≥3% incidence) among adults were headache, nasopharyngitis, and
cough (1). Although the drug appears to be compatible during breastfeeding,
nursing infants of mothers receiving the drug should be monitored for these
effects.
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ACYCLOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No adverse effects in the fetus or newborn attributable to the use of
acyclovir during pregnancy have been reported. Congenital malformations
have been reported in infants exposed during pregnancy, but they do not
appear to be related to the drug. Systemic IV treatment is indicated for life-
threatening disseminated herpes simplex virus (HSV) infections to reduce
the maternal, fetal, and infant mortality of these infections. Oral acyclovir
treatment of primary genital HSV infections also appears to be indicated to
prevent adverse fetal outcomes, such as prematurity, intrauterine growth
restriction (IUGR), and neonatal HSV infection.

FETAL RISK SUMMARY
Acyclovir is a synthetic acyclic purine nucleoside analog used as an antiviral
agent against the herpes viruses. Three studies observed no teratogenic
effects in animals at nontoxic doses (1–3). One study, however, observed
abnormal thymus development and functional deficits of the immune system in
rats exposed in utero to acyclovir (4). Chromosome breaks were observed in
some tests with cultured human lymphocytes, but only with prolonged exposure
and at doses much higher than those obtainable in clinical use (5). A 1997
publication, however, cited studies that gave SC doses of 100 mg/kg once,
twice, or 3 times to pregnant rats on day 10 of gestation (6). Altered
development was observed in fetuses examined on day 11.5 (reduced crown–
rump length, number of somites, and protein content) or on day 21 (skull, eye,
and tail defects). The SC doses caused slight and reversible maternal
nephropathia, but this was not thought to have induced the fetal anomalies (6).

Reproduction studies in mice, rats, and rabbits, as reported by the
manufacturer, did not observe teratogenic effects (7). The doses used in the
three species produced plasma levels that were the same as human levels, 1–2



times human levels, and 4 and 9 times human levels, respectively.
Although there are no approved indications for acyclovir in pregnancy, the

principal clinical use of acyclovir during this period is for the treatment of
primary genital HSV type 2 infection and for the prophylaxis against recurrent
genital HSV infection. The Acyclovir in Pregnancy Registry found that, of the
American women reported to the Registry as exposed during pregnancy, 62%
and 70% of their prospective and retrospective samples, respectively, had
been treated for genital herpes (8). They estimated that as many as 7500 live
births per year in the United States may be exposed to acyclovir (8).

The treatment of genital herpes is intended to prevent the adverse outcomes
on the fetus and newborn that the primary infection may cause, such as
prematurity, IUGR, and neonatal HSV infection, and to reduce the incidence of
cesarean section with recurrent disease. Reviews evaluating the various
indications for acyclovir in pregnancy concluded that life-threatening maternal
HSV infection and varicella pneumonia were the most justifiable indications
(9,10). Some evidence was cited that the benefits of treatment of primary
genital herpes, under certain conditions, might outweigh the risks, but the lack
of controlled studies prevented any conclusion (9,10). Similarly, the treatment
of uncomplicated varicella infections and the prophylaxis against recurrent
genital HSV were unproven indications because of the absence of supporting
data (9,10). Some authors have proposed the use of acyclovir for the
prophylaxis of genital HSV during pregnancy, although all qualify their proposals
with statements that controlled studies are needed to assess efficacy and
safety (11–13).

A 1998 randomized, placebo-controlled study was conducted to determine if
oral acyclovir (800 mg/day) could reduce the rate of cesarean section in
women with recurrent genital herpes infection at <36 weeks’ gestation (14). A
total of 63 women were enrolled (acyclovir N = 31, placebo N = 32) in the
study. Except for a significant reduction in clinical recurrences (odds ratio [OR]
0.10, 95% confidence interval [CI] 0.00–0.86), the other outcome measures
showed no significant difference from placebo: cesarean section (OR 0.44,
95% CI 0.09–1.59), and clinical recurrence or asymptomatic shedding (OR
0.32, 95% CI 0.05–1.56). None of the newborns were infected with HSV and
no abnormal findings were detected in the 19 exposed infants examined 1 year
later. The investigators concluded that acyclovir should not be used for
recurrent genital herpes infection during pregnancy outside of randomized
controlled trials (14).

The CDC 1998 Sexually Transmitted Diseases Treatment Guidelines states,



in part:

The first clinical episode of genital herpes during pregnancy may be treated
with oral acyclovir. In the presence of life-threatening maternal HSV infection
(e.g., disseminated infection, encephalitis, pneumonitis, or hepatitis),
acyclovir administered IV is indicated. Investigations of acyclovir use among
pregnant women suggest that acyclovir treatment near term might reduce the
rate of abdominal deliveries among women who have frequently recurring or
newly acquired genital herpes by decreasing the incidence of active lesions.
However, routine administration of acyclovir to pregnant women who have a
history of recurrent genital herpes is not recommended at this time. (15)

The drug readily crosses the placenta to the fetus (16–23). After IV dosing,
acyclovir levels in cord blood were higher than those in maternal serum with
ratios of 1.4 and 1.25 reported (16,17). A 1992 study concluded that the
placental transfer of acyclovir was most consistent with a carrier-dependent,
nucleobase-type uptake of the drug, but that the overall net transfer was
passive and dependent on solubility characteristics (16).

The pharmacokinetics of oral acyclovir in term pregnant women were
reported in 1991 (21). Fifteen women with a history of active recurrent genital
HSV type 2 infection antedating and during pregnancy, but without currently
active disease, were given either 200 mg (N = 7) or 400 mg (N = 8) orally
every 8 hours from 38 weeks’ gestation until delivery. The mean steady-state
plasma peak and trough levels in the 200-mg group were 1.9 and 0.7 µmol/L,
respectively; those in the 400-mg group were 3.3 and 0.8 µmol/L, respectively.
Acyclovir was concentrated in the amniotic fluid with concentrations ranging
from 1.87 to 6.06 µmol/L in the low-dose group compared with 4.20–15.5
µmol/L in the high-dose group. The maternal:cord plasma ratio was similar in
both groups with a mean of 1.3, a value comparable to that observed after IV
dosing (21).

Acyclovir has been administered orally and intravenously during all stages of
pregnancy (8,9,14,17–61). Topical acyclovir, which may produce low levels of
the drug in maternal serum, urine, and vaginal excretions, has been used in
pregnancy, and the manufacturer is aware of two women treated topically
during the 3rd trimester who delivered normal infants (A. Clark, personal
communication, Burroughs-Wellcome, 1985). However, no published reports of
these cases have been located.

Favorable maternal and fetal outcomes were observed in two cases of
isolated HSV encephalitis treated with IV and oral acyclovir (36,37). Treatment



in the two mothers began at 29 and 26 weeks’ gestation, respectively, and
continued until term. In the only other reported cases occurring during
pregnancy, none of whom were treated with acyclovir, four mothers and three
fetuses died (37). The onset of the encephalitis in the mother of the surviving
fetus was at term. A 1996 case report described the successful treatment with
IV acyclovir of a woman with herpes simplex hepatitis at 24 weeks’ gestation
(38). A viable 1013-g male infant was delivered at 28 weeks because of severe
preeclampsia. Both the mother and her infant were doing well at the time of the
report.

A 1991 case report and review cited data indicating that varicella pneumonia
occurring during pregnancy resulted in a maternal mortality up to 44% (47). In
15 cases treated with IV acyclovir, however, only two (13%) mothers died, one
fetus was stillborn, and one infant expired. Another 1991 reference added 5
new cases and a review of 16 cases from the literature to total 21 women
treated during pregnancy with acyclovir for varicella pneumonia (48). Twelve
women were treated during the 2nd trimester and nine during the 3rd trimester.
The mean duration of acyclovir treatment was 7 days. Maternal mortality
occurred in four cases, but two of the deaths occurred after delivery. One
mother died of multiorgan failure 11 days after delivery, and one mother died
after surgery for intestinal obstruction 1 month after delivery. The three
maternal deaths directly attributable to varicella pneumonia were in the 3rd
trimester at the onset of disease. Two fetal or infant deaths occurred, one from
prematurity after birth at 26 weeks’ gestation, and one stillborn at 34 weeks’
(both cases also described in reference 47). No adverse effects were
observed in the surviving infants. None of the infants had features of congenital
varicella infection, nor did any develop active perinatal varicella infection. A
1993 abstract briefly described data collected retrospectively (1988–1992) on
14 pregnant women with varicella pneumonia, 11 of whom were treated with
acyclovir (58). No specific information was given on the outcome of the 11
treated pregnancies. A 1998 case report described a woman at 32 weeks’
gestation that was treated with IV acyclovir for varicella pneumonia (59). A
healthy female infant was delivered approximately 3 days later because of fetal
distress secondary to cord compression and prolapse into the right uterine
segment. The infant was given varicella immunoglobulin and a 5-day course of
IV acyclovir and was discharged home at 20 days of age without ever showing
signs of varicella.

Data gathered for the period 1984–1999, by the Acyclovir in Pregnancy
Registry, a group sponsored by the manufacturer and the CDC, were published



in 2004 (8). Excluding 461 patients with exposure to topical acyclovir only, 1234
pregnancies (12 sets of twins; 1246 outcomes) with known outcomes were
followed up prospectively. The trimester of initial exposure was as follows: 1st
—756 (7 sets of twins), 2nd—197 (2 sets of twins), 3rd—291 (3 sets of twins),
and unknown—2. Among the 1st trimester exposures, there were 76
spontaneous abortions (SABs), 1 stillbirth, 83 elective abortions (EABs), 19
infants with birth defects, and 577 live births without birth defects. In the
remaining exposures, there were no SABs, 2 EABs, 2 stillbirths, 9 infants with
birth defects, and 477 live births without birth defects. For exposures during the
1st trimester with known outcomes (excluding SABs, EABs, and stillbirths), the
rate of birth defects was 3.2% (19 of 596). For all trimesters, the rate was
2.6% (28 of 1082). These rates are no different from the rates expected in a
nonexposed population (8). As for pregnancies reported retrospectively (i.e., in
which the outcome was known before reporting), there were 47 birth defects
that, in general, were similar to those reported prospectively. There was no
uniqueness or pattern among the malformations, reported prospectively or
retrospectively, that suggested a common cause (8).

In a surveillance study of Michigan Medicaid recipients conducted between
1985 and 1992 involving 229,101 completed pregnancies, 478 newborns had
been exposed to acyclovir during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 18 (3.8%) major birth defects were
observed (20 expected). Specific data were available for six defect categories,
including (observed/expected) 5/5 cardiovascular defects, 0/1 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 1/1 limb reduction defects, and 2/1 hypospadia.
These data do not support an association between the drug and the defects.

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥34 newly marketed drugs
by general practitioners in England (60). Data were obtained by questionnaires
sent to the prescribing physicians 1 month after the expected or possible date
of delivery. In 831 (78%) of the pregnancies, a newly marketed drug was
thought to had been taken during the 1st trimester with birth defects noted in 14
(2.5%) singleton births of the 557 newborns (10 sets of twins). In addition, two
birth defects were observed in aborted fetuses. However, few of the aborted
fetuses were examined. Acyclovir was taken during the 1st trimester in 24
pregnancies. The outcomes of these pregnancies included 1 SAB, 5 EABs, and
18 normal term babies (60).

Because there is more human pregnancy experience with acyclovir than with
similar antiviral agents (e.g., valacyclovir or famciclovir) and this experience



does not demonstrate a major risk, some authors consider acyclovir to be the
drug of choice when indicated (62,63). However, for the management of herpes
in pregnancy, either valacyclovir or acyclovir is recommended for primary or
first-episode infection (for 7–10 days), symptomatic recurrent episode (for 5
days), and daily suppression (from 36 weeks’ gestation until delivery), but only
acyclovir is recommended for severe or disseminated disease (64). Long-term
follow-up of children exposed in utero to these agents is warranted.

BREASTFEEDING SUMMARY
Acyclovir is concentrated in human milk with levels usually exceeding those
found in maternal serum (65–69). In an in vitro experiment, the transfer of
acyclovir from the plasma to breast milk was determined to be due to passive
diffusion (65).

A woman, breastfeeding a 4-month-old infant, was treated with acyclovir 200
mg orally every 3 hours (5 times daily) for presumed oral herpes (66). She had
taken 15 doses of the drug before the study dose. Approximately 9 hours after
her 15th dose, she was given another 200-mg dose and paired maternal
plasma and breast milk samples were drawn at 0, 0.5, 1.5, 2.0, and 3.0 hours.
Breastfeeding was discontinued during the study interval. Milk:plasma ratios
ranged from 0.6–4.1. Milk concentrations were greater than those in maternal
serum at all times except at 1.5 hours, the time of peak plasma concentration
(4.23 µmol/L). (Note: 1 µmol/L = 0.225 mcg/mL [9].) The initial level in the milk
was 3.3 µmol/L, reflecting the doses taken prior to the study period. The
highest level measured in milk was 5.8 µmol/L at 3.2 hours, but this was not the
peak concentration because it was still rising at the time of sampling. Acyclovir
was demonstrated in the infant’s urine. Based on the poor lipid solubility of the
drug, the pKa’s, and other known pharmacokinetic parameters, the calculated
theoretical milk:plasma ratio was 0.15. Because the actual measured ratio was
much greater than this value, it was concluded that acyclovir entered the milk
by an active or facilitated process that would make it unique from any other
medicinal agent. The maximum ingested dose, based on 750 mL of milk/day,
was calculated to be 1500 mcg/day, approximately 0.2 mg/kg/day in the infant,
or about 1.6% of the adult dose. This was thought not to represent an
immediate risk to the infant, and, in fact, no adverse effects of the exposure
were observed in the infant (66).

In a second case, a woman 1 year postpartum was treated with oral
acyclovir, 200 mg 5 times a day, for presumed herpes zoster (67). The mean
concentrations in the milk and serum were 1.06 and 0.33 mcg/mL, respectively,



a milk:plasma ratio of 3.24. Detectable amounts were present in both serum
and milk 48 hours after the last dose with an estimated half-life in the milk of
2.8 hours. The estimated amount of acyclovir ingested by the infant consuming
1000 mL/day of milk was about 1 mg (67).

Two recent studies measured the excretion of acyclovir in milk (68,69). In
one, a woman 6 weeks postpartum suffering from eczema herpeticum received
acyclovir IV 300 mg 3 times daily for 5 days (68). Breastfeeding was
interrupted during the treatment. Serum and milk samples were collected after
the last dose at 6-hour intervals for 4 days. Acyclovir levels in the milk
exceeded those in the serum at every analysis and within the first 72 hours the
milk concentration was 2.25 times higher than that in the serum. During the 88
hours that acyclovir was detectable in breast milk, a total of 4.448 mg was
excreted (79% was recovered during the first 24 hours) (68).

In the other study, a woman was taking 800 mg 5 times daily for herpes
zoster (69). She continued to breastfeed her 7-month-old infant. Three random
milk samples were obtained (0.25–9.42 hours after a dose) with acyclovir
levels ranging from 18.5 (4.16 mcg/mL) to 25.8 µmol/L (5.81 mcg/mL). The
highest level occurred 9.42 hours after a dose. No adverse effects were
observed in the infant who had ingested from the milk, what was thought to be,
a clinically insignificant amount of acyclovir (0.73 mg/kg/day or about 1% of the
maternal dose in mg/kg/day) (69).

Because acyclovir has been used to treat herpes virus infections in the
neonate, and because of the lack of adverse effects in reported cases,
mothers undergoing treatment with acyclovir can breastfeed safely. The
American Academy of Pediatrics classifies acyclovir as compatible with
breastfeeding (70).

References
1. Moore HL, Szczech GM, Rodwell DE, Kapp RW Jr, deMiranda P, Tucker WE Jr. Preclinical toxicology

studies with acyclovir: teratologic, reproductive, and neonatal tests. Fund Appl Toxicol 1983;3:560–8.
2. Stahlmann R, Klug S, Lewandowski C, Bochert G, Chahoud I, Rahm U, Merker HJ, Neubert D. Prenatal

toxicity of acyclovir in rats. Arch Toxicol 1988;61:468–79.
3. Chahoud I, Stahlmann R, Bochert G, Dillmann I, Neubert D. Gross-structural defects in rats after

acyclovir application on day 10 of gestation. Arch Toxicol 1988;62:8–14.
4. Stahlmann R, Korte M, Van Loveren H, Vos JG, Thiel R, Neubert D. Abnormal thymus development and

impaired function of the immune system in rats after prenatal exposure to aciclovir. Arch Toxicol
1992;66:551–9.

5. Clive D, Turner NT, Hozier J, Batson AGE, Tucker WE Jr. Preclinical toxicology studies with acyclovir:
genetic toxicity tests. Fund Appl Toxicol 1983;3:587–602.

6. Stahlmann R, Chahoud I, Thiel R, Klug S, Forster C. The developmental toxicity of three antimicrobial
agents observed only in nonroutine animal studies. Reprod Toxicol 1997;11:1–7.

7. Product information. Zovirax. Glaxo Wellcome, 2000.
8. Stone KM, Reiff-Eldridge R, White AD, Cordero JF, Brown Z, Alexander ER, Andrews EB. Pregnancy



outcomes following systemic prenatal acyclovir exposure: conclusions from the International Acyclovir
Pregnancy Registry, 1984–1999. Birth Defects Res A Clin Mol Teratol 2004;70:201–7.

9. Brown ZA, Baker DA. Acyclovir therapy during pregnancy. Obstet Gynecol 1989;73:526–31.
10. Brown ZA, Watts DH. Antiviral therapy in pregnancy. Clin Obstet Gynecol 1990;33:276–89.
11. Arvin AM, Hensleigh PA, Prober CG, Au DS, Yasukawa LL, Wittek AE, Palumbo PE, Paryani SG,

Yeager AS. Failure of antepartum maternal cultures to predict the infant’s risk of exposure to herpes
simplex virus at delivery. N Engl J Med 1986;315:796–800.

12. Carney O, Mindel A. Screening pregnant women for genital herpes. BMJ 1988;296:1643.
13. Canadian Task Force on the Periodic Health Examination. Periodic health examination, 1989 update: 4.

Intrapartum electronic fetal monitoring and prevention of neonatal herpes simplex. Can Med Assoc J
1989;141:1233–40.

14. Brocklehurst P, Kinghorn G, Carney O, Helsen K, Ross E, Ellis E, Shen R, Cowan F, Mindel A. A
randomised placebo controlled trial of suppressive acyclovir in late pregnancy in women with recurrent
genital herpes infection. Br J Obstet Gynaecol 1998;105:275–80.

15. CDC. 1998 Guideline for treatment of sexually transmitted diseases. MMWR 1998;47:25.
16. Henderson GI, Hu Z-Q, Johnson RF, Perez AB, Yang Y, Schenker S. Acyclovir transport by the human

placenta. J Lab Clin Med 1992;120:885–92.
17. Landsberger EJ, Hager WD, Grossman JH III. Successful management of varicella pneumonia

complicating pregnancy: a report of three cases. J Reprod Med 1986;31:311–4.
18. Utley K, Bromberger P, Wagner L, Schneider H. Management of primary herpes in pregnancy

complicated by ruptured membranes and extreme prematurity: case report. Obstet Gynecol
1987;69:471–3.

19. Greffe BS, Dooley SL, Deddish RB, Krasny HC. Transplacental passage of acyclovir. J Pediatr
1986;108:1020–1.

20. Haddad J, Simeoni U, Messer J, Willard D. Transplacental passage of acyclovir. J Pediatr
1987;110:164.

21. Kingsley S. Fetal and Neonatal Exposure to Acyclovir (Abstract). Second World Congress on Sexually
Transmitted Diseases, Paris, June 1986. As cited in Haddad J, Simeoni U, Messer J, Willard D.
Transplacental passage of acyclovir. J Pediatr 1987;110:164.

22. Frenkel LM, Brown ZA, Bryson YJ, Corey L, Unadkat JD, Hensleigh PA, Arvin AM, Prober CG, Connor
JD. Pharmacokinetics of acyclovir in the term human pregnancy and neonate. Am J Obstet Gynecol
1991;164:569–76.

23. Fletcher CV. The placental transport and use of acyclovir in pregnancy. J Lab Clin Med 1992;120:821–2.
24. Lagrew DC Jr, Furlow TG, Hager WD, Yarrish RL. Disseminated herpes simplex virus infection in

pregnancy. JAMA 1984;252:2058–9.
25. Grover L, Kane J, Kravitz J, Cruz A. Systemic acyclovir in pregnancy: a case report. Obstet Gynecol

1985;65:284–7.
26. Berger SA, Weinberg M, Treves T, Sorkin P, Geller E, Yedwab G, Tomer A, Rabey M, Michaeli D.

Herpes encephalitis during pregnancy: failure of acyclovir and adenine arabinoside to prevent neonatal
herpes. Isr J Med Sci 1986;22:41–4.

27. Anderson H, Sutton RNP, Scarffe JH. Cytotoxic chemotherapy and viral infections: the role of acyclovir.
J R Coll Physicians Lond 1984;18:51–5.

28. Hockberger RS, Rothstein RJ. Varicella pneumonia in adults: a spectrum of disease. Ann Emerg Med
1986;15:931–4.

29. Glaser JB, Loftus J, Ferragamo V, Mootabar H, Castellano M. Varicella-zoster infection in pregnancy. N
Engl J Med 1986;315:1416.

30. Tschen EH, Baack B. Treatment of herpetic whitlow in pregnancy with acyclovir. J Am Acad Dermatol
1987;17:1059–60.

31. Kundsin RB, Falk L, Hertig AT, Horne HW Jr. Acyclovir treatment of twelve unexplained infertile couples.
Int J Fertil 1987;32:200–4.

32. Chazotte C, Andersen HF, Cohen WR. Disseminated herpes simplex infection in an
immunocompromised pregnancy: treatment with intravenous acyclovir. Am J Perinatol 1987;4:363–4.

33. Cox SM, Phillips LE, DePaolo HD, Faro S. Treatment of disseminated herpes simplex virus in
pregnancy with parenteral acyclovir: a case report. J Reprod Med 1986;31:1005–7.



34. Bernuau J, Caujolle B, Rouzioux C, Degott C, Rueff B, Benhamou JP. Severe acute hepatitis due to
herpes-simplex in the third trimester of pregnancy: combatting with acyclovir (abstract). Gastroenterol
Clin Biol 1987;11:79.

35. Hankins GDV, Gilstrap LC III, Patterson AR. Acyclovir treatment of varicella pneumonia in pregnancy.
Crit Care Med 1987;15:336–7.

36. Hankey GR, Bucens MR, Chambers JSW. Herpes simplex encephalitis in third trimester of pregnancy:
successful outcome for mother and child. Neurology 1987;37:1534–7.

37. Frieden FJ, Ordorica SA, Goodgold AL, Hoskins IA, Silverman F, Young BK. Successful pregnancy with
isolated herpes simplex virus encephalitis: case report and review of the literature. Obstet Gynecol
1990;75:511–3.

38. Glorioso DV, Molloy PJ, Van Thiel DH, Kania RJ. Successful empiric treatment of HSV hepatitis in
pregnancy. Case report and review of the literature. Dig Dis Sci 1996;41:1273–5.

39. Leen CLS, Mandal BK, Ellis ME. Acyclovir and pregnancy. Br Med J 1987;294:308.
40. Eder SE, Apuzzio JJ, Weiss G. Varicella pneumonia during pregnancy: treatment of two cases with

acyclovir. Am J Perinatol 1988;5:16–8.
41. Boyd K, Walker E. Use of acyclovir to treat chickenpox in pregnancy. BMJ 1988;296:393–4.
42. Key TC, Resnik R, Dittrich HC, Reisner LS. Successful pregnancy after cardiac transplantation. Am J

Obstet Gynecol 1989;160:367–71.
43. Stray-Pedersen B. Acyclovir in late pregnancy to prevent neonatal herpes simplex. Lancet

1990;336:756.
44. Brocklehurst P, Carney O, Helson K, Kinghorn G, Mercey D, Mindel A. Acyclovir, herpes, and

pregnancy. Lancet 1990;336:1594–5.
45. Stray-Pedersen B. Acyclovir, herpes, and pregnancy. Lancet 1990;336:1595.
46. Greenspoon JS, Wilcox JG, McHutchison LB. Does acyclovir improve the outcome of disseminated

herpes simplex virus during pregnancy (abstract)? Am J Obstet Gynecol 1991;164:400.
47. Broussard RG, Payne DK, George RB. Treatment with acyclovir of varicella pneumonia in pregnancy.

Chest 1991;99:1045–7.
48. Smego RA Jr, Asperilla MO. Use of acyclovir for varicella pneumonia during pregnancy. Obstet Gynecol

1991;78:1112–6.
49. Ciraru-Vigneron N, Nguyen Tan Lung R, Blondeau MA, Brunner C, Barrier J. Interest in the prescription

acyclovir in the end of pregnancy in the case of genital herpes: a new protocol of the prevention of risks
of herpes neonatal. Presse Med 1987;16:128.

50. Haddad J, Langer B, Astruc D, Messer J, Lokiec F. Oral acyclovir and recurrent genital herpes during
late pregnancy. Obstet Gynecol 1993;82:102–4.

51. Esmonde TF, Herdman G, Anderson G. Chickenpox pneumonia: an association with pregnancy.
Thorax 1989;44:812–5.

52. Horowitz GM, Hankins GDV. Early-second-trimester use of acyclovir in treating herpes zoster in a bone
marrow transplant patient. A case report. J Reprod Med 1992;37:280–2.

53. Gilbert GL. Chickenpox during pregnancy. BMJ 1993;306:1079–80.
54. Moling O, Mayr O, Gottardi H, Mian P, Zanon P, Oberkofler F, Gramegna M, Colucci G. Severe

pneumonia in pregnancy three months after resolution of cutaneous zoster. Infection 1994;22:216–8.
55. Greenspoon JS, Wilcox JG, McHutchison LB, Rosen DJD. Acyclovir for disseminated herpes simplex

virus in pregnancy. A case report. J Reprod Med 1994;39:311–7.
56. Randolph AG, Hartshorn RM, Washington AE. Acyclovir prophylaxis in late pregnancy to prevent

neonatal herpes: a cost-effectiveness analysis. Obstet Gynecol 1996;88:603–10.
57. Scott LL, Sanchez PJ, Jackson GL, Zeray F, Wendel GD Jr. Acyclovir suppression to prevent cesarean

delivery after first-episode genital herpes. Obstet Gynecol 1996;87:69–73.
58. Whitty JE, Renfroe YR, Bottoms SF, Isada NB, Iverson R, Cotton DB. Varicella pneumonia in

pregnancy: clinical experience (abstract). Am J Obstet Gynecol 1993;168:427.
59. Chandra PC, Patel H, Schiavello HJ, Briggs SL. Successful pregnancy outcome after complicated

varicella pneumonia. Obstet Gynecol 1998;92:680–2.
60. Wilton LV, Pearce GL, Martin RM, Mackay FJ, Mann RD. The outcomes of pregnancy in women

exposed to newly marketed drugs in general practice in England. Br J Obstet Gynaecol 1998;105:882–
9.



61. Anderson R, Lundqvist A, Bergstrom T. Successful treatment of generalized primary herpes simplex
type 2 infection during pregnancy. Scand J Infect Dis 1999;31:210–2.

62. Balfour HH Jr. Antiviral drugs. N Engl J Med 1999;340:1255–68.
63. Smith JR, Cowan FM, Munday P. The management of herpes simplex virus infection in pregnancy. Br J

Obstet Gynaecol 1998;105:255–60.
64. American College of Obstetricians and Gynecologists. Management of herpes in pregnancy. ACOG

Practice Bulletin. No. 82, June 2007.
65. Bork K, Kaiser T, Benes P. Transfer of aciclovir from plasma to human breast milk. Drug Res

2000;50:656–8.
66. Lau RJ, Emery MG, Galinsky RE. Unexpected accumulation of acyclovir in breast milk with estimation

of infant exposure. Obstet Gynecol 1987;69:468–71.
67. Meyer LJ, de Miranda P, Sheth N, Spruance S. Acyclovir in human breast milk. Am J Obstet Gynecol

1988;158:586–8.
68. Bork K, Benes P. Concentration and kinetic studies of intravenous acyclovir in serum and breast milk of

a patient with eczema herpeticum. J Am Acad Dermatol 1995;32:1053–5.
69. Taddio A, Klein J, Koren G. Acyclovir excretion in human breast milk. Ann Pharmacother 1994;28:585–

7.
70. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



ADALIMUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The maternal benefits from treatment with adalimumab appear to far
outweigh the unknown embryo–fetal risks (1,2). No developmental toxicity
attributable to adalimumab has been observed in a limited number of cases
and the animal data suggest low risk. In 2011, the World Congress of
Gastroenterology stated “Adalimumab in pregnancy is considered low risk
and compatible with use during conception and pregnancy in at least the
first two trimesters” (3). Theoretically, tumor necrosis factor-alpha (TNF-α)
antagonists could interfere with implantation and ovulation, but this has not
been shown clinically (4). Because of the long elimination half-life, use
before conception may result in inadvertent exposure of an unplanned
pregnancy. If adalimumab is used in pregnancy for the treatment of
rheumatoid arthritis, health care professionals are encouraged to call the
toll-free number (877-311-8972) for information about patient enrollment in
the Organization of Teratology Information Specialists (OTIS) Rheumatoid
Arthritis study and pregnancy registry.

FETAL RISK SUMMARY
Adalimumab is a recombinant IgG1 monoclonal antibody that binds specifically
to human TNF-α to block its action on cell surface TNF receptors. TNF-α is a
pro-inflammatory cytokine with a central role in inflammatory processes.
Adalimumab is in the same subclass of immunomodulators (blockers of TNF
activity) as etanercept, certolizumab pegol, golimumab, and infliximab. It is
indicated for reducing the signs and symptoms and inhibiting the progression of
structural damage in adult patients with moderate to severe active rheumatoid
arthritis who have had an inadequate response to one or more disease-
modifying antirheumatic drugs. It has also been used in Crohn’s disease. The



mean terminal elimination half-life is about 14 days (range 10–20 days) (5).
An animal reproduction study for perinatal development toxicity was

conducted in pregnant cynomolgus monkeys. Doses up to 266 times the human
AUC (SC 40 mg with methotrexate every week) or 373 times the human AUC
(SC 40 mg without methotrexate) revealed no fetal harm (the timing of the
exposure was not specified). No clastogenic or mutagenic effects were
observed in various tests, but adalimumab has not been tested for carcinogenic
or fertility effects (5).

Although the molecular weight is very high (about 148,000), adalimumab
crosses the human placenta to the fetus in late gestation (6). As an IgG1
antibody, the drug would be transported actively across the placenta,
especially in the 3rd trimester, but with minimal transfer in the 1st trimester. In
10 cases at a mean gestational age of 39 weeks (range 38–41 weeks), the
median of infliximab concentrations in cord blood as a percentage of maternal
concentration was 179% (range 98%–293%). The last dose was given a
median of 5.5 weeks (range 0.14–8 weeks) before birth. Infant or cord blood
concentrations were higher than maternal levels in every case. Moreover,
infliximab was detected in the infants for at least 11 weeks. No birth defects,
infections, or neonatal intensive care unit stays occurred in any infant (6).

A 2005 case report described a 34-year-old woman with long-standing
Crohn’s disease who was treated throughout gestation with adalimumab and
prednisone (7). The woman received 38 weekly SC doses of adalimumab (40
mg/dose). Normal fetal growth was documented during the uncomplicated
pregnancy. An elective cesarean section at 38.5 weeks’ delivered a normal
infant with Apgar scores of 8 and 9, presumably at 1 and 5 minutes,
respectively. The infant was growing and developing normally at 6 months of
age (7).

The preliminary results of an on-going prospective cohort study and
pregnancy registry involving adalimumab that is being conducted by OTIS were
reported at an October 2006 meeting (D. Johnson, personal communication,
University of California, San Diego, 2006). Of the 95 women enrolled in the
study or registry, 26 involved exposure in the 1st trimester. Thirteen outcomes
were known, 12 of which resulted in healthy, full-term infants without birth
defects. In the 13th case, a woman with twins, one fetus was aborted and the
other was delivered prematurely without defects.

A 35-year-old woman with Crohn’s disease was treated with adalimumab
(SC 40 mg every other week) throughout gestation (8). She delivered a normal
infant (details not provided) that had normal growth and development at 6



months of age.
A 34-year-old woman with Crohn’s disease was treated with budesonide,

then prednisone only from 6 to 20 weeks’ gestation (9). At that point, she was
started on azathioprine 100 mg/day and adalimumab 80 mg (one dose), then
40 mg every other week. Prednisone was tapered and stopped by the 32nd
week. Labor was induced at 38 weeks’ and she delivered a healthy, 2.89-kg,
male infant who was well and developing normally at 1 year of age (9).

A 2006 communication from England described the pregnancy outcomes of
23 women directly exposed to TNF-α agents at the time of conception (17
etanercept, 3 adalimumab, and 3 infliximab) (10). Additional therapy included
methotrexate in nine women and leflunomide in two. There also were nine
patients (four etanercept, five infliximab) that discontinued therapy before
conception. The outcomes for the 32 pregnancies were 7 spontaneous
abortions (SABs), 3 elective abortions (EABs), and 22 live births. No major
anomalies were observed in the live births, including one infant exposed to
adalimumab and methotrexate early in gestation (10).

A 2007 case report and literature review described the use of adalimumab in
a 41-year-old woman with rheumatoid arthritis (11). The woman had received a
single dose of 40 mg after conception when an unplanned pregnancy at 5
weeks’ was discovered. A healthy 2.6-kg infant was delivered at 32 weeks’
gestation. At 25 months of age, the child was growing and developing normally
(11).

A 2008 report described a 22-year-old woman with Takayasu arteritis who
conceived while taking adalimumab 40 mg SC every 4 weeks, leflunomide 10
mg/day, prednisolone 5 mg/day, and dalteparin 500 IU/day (12). Leflunomide
was discontinued by the patient at 8 weeks’ gestation but the other agents
were continued throughout. At 37 weeks’, a cesarean section was performed
to deliver a healthy 2550-g male infant with Apgar scores of 9, 9, and 10 at 1,
5, and 10 minutes, respectively (12).

A woman with lupus nephritis took mycophenolate mofetil (1000 mg/day) and
adalimumab (40 mg every other week) during the first 8 weeks of pregnancy
(13). She underwent a cesarean section for transverse position at 32 weeks’
gestation to give birth to a 4422-g female infant with normal karyotype (46,XX).
The infant had multiple birth defects including arched eyebrows, hypertelorism,
epicanthic folds, micrognathia, thick everted lower lip, cleft palate, bilateral
microtia with aural atresia, congenital tracheomalacia, and brachydactyly.
Shortly after birth, a tracheostomy was done for respiratory distress and a G-
tube was placed because of feeding difficulties. The cleft palate was repaired



surgically. At 20 months of age, the infant had normal growth and slightly
delayed motor development. The tracheostomy was still required as were G-
tube feedings. She seemed to have some hearing, but had significant
expressive speech delay. The defects were attributed to mycophenolate (13).

A 2009 study from France reported the outcomes of 15 women who took
anti-TNF drugs during pregnancy (10 etanercept, 3 infliximab, and 2
adalimumab) (14). The drugs were given in the 1st, 2nd, and 3rd trimesters in
12, 3, and 2 cases, respectively. The outcomes were 2 SABs, 1 EAB, and 12
healthy babies without malformation or neonatal illness. They also reviewed the
literature regarding the use of anti-TNF agents in pregnancy and found more
than 300 cases. It was concluded that, although only 29 were treated
throughout gestation, the malformation rate was similar to the general
population (14).

A 32-year-old woman with Crohn’s disease was treated with adalimumab 40
mg every other week for a total of 18 doses (15). Therapy at that time was
stopped when her pregnancy was diagnosed. She had received 40 mg doses
at 2, 4, and 6 weeks’ gestation. She eventually delivered at term a healthy
3360-g female infant with Apgar scores of 10, 10, and 10. The child was doing
well at 2 years of age (15).

In 2008, investigators reviewed >120,000 adverse events involving TNF-α
agents that had been reported to the FDA in 1999–2005 (16). There were 61
congenital anomalies in 41 children born to mothers taking etanercept or
infliximab. There were no cases of birth defects involving adalimumab (16).

In a 2010 case report, a 34-year-old woman was treated for psoriasis with
adalimumab from 3 months before conception through 5 weeks of pregnancy
(17). An elective cesarean section at 38.5 weeks gave birth to a low-birth-
weight infant (weight and sex not specified). The child was developing normally
at 12 months of age (17).

A 26-year-old woman with Crohn’s ileitis was treated with adalimumab
before and during gestation up to week 30 of gestation (18). At that time the
drug was discontinued, and she gave birth at 38 weeks’ to a healthy infant
(weight and sex not specified).

In subfertile women with T helper 1/T helper 2 cytokine elevations undergoing
in vitro fertilization, adalimumab and IV immunoglobulin significantly improved
the rates of implantation, clinical pregnancies, and live births (19).

BREASTFEEDING SUMMARY
Adalimumab is excreted into breast milk. In a case described above,



adalimumab therapy was discontinued at 30 weeks’ gestation and the woman
gave birth to a healthy infant at term (18). The mother did not require therapy
while breastfeeding her infant during the first 4 weeks after birth but, at that
time, she experienced a flare-up of Crohn’s disease. Nursing was discontinued
when a 40-mg SC dose was given. Immediately before the dose, maternal
serum and breast milk concentrations of adalimumab were undectable.
Postdose, the serum level peaked at 4300 ng/mL at 3 days, whereas the peak
milk concentration of 31 ng/mL was reached on day 6 (18).

In another study described above, 9 of 10 mothers continued to take
adalimumab after birth and 6 of 10 infants were breastfed (6). No other details
were provided.

The very low adalimumab concentration in breast milk is consistent with its
high molecular weight (about 148,000). The systemic bioavailability of the drug
from milk and any effect of this exposure on a nursing infant are unknown.
However, two mothers, described above, did continue adalimumab during
breastfeeding and no adverse effects in their infants were mentioned (7,8).
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ADAPALENE
Dermatologic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Adapalene is not teratogenic in two experimental animal species. After
chronic use in humans, trace amounts of adapalene have been detected in
the systemic circulation. The adverse pregnancy outcome described below
is the only report of adapalene exposure in human pregnancy. The
combination of animal data and very low systemic bioavailability suggests
that any risk to a fetus from inadvertent exposure would be very low, but
the nearly complete absence of human data prevents further assessment.
Until more experience in pregnancy has been reported, the safest course is
to avoid use of this agent in the 1st trimester.

FETAL RISK SUMMARY
Adapalene is used topically (cream, gel, or solution) for the treatment of acne
vulgaris. The agent is a retinoid-like compound that is a modulator of cellular
differentiation, keratinization, and inflammatory processes. It binds to specific
retinoic acid nuclear receptors. Plasma concentrations are very low after
chronic topical application (<0.25 ng/mL) (1).

No teratogenic effects were noted in pregnant rats given oral doses up to
120 times the maximum daily human dose (MDHD). Topical application of
adapalene to pregnant rats and rabbits up to 150 times the MDHD
demonstrated no fetotoxicity and only minimal increases in supernumerary ribs
in rats (1).

It is not known if adapalene crosses the human placenta. The molecular
weight (about 413) and low plasma concentrations suggest that minimal
amounts of drug would be available to cross the placenta.

Only one report describing the use of adapalene during human pregnancy



has been located (2). At 22 weeks’ gestation, a small-for-date fetus with
anophthalmia was detected by ultrasound examination and the pregnancy was
terminated. Anophthalmia and agenesis of the optic chiasma were observed in
the aborted fetus. The mother had been treated with adapalene gel (0.3
mg/day) from 1 month before conception until 13 weeks’ gestation. The defects
were not thought to be typical of retinoid-induced malformations (heart, central
nervous system, thymus, limbs, and craniofacial) (2).

BREASTFEEDING SUMMARY
No reports describing the use of adapalene during lactation have been located.
The systemic availability of this drug from topical administration is very low
(<25 ng/mL) (1). The amount in breast milk, therefore, should also be very low.
It is doubtful that this level, if it is excreted in milk, represents any risk to a
nursing infant.

References
1. Product information. Differin. Galderma Laboratories, 2002.
2. Autret E, Berjot M, Jonville-Bera AP, Aubry MC, Moraine C. Anophthalmia and agenesis of optic

chiasma associated with adapalene gel in early pregnancy. Lancet 1997;350:339.



ADEFOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (Hepatitis B) Contraindicated (HIV)

PREGNANCY SUMMARY

The animal data suggest low risk, but the human data are limited and
prevent an assessment of the embryo–fetal risk. If indicated, the drug
should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Adefovir, an acyclic nucleotide analog of adenosine monophosphate, is used for
the treatment of chronic hepatitis B, especially in patients with clinical evidence
of lamivudine-resistant hepatitis B virus. The mechanism involves the inhibition
of hepatitis B virus DNA polymerase (reverse transcriptase) (1). It has also
been used in patients infected with HIV (1,2). The antiviral agent is available as
a prodrug, adefovir dipivoxil, which is rapidly converted to adefovir after oral
administration (1). Adefovir is then phosphorylated to the active metabolite,
adefovir diphosphate, by cellular kinases. Serum protein binding is very low
(≤4%) and the terminal elimination half-life is about 7.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of embryotoxicity or teratogenicity was observed in rats after oral dosing that
produced systemic exposures up to 23 times the human exposure achieved
with the therapeutic dose of 10 mg/day (HE) or in rabbits at 40 times the HE. In
rats given maternal toxic IV doses (systemic exposures 38 times the HE),
embryotoxicity and an increase in the incidence of fetal malformations
(anasarca, depressed eye bulge, umbilical hernia, and kinked tail) were
observed. The no-effect exposure from IV doses in pregnant rats was 12 times
the HE (1). Intraperitoneal doses of adefovir in mice resulted in dose-related
resorptions, low birth weight, neonatal death, and severe lymphoid depletion of
the thymus (3).



It is not known if adefovir crosses the human placenta. The molecular weight
(about 501) of the prodrug, adefovir dipivoxil, the relative lack of protein
binding, and the moderately long terminal elimination half-life suggest that
adefovir will cross to the fetal compartment.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (4). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 37 outcomes exposed to adefovir all in the
1st trimester in combination with other antiretroviral agents. There were no birth
defects. In reviewing the birth defects of prospective and retrospective
(pregnancies reported after the outcomes were known) registered cases, the
Registry concluded that, except for isolated cases of neural tube defects with
efavirenz exposure in retrospective reports, there was no other pattern of
anomalies (isolated or syndromic) (4). (See Lamivudine for required
statement.)

For HIV infection, two reviews, one in 1996 and the other in 1997, concluded
that all women currently receiving antiretroviral therapy should continue to
receive therapy during pregnancy and that treatment of the mother with
monotherapy should be considered inadequate therapy (5,6). The same
conclusion was reached in a 2003 review with the added admonishment that
therapy must be continuous to prevent emergence of resistant viral strains (7).
In 2009, the updated U.S. Department of Health and Human Services guidelines
for the use of antiretroviral agents in HIV type 1 (HIV-1)-infected patients
continued the recommendation that therapy, with the exception of efavirenz,
should be continued during pregnancy (8). If indicated, adefovir should not be
withheld in pregnancy because the expected benefit to the HIV-positive mother
outweighs the unknown risk to the fetus. Updated guidelines for the use of
antiretroviral drugs to reduce perinatal HIV-1 transmission also were released
in 2010 (9). Women receiving antiretroviral therapy during pregnancy should
continue the therapy; however, regardless of the regimen, zidovudine
administration is recommended during the intrapartum period to prevent vertical



transmission of HIV to the newborn (9).

BREASTFEEDING SUMMARY
No reports describing the use of adefovir during lactation have been located.
The molecular weight (about 501) of the prodrug, adefovir dipivoxil, the relative
lack of protein binding, and the moderately long terminal elimination half-life
suggest that the adefovir will be excreted into breast milk. Women infected with
hepatitis B can breastfeed without additional risk for the transmission of
hepatitis B. However, if adefovir is used during nursing for the treatment of the
maternal infection, there is a potential risk of serious toxicity for the nursing
infant, such as the nephrotoxicity seen in adults.

Reports on the use of adefovir during human lactation in women infected with
HIV are unlikely because HIV-1 is transmitted in milk, and in developed
countries, breastfeeding is not recommended (5,6,8,10–12). In developing
countries, breastfeeding is undertaken, despite the risk, because there are no
affordable milk substitutes available. Until 1999, no studies had been published
that examined the effect of any antiretroviral therapy on HIV-1 transmission in
milk. In that year, a study involving zidovudine was published that measured a
38% reduction in vertical transmission of HIV-1 infection in spite of
breastfeeding when compared with controls (see Zidovudine).
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ADENOSINE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Adenosine has been used in all stages of pregnancy for maternal and
embryo–fetal indications without harming the embryo or fetus. If indicated,
the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Adenosine, an endogenous purine-based nucleoside found in all cells of the
body, is used for the treatment of paroxysmal supraventricular tachycardia.
Adenosine phosphate and adenosine triphosphate have been used as
vasodilators. Ordinarily, adverse fetal effects secondary to adenosine would
not be expected because of the widespread, natural distribution of this
substance in the body and its very short (<10 seconds) half-life after IV
administration. However, the maternal administration of large IV doses of
adenosine may potentially produce fetal toxicity, as has been observed with
other endogenous agents (e.g., see Epinephrine).

A reproduction study in chick embryos did not observe teratogenicity (1).
Injection into the fourth cerebral ventricle of fetal sheep resulted in depressed
fetal respiratory drive (2). In pregnant sheep, constant infusions and single
injections of adenosine produced alterations in maternal heart rate and a
decrease in diastolic pressure, but no changes in maternal systolic pressure or
arterial blood gases, and had no effect on fetal heart rate, arterial pressure, or
arterial blood gases (3,4). Another experiment using near-term sheep
demonstrated that angiotensin II-induced maternal–placental vasoconstriction
could not be reversed by a high-dose infusion of adenosine (5).

Endogenous adenosine cord blood levels, measured in 14 fetuses of 19–34
weeks’ gestation, were not related to gestational age, but were significantly



increased in anemic fetuses and were positively associated with blood oxygen
tension (6). The investigators concluded that the results were compatible with a
fetal response to tissue hypoxia.

The first case describing the use of adenosine in human pregnancy appeared
in 1991 (7). Recurrent narrow complex tachycardia occurred suddenly in a 40-
year-old woman in her 39th week of gestation. She had been hospitalized 6
months before the current episode for a similar condition secondary to mitral
valve prolapse and had been taking atenolol for tachyarrhythmia prophylaxis
since that occurrence. Maternal blood pressure was 80 mm Hg systolic with a
pulse of 240 beats/minute. Fetal heart rate was 140 beats/minute. Two IV
bolus doses of adenosine (6 and 12 mg) were administered resulting in
conversion to sinus rhythm with a rate of 80 beats/minute. A nonstress test,
conducted after stabilization of the mother, was normal. Two weeks later, a
healthy 3.6-kg infant was delivered. Both mother and baby were doing well 1
month postpartum.

Since the above case, a number of reports have described the safe use of
adenosine to treat maternal or fetal supraventricular tachycardia (8–20) during
all phases of gestation, including one woman in active labor (15), eight during
the 1st trimester (16), and four cases of direct fetal administration (18–20).
The first three of the maternal reports and the first fetal case are described
below.

A 19-year-old woman was treated at 38 weeks’ gestation for the arrhythmia
during labor (8). Conversion to a normal sinus rhythm required two IV bolus
doses (6 and 12 mg). No effect was observed on uterine contractions, fetal
heart rate, or variability. A cesarean section was required for failure of the
labor to progress. The second case occurred in a 34-year-old woman with
onset of supraventricular tachycardia at 30 weeks’ gestation (9). She
responded within 30 seconds to a single 6-mg IV adenosine dose with no
changes observed in the fetal heart rate tracing. A normal infant was delivered
at term. The third woman was a 26-year-old patient with a history of Wolff-
Parkinson-White syndrome who was initially treated successfully with 6 mg IV
adenosine at 7 months’ gestation (10). She was subsequently treated with
atenolol and eventually admitted at term for labor induction. During labor the
supraventricular tachycardia recurred and two doses (6 and 12 mg) of
adenosine were required to convert to a normal sinus rhythm. During the
mother’s arrhythmia, fetal distress demonstrated by recurrent, deep variable
decelerations with loss of short-term variability was observed, but fetal
bradycardia resolved with a return to a fetal heart rate of 130 beats/minute on



conversion of the mother. A third recurrence of the mother’s tachycardia
occurred shortly before a cesarean section and this was successfully converted
with a 12-mg dose of adenosine. A male infant was delivered with Apgar
scores of 1 and 5 at 1 and 5 minutes, respectively. No adverse effects in the
fetus or newborn attributable to adenosine were observed in any of the above
cases or in the other cited cases.

A 1995 reference described the direct fetal administration of adenosine for
the treatment of persistent supraventricular tachycardia with massive hydrops
at 28 weeks’ gestation (18). Treatment with digoxin and flecainide for 5 weeks
had not been successful in reversing the condition. Based on estimated fetal
weight, 0.2 mg/kg of adenosine was given by bolus injection into the umbilical
vein and a normal rhythm occurred within seconds. The umbilical serum levels
of digoxin and flecainide were determined at the same time and further loading
of the fetus with digoxin (0.05 mg/kg) and flecainide (1.0 mg/kg) were
administered via the umbilical vein (18). After about 20 minutes of intermittent
atrial arrhythmia and tachycardia, the fetal heart converted to a stable, normal
rhythm. One week later, the fetus died in utero from what was thought to be a
recurrence of the tachycardia or the onset of a drug-induced arrhythmia (18).
Massive hydrops fetalis with a structurally normal heart was found at autopsy.

BREASTFEEDING SUMMARY
Because adenosine is used only by IV injection in acute care situations, it is
doubtful that any report will be located describing the use of adenosine during
human lactation. Moreover, the serum half-life is so short that it is unlikely that
any of the drug will pass into milk.
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AGALSIDASE ALFA
Endocrine/Metabolic Agent (Enzyme)

See Agalsidase Beta.



AGALSIDASE BETA
Endocrine/Metabolic Agent (Enzyme)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The successful use of agalsidase-β or agalsidase-α in human pregnancy
has been described in a few reports. The animal data, involving only one
species, suggest low risk, but the limited human pregnancy experience
prevents a more complete assessment of the embryo–fetal risk. However,
Fabry disease is a debilitating condition that can be markedly improved by
the use of enzyme replacement therapy. If a woman requires enzyme
replacement therapy and gives informed consent, the enzyme should not be
withheld because of pregnancy.

FETAL RISK SUMMARY
Agalsidase-β, a glycoprotein, is a recombinant α-galactosidase A enzyme that
has the same amino acid sequence as the endogenous enzyme. It is indicated
for patients with Fabry disease, an X-linked genetic disorder of
glycosphingolipid metabolism. Agalsidase-β reduces globotriaosylceramide
deposition in capillary endothelium of the kidney and certain other cells. It is
given as an IV infusion every 2 weeks. The terminal plasma half-life of
agalsidase-β is dose-dependent with a range of 45–102 minutes (1).

Agalsidase-α is available in Europe and the United States (as an orphan
drug). The α- and β-products are produced by different protein expression
systems (2). Another commercial product, α-galactosidase A, also is an orphan
drug in the United States that is available elsewhere. All three formulations
contain the same enzyme, α-galactosidase A.

Reproduction studies have been conducted with agalsidase-β in rats. Doses
up to 30 times the human dose were not associated with impaired fertility or
embryo–fetal harm. Studies for carcinogenicity and mutagenicity have not been



conducted (1).
It is not known if agalsidase-β crosses the human placenta. The molecular

weight (about 100,000) and short elimination half-life suggest that the enzyme
will not cross to the embryo or fetus.

A 2005 case report described the use of agalsidase-α throughout gestation
in a 34-year-old woman (3). Fabry disease had been diagnosed at 15 years of
age and treatment with the enzyme, 0.2 mg/kg every 2 weeks infused over
40 minutes, was started 18 months before pregnancy. When pregnancy was
diagnosed, the patient requested continuation of the therapy. Analysis of the
amniotic fluid showed normal α-galactosidase A activity so the male fetus was
not expected to have Fabry disease. After an uneventful pregnancy, the woman
gave birth at 37 weeks’ to a healthy, 3010-g male infant with Apgar scores of
9, 10, and 10, presumably at 1, 5, and 10 minutes, respectively. The infant’s
length and head circumference were 52 and 32 cm, respectively (3). A brief
2009 report described two pregnant women with Fabry disease who were
treated with agalsidase-α (4). The outcomes of both pregnancies were healthy
infants.

Three reports have described successful pregnancy outcomes that were
treated with agalsidase-β for Fabry disease (5–7).

BREASTFEEDING SUMMARY
No reports describing the use of agalsidase-β, agalsidase-α, or α-
galactosidase A during human lactation have been located. The molecular
weight of the enzyme (about 100,000) and short plasma elimination half-life
(45–102 minutes) suggest that it will not be excreted into breast milk. Even if
excretion does occur, the enzyme probably would be digested in the nursing
infant’s gut. α-Galactosidase A is a native enzyme and should be present in the
infant. Moreover, the indication for enzyme replacement therapy implies that the
mother would have received it during pregnancy. Thus, the risk to a nursing
infant from maternal use of any of the three formulations appears to be nil.
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ALBENDAZOLE
Anthelmintic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Albendazole is a broad-spectrum anthelmintic that is used both in humans
and in mass treatments of farm animals (1,2). The human use of
albendazole is apparently widespread (1). The animal data suggest risk,
but the poor oral bioavailability in humans suggests low risk. One source
stated that the developmental toxicity of albendazole observed in animals
was attributable to the active metabolite, albendazole sulfoxide (1).
Moreover, in rats, the bioavailability is much higher than in humans (20%–
30% vs. 1%). There is a potential, though, for much higher plasma
concentrations of the metabolite if the drug is consumed with a fatty meal.
If albendazole is required during pregnancy, avoiding the 1st trimester
should be considered (2).

FETAL RISK SUMMARY
Albendazole is an orally administered, benzimidazole class, broad-spectrum
anthelmintic used in the treatment of parenchymal neurocysticercosis caused
by larval forms of the pork tapeworm, Taenia solium. It is also active against
the larval forms of Echinococcus granulosus. Plasma concentrations of
albendazole are negligible or undetectable because of poor systemic
absorption attributable to low water solubility and its rapid hepatic metabolism
to the active metabolite, albendazole sulfoxide. However, administration of
albendazole with a fatty meal will markedly increase the levels of the metabolite
in human plasma (up to fivefold on average) (3).

Reproduction studies have been conducted in mice, rats, and rabbits. In rats,
albendazole did not adversely affect male or female fertility at oral doses 0.32
times the recommended human dose based on BSA (RHD). The drug was
embryotoxic and teratogenic (skeletal malformations) in pregnant rats given



oral doses during organogenesis that were 0.10 and 0.32 times the RHD,
respectively. Similar toxicity was observed in pregnant rabbits at 0.60 times the
RHD, but the dose was maternally toxic (33% mortality). No teratogenicity was
observed in mice given oral doses up to 0.16 times the RHD during
organogenesis (3).

A reproductive study in rats examined the effect of oral albendazole (0, 10,
or 20 mg/kg/day) administered on gestational days 9–11. Compared with
controls, the 10 mg/kg dose resulted in a decrease in crown–rump length, a
small increase in resorptions, but no teratogenicity. The high dose, however,
caused marked fetal growth restriction, an increase in the number of
resorptions, and craniofacial and skeletal malformations. Because the severity
of the toxic effects differed significantly among the litters, the results suggested
that differences in maternal metabolism of albendazole might be involved (4).

In another report by the above researchers, pregnant rats were administered
albendazole 0, 10, 20, or 30 mg/kg/day on gestational days 10–12 (1). Dose-
related resorptions and growth restriction were observed in the three groups
receiving albendazole. At 10 mg/kg/day, increased development delay of limb
buds was observed, but <5% of the embryos had abnormal heads or shapes.
At the two higher doses, however, >20% of the embryos had morphologic
alterations in head shapes and in the development of forelimb buds, branchial
bars, eyes, and telencephalon. As in their initial communication, the researchers
concluded that differences in maternal metabolism might have accounted for
the observed interlitter differences in adverse fetal outcomes (1).

It is not known if albendazole or its active metabolite, albendazole sulfoxide,
cross the placenta. The molecular weight of the parent compound (about 265)
is low enough for transfer, but the poor oral bioavailability suggests that little, if
any, of this agent reaches the plasma. No information is available on the
metabolite other than that portions of it undergo further oxidative metabolism
before elimination (3).

A brief 1993 publication reported the “accidental” exposure to “high doses”
(specific doses not given) of albendazole for systemic infections during the 1st
trimester in 10 women (5). The women were followed up to term, and all
delivered normal infants. Moreover, some of the offspring have been followed
up for up to 1 year without noting any adverse effects from the exposure (5).

In a randomized, placebo-controlled field trial in western Sierra Leone,
anthelmintic treatment was studied as part of a strategy to control maternal
anemia caused by parasitic infections (6). A single oral dose of albendazole
(400 mg) was given to 61 pregnant women in the 2nd trimester. No adverse



pregnancy outcomes attributable to the drug were observed (6).
Several reports have described the use of albendazole during human

pregnancy as either single dose or multiple doses. No adverse effects of the
drug were observed in the offspring (7–13).

BREASTFEEDING SUMMARY
Consistent with its molecular weight (about 265) and negligible bioavailability,
very low amounts of albendazole and its active metabolite are excreted into
breast milk. In a 2009 report, 33 women who were breastfeeding healthy full-
term infants between 2 weeks and 6 months after birth received a single 400-
mg dose of albendazole (14). Milk samples were collected at 6, 12, 24, and 36
hours after the dose and maternal blood samples were obtained at 6 hours.
The mean peak milk concentrations of the parent drug and active metabolite,
occurred at 6 hours, 31.9 and 312.8 ng/mL, respectively. At 36 hours, the
parent drug was not detected in milk. The milk:maternal serum ratios (range)
for the parent drug and active metabolite were 0.9 (0.2–6.5) and 0.6 (0.1–1.5),
respectively. The authors concluded that the low concentrations in milk were
unlikely to cause harm in a nursing infant (14).

A 2002 reference concluded that a single oral dose could be given to
pregnant and lactating women (15).
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ALBUTEROL
Sympathomimetic/Bronchodilator
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Albuterol (salbutamol) has not caused structural anomalies, but there is
evidence of an association with functional and neurobehavioral toxicity with
prolonged use. Similar to other β-mimetics, the drug can cause maternal
and fetal tachycardia and hyperglycemia. Nevertheless, the drug should not
be withheld because of pregnancy, but excessive use should be avoided. If
albuterol is used in pregnancy for the treatment of asthma, health care
professionals are encouraged to call the toll-free number (877-311-8972)
for information about patient enrollment in an Organization of Teratology
Information Specialists (OTIS) study.

FETAL RISK SUMMARY
Albuterol is a β2-sympathomimetic used to prevent premature labor (see also
Terbutaline and Ritodrine) and for the treatment of asthma (1–12). The inhaled
formulation is indicated for the relief of bronchospasm in patients with reversible
obstructive airway disease and acute attacks of bronchospasm (13). It is in the
same subclass of β2-adrenergic bronchodilators as arformoterol, formoterol,
metaproterenol, pirbuterol, salmeterol, and terbutaline.

In twins, however, a double-blind, controlled study involving 144 women (74
treated with albuterol and 70 treated with placebo) observed no difference
between the groups in the length of gestation, birth weight, or fetal outcome,
except fewer infants in the albuterol group had respiratory distress syndrome
(14).

In an in vitro experiment using perfused human placentas, 2.8% of infused
drug crossed to the fetal side, but the method only used about 5% of the
exchange area of the total placenta (15). Maternal serum concentrations during
IV and oral albuterol therapy have been reported (16).



Reproduction studies in mice observed an increase in the incidence of cleft
palate at a SC dose 0.4 times the maximum recommended human oral dose
(MRHD) and higher (17). Cranioschisis was observed in 37% of the fetuses
from pregnant rabbits treated with a dose 78 times the MRHD) (16).

No published reports linking the use of albuterol to human congenital
anomalies have been located, but the majority of reports do not involve 1st
trimester exposures. However, in a surveillance study of Michigan Medicaid
recipients conducted between 1985 and 1992 involving 229,101 completed
pregnancies, 1090 newborns had been exposed to albuterol during the 1st
trimester (F. Rosa, personal communication, FDA, 1993). A total of 48 (4.4%)
major birth defects were observed (43 expected). Specific data were available
for six defect categories, including (observed/expected) 9/11 cardiovascular
defects, 2/2 oral clefts, 2/0.6 spina bifida, 1/2 limb reduction defects, 0/3
hypospadias, and 6/3 polydactyly. Only with the latter defect is there a
suggestion of a possible association, but other factors, including the mother’s
disease, concurrent drug use, and chance, may be involved.

A brief 1980 report described a patient who was treated with a continuous IV
infusion of albuterol for 17 weeks via a catheter placed in the right subclavian
vein (10,18,19). A normal male infant was delivered within a few hours of
stopping the drug. A 1982 report described the use of albuterol in two women
with incompetent cervix from the 14th week of gestation to near term (20). Both
patients delivered normal infants.

Adverse reactions observed in the fetus and mother after albuterol treatment
are secondary to the cardiovascular and metabolic effects of the drug.
Albuterol may cause maternal and fetal tachycardia with fetal rates >160
beats/minute (1–3,12,21). Major decreases in maternal blood pressure have
been reported with both systolic and diastolic pressures dropping >30 mmHg
(2,4,6). Fetal distress after maternal hypotension was not mentioned. One
study observed a maximum decrease in diastolic pressure of 24 mm Hg (34%
decrease) but a rise in systolic pressure (21). Other maternal adverse effects
associated with albuterol have been acute congestive heart failure, pulmonary
edema, and death (22–30).

Like all β-mimetics, albuterol may cause transient fetal and maternal
hyperglycemia followed by an increase in serum insulin (4,31–34). Cord blood
levels of insulin are about twice those of untreated control infants and are not
dependent on the duration of exposure, gestational age, or birth weight (33,34).
These effects are more pronounced in diabetic patients, especially in juvenile
diabetics, with the occurrence of significant increases in glycogenolysis and



lipolysis (21,35,36). Maternal blood glucose should be closely monitored and
neonatal hypoglycemia prevented with adequate doses of glucose.

A group of 20 women in premature labor, treated with oral albuterol (4 mg
every 4 hours for several weeks), was matched with a control group of women
who were not in premature labor (37). The mean gestational ages at delivery
for the treated and nontreated patients were 36.4 and 37.0 weeks,
respectively. No significant differences were found between the groups for cord
blood concentrations of insulin, triiodothyronine (T3), thyroxine (T4), and
thyroid-stimulating hormone (TSH). However, growth hormone levels were
significantly higher in the treated group than in control patients (36.5 vs. 17.4
ng/mL, respectively, p < 0.001). The investigators did not determine the reason
for the elevated growth hormone level but speculated that it could be caused by
either the use of β-methasone for fetal lung maturation in some women of the
albuterol group (and resulting fluctuations in fetal blood glucose and insulin
levels) or direct adrenergic stimulation of the fetal pituitary (37). Of interest, of
the 12 women who received β-methasone, cord blood growth hormone levels in
11 were compared with those of 8 untreated control women. Although the
levels in the treated patients were higher (39.5 vs. 31.4 ng/mL), the difference
was not significant.

Albuterol decreases the incidence of neonatal respiratory distress syndrome
similar to the way that other β-mimetics do (14,38,39). Long-term evaluation of
infants exposed to in utero β-mimetics has been reported but not specifically
for albuterol (40,41). No harmful effects were observed in these infants.
However, a brief 1994 reference described the use of β-sympathomimetics
(albuterol, N = 1; ritodrine N = 7) in eight infants from a group of 16 with
retinopathy of prematurity (42). In a matched control group with retinopathy,
only 1 of 16 infants was exposed to ritodrine (p < 0.008). The authors
speculated that the β-sympathomimetics had compromised retinal perfusion in
utero leading to ischemia and eventually to the ophthalmic complication (42).

The effects of inhaled albuterol on maternal and fetal hemodynamics were
first published as an abstract (43) and then as a full report (44). Twelve
pregnant asthmatic women between 33 and 39 weeks’ gestation received two
deep inhalations of a 0.05% solution as recommended by the manufacturer. No
effects on the mean maternal, uterine, or fetal hemodynamics were observed.

In contrast, a 1997 case report described fetal tachycardia from the
inadvertent administration of a double dose of inhaled albuterol over 24 hours
(45). The 34-year-old woman at 33 weeks’ gestation received a metered-dose
inhaler (two 90-mcg actuations every 4–6 hours; five doses over 24 hours) and



albuterol nebulizer treatment (2.5 mg) every 4 hours (five doses over 24 hours).
Three hours after the last dose, fetal tachycardia (>200 beats/minute) was
detected (maternal heart rate was 90–100 beats/minute). Atrial flutter of 420
beats/minute was detected by fetal echocardiography with a predominate 2:1
conduction. Eight hours later, spontaneous conversion to a normal rate
occurred. A normal infant was delivered at term and did well during the 4 days
of hospitalization.

A 2009 report examined the evidence for the use and toxicity of β2-agonists
in pregnancy, particularly for terbutaline and ritodrine as tocolytic agents and
albuterol for asthma (46). Based on animal and human reports, the authors
concluded that there was a biologic plausible basis for associating prolonged in
utero exposure to β2-agonists with functional and behavioral teratogenesis,
specifically increased risks for autism spectrum disorders, psychiatric
disorders, poor cognitive and motor function, and poor school performance.
There also were increased risks in offspring for elevated heart rate and
hypertension. The mechanisms for these effects appeared to be a decrease in
parasympathetic activity resulting in an increase in sympathetic activity. A
genetic predisposition for the toxicity was supported by data. The available
data suggested that albuterol use in the 1st and 2nd trimesters was associated
with a modest increase in the risk of autism spectrum disorders. The authors
concluded that excessive treatment with albuterol should be avoided (46).

BREASTFEEDING SUMMARY
No reports describing the use of albuterol during human lactation have been
located. However, the inhaled formulation is probably compatible with
breastfeeding because of the low maternal systemic concentrations. Other
drugs in the class (see Terbutaline) are considered compatible with
breastfeeding and albuterol, most likely, is compatible.
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ALCAFTADINE
Ophthalmic Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of alcaftadine in human pregnancy have been
located. The animal data suggest low risk. Moreover, antihistamines, in
general, are considered compatible with pregnancy.

FETAL RISK SUMMARY
Alcaftadine is an antihistamine indicated for the prevention of itching associated
with allergic conjunctivitis. It is available as a 0.25% ophthalmic solution.
Minimal amounts are measured in the plasma and concentrations of alcaftadine
were below the level of detection (10 pg/mL) at 3 hours. The drug is
metabolized to an active carboxylic acid metabolite that was undetectable in the
plasma 12 hours after a dose. Plasma protein binding for the parent drug and
active metabolite were about 39% and 63%, respectively. The elimination half-
life of the active metabolite was about 2 hours (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of impaired female reproduction or fetal harm was observed in these species at
oral doses that produced plasma exposures that were about 200 and 9000
times, respectively, the human plasma exposure at the recommended human
ocular dose (RHOD) (1).

No evidence of mutagenic or genotoxic effects was observed in multiple
assays. There also was no evidence of fertility impairment in male and female
rats at oral doses producing plasma exposures that were about 200 times the
human plasma exposure at the RHOD (1).

It is not known if alcaftadine or its active metabolite crosses the human
placenta. The molecular weight of the parent drug (about 307) and moderate
protein binding imply that exposure of the embryo and/or fetus is possible, but



the minimal amounts in the plasma suggest that any exposure would be
clinically insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of alcaftadine during human lactation have been
located. The molecular weight of the parent drug (about 307) and moderate
protein binding imply that the drug and possibly the active carboxylic acid
metabolite will be excreted into breast milk. However, the minimal plasma
concentrations that occur after ocular use suggest that the risk to a nursing
infant will be nil. Moreover, antihistamines, in general, are considered
compatible with breastfeeding.

Reference
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ALDESLEUKIN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of aldesleukin in human pregnancy have been
located. The limited animal reproduction data, although based on body
weight and at doses causing maternal toxicity, suggest low risk. In addition,
the biologic effects of aldesleukin are the same as endogenous interleukin-
2. Nevertheless, until human pregnancy experience is available, the best
course is to avoid use of this agent in pregnancy. However, metastatic
renal carcinoma and melanoma are potentially fatal, so if a woman requires
aldesleukin and informed consent is obtained, it should not be withheld
because of pregnancy. If an inadvertent pregnancy occurs, the woman
should be advised of the unknown risk to her embryo–fetus.

FETAL RISK SUMMARY
Aldesleukin, a biologic response modifier, is a human recombinant interleukin
product produced by recombinant technology. The protein possesses the
biologic activities of human native interleukin-2. Aldesleukin is in the same
antineoplastic subclass as denileukin. Aldesleukin is indicated for the treatment
of metastatic renal carcinoma and metastatic melanoma. After IV infusion,
aldesleukin undergoes rapid distribution into the extravascular space and
elimination by metabolism. The distribution and elimination half-lives are 13 and
85 minutes, respectively (1).

In a reproduction study in rats, embryolethal effects were observed at IV
doses that were 27–36 times the human dose based on body weight (HD).
However, IV doses 2.1–36 times higher than the HD caused significant
maternal toxicity. No evidence of teratogenicity other than that caused by
maternal toxicity was observed. Studies for carcinogenicity, mutagenicity, or



effects on fertility have not been conducted (1).
It is not known if aldesleukin crosses the human placenta. The molecular

weight of the protein, about 15,300, suggests that it does not. However, other
proteins, such as the immunoglobulins cross the placenta. Moreover, the
protein rapidly distributes into tissues (e.g., into the lung, liver, kidney, and
spleen in rats). The very short distribution and elimination half-lives may limit the
amount reaching the embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of aldesleukin during human lactation have been
located.

The molecular weight, about 15,300, suggests that it will not be excreted into
breast milk. However, other proteins, such as the immunoglobulins, are
excreted into milk and so may aldesleukin. The very short distribution (13
minutes) and elimination (85 minutes) half-lives may limit the amount reaching
the embryo and fetus. Waiting about 4 hours after a dose to breastfeed should
limit the potential exposure of the infant even more. The effects, if any, on a
nursing infant are unknown.

Reference
1. Product information. Proleukin. Novartis Pharmaceuticals, 2007.



ALEFACEPT
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of alefacept in human pregnancy have been
located. The animal data suggest that the human embryo and fetal risk are
low, but the absence of human pregnancy experience prevents a full
assessment of the risk. Psoriasis is common in women of childbearing
potential (1). Combined with the very long elimination half-life, this suggests
that exposure of inadvertent pregnancies is highly probable. Although the
effects on pregnancy are unknown, there is a potential that alefacept could
adversely affect the development of the fetal immune system and the
immune function of the infant. Health care professionals are encouraged to
enroll women who became pregnant while being treated with alefacept in
the Biogen Pregnancy Registry by calling 1-866-263-8483 (1).

FETAL RISK SUMMARY
Alefacept is an immunosuppressive dimeric fusion protein consisting of a
portion of the human leukocyte function antigen-3 linked to the Fc portion of
immunoglobulin G (IgG1) produced by recombinant DNA technology. Alefacept
is indicated for the treatment of moderate to severe chronic plaque psoriasis in
patients who are candidates for systemic therapy or phototherapy. The drug is
administered either IM or IV. After an IV dose, the mean elimination half-life
was about 270 hours (about 11 days) (1).

Reproduction studies with alefacept have been conducted in cynomolgus
monkeys. At doses about 62 times the human dose based on body weight
(HD), no evidence of impaired fertility or fetal harm was observed. Weekly IV
bolus doses administered during organogenesis were not abortifacient or
teratogenic. Alefacept crossed the placenta in monkeys producing fetal



concentrations that were 23% of the maternal concentrations. No evidence of
fetal toxicity or adverse effects on immune system development was observed
in the exposed fetuses (1).

In long-term studies in cynomolgus monkeys with weekly IV doses that were
12 or 248 times the HD, one animal in the high-dose group developed a β-cell
lymphoma. Other animals in both groups developed β-cell hyperplasia of the
spleen and lymph nodes. All animals were positive for an endemic primate
gammaherpesvirus. It is known that the immune suppression of animals
infected with this virus may lead to β-cell lymphomas (1). Hyperplasia of β-cell-
dependent regions in baboon spleens was observed in another low-dose study.
Carcinogenicity and fertility studies were not conducted with alefacept, but
mutagenicity assays, both in vitro and in vivo, were negative (1).

It is not known if alefacept crosses the human placenta. The monkey and
human placentas are classified as hemomonochorial and, since the drug
crosses the monkey placenta, it probably crosses the human placenta as well.
The human fetal exposure to the drug should be similar to that observed in
monkeys.

BREASTFEEDING SUMMARY
No reports describing the use of alefacept during human lactation have been
located. As an immune globulin, the drug is probably excreted into breast milk.
Moreover, because of the very long elimination half-life (about 11 days), holding
breastfeeding after a dose to allow clearance from the mother’s system is not
practical. The effect of this exposure on a nursing infant is unknown, but the
dimeric fusion protein would most likely undergo some degree of digestion in
the infant’s gut. However, suppression of a nursing infant’s immune function is a
potential complication. Until data are available, avoiding nursing during the use
of alefacept is the safest course.

Reference
1. Product information. Amevive. Biogen Idec, 2005.



ALEMTUZUMAB
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of alemtuzumab in human or animal
pregnancies have been located. It is not known if the antibody crosses the
placenta but, if it did, a potential fetal consequence of this exposure could
be the depletion of B and T lymphocytes (1). Because of the potential for
embryo and fetal harm, the antibody should be avoided, if possible, during
pregnancy. In addition, based on the very long half-life, a woman should not
conceive for several months after the last dose. The manufacturer
recommends that men of reproductive potential and women of childbearing
potential should use effective contraceptive methods during treatment and
for a minimum of 6 months after therapy is stopped (1). However, leukemia
can be fatal, so if a woman requires alemtuzumab and informed consent is
obtained, it should not be withheld because of pregnancy. If an inadvertent
pregnancy occurs, the woman should be advised of the potential risk for
severe adverse effects in the embryo and fetus.

FETAL RISK SUMMARY
Alemtuzumab is a recombinant DNA-derived humanized monoclonal antibody
(Campath-1H) that is given by IV infusion. It is indicated for the treatment of B-
cell chronic lymphocytic leukemia. The mean plasma half-life changes with time,
increasing from 11 hours (range 2–32 hours) after the first 30 mg dose to 6
days (range 1–14 days) after the last 30 mg dose (1).

Alemtuzumab may cause severe, infusion-related toxicity, including
hypotension and other adverse effects. Premedication with acetaminophen and
antihistamines is recommended (1). Hypotension in a pregnant woman could
have deleterious effects on placental perfusion resulting in embryo and fetal



harm.
Animal reproduction studies have not been conducted with alemtuzumab.

Neither have studies been conducted for carcinogenicity, mutagenicity, or
fertility (1).

It is not known if alemtuzumab crosses the human placenta. The very high
molecular weight (about 150,000 for the Campath-1H antibody) suggests that it
will not cross. However, human immunoglobulin G (IgG) does cross and,
therefore, alemtuzumab may also cross (1).

BREASTFEEDING SUMMARY
No reports describing the use of alemtuzumab during lactation have been
located. The very high molecular weight (about 150,000 for the Campath-1H
antibody) suggests that it will not be excreted into breast milk. However, human
IgG is excreted into milk and, therefore, alemtuzumab may also be excreted
(1). The effects of this potential exposure on a nursing infant are unknown, but
immunosuppression and other severe adverse effects are potential
complications.
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ALENDRONATE
Bisphosphonate
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Alendronate does not cause structural anomalies in animals but does
produce dose-related maternal and fetal toxicity. Several reports have
described its use in or near pregnancy. Although one report did find
significantly shorter gestations, reduced birth weight, and an increased rate
of spontaneous abortions, these outcomes may have been due to the
underlying maternal disease and/or the use of corticosteroids (1). Because
the oral bioavailability is very low and the plasma clearance is rapid,
clinically significant amounts may not cross the placenta. The drug is slowly
released from bone; thus, the use before pregnancy may result in low-level,
continuous exposure throughout gestation. The use of alendronate in
women who may become pregnant or during pregnancy is not
recommended. However, inadvertent exposure during early pregnancy
does not appear to present a major risk to the embryo or fetus.

FETAL RISK SUMMARY
Bisphosphonates are synthetic analogs of pyrophosphate that bind to the
hydroxyapatite found in bone. Alendronate, a specific inhibitor of osteoclast-
mediated bone resorption, is indicated for the treatment and prevention of
osteoporosis in postmenopausal women and men. Alendronate is also indicated
for the treatment of Paget’s disease of bone and for glucocorticoid-induced
osteoporosis. The oral bioavailability, relative to an IV reference dose, is very
low with only about 0.6% absorbed under fasting conditions. Alendronate is not
metabolized in animals or humans. Approximately 78% of the drug is bound to
protein in human plasma. After an IV dose, the plasma half-life is about 1 hour
(plasma concentrations fell by >95% within 6 hours). However, the terminal



elimination half-life is >10 years because of its slow release from bone (2).
In pregnant rats, a dose 0.26 times the maximum recommended daily dose

for Paget’s disease of 40 mg based on BSA (MRHD) caused decreased body
weight in otherwise-normal pups. Decreased postimplantation survival occurred
at 0.52 times the MRHD. With higher doses (2.6 times the MRHD), there was
an increase in the incidence of incomplete fetal ossification in vertebrae, skull,
and sternebrae. (Note: The daily doses for prevention and treatment of
osteoporosis are 5 and 10 mg, respectively.) None of these adverse effects
was observed in pregnant rabbits treated with doses up to 10.3 times the
MRHD (2).

Delays and failure of delivery secondary to maternal hypocalcemia (both total
and ionized calcium) were observed in pregnant rats at 3.9 times the MRHD.
Normal calcium levels were measured in the fetuses. Late maternal pregnancy
deaths also were observed at this dose. When the rats were treated from
before mating through gestation, doses as small as 0.13 times the MRHD
resulted in protracted parturition. Oral calcium supplementation did not prevent
the hypocalcemia or prevent maternal and fetal deaths secondary to delays in
delivery. However, IV calcium did prevent maternal, though not fetal, deaths
(2,3).

In a study published in 1999, pregnant rats were treated with a daily SC
dose of alendronate (0.1 mg/kg) during days 11–20 of pregnancy (4). Based
on body weight, the dose was comparable to a human oral dose of 10 mg/day,
but the systemic bioavailability was much higher than that obtained in humans.
The gestational period was chosen because it covered the time of active bone
development in rat fetuses. Alendronate passed through the placenta and
accumulated in the fetuses. A significant increase in fetal bone calcium content
(i.e., bone mass) with an accompanying significant decrease in bone marrow
volume was found (4).

It is not known if alendronate crosses the placenta to the human fetus, but
the molecular weight (about 325) is low enough that fetal exposure should be
expected. Although the low maternal plasma concentration and short plasma
half-life should reduce the amount of drug available for passage to the fetus,
any drug that crosses the placenta probably will accumulate in fetal bones, as it
does in rat fetuses.

A 2003 case report has described the use of alendronate in human
pregnancy (5). A 49-year-old woman, who was amenorrheic and thought to be
postmenopausal, was treated with oral alendronate 10 mg/day for
osteoporosis. Treatment was begun before and continued throughout her



gestation. An apparently normal female infant with a birth weight of 2390 g
(50th percentile) was born at 36 weeks’ gestation. Laboratory tests were within
normal limits. X-ray studies of the skull and wrists revealed normal bone
structure and density without abnormal calcifications. At 1 year of age, the girl’s
weight was 8 kg (10th percentile), her height was 73 cm (50th percentile), and
her physical examination and psychomotor development were normal (5).

In a 2006 case series, 24 pregnancies were exposed to alendronate, 8 of
the women took the drug 1–6 months before pregnancy, 15 before and during
the first 3–8 weeks’, and 1 through week 21 (1). Because of the long
elimination half-life, the three groups were combined and compared with 790
nonexposed controls. In the subjects, there were 19 liveborn infants with a
median gestational age of 38 weeks (p = 0.001 vs. controls [40 weeks]). The
median birth weight also was significantly lower in subjects, 2910 vs. 3290 g (p
= 0.002), and there were more spontaneous abortions 20.8 vs. 7% (p =
0.026). However, 13 of the women were also taking corticosteroids. No major
anomalies were observed in the subjects (1).

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32) pamidronate (N = 11), etidronate (N =
5), risedronate (N = 2), and zoledronic acid (N = 1) (6). The authors concluded
that although these drugs may affect bone modeling and development in the
fetus, no such toxicity has yet been reported.

BREASTFEEDING SUMMARY
No reports describing the use of alendronate during nursing have been located.
The molecular weight (about 325) is low enough for excretion into breast milk,
but the low plasma concentrations and rapid plasma clearance suggest that
minimal amounts will be excreted into milk. Moreover, since the oral
bioavailability of this drug in the nonfasting state is negligible, systemic levels in
a nursing infant should also be negligible (2).
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ALFENTANIL
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Alfentanil is not teratogenic in animals and, based on the experience with
similar agents, teratogenicity in humans is unlikely. However, there are no
reports describing the use of this drug during organogenesis. As with all
opioid agonist analgesics, alfentanil may cause neonatal respiratory
depression if used close to delivery.

FETAL RISK SUMMARY
No reports linking the use of alfentanil during pregnancy with congenital
abnormalities have been located, but experience in the 1st trimester has not
been reported. The narcotic is not teratogenic in rats and rabbits (1,2). An
embryocidal effect was observed with doses 2.5 times the upper human dose
administered for 10–30 days, but this may have been related to maternal
toxicity (1).

Alfentanil rapidly crosses the placenta to the fetus (3–5). A 1986 report
described the pharmacokinetics and placental transfer of alfentanil after a
single 30-mcg/kg IV dose administered to 5 women scheduled for cesarean
section (group A) and during a continuous epidural infusion (30-mcg/kg loading
dose followed by 30-mcg/kg/hour infusion) given to five women for vaginal
delivery (group B) (3). The ratio of total alfentanil in umbilical vein to maternal
blood in the combined 10 women was 0.29 (0.31 and 0.28 for groups A and B,
respectively). The fetal:maternal ratio of free (unbound) alfentanil, however,
was 0.97, reflecting the decreased α1-acid glycoprotein (the most important
binding protein for the drug) levels in the fetuses compared with the mothers
(3).

Alfentanil was administered as a continuous infusion (30 mcg/kg/hour with as-



needed bolus doses of 30 mcg/kg) via an extradural catheter to 16 women
undergoing vaginal delivery (4). The umbilical vein:maternal ratios in six women
varied between 0.221 and 0.576 (mean 0.33). For all 16 newborns, the mean
(range) Apgar scores at 1, 3, and 5 minutes were 8.56 (range 7–10), 9.60
(range 8–10), and 9.80 (range 9–10), respectively, and were comparable to a
control group. However, neurobehavioral assessment of the newborns using the
Amiel-Tison score at 15–30 minutes of life indicated a significant decrease,
compared with that of control newborns, in passive and active tone and total
score. Primary reflexes and general assessment were not statistically different
from those of control newborns. No abnormal feeding habits or behavior
changes were noted on later evaluation, presumably after the effects of the
narcotic had dissipated.

In 21 women scheduled for elective cesarean section, alfentanil (10 mcg/kg
IV) administered before the induction of anesthesia significantly decreased the
pressor response to laryngoscopy and endotracheal intubation in comparison to
16 control patients (p < 0.01) (5). At delivery, the mean total alfentanil
fetal:maternal ratio was 0.32, but based on the lower α1-acid glycoprotein
levels in the newborns (33% of maternal levels), the calculated unbound
alfentanil concentrations in the newborns and mothers were approximately
equal (5).

Other reports have described the use of IV alfentanil immediately before the
induction of anesthesia for cesarean section to lessen the hypertensive effects
of tracheal intubation in women with preeclampsia (6–8) or as a single epidural
injection (1 mg) in combination with a continuous epidural infusion of
bupivacaine before vaginal delivery (9). As with other opioid agonist analgesics,
neonatal respiratory depression is a potential complication, but it can be quickly
reversed with naloxone.

BREASTFEEDING SUMMARY
Alfentanil is excreted into breast milk. Nine nonbreastfeeding women
undergoing postpartum tubal ligation were administered alfentanil, 50 mcg/kg IV
(10). An additional 10 mcg/kg was given if needed. Colostrum was collected
from the right breast 4 hours after the last injection of alfentanil and from the
left breast at 28 hours. The mean level of alfentanil in the colostrum at 4 hours
was 0.88 ng/mL (range 0.21–1.56 ng/mL), and the mean level at 28 hours was
0.05 ng/mL (range 0.11–0.26 ng/mL). The clinical significance of the drug level
in milk to the nursing infant at either time is unknown but is probably nil.
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ALGLUCERASE
Endocrine/Metabolic Agent (Gaucher Disease)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No alglucerase-related adverse effects in embryos and fetuses have been
reported in the limited data on pregnancies complicated by type I Gaucher
disease. Pregnancy may exacerbate existing disease or result in new
disease manifestations, but the data suggest that treatment may reduce
the risk of spontaneous abortion and bleeding complications. However,
systematic human or animal studies have not been conducted. The
manufacturer has replaced alglucerase with imiglucerase and the last
commercially available alglucerase expired in March 2011.

FETAL RISK SUMMARY
Alglucerase, an enzyme given by IV infusion, is used in the treatment of
patients with type I Gaucher disease. It is in the same pharmacologic subclass
as imiglucerase, taliglucerase-α, and velaglucerase-α. Alglucerase replaced the
endogenous enzyme β-glucocerebrosidase. Alglucerase is prepared from
pooled human placental tissue. After infusion, the terminal elimination half-life
ranges from 3.6 to 10.4 minutes (1).

Reproduction studies with alglucerase have apparently not been conducted.
Moreover, the carcinogenic and mutagenic potential of alglucerase has not
been studied. Histopathology studies to detect effects on spermatogenesis in
rats revealed no testicular changes (1).

It is not known if alglucerase crosses the human placenta. The relatively high
molecular weight (about 55,600) and the short terminal half-life suggest that
exposure of the embryo–fetus will be limited, if it occurs at all.

A 1996 case report and review involved a 24-year-old woman with Gaucher
disease who was treated with alglucerase 40 U/kg every 2 weeks (2). She



received two doses of the enzyme during the 1st trimester and then additional
doses were held until 12 weeks’ gestation when therapy was reinstituted. She
gave birth at term to 3.65-kg, female infant with Apgar scores of 9 and 9 at 1
and 5 minutes, respectively. No additional information on the condition of the
infant was provided (2).

A 1997 report described six pregnancies exposed to alglucerase (3). In one
pregnancy, a low-dose, high-frequency regimen (30 U/kg/month, administered
3 times weekly) was discontinued before conception and then restarted at
12 weeks’ gestation. At term, a normal, 2.84-kg female infant was delivered. A
second pregnancy was similarly treated but with a dose of 60 U/kg/month. This
patient gave birth at term to a healthy, 3.65-kg male infant. Two women were
treated throughout pregnancy on the low-dose, high-frequency regimen and
gave birth at term to healthy, but small-for-gestational-age, female infants (2.56
and 2.50 kg, respectively). In a fifth pregnancy, a low-dose regimen was
started at 5 months’ gestation but, about 1 month later, the woman delivered a
female infant who died within 24 hours. The sixth case involved a woman with
symptomatic pulmonary hypertension who had been treated with alglucerase
for 3 years. At 10 weeks’ gestation, the pregnancy was terminated because of
the lung condition. The conceptus was normal and appropriate for gestational
age (3).

Another case report described a 25-year-old woman with avascular necrosis
of the femur complicating Gaucher disease (4). She conceived 4 months later
while receiving alglucerase 3200 U every 2 weeks (body weight not specified).
She gave birth at term to a 4.19-kg, male infant who was doing well at 6
months of age (4).

Outcomes of exposed pregnancies treated with either alglucerase or
imiglucerase have been summarized from surveys gathered from international
treatment centers, from reports in the literature, as well as the manufacturer’s
pharmacovigilance database. The total number of exposed patients is unclear
as there could be overlap between the various sources of reports. However, as
reviewed in a 2010 publication, among 43–78 treated pregnancies compared
with 71–388 untreated pregnancies with the same disease, the risk of
spontaneous abortion, disease-related bleeding complications at delivery, and
disease-related complications postpartum was reduced. No evidence of
teratogenic risk was noted (5,6).

BREASTFEEDING SUMMARY
Alglucerase has been detected in breast milk even though the relatively high



molecular weight (about 55,600) and the short terminal half-life (3.6–10.4
minutes) suggest that excretion will be limited.

In a woman receiving an IV infusion of 60 U/kg, milk concentrations of the
enzyme ranged from 69 to 187 ng/mL above baseline for 2–48 hours
postinfusion (7). A 1998 case report described successful breastfeeding in a
mother being treated with alglucerase (8).

The glycoprotein is largely destroyed in the digestive tract suggesting that
even if small amounts are transferred into breast milk, the enzyme is unlikely to
reach the systemic circulation of a breastfed infant (1).
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ALGLUCOSIDASE ALFA
Endocrine/Metabolic Agent (Enzyme)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

One report describing the use of alglucosidase alfa in human pregnancy
has been located. The animal data suggest low risk, but the dose used
was very low. Untreated Pompe disease is a fatal condition with death
usually related to respiratory failure (1). If a woman requires alglucosidase
alfa, it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Alglucosidase alfa, a glycoprotein produced by recombinant DNA technology,
consists of the enzyme α-glucosidase (GAA) encoded by the most predominant
of nine haplotypes of this gene. It is given by IV infusion every 2 weeks.
Alglucosidase is indicated for patients with Pompe disease (GAA deficiency).
The plasma half-life is dose-dependent ranging from 2.3 to 2.9 hours (1).

Reproduction studies have been conducted in mice. IV doses, given every
other day, up to about 0.2 times the recommended bi-weekly human dose
based on BSA revealed no evidence of fetal harm. A similar dose had no effect
on fertility or reproductive performance in mice. Studies for carcinogenicity and
mutagenicity have not been conducted (1).

It is not known if alglucosidase alfa crosses the human placenta. The
molecular weight (about 99,377–109,000) and the short plasma half-life
suggest that little, if any, of the glycoprotein will cross to the embryo or fetus.

A 2011 case report described the use of alglucosidase alfa (20 mg/kg every
other week) throughout pregnancy in 40-year-old woman with adult-onset
Pompe disease (2). Because of worsening disease, an elective cesarean
section was performed at about 38 weeks’ to deliver a healthy male infant with
Apgar scores of 8, 9, and 10. The infant’s weight, length, and head



circumference were normal and there were no congenital anomalies. The infant
was developing normally at 1 year of age (2).

BREASTFEEDING SUMMARY
One report describing the use of alglucosidase alfa during lactation has been
located. In the above case report, a mother treated throughout pregnancy with
the enzyme continued therapy while breastfeeding her infant (2). Before a
dose, enzyme activity in her milk was 3 nmol/mL/hr, about 10% of what is
measured in the milk of an unaffected mother. After infusion, the highest activity
(245 nmol/mL/hr) was reached at 2.5 hours postinfusion (2). As expected,
because alglucosidase alfa is a native enzyme and would be present in the
infant, no adverse effects were reported in the nursing infant.

If a woman requires alglucosidase alfa for the treatment of Pompe disease,
it should not be withheld because of breastfeeding.
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ALISKIREN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although there is no human pregnancy experience, the animal reproduction
data suggest low risk in the 1st trimester. Because aliskiren acts directly
on the renin–angiotensin system, exposure in the 2nd and 3rd trimesters
should be avoided except in those rare incidences in which the mother
requires therapy with this agent. Two other classes of agents that act on
this system, angiotensin-converting-enzyme (ACE) inhibitors and
angiotensin II receptor antagonists (ARA), are known to cause marked
fetal toxicity in the 2nd and 3rd trimesters. (See Captopril and Losartan for
representative agents.) Therefore, use of aliskiren during the 2nd and 3rd
trimesters may cause teratogenicity and severe fetal and neonatal toxicity
identical to that seen with ACE inhibitors and ARA drugs. Fetal toxic effects
may include anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth
restriction, prematurity, and patent ductus arteriosus. Anuria-associated
anhydramnios/oligohydramnios may be associated with fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, resistant to both pressor agents and volume
expansion, may occur in the newborn following in utero exposure to
aliskiren. Newborn renal function and blood pressure should be closely
monitored.

FETAL RISK SUMMARY
Aliskiren is a nonpeptide renin inhibitor. It is indicated for the treatment of
hypertension either alone or in combination with other antihypertensive agents.
Aliskiren is partially metabolized to inactive metabolites apparently by the
CYP450 isoenzyme CYP3A4. Oral bioavailability is poor with only about 2.5%



absorbed systemically (1). The mean elimination half-life is 30 hours (range 23–
36 hours) and plasma protein binding is about 50% (2).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits, there was no evidence of teratogenicity with oral doses ≤20
and ≤7 times, respectively, the maximum recommended human dose of 300
mg/day (MRHD) on a BSA basis (MRHD-BSA). However, in rabbit offspring
fetal birth weights were reduced at 3.2 times the MRHD-BSA. In rabbits, the
drug was present in the placenta, amniotic fluid, and fetuses (1).

Carcinogenic studies in mice and rats with doses producing exposures that
were about 1.5 and 4 times, respectively, the MRHD based on AUC (MRHD-
AUC) observed no significant increases in tumor incidence. However, tumors
that are considered rare in the strain of rat studied were observed in two
animals; a colonic adenoma in one and a cecal adenocarcinoma in the other.
Mucosal epithelial hyperplasia of the lower gastrointestinal tract, with or without
erosion/ulceration, was noted in both species at exposures that were about
0.75 and 2 times, respectively, the MRHD-AUC. No genotoxic potential was
observed in multiple assays. In addition, no effect on the fertility of male and
female rats was observed with doses ≤8 times the MRHD-BSA (1).

Although aliskiren crosses the placenta in rabbits (1), this has not been
studied in humans. The molecular weight (about 552 for the free base), long
elimination half-life, and moderate plasma protein binding suggest that the drug
will cross to the embryo and fetus. However, the low lipid solubility should limit
the amount transferred.

No reports have described the use of aliskiren in human pregnancy.
However, use of the drug in the 2nd and 3rd trimesters is not recommended
because of the potential for severe toxicity in the fetus and newborn.

BREASTFEEDING SUMMARY
No reports describing the use of aliskiren during human lactation have been
located. The molecular weight (about 552 for the free base), long elimination
half-life (mean 30 hours), and moderate plasma protein binding (about 50%)
suggest that the drug will be excreted into breast milk. However, the low lipid
solubility should limit the amount excreted. The effect on a nursing infant is
unknown. The American Academy of Pediatrics, however, classifies ACE
inhibitors, a closely related group of antihypertensive agents, as compatible
with breastfeeding. (See Captopril or Enalapril.)
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ALLOPURINOL
Antineoplastic/Antigout
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience with allopurinol is limited because the
conditions for which it is indicated are relatively rare in women of
childbearing age. No adverse effects were observed in rats and rabbits
but, in one study, severe toxicity was noted in mice. However, the only
dose comparisons to the human dose were based on body weight and are
not interpretable. In one study, the use of allopurinol throughout gestation
was associated with multiple major defects in the newborn. Additional data
are needed before the association can be classified as causal.

FETAL RISK SUMMARY
Allopurinol, a xanthine oxidase inhibitor, is used for the treatment of
symptomatic primary or secondary hyperuricemias. It is in the same
antineoplastic subclass of antimetabolites that reduce uric acid levels as
rasburicase. Allopurinol is indicated for the management of patients with (a)
signs and symptoms of primary or secondary gout; (b) leukemia, lymphoma,
and malignancies who are receiving cancer therapy which causes elevations of
serum and urinary uric acid levels; and (c) recurrent calcium oxalate calculi
whose daily uric acid excretion exceeds 800 mg/day in male patients and 750
mg/day in female patients. Allopurinol is rapidly metabolized to oxipurinol, an
active metabolite. Allopurinol has a plasma half-life of about 1–2 hours,
whereas oxipurinol has a half-life of about 15 hours (1).

Reproduction studies by the manufacturer have been conducted in rats and
rabbits. At doses up to 20 times the usual human dose based on body weight,
no evidence of impaired fertility or fetal harm was observed (1). In a 1972
study, doses of 50 mg/kg and 100 mg/kg of allopurinol were given



intraperitoneally to mice (2). The high dose, but not the low dose, resulted in a
significant increase in the number of dead offspring. Both doses were
associated with cleft palate and skeletal defects (2). However, it was not
determined if the toxicity was a fetal effect or an effect secondary to maternal
toxicity (1). In studies involving other animal species, no fetal harm was
observed (3).

Consistent with the low molecular weight (about 136 for allopurinol), as well
as the plasma half-lives for allopurinol and oxipurinol, both cross the placenta. A
group of mothers were given allopurinol 500 mg IV 18–190 minutes before birth
(4). The median maternal concentration of allopurinol and oxipurinol were 3.8
mcg/mL (1.2–7.9 mcg/mL) and 3.2 mcg/mL (1.5–6.4 mcg/mL), respectively,
whereas arterial cord blood levels were 2.0 mcg/mL (0.2–7.3 mcg/mL) and 1.5
mcg/mL (0.6–7.6 mcg/mL), respectively (4).

The manufacturer is aware of two unpublished reports of women receiving
the drug during pregnancy who gave birth to normal infants (1).

Allopurinol, in daily doses of 300–400 mg (unspecified dose in one patient),
was combined with cancer chemotherapeutic agents in six patients for the
treatment of leukemia occurring during pregnancy (5–9). Treatment in each of
these cases was begun in the 2nd or 3rd trimester. The outcomes of these
pregnancies were as follows: four normal healthy infants (5–7); one intrauterine
fetal death probably a result of severe preeclampsia (8); and one growth-
restricted infant with absence of the right kidney, hydronephrosis of the left
kidney, and hepatic subcapsular calcifications (9). The cause of the defects in
the latter infant was unknown but, because drug therapy was not started until
the 20th week of gestation, any relationship to allopurinol can be excluded. The
intrauterine growth restriction was thought to be caused by the
chemotherapeutic agent, busulfan, that the mother received (9).

A 1976 case report described the use of allopurinol in a woman with type I
glycogen storage disease (von Gierke’s disease) (10). One of the
characteristics of this inherited disease is hyperuricemia as a result of
decreased renal excretion and increased production of uric acid. The woman
was receiving allopurinol, 300 mg/day, at the time of conception and during the
early portion of the 1st trimester (exact dates were not specified). The drug
was stopped at that time. A term female infant was delivered by cesarean
section for failed labor. Phenylketonuria, an autosomal recessive disorder, was
subsequently diagnosed in the infant (10).

A woman with primary gout and gouty nephropathy was treated with 300
mg/day of allopurinol throughout gestation (11). She delivered an appropriate-



for-gestational-age 2510-g healthy female infant at 35 weeks’ gestation. The
infant’s weight gain was normal at 10 weeks of age, but other developmental
milestones were not provided (11).

A 1997 randomized, double-blind, placebo controlled trial, allopurinol (200
mg/day) was combined with vitamin E (800 IU/day) and vitamin C (1000
mg/day) for women with severe preeclampsia diagnosed between 24 and 32
weeks of gestation (12). The outcomes evaluated were prolongation of
pregnancy, infant outcomes, and other factors. The results did not suggest a
benefit of the therapy (12).

A 2009 feasibility study evaluated whether allopurinol given to mothers with
signs of fetal distress immediately before birth would reduce free radical
formation in the fetus, a potential first step to reduce or prevent fetal hypoxia-
induced brain injury (4). The study found that therapeutic doses of allopurinol
reduced cord blood levels of the protein S-100B, a marker of brain injury. Two
other reports described the rationale for this intervention and a new study that
was just beginning (13,14).

A 2011 case report described multiple major birth defects in an infant born at
41 weeks’ (15). Birth weight, length, and head circumference were appropriate
for gestational age. The mother had taken allopurinol 300 mg/day for recurrent
kidney stones and methyldopa for hypertension throughout gestation. External
anomalies were as follows: hypertelorism, left-sided microphthalmia and
coloboma of upper eyelid, left-sided microtia and absent left external auditory
canal, simplified right ear with a preauricular tag, left-sided cleft lip and palate,
and bilateral undescended testes. The infant died at 8 days of age. The
following internal defects were found at autopsy: hypoplasia of corpus
callosum, left optic nerve atrophy, left microphthalmia, small frontal fossa,
agenesis of the left diaphragm with intrusion of liver, stomach, and spleen into
the diaphragmatic space, mildly enlarged right-sided kidney, absent left kidney,
small accessory spleen, and profound left pulmonary hypoplasia. The
cerebellum and gyral pattern of the brain surface appeared to be normal, as
was the cardiovascular system and skeleton. The infant’s karyotype was a
normal 46,XY, but a chromosome microdeletion/duplication syndrome could not
be ruled out. Because the anomalies shared some features with those caused
by mycophenolate mofetil (see Mycophenolate), and because both allopurinol
and mycophenolate interrupt purine synthesis, the authors concluded that
allopurinol should be considered a potential teratogen (15).

In contrast to the above report, a 2012 case described a 27-year-old woman
with ulcerative colitis who was treated throughout pregnancy with allopurinol



100 mg/day, mercaptopurine 25 mg/day, and mesalazine 4 g/day (16).
Pregnancy was complicated by diarrhea and blood loss in the 2nd trimester. An
elective cesarean section was performed at 39 weeks’ to give birth to a healthy
3550-g infant (sex not specified) with Apgar score of 9, 10, and 10 at 1, 5, and
10 minutes, respectively. No anomalies were observed in the infant (16).

BREASTFEEDING SUMMARY
Allopurinol and its active metabolite, oxipurinol, are excreted into human milk. A
woman with hyperuricemia was taking allopurinol 300 mg/day for 4 weeks while
breastfeeding her 5-week-old infant (17,18). Maternal plasma and milk samples
were drawn 2 and 4 hours after a 300-mg dose. Her plasma levels of
allopurinol and oxipurinol at these times were 1.0 and 13.8 mcg/mL, and 1.0
and 19.9 mcg/mL, respectively. Milk levels of the drug and metabolite at 2 and
4 hours were 0.9 and 53.7 mcg/mL, and 1.4 and 48.0 mcg/mL, respectively. At
these times, the milk:plasma ratios for allopurinol were 0.9 and 1.4,
respectively, and for oxipurinol were 3.9 and 2.4, respectively. The mother
breastfed her infant 2 hours after her dose and a single infant plasma sample
was taken 2 hours later. Allopurinol was not detected (detection limit 0.5
mcg/mL) in the infant’s plasma but the concentration of oxipurinol was 6.6
mcg/mL. The average daily dose of allopurinol and oxipurinol ingested by the
infant from the milk (based on 150 mL/kg/day) was 0.14–0.20 and 7.2–8.0
mg/kg, respectively. No adverse effects in the nursing infant were observed
(18). However, 4 hours after a dose and 2 hours after feeding, the infant’s
oxipurinol plasma level was 48% and 33% of the mother’s levels at 2 and 4
hours. As such, the infant should be monitored for allergic reactions, such as
rash, periodic blood counts, and other common toxicities observed in adults.

The American Academy of Pediatrics classifies allopurinol as compatible with
breastfeeding (19).

References
1. Product information. Zyloprim. Prometheus Laboratories, 2003.
2. Fujii T, Nishimura H. Comparison of teratogenic action of substances related to purine metabolism in

mouse embryos. Jpn J Pharmacol 1972;22:201–6.
3. Chaube S, Murphy ML. The teratogenic effects of the recent drugs active in cancer chemotherapy. In:

Woollam DHM, ed. Advances in Teratology. New York, NY: Academic Press, 1968;3:181–237. As cited
in Shepard TH. Catalog of Teratogenic Agents . 6th ed. Baltimore, MD: Johns Hopkins University Press,
1989:58.

4. Torrance HL, Benders MJ, Derks JB, Rademaker CMA, Bos AF, Van Den Berg P, Longini M,
Buonocore G, Venegas M, Baquero H, Visser GHA, Van Bel F. Maternal allopurinol during fetal hypoxia
lowers cord blood levels of the brain injury marker S-100B. Pediatrics 2009;124:350–7.

5. Awidi AS, Tarawneh MS, Shubair KS, Issa AA, Dajani YF. Acute leukemia in pregnancy: report of five
cases treated with a combination which included a low dose of Adriamycin. Eur J Cancer Clin Oncol



1983;19:881–4.
6. Ali R, Kimya Y, Koksal N, Ozkocaman V, Yorulmaz H, Eroglu A, Ozcelik T, Tunali A. Pregnancy in

chronic lymphocytic leukemia: experience with fetal exposure to chlorambucil. Leuk Res 2009;33:567–
9.

7. AlKindi S, Dennison D, Pathare A. Imatinib in pregnancy. Eur J Haematol 2005;74:535–7.
8. O’Donnell R, Costigan C, O’Connell LG. Two cases of acute leukaemia in pregnancy. Acta Haematol

1979;61:298–300.
9. Boros SJ, Reynolds JW. Intrauterine growth retardation following third-trimester exposure to busulfan.

Am J Obstet Gynecol 1977;129:111–2.
10. Farber M, Knuppel RA, Binkiewicz A, Kennison RD. Pregnancy and von Gierke’s disease. Obstet

Gynecol 1976;47:226–8.
11. Coddington CC, Albrecht RC, Cefalo RC. Gouty nephropathy and pregnancy. Am J Obstet Gynecol

1979;133:107–8.
12. Gülmezog˘lu AM, Hofmeyr GJ, Oosthuisen MMJ. Antioxidants in the treatment of severe pre-eclampsia:

an explanatory randomized controlled trial. Br J Obstet Gynaecol 1997;104:689–96.
13. Kaandorp JJ, Benders MJNL, Rademaker CMA, Torrance HL, Oudijk MA. Antenatal allopurinol for

reduction birth asphyxia induced brain damage (ALLO-Trial); a randomized double blind placebo
controlled multicenter study. BMC Pregnancy Childbirth 2010;10:8. [Epub 2010 Feb 18].

14. Boda D. Results of and further prevention of hypoxic fetal brain damage by inhibition of xanthine oxidase
enzyme with allopurinol. J Perinat Med 2011;39:441–4.

15. Kozenko M, Grynspan D, Oluyomi-Obi, Sitar D, Elliott AM, Chodirker BN. Potential teratogenic effects of
allopurinol: a case report. Am J Med Genet 2011;155:2247–52.

16. Seinen ML, de Boer NKH, van Hoorn ME, van Bodegraven AA, Bouma G. Safe use of allopurinol and
low-dose mercaptopurine therapy during pregnancy in an ulcerative colitis patient. Inflamm Bowel Dis
2013;Mar 19(3):E37. doi:10,1002/ibd. 22945.

17. Kamilli I, Gresser U, Schaefer C, Zollner N. Allopurinol in breast milk. Adv Exp Med Biol 1991;309A:143–
5.

18. Kamilli I, Gresser U. Allopurinol and oxypurinol in human breast milk. Clin Invest 1993;71:161–4.
19. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



ALMOTRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of almotriptan in human pregnancy have been
located. The animal data are suggestive of low risk, but an assessment of
the actual risk cannot be determined until human pregnancy experience is
available. Although a 2008 review of triptans in pregnancy found no
evidence for teratogenicity, the data did suggest a possible increase in the
rate of preterm birth (1).

FETAL RISK SUMMARY
Almotriptan is an oral selective serotonin (5-hydroxytryptamine; 5-HT1B/1D)
receptor agonist that has high affinity for 5-HT1B, 5-HT1D, and 5-HT1F
receptors. The drug is closely related to eletriptan, frovatriptan, naratriptan,
rizatriptan, sumatriptan, and zolmitriptan (see also Eletriptan, Frovatriptan,
Naratriptan, Rizatriptan, Sumatriptan, and Zolmitriptan). It is indicated for the
acute treatment of migraine with or without aura in adults. Protein binding is
minimal (about 35%). Almotriptan is metabolized to inactive metabolites, but
about 40% is excreted unchanged in the urine. The mean elimination half-life is
approximately 3–4 hours (2).

Reproduction studies have been conducted in rats and rabbits. Rats were
given doses throughout organogenesis that produced maternal exposures up to
about 958 times the human exposure from the maximum recommended daily
dose (MRDD) of 25 mg based on AUC (MRDD-AUC). At the highest dose (958
times the MRDD-AUC), increased embryo deaths were observed. Doses >80
times the MRDD-AUC resulted in an increased incidence of fetal skeletal
variations (decreased ossification). When almotriptan was administered to
pregnant rats throughout gestation and lactation, a dose 160 times the MRDD



based on BSA (MRDD-BSA) caused an increase in gestational length and a
decrease in litter size and pup birth weight. The decreased pup weight
persisted throughout lactation. The no-observed-effect-level (NOEL) was 40
times the MRDD-BSA. In pregnant rabbits, a dose 50 times the MRDD-BSA
resulted in an increase in embryo deaths (2).

It is not known if almotriptan crosses the human placenta to the fetus. The
molecular weight (about 336 for the free base) is low enough that passage to
the fetus should be expected. In addition, the minimal plasma protein binding,
incomplete metabolism, and moderate elimination half-life suggest that
substantial amounts of the drug will be available for transfer at the
maternal:fetal interface.

BREASTFEEDING SUMMARY
No reports describing the use of almotriptan during human lactation have been
located. The molecular weight (about 336 for the free base) suggests that the
drug will be excreted into breast milk. The effect of this exposure on a nursing
infant is unknown.
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ALOSETRON
Antidiarrheal/Antiemetic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of alosetron in human pregnancy have been
located. Because the drug is restricted by the manufacturer to severe
diarrhea-predominant irritable bowel syndrome, pregnancy exposures are
probably infrequent. The animal data suggest low risk, but the absence of
human pregnancy experience prevents an assessment of the embryo–fetal
risk. Limited information for other agents in this class (e.g., see
Ondansetron) does not suggest a risk of teratogenicity. Therefore, if
indicated, alosetron should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Alosetron is a selective antagonist of the serotonin 5-HT3 receptor type. It is
the same pharmacologic class as dolasetron, granisetron, ondansetron, and
palonosetron. Although classified as an antiemetic, alosetron is indicated for the
treatment of irritable bowel syndrome in women whose primary symptom is
severe chronic diarrhea. Alosetron is extensively metabolized to metabolites
with unknown biologic activity. About 82% is bound to plasma proteins and the
terminal elimination half-life is very short (about 1.5 hours) (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
up to about 160 times the recommended human dose based on BSA (RHD)
revealed no evidence of impaired fertility or fetal harm. Similar findings were
observed in rabbits given doses up to about 240 times the RHD. In addition,
dose up to about 160 times the RHD had no effect on reproductive
performance in male or female rats (1).

It is not known if alosetron crosses the human placenta. The molecular
weight of the free base (about 295) and moderate plasma protein binding



suggest that the drug will cross to the embryo–fetus, but the very short terminal
elimination half-life will limit the amount of drug at the maternal:fetal interface.

BREASTFEEDING SUMMARY
No reports describing the use of alosetron during human lactation have been
located. The molecular weight of the free base (about 295) and moderate
plasma protein binding suggest that the drug will be excreted into breast milk.
However, the very short terminal elimination half-life (about 1.5 hours) suggests
that the amount of drug in milk will be minimal. The effects of this exposure on a
nursing infant are unknown. However, because of the potential for severe
toxicity (e.g., gastrointestinal symptoms that have caused deaths in adults),
alosetron should probably not be used in women who are breastfeeding.
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ALPHA-GALACTOSIDASE A
Endocrine/Metabolic Agent (Enzyme)

See Agalsidase Beta.



ALPHAPRODINE

[Withdrawn from the market. See 8th edition.]



ALPRAZOLAM
Sedative
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No structural anomalies have been attributed to the use of alprazolam
during human pregnancy but in some reports, large numbers of patients
were lost to follow-up. When used close to delivery, neonatal withdrawal
has been reported. The long-term effects of in utero exposure on
neurobehavior, especially when the exposure occurs in the latter half of
pregnancy, have not been studied but are of concern.

FETAL RISK SUMMARY
Alprazolam, a member of the benzodiazepine class of agents, is used for the
treatment of anxiety. Although no congenital anomalies have been attributed to
the use of alprazolam during human pregnancies, other benzodiazepines (e.g.,
see Diazepam) have been suspected of producing fetal malformations after 1st
trimester exposure. In pregnant rats, the drug produced thoracic vertebral
anomalies and increased fetal death only at the highest dose (50 mg/kg) tested
(1).

Researchers described the effects of alprazolam exposure on gestational
day 18 (i.e., near term) on the neurodevelopment of mice in a series of reports
(2–4). In one strain of mice, exposure induced persistent imbalance in the
newborn and hind limb impairment in the adult offspring suggesting a defect in
cerebellar development (2). In the second part of this study, in utero exposure
to the drug (0.32 mg/kg orally) did not increase anxiety in adult offspring but did
reduce motivation (3). A decrease in the tendency to engage in group activity
and an increase in male aggression was observed in the third part of the study
(4).

No data have been located on the placental passage of alprazolam.
However, other benzodiazepines, such as diazepam, freely cross the placenta



and accumulate in the fetus (see Diazepam). A similar distribution pattern
should be expected for alprazolam.

One manufacturer has received 441 reports of in utero exposure to
alprazolam or triazolam, two short-acting benzodiazepines, almost all of which
occurred in the 1st trimester (5,6). Although most of the women discontinued
the drugs when pregnancy was diagnosed, 24 continued to use alprazolam
throughout their gestations (5). At the time of publication, about one-fifth of the
441 cases were still pregnant; one-sixth had been lost to follow-up, and one-
sixth had been terminated by elective abortion for various reasons (5).
Spontaneous abortion or miscarriage (no congenital anomalies were observed
in the abortuses) occurred in 16 women; 2 pregnancies ended in stillbirths; and
1 newborn infant died within 24 hours of birth. Most of the remainder of the
reported exposures ended with the delivery of a normal infant. The
manufacturer also received two retrospective reports of congenital defects
after alprazolam exposure (5). One of the cases involved an infant with Down’s
syndrome after maternal consumption of a single 5.5-mg dose of alprazolam
and an unknown amount of doxepin during pregnancy (5). The second report
involved a mother who had ingested 0.5 mg/day of alprazolam during the first 2
months of gestation. She delivered an infant with cat’s eye with Pierre Robin
syndrome. Neither of these outcomes can be attributed to alprazolam.

A 1992 reference reported the prospective evaluation of 542 pregnancies
involving 1st trimester exposure to alprazolam gathered by a manufacturer from
worldwide surveillance (7). These data were an extension of the data provided
immediately above. Of the total, 131 (24.2%) were lost to follow-up. The
outcome of the remaining 411 pregnancies was 42 (10.2%) spontaneous
abortions, 5 (1.2%) stillbirths, 88 (21.4%) induced abortions, and 263 (64.0%)
infants without and 13 (3.2%) infants with congenital anomalies. A total of 276
live births occurred, but two of these infants, both born prematurely, died
shortly after birth. One, included in the group with congenital anomalies, had
bilateral hydroceles and ascites, whereas the other died after intraventricular
hemorrhage. The type and incidence of defects were comparable to those
observed in the Collaborative Perinatal Project with no pattern of defects or
excess of defects or spontaneous abortions apparent (7).

A second 1992 study reported on heavy benzodiazepine exposure during
pregnancy from Michigan Medicaid data collected during 1980–1983 (8). Of the
2048 women, from a total sample of 104,339, who had received
benzodiazepines, 80 had received ≥10 prescriptions for these agents. The
records of these 80 women indicated frequent alcohol and substance abuse.



Their pregnancy outcomes were 3 intrauterine deaths, 2 neonatal deaths in
infants with congenital malformations, and 64 survivors. The outcome for 11
infants was unknown. Six of the surviving infants had diagnoses consistent with
congenital defects. The investigators concluded that the high rate of congenital
anomalies was suggestive of multiple alcohol and substance abuse. The
outcome may not have been related to benzodiazepine exposure (8).

Single case reports of pyloric stenosis, moderate tongue-tie, umbilical hernia
and ankle inversion, and clubfoot have been received by the manufacturer after
in utero exposure to either alprazolam or triazolam (5). In addition, the
manufacturer has received five reports of paternal use of alprazolam with
pregnancy outcomes of two normal births, one elective abortion, one unknown
outcome, and one stillbirth with multiple malformations (5). There is no evidence
that the drug affected any of these outcomes.

Neonatal withdrawal after in utero exposure to alprazolam throughout
gestation has been reported in three infants (5,9). In two cases involving
maternal ingestion of 3 mg/day and 7–8 mg/day, mild withdrawal symptoms
occurred at 2 days of age in the infant exposed to 3 mg/day (5). No details
were provided on the onset or severity of the symptoms in the infant exposed
to the higher dose. The third neonate was exposed to 1.0–1.5 mg/day (9). The
mother continued this dosage in the postpartum interval while breastfeeding.
Restlessness and irritability were noted in the infant during the 1st week. The
symptoms worsened 2–3 days after breastfeeding was stopped on the seventh
day because of concerns over drug excretion into the milk. Short, episodic
screams and bursts of crying were observed frequently. Treatment with
phenobarbital was partially successful, allowing the infant to sleep for longer
periods. However, on awakening, jerking movements of the extremities and
crying continued to occur. The infant was lost to follow-up at approximately 3
weeks of age.

BREASTFEEDING SUMMARY
Alprazolam is excreted into breast milk. Eight lactating women, who stopped
breastfeeding their infants during the study, received a single 0.5 mg oral dose
and multiple milk and serum samples were collected up to 36 hours after the
dose (9). Transfer into milk was consistent with passive diffusion. The mean
milk:serum concentrations ratio (using area under the drug concentration-time
curve) was 0.36, indicating that a nursing infant would have received 0.3–5
mcg/kg/day, or about 3% (body weight adjusted) of the maternal dose (9).

A brief 1989 report citing information obtained from the manufacturer



described a breastfed infant whose mother took alprazolam (dose not
specified) for 9 months after delivery but not during pregnancy (10). The
mother tapered herself off the drug over a 3-week period. Withdrawal
symptoms consisting of irritability, crying, and sleep disturbances were noted in
the nursing infant. The symptoms resolved without treatment after 2 weeks.

Because of the potent effects, the drug may have on a nursing infant’s
neurodevelopment, the case of probable alprazolam withdrawal, and the
lethargy and loss of body weight observed with the chronic use of other
benzodiazepines (see Diazepam), alprazolam should be avoided during
lactation. The American Academy of Pediatrics classifies alprazolam as an
agent for which the effect on a nursing infant is unknown but may be of concern
(11).
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ALTEPLASE
Thrombolytic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The limited use of alteplase during pregnancy does not suggest a
significant fetal risk. Although only one of the reported human exposures
occurred during organogenesis, the high molecular weight probably
precludes the transfer of alteplase to the embryo. Moreover, teratogenicity
was not observed in animals. Hemorrhage is a risk of therapy at any time
during gestation, but careful monitoring of the mother can prevent this from
becoming a significant risk to the fetus. Therefore, it appears that alteplase
may be used during gestation if the mother’s condition requires this
therapy.

FETAL RISK SUMMARY
Alteplase (tissue plasminogen activator; t-PA; rt-PA), an enzyme formed by
recombinant DNA technology, is a thrombolytic agent used for the treatment of
acute conditions such as myocardial infarction, pulmonary embolism, and
ischemic stroke. The agent is a glycoprotein composed of 527 amino acids (1).

No maternal or fetal toxicity was observed in rats and rabbits dosed with 1
mg/kg (approximately 0.65 times the human dose for acute myocardial
infarction [HD]) during organogenesis (1). An embryocidal effect was noted in
rabbits administered an IV dose of 3 mg/kg (about 2 times the HD) (1).
Shepard (2) cited two studies in which no teratogenicity or other toxicity was
observed in the offspring of pregnant rats and rabbits administered t-PA during
organogenesis.

Ten case reports have described the use of alteplase in human pregnancy
(3–12). A 27-year-old woman in premature labor at 31 weeks’ gestation was
treated with urokinase and heparin, supplemented with continuous dobutamine
to maintain a stable hemodynamic state, for massive pulmonary embolism (3).
Because she failed to improve, low-dose alteplase therapy was initiated at 10



mg/hour for 4 hours, followed by 2 mg/hour for 1.5 hours (total dose 43 mg).
The patient’s clinical condition markedly improved with complete reperfusion of
the right upper and middle lobe and partial reperfusion of the left lower lobe.
Coagulation tests (prothrombin time, partial thromboplastin time, and thrombin
time) during alteplase therapy remained within or close to the normal range. A
healthy, premature, 2100-g male infant was delivered 48 hours after
thrombolysis. A 38-year-old woman at 32 weeks’ gestation developed a
superior vena caval thrombosis during total parenteral hyperalimentation (4).
Treatment with alteplase, 2 mg/hour for 48 hours resulted in clinical resolution
of her symptoms (swelling of face and arms) within 24 hours. No evidence of
placental bleeding was observed. Labor was induced 2 days later, and a
healthy premature infant was delivered. A 29-year-old woman with severe
pulmonary embolism and congenital antithrombin III deficiency was treated at
35 weeks’ gestation with 100 mg alteplase for 3 hours followed by IV heparin
(5). Nearly complete reperfusion of the right lung and the lower two-thirds of
the left lung was observed at the end of the alteplase infusion. No placental
bleeding was noted. The male infant, delivered by cesarean section 20 hours
later, died at 14 days of age secondary to intracranial hemorrhage, a
complication thought to be caused by prematurity and unrelated to the
thrombolytic therapy.

Brief details of a case (6) of t-PA therapy during pregnancy were described
in a 1995 review (8). A 30-year-old woman in her 11th week of gestation was
treated with alteplase for pulmonary embolism. No complications were
observed, and she had a normal, term delivery (6). A 30-year-old woman at 21
weeks’ gestation had an acute myocardial infarction that was treated with a
total dose of 100 mg alteplase given IV for 90 minutes (7). Immediate relief of
her chest pain occurred and the other effects of cardiac reperfusion
(arrhythmias and hypotension) were successfully treated. A cesarean section
was performed at 33 weeks’ gestation for premature labor unresponsive to
magnesium sulfate, and a 1640-g male infant who has done well was delivered.
A 20% abruptio placentae was noted during surgery. The cause of the
abruption was thought to be either alteplase or the aspirin (81 mg/day) the
mother had received after her initial treatment (7).

A 32-year-old pregnant woman had two episodes of a thrombosed St. Jude
mitral valve prosthesis (8). The first event, at 20 weeks’ gestation, was
successfully treated by clot removal under cardiopulmonary bypass. About 8
weeks later, another clot formed on the valve and it was treated with 50 mg
alteplase. An anterior placental hematoma was noted on ultrasound during



treatment, but it resolved spontaneously within 2 weeks. At 38 weeks’
gestation, the patient delivered vaginally a healthy girl with Apgar scores of 10
at 1 and 5 minutes (8). A 31-year-old patient developed a pulmonary embolism
at 12 weeks’ gestation (9). The woman was initially treated with IV heparin.
However, because of continued hemodynamic deterioration, IV alteplase 100
mg over 2 hours was administered with rapid clinical improvement. SC heparin
was given for the remainder of the pregnancy. At 33 weeks’ gestation,
placental abruption was diagnosed and a cesarean section delivered a normal
2325-g female infant with Apgar scores of 7 and 8 at 1 and 5 minutes,
respectively (9). The last case report involved a 28-year-old woman who
underwent in vitro fertilization because of long-standing infertility (10).
Approximately 7 days after embryo transfer, she experienced a middle cerebral
artery thrombosis secondary to ovarian hyperstimulation syndrome induced by
the fertility medications. Treatment with 15.5 mg of intra-arterial alteplase over
68 minutes dissolved the clot but a hematoma developed in the right basal
ganglia resulting in worsening the stroke. She improved over the next 3 months
with only mild residual effects of the stroke and eventually delivered a healthy
male infant by spontaneous vaginal delivery at term (10).

A 2005 report described the use of alteplase in an 18-year-old woman with
nephritic syndrome who was treated with cyclosporine and prophylactic
enoxaparin from 9 weeks’ gestation (11). At 26 weeks’, a subtotal thrombus of
the right main renal vein was found. Enoxaparin was stopped and a continuous
infusion of alteplase and low-dose heparin was begun. After 24 hours, the
thrombus had decreased by 25%. On hospital day 7 (27 weeks’), a cesarean
section performed for a prolonged fetal heart rate deceleration delivered a 720-
g female infant with Apgar scores of 5 and 6 at 1 and 5 minutes, respectively.
Alteplase and heparin were discontinued intraoperatively. The infant, with
repeated normal head ultrasound scans, went home on the 83rd day of life with
no evidence of focal neural deficits (11).

A 2006 report described the use of alteplase in a 34-year-old woman at 10
weeks’ gestation who developed a fulminate pulmonary thromboembolism (12).
Treatment with alteplase removed most of the thrombotic material in the
pulmonary arteries. The patient was treated with heparin and then danaparoid
and gave birth to a healthy female infant at term (12).

A 1995 review found no increased risk for preterm rupture of membranes,
placental hemorrhage, or premature labor from thrombolytic agents
(streptokinase, urokinase, or alteplase) (13). In seven women administered
thrombolytic therapy before 14 weeks’ gestation, pregnancy loss occurred in



one case. Because of the small number of exposures, the concern that
thrombolytics may interfere with placental implantation cannot be completely
excluded and, indeed, one such case has been reported, although the exact
cause was not determined (13).

BREASTFEEDING SUMMARY
It is not known whether alteplase (t-PA) crosses into human milk. Because of
the nature of the indications for this agent and its very short initial half-life (<5
minutes), the opportunities for its use during lactation or the possibility of
exposure of a nursing infant is minimal.
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ALVIMOPAN
Gastrointestinal Agent (Peripheral Opioid Antagonist)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of alvimopan in human pregnancy have been
located. The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents further assessment of the risk to the
embryo–fetus. Alvimopan is available only for short-term use (15 doses or
7 days) in patients who are in hospitals registered to use the drug.
Moreover, the indication suggests that use in pregnancy will be uncommon.

FETAL RISK SUMMARY
Alvimopan, a peripheral-acting selective antagonist with high affinity for the µ-
opioid receptor, has no measurable opioid-agonist effects. It is in the same
class as methylnaltrexone, a drug used for opioid-induced constipation. It
achieves its action without reversing the central analgesic effects of µ-opioid
agonists. Alvimopan is indicated to accelerate the time to upper and lower
gastrointestinal recovery after partial large- or small-bowel resection surgery
with primary anastomosis. The agent is metabolized to an active metabolite.
Plasma protein binding to albumin of alvimopan and its metabolite is 80% and
94%, respectively. The mean terminal phase half-lives of the parent drug and
metabolite are 10–17 and 10–18 hours, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, oral and IV doses that were about 68–136 and 3.4–6.8 times,
respectively, the recommended human oral dose based on BSA (RHOD)
revealed no evidence of fetal harm. Similar findings were observed in pregnant
rabbits given IV doses that were about 5–10 times the RHOD (1).

In 2-year carcinogenicity studies, significant increases in the incidences of
fibromas, fibrosarcoma and sarcoma in the skin/subcutis, and



osteoma/osteosarcoma in bones were observed in female mice. No tumors
were observed in rats. Neither alvimopan nor its active metabolite was
genotoxic in multiple assays. No adverse effects on fertility in male and female
rats were observed with alvimopan IV doses that were about 3.4–6.8 times the
RHOD (1).

It is not known if alvimopan or its metabolite crosses the human placenta.
The molecular weight of the parent drug (about 425 for nonhydrated molecule),
and moderate plasma protein binding and long half-lives for the parent drug and
metabolite suggest that both will cross to the embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of alvimopan during human lactation have been
located. The molecular weight of the parent drug (about 425 for the
nonhydrated molecule), moderate plasma protein binding (80% parent drug;
94% active metabolite), and long half-lives (10–17 and 10–18 hours,
respectively) suggest that both alvimopan and its active metabolite will be
excreted into breast milk. The effect of this exposure on a nursing infant is
unknown.
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AMANTADINE
Antiviral/Antiparkinson
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Amantadine is teratogenic and embryotoxic in one animal species, but the
human pregnancy data are too limited for a complete risk assessment.
However, complex cardiac defects were reported in three cases, and five
other outcomes involved various malformations. The drug is best avoided in
the 1st trimester.

FETAL RISK SUMMARY
Amantadine is indicated for the treatment of Parkinson disease and for the
treatment and prophylaxis of influenza A. The plasma half-life is approximately
16–17 hours (range 10–31 hours) and the drug is moderately (about 67%)
bound to plasma proteins (1). In a 1975 correspondence, one author thought
the drug was a potential human teratogen and the absence of published reports
at the time had more to do with its infrequent use in pregnancy than to its
teratogenic potency (2).

Amantadine was teratogenic in pregnant rats at a dose that was equivalent
to the estimated human dose based on BSA conversion (EHD) of 7.1
mg/kg/day and embryotoxic at a dose that was equivalent to the EHD of 14.2
mg/kg/day. No embryo or fetal harm was observed at a dose that was
equivalent to the EHD of 5.3 mg/kg/day. No teratogenic or embryotoxic effects
were seen in pregnant rabbits given a dose that was equivalent to the EHD of
9.6 mg/kg/day (1).

No reports describing the placental passage of amantadine in humans have
been located. The low molecular weight (about 152 for the free base),
moderate plasma protein binding, and long plasma half-life suggest that the
drug will cross to the embryo–fetus.



A cardiovascular defect (single ventricle with pulmonary atresia) has been
reported in an infant exposed to amantadine during the 1st trimester (3). The
mother was taking 100 mgday for a Parkinson-like movement disorder.

A 1987 retrospective report described the use of amantadine, starting before
conception in four women, one of whom had a probable molar pregnancy (4).
In the remaining three cases, 1st trimester spotting was observed in one
(apparently normal outcome), one newborn had an inguinal hernia (also
exposed to levodopa/carbidopa), and one pregnancy aborted a fetus without
apparent anomalies at 4 months (also exposed to levodopa) (4).

A 1991 report described the outcomes of consecutive pregnancies in a
woman with multiple sclerosis who was treated with amantadine throughout
each pregnancy (5). The infants were born at 34 and 36 weeks’, respectively,
with birth weights of 2640 and 2954 g, respectively. At the time of the report,
the ages of the infants were 2.8 years and 3 months, respectively, and both
were physically and developmentally normal (5).

Tibial hemimelia and tetralogy of Fallot was reported in an infant born from a
mother exposed during early organogenesis to amantadine (6). The 37-year-old
mother had taken the drug 100 mg daily for 7 days during the fourth and sixth
postconception weeks for a para-influenza virus infection. Chromosome
analysis of the infant revealed a normal female karyotype. In addition to this
case, the investigators reported two other pregnancies exposed to amantadine
throughout, both with normal outcomes. Both children, aged 4.4 and 3.2 years,
had normal growth and development (6).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 51 newborns had
been exposed to amantadine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Five (9.8%) major birth defects were observed (2
expected). Among six categories of defects for which specific data were
available, one cardiovascular defect (0.5 expected) and one limb reduction
defect (0 expected) were observed. No cases of oral clefts, spina bifida,
polydactyly, or hypospadias were recorded. Although the incidence of defects
is high, the number of exposures is too small to draw any conclusions.

Rosa expanded the above communication with additional data in 1994 (7). In
addition to the six types of defects surveyed, brain and eye defects were
added for a new total of eight defects. Among 333,000 pregnancies, 64 had
1st trimester prescriptions for amantadine. Five defects (same as in his 1993
communication) were now linked to the drug (3.1 expected), including one
cardiovascular defect, but no limb reduction defects were found in the new



analysis. Because heart defects were common among nonexposed cases in
Medicaid data (1 in 98 births), and considering the above reports, he cautioned
that if amantadine did cause the cardiac defects, the available data suggested
that the risk was not high (7).

A retrospective cohort study, covering the period 2003–2008, described 239
pregnancies that were treated with antiviral agents during pregnancy (8). Of
these, 104 women received M2 ion channel inhibitors (rimantadine, amantadine,
or both) and 135 received oseltamivir. The pregnancy outcomes of these
patients were compared with 82,097 controls from the site’s overall obstetric
patient population. The exposure timing for the combined treated groups was
13% 1st trimester, 32% 2nd trimester, and 55% 3rd trimester. There were no
significant differences between the treated groups and controls in terms of
maternal and delivery characteristics except that M2 inhibitors had more
multiple gestations. For M2 inhibitors, oseltamivir vs. controls, there were also
no differences in stillbirths (0%, 0% vs. 1%), major defects (1% [trisomy 21],
0% vs. 2%), and minor defects (19%, 15% vs. 22%). The only significant
finding in the characteristics of liveborn, singleton neonates, after exclusion of
twins and major anomalies, was a higher risk of necrotizing enterocolitis in both
treatment groups compared to controls—1.0%, 0.8% vs. 0.02%. (8).

BREASTFEEDING SUMMARY
Amantadine is excreted into breast milk in low concentrations (1). This is
consistent with its low molecular weight (about 152 for the free base),
moderate plasma protein binding, and long plasma half-life. Although no reports
of adverse effects in nursing infants have been located, one manufacturer
recommended that the drug be used with caution in lactating mothers because
of the potential for urinary retention, vomiting, and skin rash in a nursing infant
(9). The current manufacturer recommends that amantadine should not be used
during breastfeeding (1).
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AMBENONIUM

[Withdrawn from the market. See 9th edition.]



AMBRISENTAN
Vasodilator
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ambrisentan in human pregnancy have
been located. The animal data suggest risk if the drug is used in human
pregnancy. In a black-box warning, the manufacturer classifies ambrisentan
as contraindicated in women who are or may become pregnant (1).
Pregnancy must be excluded before the initiation of therapy and women of
reproductive potential must use two reliable methods of contraception.
Monthly pregnancy tests are required. In addition, ambrisentan is available
only through a special restricted distribution program because of the dual
risk of teratogenicity and the potential for liver injury. Only physicians and
pharmacies registered in this program can prescribe and distribute the
drug.

FETAL RISK SUMMARY
Ambrisentan is an oral endothelin receptor antagonist in the same class as
bosentan. It is indicated for the treatment of pulmonary arterial hypertension
(WHO group 1) in patients with WHO class II or III symptoms to improve
exercise capacity and delay clinical worsening. The molecule is a carboxylic
acid with a pKa of 4.0 and is water soluble at higher pH. Plasma protein binding
is 99%. The terminal elimination half-life is 15 hours but the effective half-life is
9 hours (1).

Animal reproduction studies have been conducted in rats and rabbits, but the
doses used were not compared with the human dose. The drug was
teratogenic in both species causing abnormalities of the lower jaw and hard and
soft palate, malformation of the heart and great vessels, and failure of
formation of the thymus and thyroid. The malformations were similar to those
observed with other endothelin receptor antagonists and were thought to be a



class effect. In rats given doses that were 17, 51, and 170 times, respectively,
the maximum oral human dose of 10 mg based on BSA during late gestation
and through weaning, decreased newborn pup survival was observed with the
middle and high doses. The high dose was also associated with adverse
effects on testicle size and fertility of pups (1).

It is not known if ambrisentan crosses the human placenta. Although the
molecular weight (about 378) and the elimination half-life suggest that the drug
will cross the placenta, the low lipid solubility and the high plasma binding might
mitigate the amount reaching the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ambrisentan during human lactation have been
located. Although the molecular weight (about 378) and the elimination half-life
(15 hours) suggest that the drug will be excreted into breast milk, the low lipid
solubility and the high plasma binding (99%) might mitigate the amount in milk.
The effect of exposure on a nursing infant is unknown, but the potential for
toxicity is a concern. Therefore, until human data are available, the safest
course is to not breastfeed during treatment with ambrisentan.
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AMIFOSTINE
Antineoplastic Cytoprotectant
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of amifostine in human pregnancy have been
located. The animal reproduction data suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment.
However, one of the indications for amifostine is the prevention of cisplatin-
induced renal toxicity in women being treated for ovarian cancer. Thus, if a
pregnant woman requires amifostine and gives informed consent, the
maternal benefit from amifostine appears to outweigh the potential
embryo–fetal risk. If inadvertent exposure occurs during pregnancy, the
woman should be advised of the potential risk for adverse effects in the
embryo and fetus.

FETAL RISK SUMMARY
Amifostine is an organic thiophosphate cytoprotective agent that is
administered as an IV infusion. It is a prodrug that is dephosphorylated by a
tissue enzyme to the active free thiol metabolite. Amifostine is indicated to
reduce the cumulative renal toxicity associated with repeated doses of cisplatin
in patients with ovarian cancer. It also is indicated to reduce the incidence of
moderate to severe xerostomia in patients undergoing postoperative radiation
treatment for head and neck cancer, where the radiation port includes a
substantial portion of the parotid gland. Amifostine is rapidly metabolized to the
active metabolite and subsequently to a less active metabolite. The plasma
elimination half-life is very short, about 8 minutes.

Reproduction studies have been conducted in rabbits. Amifostine was
embryotoxic in pregnant rabbits at a dose that was about 60% of the
recommended human dose based on BSA (1).



Long-term studies have not been done to determine the carcinogenic or
fertility impairment potential of amifostine, but the agent was not mutagenic in
two tests. The active metabolite was mutagenic in some, but not other, tests
and was not clastogenic (1).

It is not known if amifostine crosses the human placenta. The molecular
weight of the prodrug (about 214) suggests that it will distribute to the embryo
and/or fetus, but the very short plasma elimination half-life should limit the
amount available for transfer.

BREASTFEEDING SUMMARY
No reports describing the use of amifostine during human lactation have been
located. The molecular weight of the prodrug (about 214) suggests that it will
be excreted into breast milk, but the very short plasma elimination half-life
(about 8 minutes) should limit the amount. The effects of this potential exposure
on a nursing infant are unknown. However, because the drug is given as a short
IV infusion immediately before chemotherapy or radiation, and breastfeeding
would be unlikely at this time, the risk of exposing an infant to amifostine when
nursing is later resumed appears to be nil.
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AMIKACIN
Antibiotic (Aminoglycoside)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of amikacin to congenital defects have been
located. Ototoxicity, which is known to occur after amikacin therapy in
humans, has not been reported as an effect of in utero exposure. However,
eighth cranial nerve toxicity in the human fetus is well known after exposure
to other aminoglycosides (see Kanamycin and Streptomycin) and amikacin
could potentially cause this.

FETAL RISK SUMMARY
Amikacin is an aminoglycoside antibiotic. The drug causes dose-related
nephrotoxicity in pregnant rats and their fetuses (1). Reproduction studies were
conducted in mice and rats and no evidence of impaired fertility or
teratogenicity was observed (2).

The drug rapidly crosses the placenta into the fetal circulation and amniotic
fluid (3–6). Studies in patients undergoing elective abortions in the 1st and 2nd
trimesters indicate that amikacin distributes to most fetal tissues except the
brain and cerebrospinal fluid (3,5). The highest fetal concentrations were found
in the kidneys and urine. At term, cord serum levels were one-half to one-third
of maternal serum levels whereas measurable amniotic fluid levels did not
appear until almost 5 hours after injection (4).

BREASTFEEDING SUMMARY
Amikacin is excreted into breast milk in low concentrations. After 100- and 200-
mg IM doses, only traces of amikacin could be found for 6 hours in two of four
patients (4,7). Because oral absorption of this antibiotic is poor, ototoxicity in
the infant would not be expected. However, three potential problems exist for
the nursing infant: modification of bowel flora, direct effects on the infant, and
interference with the interpretation of culture results if a fever workup is



required.
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AMILORIDE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Similar to other diuretics, amiloride does not appear to pose a risk to the
embryo–fetus when used for indications other than gestational hypertension
or preeclampsia.

FETAL RISK SUMMARY
Amiloride is a potassium-conserving diuretic. In general, diuretics are not
recommended in the treatment of gestational hypertension because of the
maternal hypovolemia characteristic of this disease.

Reproduction studies using amiloride alone in mice at 25 times the maximum
recommended human dose (MRHD) and in rabbits at 20 times the MRHD found
no evidence of fetal harm (1). The combination of acetazolamide and amiloride
was found to produce abnormal development of the ureter and kidney in fetal
mice when given at the critical moment of ureter development (2).

Amiloride crosses the placenta in modest amounts in mice and rabbits (1).
No reports describing the human placenta passage of amiloride have been
located. The molecular weight (about 230 for the free base) suggests that drug
will cross the placenta.

Seven reports of fetal exposure to amiloride have been located (3–9). In one
case, a malformed fetus was discovered after voluntary abortion in a patient
with renovascular hypertension (3). The patient had been treated during the 1st
trimester with amiloride, propranolol, and captopril. The left leg of the fetus
ended at midthigh without distal development and no obvious skull formation
was noted above the brain tissue. The authors attributed the defects to
captopril (3), but this agent is not thought to cause birth defects in the 1st
trimester.



A second case involved a 21-year-old woman with Bartter’s syndrome who
was maintained on amiloride (20–30 mg/day) and potassium chloride (160–300
mEq/day) throughout pregnancy (4). Progressive therapy with the two agents
was required to maintain normal potassium levels. Mild intrauterine growth
restriction was detected at 30 weeks’ gestation with eventual vaginal delivery of
a 2800-g female infant at 41 weeks’ gestation. No abnormalities were noted in
the infant. A normal 3500-g female infant was delivered by cesarean section at
37 weeks’ gestation from a mother who had been treated throughout
pregnancy with amiloride, hydrochlorothiazide, and amiodarone for severe
chronic atrial fibrillation (5). A second case with Bartter’s syndrome was
reported in 2004 (6). Amiloride was used throughout the pregnancy and a
healthy 3.300-kg female infant was born at term.

Two cases of Gitelman syndrome, an inherited hypokalemic salt-losing renal
tubular disorder that is closely related to Bartter’s syndrome, that were treated
with amiloride have been located (7,8). Both pregnancy outcomes were normal
babies born at 37 weeks’ gestation.

A woman with primary aldosteronism had two pregnancies that were treated
with amiloride (9). Both pregnancies ended with the birth of a healthy infant.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 28 newborns had
been exposed to amiloride during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (7.1%) major birth defects were observed
(one expected), one of which was a hypospadias. No anomalies were observed
in five other categories of defects (cardiovascular, oral clefts, spina bifida,
polydactyly, and limb reduction defects) for which specific data were available.

BREASTFEEDING SUMMARY
No reports describing the use of amiloride during human lactation have been
located. The molecular weight (about 230 for the free base) suggests that
excretion into breast milk will occur.
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AMINOCAPROIC ACID
Hemostatic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

The human pregnancy experience with this agent is too limited to assess
the embryo–fetal risk. There are no animal reproduction data to assist in an
assessment.

FETAL RISK SUMMARY
Aminocaproic acid is used to enhance hemostasis when fibrinolysis contributes
to bleeding. Animal reproduction studies have not been conducted with the drug
(1).

No reports describing the placental passage of aminocaproic acid have been
located. The molecular weight (about 131) is low enough that passage to the
fetus should be expected.

Aminocaproic acid was used during the 2nd trimester in a patient with
subarachnoid hemorrhage as a result of multiple intracranial aneurysms (2).
The drug was given for 3 days preceding surgery (dosage not given). No fetal
toxicity was observed.

BREASTFEEDING SUMMARY
No reports describing the use of aminocaproic acid during lactation have been
located. Although the molecular weight (about 131) is low enough that excretion
into breast milk should be expected, the indication for the drug probably implies
that the chance of its use during nursing is very small.
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AMINOGLUTETHIMIDE

[Withdrawn from the market. See 9th edition.]



AMINOPHYLLINE
Respiratory Drug (Bronchodilator)

See Theophylline.



AMINOPTERIN

[Withdrawn from the market. See 9th edition.]



para-AMINOSALICYLIC ACID
Antitubercular
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Reports have associated para-aminosalicylic acid with structural anomalies,
but confirming studies are required. The best course is to avoid this agent,
if possible, in the 1st trimester.

FETAL RISK SUMMARY
para-Aminosalicylic acid is a bacteriostatic agent used for the treatment of
Mycobacterium tuberculosis. It is most frequently used in combination with
other agents for the treatment of multidrug-resistant tuberculosis.

In reproduction studies with rats at doses within the human dose range,
occipital malformations were observed (1). No adverse effects on the fetus
were observed in rabbits treated with 5 mg/kg/day throughout gestation (1).

No reports describing the placental transfer of para-aminosalicylic acid have
been located. The molecular weight (approximately 153) is low enough that
passage to the fetus should be expected.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 43
of whom had 1st trimester exposure to para-aminosalicylic acid (4-
aminosalicylic acid) (2). Congenital defects were found in five infants. This
incidence (11.6%) was nearly twice the expected frequency. No major category
of malformations or individual defects were identified. An increased
malformation rate for ear, limb, and hypospadias has been reported for 123
patients taking 7–14 g/day of para-aminosalicylic acid with other antitubercular
drugs (3). An increased risk of congenital defects has not been found in other
studies (4–6).

BREASTFEEDING SUMMARY
para-Aminosalicylic acid is excreted into breast milk. In one nonbreastfeeding



patient given an oral 4-g dose of the drug, a peak milk concentration of 1.1
mcg/mL was measured at 3 hours with an elimination half-life of 2.5 hours (7).
The peak maternal plasma concentration, 70.1 mcg/mL, occurred at 2 hours.
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AMIODARONE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Fetal adverse effects directly attributable to amiodarone have been
observed. Congenital goiter/hypothyroidism and hyperthyroidism may occur
after in utero exposure. Newborns exposed to amiodarone in utero should
have thyroid function studies performed because of the large proportion of
iodine contained in each dose.

FETAL RISK SUMMARY
Amiodarone is an antiarrhythmic agent used for difficult or resistant cases of
arrhythmias. The drug contains about 75 mg of iodine per 200 mg dose (1–3).

Amiodarone was maternal and embryo toxic (increased fetal resorptions,
decreased live litter size, growth restriction, and restricted sternum and
metacarpal ossification) in rats administered an IV infusion about 1.4 times the
maximum recommended human dose based on BSA (MRHD) (4). Lower
doses, about 0.4 and 0.7 times the MRHD, produced no embryo toxicity (4). In
pregnant rabbits administered IV doses about 0.1, 0.3, and 0.7 times the
MRHD, embryo toxicity was observed at 0.3 times the MRHD and above. At
about 2.7 times the MRHD, >90% of the animals aborted. No teratogenic
effects were observed in any of the rabbit groups (4).

Amiodarone and its metabolite, desethylamiodarone, cross the placenta to
the fetus (1–3,5–9). In the 10 infants described in these reports, cord blood
concentrations of the parent compound were 0.05–0.35 mcg/mL, representing
cord:maternal ratios of 0.10–0.28 in nine cases (1–3,5–9) and 0.6 in one case
(9). Cord blood concentrations of the metabolite varied between 0.05 and 0.55
mcg/mL, about one-fourth of the maternal levels in 9 of the 10 cases. In one
study, the amount of amiodarone crossing the placenta to the fetus was
dependent on the degree of hydrops fetalis (10). The expected fetal
concentrations of the drug were not achieved until substantial compensation of



the fetus had occurred.
In 22 cases of amiodarone therapy during pregnancy, the antiarrhythmic was

administered for maternal indications (1–3,5,7–9,11–16). One patient in the last
3 months of pregnancy was treated with 200 mg daily for resistant atrial
tachycardia (1). She delivered a 2780-g female infant at 40 weeks’ gestation.
Both the mother and the infant had a prolonged QT interval on
electrocardiogram (ECG). A second woman was also treated by these
investigators under similar conditions. Both infants were normal (infant sex,
weight, and gestational age were not specified for the second case), including
having normal thyroid function. In another report, a woman was treated at 34
weeks’ gestation when quinidine failed to control her atrial fibrillation (2). After
an initial dose of 800 mg/day for 1 week, the dose was decreased to
400 mg/day and was continued at this level until delivery at 41 weeks’
gestation. The healthy 3220-g infant experienced bradycardia during labor
induction (104–120 beats/minute [bpm]) and during the first 48 hours after birth.
No other adverse effects were observed in the infant, who had normal thyroid
and liver function tests. A woman was treated during the 37th–39th weeks of
pregnancy with daily doses of 600, 400, and 200 mg, each for 1 week, for
atrial tachycardia that was resistant to propranolol, digoxin, and verapamil (3).
No bradycardia or other abnormalities were noted in the newborn. The infant’s
thyroid-stimulating hormone (TSH) level on the 4th day was 9 mU/L, a normal
value. Goiter was not observed and the infant was clinically euthyroid.

A 1985 report described the treatment of two women with amiodarone for
maternal heart conditions (5). One of these patients, a 31-year-old woman with
atrial fibrillation, was treated with amiodarone, 200 mg/day, and diuretics
throughout gestation. She delivered a healthy 3500-g female without goiter or
corneal changes at 37 weeks’ gestation. A cord blood thyroxine (T4) level was
elevated (209 nmol/L) and was still elevated 1 week later (207 nmol/L), but
TSH concentrations at these times were 3.2 mU/L and <1 mU/L (both normal),
respectively. The second woman, a 27-year-old primigravida, was treated with
amiodarone, 400–800 mg/day, starting at 22 weeks’ gestation. Fetal
bradycardia, 100–120 bpm, was observed at approximately 33 weeks’
gestation. Spontaneous labor ensued at 39 weeks with delivery of a healthy
2900-g male. Thyroid function studies were not reported, but the neonatal
examinations were normal (5).

A woman in her 16th week of pregnancy presented with severe atrial
fibrillation (7). She was treated with amiodarone, 800 mg/day for 1 week
followed by 200 mg/day for the remainder of her pregnancy (7). She delivered



a growth-restricted 2660-g male in the 39th week of gestation who had no
goiter and whose free T4 index, serum-free triiodothyronine (T3), and serum
TSH concentrations were all within normal limits. An ECG at 1 day of age
showed a prolonged QT interval. Follow-up of the infant at 6 months was
normal.

A healthy 3650-g male infant was delivered at term from a mother who had
taken 200–400 mg/day of amiodarone throughout gestation (8). The infant’s
thyroid function was normal at birth; no goiter or corneal deposits were noted;
and subsequent growth and thyroid function remained within normal limits. In
another case, a woman was treated with propranolol and amiodarone, 400
mg/day for 4 days each week, throughout gestation (11). A healthy 2670-g
female infant was delivered, but the gestational age was not specified. No
goiter or corneal microdeposits were present in the infant and clinically she was
euthyroid. The T4 and TSH levels in cord blood were both normal although a
total serum iodine level (290 mcg/dL) was markedly elevated (normal 5.5–17.4
mcg/dL).

A 1991 report described the use of amiodarone in one woman with a history
of symptomatic ventricular arrhythmia, and mitral and tricuspid valve prolapse
through two complete pregnancies (12). She also had a history of right upper
lobectomy for drug-resistant pulmonary tuberculosis. She was treated with 400
mg/day of amiodarone during the first 12 weeks of gestation of one pregnancy
before the dose was reduced to 200 mg/day. She continued this dose during
the remainder of this pregnancy and through a successive pregnancy. One of
the newborns, a 2500-g female delivered at 38 weeks’ gestation, was growth-
restricted. The second infant, a 2960-g male, was delivered prematurely at
35.5 weeks’ gestation. Except for the growth restriction in the one infant, the
newborns were physically normal and had no clinical or biochemical signs of
hypothyroidism (12). The concentrations of amiodarone and its metabolite
desethylamiodarone were <0.3 mcg/mL in the first-born infant (not determined
in the second newborn).

In two other reports, treatment was begun at 25 and 32 weeks’ gestation
(13,14). Delivery occurred at 31 weeks in one case (sex and birth weight not
given), and the infant died 2 days after delivery (13). In the second report, the
infant (sex and birth weight not given) was born at 37 weeks’ gestation (14).
Amiodarone and desethylamiodarone concentrations in the cord blood were 0.1
and 0.2 mcg/mL, respectively. The drug and its metabolite were not detected in
the infant’s serum at 3 and 6 days after birth. A prolonged QT interval was
observed on the infant’s ECG.



Five pregnancies in four women treated with amiodarone for various cardiac
arrhythmias were described in a 1992 reference (9). The drug was used
throughout gestation in four pregnancies and during the last 6 weeks in a fifth.
One infant delivered at 34 weeks’ gestation was growth-restricted (birth
weight, length, and head circumference were all at the 10th percentile or less),
but the other four newborns were of normal size. No adverse effects—such as
goiter, corneal microdeposits, pulmonary fibrosis, and dermatologic or
neurologic signs—were observed (9). The infants were clinically euthyroid, but
one of the five newborns had transient biochemical signs of hypothyroidism (low
T4 concentration) that responded to treatment. This latter infant, whose mother
had taken the β-blocker, metoprolol, throughout gestation and amiodarone only
during the last 6 weeks, had delayed motor development and impaired speech
performance at 5 years of age. He had been delivered at 40 weeks’ gestation
with a birth weight of 2880 g (10th percentile) and a length of 50 cm (50th
percentile). The other four infants had normal follow-up examinations at periods
ranging from 8 months to 5 years.

Congenital hypothyroidism with goiter was described in a growth-restricted
2450-g male newborn whose mother had taken 200 mg/day of amiodarone
from the 13th week of gestation until delivery at 38 weeks for treatment of
Wolff-Parkinson-White syndrome (15). The mother had no signs or symptoms
of hypothyroidism. Thyroid tests of cord blood revealed a TSH level of >100
mU/L (normal 10–20 mU/L), a T4 level of 35.9 mcg/L (normal 60–170 mcg/L),
and no thyroid antibodies. In addition to a homogeneous goiter, the newborn
had persistent hypotonia and bradycardia, large anterior and posterior
fontanels, and macroglossia, but no corneal microdeposits. The bradycardia
resolved after several days. Greater than normal amounts of urinary iodine
were measured from birth (144 mcg/dL; normal <15 mcg/dL) until the sixth
week of life. The infant’s plasma concentrations of amiodarone and
desethylamiodarone on day 5 were 140 and 260 ng/mL, respectively, and were
still detectable after 1 month. His bone age at birth and at 20 months of age
was estimated to be 28 weeks and 12 months, respectively. Treatment with
levothyroxine during the first 20 months resulted in the complete disappearance
of the goiter at about 3 months of age, but his psychomotor development was
held back.

A 1994 report described three pregnancies in two women who were being
treated with amiodarone (16). Recurrent ventricular fibrillation was treated in
one woman with an implanted defibrillator and amiodarone, 400 mg/day. She
became pregnant 4 years after beginning this therapy and eventually delivered



a premature, 2540-g male infant at 35 weeks’ gestation with a holosystolic
murmur and an umbilical hernia. At 2 weeks of age, the infant experienced mild
congestive heart failure with labored breathing. A large midmuscular ventricular
septal defect, with marked left ventricular and left atrial dilatation and left
ventricular hypertrophy, was observed by echocardiogram (16). The defect
was still present at 21 months of age. A second pregnancy in this woman, at
the same amiodarone dose, was electively terminated at approximately 11
weeks’ gestation. The thorax and limbs of the fetus were normal and contained
1.55 and 5.8 mcg/g of amiodarone and desethylamiodarone, respectively. The
second woman had been treated with amiodarone, 600 mg/day, for 2 years for
recurrent sustained ventricular tachycardia (Chagas disease) before
conception. She eventually delivered a term 3300-g male infant with mild
bradycardia (110 bpm) at birth. Both liveborn infants were clinically euthyroid
without goiter or corneal changes.

Six cases of amiodarone therapy for refractory fetal tachycardia have been
described in the literature (6,10,17–20). In the first of these, a fetus at 27
weeks’ gestation experienced tachycardia (260 bpm) that was unresponsive to
digoxin and propranolol (17). Lidocaine and procainamide lowered the heart
rate somewhat but were associated with unacceptable maternal toxicity.
Amiodarone combined with verapamil was successful in halting the tachycardia
and reversing the signs of congestive heart failure. An amiodarone maintenance
dose of 400 mg/day was required for control. Spontaneous labor occurred
after 39 days of therapy, with delivery of a 2700-g male infant at 33 weeks’
gestation. Atrial flutter with a 2:1 block and a ventricular rate of 200 bpm were
converted on the third day by electrical cardioversion. No adverse effects from
the drug therapy were mentioned.

A fetus with supraventricular tachycardia (220 bpm) showed evidence of
congestive heart failure at 32 weeks’ gestation (6). Maternal therapy with
digoxin alone or in combination with sotalol (a β-blocker) or verapamil failed to
stop the abnormal rhythm. Digoxin was then combined with amiodarone, 1600
mg/day for 4 days, then 1200 mg/day for 3 days, then 800 mg/day for 6
weeks. The fetal heart rate fell to 140 bpm after 14 days of therapy, and the
signs of congestive heart failure gradually resolved. Neonatal thyroid indices at
birth (about 38 weeks’ gestation) and at 1 month were as follows (normal
values are shown in parentheses): free T3 index, 3.4 and 5.6 pmol/L (4.3–8.6
pmol/L); free T4 index, 5.4 and 25 pmol/L (9–26 pmol/L); T3, 1.7 and 2.7
nmol/L (1.2–3.1 nmol/L); T4, 196 and 300 nmol/L (70–175 nmol/L); and TSH,
30 and 4.12 mU/L (<5 mU/L). The elevated T4 level returned to normal at a



later unspecified time. It was not mentioned whether a goiter was present at
birth. At 10 months of age, all thyroid function tests were within normal limits.

A third case involved a fetus at 30 weeks’ gestation with tachycardia (220
bpm) and congestive heart failure that had not responded to digoxin and
propranolol (18). At 32 weeks’ gestation, digoxin and amiodarone lowered the
rate to 110–180 bpm with improvement in the congestive failure. Amiodarone
was given at 1200 mg/day for 3 days, then 600 mg/day until delivery 3 weeks
later. The newborn had tachycardia of up to 200 bpm that was treated with
digoxin, furosemide, and propranolol. Hypothyroidism was diagnosed based on
the presence of a goiter and abnormal thyroid tests (normal values are in
parentheses): T4, 48 mcg/mL (70–180 mcg/mL); free T4, 0.5 mcg/mL (>1.5
mcg/mL); and TSH, >240 mU/L (<30 mU/L). The infant was treated with 10
mcg/day of T4 until 3 months of age, at which time his cardiac and thyroid
functions were normal. Follow-up at 15 months was normal.

A 27-week fetus with refractory supraventricular tachycardia and hydrops
fetalis was treated with repeated injections of amiodarone into the umbilical
vein after maternal therapy with amiodarone, and multiple other antiarrhythmic
drugs failed to resolve the fetal condition (10). Subtherapeutic transplacental
passage of amiodarone and digoxin was documented that did not improve until
substantial resolution of the hydrops had occurred with direct administration of
amiodarone to the fetus. A male infant was delivered at 37 weeks’ gestation
because of growth restriction, but thyroid function and other tests were within
normal limits, and no corneal deposits were observed.

In a similar case, a 27-week fetus with severe hydrops secondary to
congenital sinoatrial disease-induced sinus bradycardia and atrial flutter was
treated with amiodarone via the IV, intraperitoneal, and transplacental routes
(19). Prior maternal therapy with oral sotalol and flecainide had failed to
reverse the worsening right heart failure. A 15-mg IV dose was administered to
the fetus concurrently with initiation to the mother of 200 mg orally every 8
hours. Approximately 24 hours later, an additional 15-mg dose of amiodarone
was given intraperitoneally to the fetus. The fetal ascites resolved over the next
3 weeks. A 2686-g female infant in good condition was eventually delivered at
37 weeks’ gestation. Cardiac function was normal in the neonatal period and at
3-month follow-up, as were thyroid tests at 6 days of age.

A 1994 report described the use of amiodarone, 1600 mg/day (25
mg/kg/day), for the treatment of fetal supraventricular tachycardia that had
failed to respond to flecainide at 33 weeks’ gestation (20). The tachycardia
recurred 2 weeks later and a cesarean section was performed under epidural



anesthesia with lidocaine to deliver a 3380-g male infant (follow-up of the infant
not specified).

A historic cohort study, first published as an abstract (21) and then as a full
report (22), described the fetal effects of maternal treatment with amiodarone.
Twelve women, with various heart conditions requiring amiodarone therapy,
were treated with individualized therapeutic doses (mean dose 321 mg/day)
during gestation. Seven patients were treated throughout their pregnancies with
one suffering a spontaneous abortion at 10 weeks. β-Blockers were used
concurrently in the six pregnancies that delivered live newborns, but in one the
β-blocker was stopped after 14 weeks. In the other five women, treatment with
amiodarone was begun in the 2nd or 3rd trimester, and concurrent β-blockers
were used in three for various intervals. The 11 infants were delivered at term
(>37 weeks’ gestation). Amiodarone was detected in two of three cord blood
samples. The level in one was 0.2 mcg/mL (maternal serum not detectable),
and the cord blood level in the other was 21.3% of the maternal concentration.
One of the newborns was hyperthyroid (asymptomatic, transient) and one was
hypothyroid. Fetal bradycardia occurred in three of the infants, two of whom
had been exposed to β-blockers (acebutolol and propranolol). Four infants
were small for gestational age (<3rd percentile corrected for gestational age)
and three of these had been exposed to β-blockers throughout pregnancy. Two
infants had birth defects, only one of whom had been exposed during the 1st
trimester. This infant had congenital jerk nystagmus with synchronous head
titubation (exposed to amiodarone and propranolol throughout, and quinidine
during the 1st 3 weeks). The other newborn had hypotonia, hypertelorism, and
micrognathia (exposed to amiodarone from the 20th week, atenolol from 18 to
20 weeks, and phenoxybenzamine during week 39), as well as delayed motor
development assessed at 18 months (normal speech but milestone delay of
about 3 months as indicated by lifting head, sitting unaided, crawling, standing,
and walking). The child’s birth weight and Apgar scores had been normal for
gestational age and his neonatal course, other than a meconium plug, had been
unremarkable. Other than this case, the other exposed infants had normal
development (mean age at follow-up 30 months, range 0 months to 11.5 years)
(22).

Congenital defects have been observed in two newborns, but any association
between amiodarone and the defects may be fortuitous. Ventricular septal
defects reportedly occur at an incidence of 1–3/1000 live births (16). The
transient bradycardia and prolonged QT interval observed in some amiodarone-
newborns are direct effects of the drug but apparently lack clinical significance.



Intrauterine growth restriction occurs frequently in infants exposed in utero to
amiodarone, but it is uncertain whether this is a consequence of amiodarone,
the mother’s disease, other drug therapy (such as β-blockers), or a
combination of these and other factors. Growth restriction has also been
observed in animal studies. Because of the above outcomes and the limited
data available, the drug should be used cautiously during pregnancy. As a
result of the potential for fetal and newborn toxicity, it is not recommended as a
first-line drug in uncomplicated cases of fetal supraventricular tachycardia (23).

Following chronic administration, amiodarone has a very long elimination half-
life of 14–58 days (24). Therefore, the drug must be stopped several months
before conception to avoid exposure in early gestation. A 1987 review of the
management of cardiac arrhythmias during pregnancy recommends that
amiodarone be restricted to refractory cases (25). Similarly, a 1992 review of
maternal drug therapy for fetal disorders suggests caution, if it is used at all,
before amiodarone is prescribed during pregnancy (26).

BREASTFEEDING SUMMARY
Amiodarone is excreted into breast milk (2,3,8,9). The drug contains about 75
mg of iodine/200 mg dose (2,3,5). One woman consuming 400 mg/day had
milk levels of amiodarone and its metabolite, desethylamiodarone (activity
unknown), determined at varying times between 9 and 63 days after delivery
(2). Levels of the two substances in milk were highly variable during any 24-
hour period. Peak levels of amiodarone and the metabolite ranged from 3.6 to
16.4 and from 1.3 to 6.5 mcg/mL, respectively. The milk:plasma ratio of the
active drug at 9 weeks postpartum ranged from 2.3 to 9.1 and that of
desethylamiodarone from 0.8 to 3.8. The authors calculated that the nursing
infant received about 1.4–1.5 mg/kg/day of active drug. Plasma levels of
amiodarone in the infant remained constant at 0.4 mcg/mL (about 25% of
maternal plasma) from birth to 63 days. In a second case, a mother taking 200
mg/day did not breastfeed, but milk levels of the drug and the metabolite on the
second and third days after delivery were 0.5–1.8 and 0.4–0.8 mcg/mL,
respectively (3). A mother taking 400 mg/day had milk concentrations of
amiodarone and the metabolite during the first postpartum month ranging from
1.06 to 3.65 and from 0.50 to 1.24 mcg/mL, respectively (8). No adverse
effects were observed in her nursing infant.

Mothers of three breastfeeding infants had taken amiodarone, 200 mg/day,
during pregnancy and continued the same dose in the postpartum period (9).
Milk concentrations of the drug at various times after delivery in the three



mothers were 1.70 (2 days postpartum) and 3.04 mcg/mL (3 weeks
postpartum), 0.55 (4 weeks postpartum) and 0.03 mcg/mL (6 weeks
postpartum), and 2.20 mcg/mL (at birth), respectively. The milk:plasma ratios
at these times varied widely from 0.4 to 13.0, as did the milk concentrations of
the metabolite (0.002–1.81 mcg/mL). Two of the infants had concentrations of
amiodarone in their plasma of 0.01–0.03 mcg/mL.

Although no adverse effects were observed in the one breastfed infant,
relatively large amounts of the drug and its metabolite are available through the
milk. Amiodarone, after chronic administration, has a very long elimination half-
life of 14–58 days in adults (24). Data in pediatric patients suggest a more
rapid elimination, but the half-life in newborns has not been determined. The
effects of chronic neonatal exposure to this drug are unknown. Because of this
uncertainty and because of the high proportion of iodine contained in each dose
(see also Potassium Iodide), breastfeeding is not recommended if the mother
is currently taking amiodarone or has taken it chronically within the past several
months.

The American Academy of Pediatrics, noting that hypothyroidism is a
potential complication, classifies amiodarone as a drug for which the effect on
nursing infants is unknown but may be of concern (27).
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AMITRIPTYLINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although occasional reports have associated the therapeutic use of
amitriptyline with congenital malformations, the bulk of the evidence
indicates that these widely used drugs are relatively safe during pregnancy.
The single case of gross overdose is suggestive of an association between
amitriptyline, perphenazine, or both, and malformations, but without
confirming evidence no conclusions can be determined. Because of the
experience with tricyclic antidepressants, one review recommended that
they were preferred during gestation over other antidepressants (1).

FETAL RISK SUMMARY
Two reviews found reports of amitriptyline-induced teratogenicity in animals:
encephaloceles and bent tails in hamsters (2) and skeletal malformations in rats
(1). However, reproduction studies conducted by the manufacturer in mice,
rats, or rabbits with oral doses up to 13 times the maximum recommended
human dose revealed no evidence of teratogenicity (3). The manufacturer does
cite the teratogenicity of amitriptyline in mice, hamsters, rats, and rabbits when
higher doses were used (3).

The manufacturer states that amitriptyline crosses the placenta (3). The
relatively low molecular weight (approximately 314) is consistent with this
finding.

In humans, limb reduction anomalies have been reported with amitriptyline
(4,5). However, analysis of 522,630 births, 86 with 1st trimester exposure to
amitriptyline, did not confirm an association with this defect (6–13). Reported
malformations other than limb reduction defects after therapeutic dosing
included: micrognathia, anomalous right mandible, left pes equinovarus (1
case); swelling of hands and feet (1 case); hypospadias (1 case); and bilateral



anophthalmia (1 case) (8,12–14).
A case of maternal suicide attempt with a combination of amitriptyline (725

mg) and perphenazine (58 mg) at 8 days’ gestation was described in a 1980
abstract (15). An infant was eventually delivered with multiple congenital
defects. The abnormalities included microcephaly, “cotton-like” hair with
pronounced shedding, cleft palate, micrognathia, ambiguous genitalia, foot
deformities, and undetectable dermal ridges (15).

Thanatophoric dwarfism was found in a stillborn infant exposed throughout
gestation to amitriptyline (>150 mg/day), phenytoin (200 mg/day), and
phenobarbital (300 mg/day) (16). The cause of the malformation could not be
determined, but both drug and genetic etiologies were considered.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 467 newborns had
been exposed to amitriptyline during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 25 (5.4%) major birth defects were
observed (20 expected). Specific data were available for six defect categories,
including (observed/expected) 6/5 cardiovascular defects, 0/1 oral clefts, 0/0
spina bifida, 2/1 polydactyly, 2/1 limb reduction defects, and 1/1 hypospadias.
These data do not support an association between the drug and the defects.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (17). Multiple drug therapy occurred in
about two-thirds of the mothers. Amitriptyline (118 exposures; one set of twins)
was the second most commonly used tricyclic antidepressant. The outcomes of
these pregnancies were 18 elective abortions, 10 spontaneous abortions, 2
stillbirths, 79 normal newborns (including 7 premature infants), 5 normal infants
with neonatal disorders, 4 infants with congenital defects, and 1 premature
infant with other complications. The defects (all exposed in the 1st trimester or
longer) were small ventricular septal defect; single palmar crease and small
palpebral fissure; facial microangioma and right hydrocele (exposed also to
clobazam, as well as diphtheria, tetanus, and typhoid vaccines); and facial
muscle asymmetry and glucose-6-phosphate dehydrogenase (G6PD)
deficiency (exposed also to clonazepam and oxazepam) (17).

Neonatal withdrawal after in utero exposure to other antidepressants (see
Imipramine), but not with amitriptyline, has been reported. However, the
potential for this complication exists because of the close similarity among
these compounds. Urinary retention in the neonate has been associated with
maternal use of nortriptyline, an amitriptyline metabolite (see Nortriptyline) (18).



A 2002 prospective study compared two groups of mother–child pairs
exposed to antidepressants throughout gestation (46 exposed to tricyclics—18
to amitriptyline; 40 to fluoxetine) to 36 nonexposed, not depressed controls
(19). Offspring were studied between the ages 15 and 71 months for effects of
antidepressant exposure in terms of IQ, language, behavior, and temperament.
Exposure to antidepressants did not adversely affect the measured
parameters, but IQ was significantly and negatively associated with the
duration of depression, and language was negatively associated with the
number of depression episodes after delivery (19).

BREASTFEEDING SUMMARY
Amitriptyline and its active metabolites are excreted into breast milk (20–24). A
recent study has measured the amount of a second active metabolite, E-10-
hydroxynortriptyline, in milk (23).

Serum and milk concentrations of amitriptyline in one patient were 0.14 and
0.15 mcg/mL, respectively, a milk:plasma ratio of 1.0 (20). No drug was
detected in the infant’s serum. In another patient, it was estimated that the
baby received about 1% of the mother’s dose (22). No clinical signs of drug
activity were observed in the infant.

In another study, the mother was treated with 175 mg/day of amitriptyline
(23). Milk and maternal serum samples were analyzed for active drug and
active metabolites on postpartum days 1–26. Amitriptyline serum levels ranged
from 24 (day 1) to 71 ng/mL (days 3–26), whereas those in the milk ranged
from 24 ng/mL (day 1) to only 54% of the serum levels on days 2–26.
Nortriptyline serum levels ranged from 17 (day 1) to 87 ng/mL (day 26) with
milk levels 74% of those in the serum. Mean concentration of the second
metabolite, E-10-hydroxynortriptyline, was 127 ng/mL (days 1–26) in the serum
and 70% of that in the milk. The total dose (parent drug plus metabolites)
consumed by the male infant on day 26 was estimated to be 35 mcg/kg (80
times lower than the mother’s dose). The compounds were not detected in the
nursing infant’s serum on day 26 and no adverse effects, including sedation,
were observed in him (23).

Ten nursing infants of mothers taking antidepressants (two with amitriptyline
100–175 mg/day) were compared with 15 bottle-fed infants of mothers with
depression who did not breastfeed (24). Concentrations of clomipramine in
fore- and hind-milk were 30 ng/mL (one patient) and 113 and 197 ng/mL (two
patients), respectively. The milk:maternal plasma ratios were 0.2 and 0.9,
respectively. One infant had a plasma level of 7.5 ng/mL when the mother was



taking 100 mg/day. No toxic effects or delays in development were observed in
the infants. The estimated daily dose consumed by the infants was about 1% of
the mother’s weight-adjusted dose (24).

A 1996 review of antidepressant treatment during breastfeeding found no
information that amitriptyline exposure of the infant during nursing caused
adverse effects (25).

Although amitriptyline and its metabolite have not been detected in infant
serum, the effects of exposure to small amounts in the milk are unknown (26).
The American Academy of Pediatrics classifies amitriptyline as a drug whose
effect on the nursing infant is unknown but may be of concern (27).
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AMLODIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Three reports, totaling five pregnancies, have described the use of
amlodipine in human pregnancy. The outcomes of these pregnancies were
two normal term-infants, one growth-restricted newborn (no relationship to
drug because of timing of exposure), one fetal death (cause unknown, but
possibly related to other exposures), and one neonate with a rare skin
disease (doubtful relationship to drug).

FETAL RISK SUMMARY
Amlodipine is a calcium channel blocking agent used in the treatment of
hypertension and angina. It is the same calcium channel blocker subclass as
nine other agents (see Appendix). Amlodipine is extensively converted to
inactive metabolites. Plasma protein binding is about 93% and the terminal
elimination half-life is about 30–50 hours (1).

The drug is not teratogenic or embryotoxic in rats and rabbits given doses up
to 8 and 23 times, respectively, the maximum recommended human dose
based on BSA (MRHD) during organogenesis. However, rats administered 8
times the MRHD for 14 days before mating and throughout gestation had a
significant decrease in litter size (by about 50%), a significant increase in
intrauterine deaths (about fivefold), and prolonged labor and gestation. This
dose, however, had no effect on fertility in the rat (1).

It is not known if amlodipine crosses the human placenta. The molecular
weight (about 567 for the besylate salt) and the long terminal elimination half-
life suggest that it will cross to the embryo–fetus.

A 1998 case report described an unusual condition in a neonate whose
mother had been treated for hypertension with amlodipine throughout gestation



(2). The 3.97-kg male infant had been born at 39 weeks’ with meconium
staining of the amniotic fluid at Apgar scores of 3 and 8 at 1 and 5 minutes,
respectively, and required oxygen therapy. At 24 hours of age, the infant
developed firm, red, pea-sized nodular lesions over most of his body. The skin
lesions were extremely tender requiring morphine analgesia. A skin biopsy
revealed needle-like crystals within adipocytes of the SC fat. On the second
day of life, he had two generalized tonic–clonic seizures. Although his general
clinical condition improved over the 1st week of life with no further seizures, the
skin changes, diagnosed as SC fat necrosis of the newborn, persisted until 9
months of age. The cause of the infant’s condition was unknown (2).

A 2007 report described three hypertensive women exposed to amlodipine in
the 1st trimester (3). In the first case, the mother took amlodipine 5 mg/day
until 7 weeks’ gestation and then declined further treatment. Her blood pressure
remained in good control throughout gestation. At about 38 weeks, she
delivered a healthy, 3750-g female infant with Apgar scores of 9 and 10 at 1
and 5 minutes, respectively. The infant was healthy at 3 months of age with
normal development (see also Breastfeeding Summary). The second case
involved treatment with amlodipine until about 2 weeks’ gestation at which time
the therapy was changed to atenolol 50 mg/day. Just before the seventh week
the woman declined further treatment. Her blood pressure remained in good
control throughout pregnancy. The growth-restricted (2600 g; <10th percentile),
but otherwise-normal female infant was born at about 39 weeks’ with Apgar
scores of 8 and 9 at 1 and 5 minutes, respectively. At 20 months of age, the
10-kg child was still growth-restricted, and intellectual delay and weakness in
the left arm and hand grasp were noted. The cause of the condition was
unknown but not thought to be related to the drug therapy. The third case
involved a woman with polycystic kidney disease and hypertension that was
being treated with imidapril 5 mg/day (an ACE inhibitor) and barnidipine 10
mg/day (a calcium channel blocker) in an unknown pregnancy. Because of
uncontrolled blood pressure, her therapy was changed at about 8 weeks’ to
amlodipine 5 mg/day. The mother also was taking sucralfate for acute gastritis
and lorazepam for anxiety, and reported occasional use of 1 ounce of alcohol.
At 12 weeks’, an ultrasound revealed no cardiac activity and she underwent
dilatation and evacuation of a dead fetus (3).

A 26-year-old woman with pulmonary arterial hypertension conceived while
taking amlodipine (dose not specified) and warfarin (4). Warfarin was
discontinued (exact gestational timing not specified) and replaced with
enoxaparin. The patient remained on amlodipine and enoxaparin throughout



pregnancy. At about 38 weeks’, a cesarean section was performed to deliver a
3123-g male infant with Apgar scores of 9 and 9. The infant went home with his
mother, and no other information was provided on the infant (4).

BREASTFEEDING SUMMARY
The molecular weight (about 567 for the besylate salt) and the long terminal
elimination half-life (30–50 hours) suggest that it will be excreted into breast
milk. The effect of this exposure on a nursing infant is unknown. However, no
adverse effects were reported in the case below.

A mother 2 weeks postpartum, who was exclusively breastfeeding her infant,
was restarted on amlodipine 5 mg/day to control her hypertension (3). At 3
months of age, the healthy female infant weighed 6.3 kg (25th–50th percentile)
and had normal physical and neurodevelopment.

Although not mentioning amlodipine, the American Academy of Pediatrics
classifies nifedipine, another calcium channel blocker, as compatible with
breastfeeding (5).
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AMMONIUM CHLORIDE
Respiratory Drug (Expectorant), Urinary Acidifier
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the data are limited and there are no animal reproduction data,
there is no evidence suggesting that usual doses of ammonium chloride
present an embryo or fetal risk.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 365
of whom had 1st trimester exposure to ammonium chloride as an expectorant in
cough medications (1, pp. 378–381). For use anytime during pregnancy, 3401
exposures were recorded (1, p. 442). In neither group was evidence found to
suggest a relationship to large categories of major or minor malformations.
Three possible associations with individual malformations were found but
independent confirmation is required to determine the actual risk: inguinal hernia
(1st trimester only) (11 cases); cataract (6 cases); and any benign tumor (17
cases) (1, pp. 478, 496)

When consumed in large quantities near term, ammonium chloride may cause
acidosis in the mother and the fetus (2,3). In some cases, the decreased pH
a nd pCO2, increased lactic acid, and reduced oxygen saturation were as
severe as those seen with fatal apnea neonatorum. However, the newborns did
not appear in distress.

BREASTFEEDING SUMMARY
No reports describing the use of ammonium chloride during lactation have been
located.
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AMOBARBITAL
Sedative/Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the data are limited, there is evidence of structural anomalies in
newborns exposed to amobarbital during organogenesis. The absolute risk
is unknown but may be low. The drug also is eliminated slowly in newborns.
If possible, the drug should be avoided during organogenesis and near
delivery.

FETAL RISK SUMMARY
Amobarbital is a member of the barbiturate class. The drug crosses the
placenta, achieving levels in the cord serum similar to those in the maternal
serum (1,2). Single or continuous dosing of the mother near term does not
induce amobarbital hydroxylation in the fetus as demonstrated by the prolonged
elimination of the drug in the newborn (half-life 2.5 times maternal). An increase
in the incidence of congenital defects in infants exposed in utero to amobarbital
has been reported (3,4, pp. 336, 344). In one survey of 1369 patients exposed
to multiple drugs, 273 received amobarbital during the 1st trimester (3). Ninety-
five of the exposed mothers delivered infants with major or minor abnormalities.
Malformations associated with barbiturates, in general, were as follows:



The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 298
of whom had 1st trimester exposure to amobarbital (4, pp. 336, 344). For use
anytime during pregnancy, 867 exposures were recorded (4, p. 438). A
possible association was found between the use of the drug in the 1st trimester
and the following: cardiovascular malformations (7 cases), polydactyly in blacks
(2 cases in 29 blacks), genitourinary malformations other than hypospadias (3
cases), inguinal hernia (9 cases), and clubfoot (4 cases).

In contrast to the above reports, a 1964 survey of 187 pregnant patients who
had received various neuroleptics, including amobarbital, found a 3.1%
incidence of malformations in the offspring (5). This is approximately the
expected incidence of abnormalities in a nonexposed population. Arthrogryposis
and multiple defects were reported in an infant exposed to amobarbital during
the 1st trimester (6). The defects were attributed to immobilization of the limbs
at the time of joint formation, multiple drug use, and active tetanus.

BREASTFEEDING SUMMARY
No reports describing the use of amobarbital during lactation have been
located. Similar to other barbiturates, the drug probably is excreted into breast
milk. The effects of this exposure are unknown, but toxicity is possible (e.g.,
see Phenobarbital).
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AMOXAPINE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal data suggest risk, but the human pregnancy experience is too
limited to assess the embryo–fetal risk. Until such data are available, the
safest course may be to avoid amoxapine during organogenesis.

FETAL RISK SUMMARY
No published reports linking the use of amoxapine with congenital defects have
been located. Reproductive studies in mice, rats, and rabbits have found no
teratogenicity, but embryotoxicity was observed in rats and rabbits given oral
doses approximating the human dose (1). Intrauterine death, stillbirths,
decreased weight, and decreased neonatal survival (days 0–4) were seen with
oral doses at 3–10 times the human dose.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 19 newborns had
been exposed to amoxapine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (15.8%) major birth defects were observed
(one expected). Data on the specific types of defects were not available, but
no cases of cardiovascular defects, oral clefts, spina bifida, polydactyly, limb
reduction defects, and hypospadias were observed. Although the total
incidence of anomalies is high, the number of exposures is too small to draw a
conclusion.

BREASTFEEDING SUMMARY
Amoxapine and its metabolite are excreted into breast milk. A 29-year-old
woman suffering from depression was treated with approximately 250 mg/day
of amoxapine (2). She developed galactorrhea and oligomenorrhea. Milk



samples were collected after 10 and 11 months of therapy and analyzed for
amoxapine and the active metabolite, 8-hydroxyamoxapine. The levels of the
parent compound at the sample collection times were both <20 ng/mL, but the
metabolite was present in both samples, 45 minutes after the last dose at 10
months and 11.5 hours after the last dose at 11 months. Levels of the active
metabolite at these times were 113 and 168 ng/mL, respectively. A venous
blood specimen obtained simultaneously with the first milk sample had
concentrations of amoxapine and 8-hydroxyamoxapine of 97 and 375 ng/mL,
respectively. The American Academy of Pediatrics classifies amoxapine as a
drug whose effect on the nursing infant is unknown but may be of concern (3).
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AMOXICILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Penicillins are generally considered low risk at any stage of pregnancy.
This assessment may have to be modified for the aminopenicillins
(ampicillin and amoxicillin) because there is some evidence that exposure to
these two antibiotics during organogenesis is associated with oral clefts
(see also Ampicillin). However, even if the association is causal, the
absolute risk is very low. In addition, one study reported an association
between amoxicillin–clavulanic acid and necrotizing enterocolitis (NEC)
when the antibiotic combination was used near preterm birth. Both of these
associations require confirmation.

FETAL RISK SUMMARY
Amoxicillin is an aminopenicillin antibiotic similar to ampicillin. The antibiotic is
known to cross the placenta.

Reproduction studies have been conducted in mice and rats at doses up to
10 times the human dose. No effect on fertility or fetal harm was observed at
this dose (1).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
3546 of whom had 1st trimester exposure to penicillin derivatives (2, pp. 297–
313). For use anytime during pregnancy, 7171 exposures were recorded (2, p.
435). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects. Amoxicillin
has been used as a single 3-g dose to treat bacteriuria in pregnancy without
causing fetal harm (3,4).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 8538 newborns
had been exposed to amoxicillin during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). A total of 317 (3.7%) major birth defects were
observed (363 expected). Specific data were available for six defect
categories, including (observed/expected) 76/85 cardiovascular defects, 16/14
oral clefts, 6/7 spina bifida, 17/24 polydactyly, 9/16 limb reduction defects, and
22/22 hypospadias. These data do not support an association between the
drug and the defects.

Several reports have described the use of amoxicillin in pregnancy, either for
preterm pre-labor rupture of membranes (5,6) or for the treatment of prenatal
Chlamydia infection (7–10). The latter reference is of particular interest
because of the potential for fetal–newborn harm when amoxicillin–clavulanic
acid (ACA) was used. A 2001 randomized study (ORACLE 1) was conducted
in patients with preterm, pre-labor rupture of fetal membranes to determine
neonatal health benefits of three antibiotic regimens (10). The regimens,
compared with a placebo group (N = 1225) were erythromycin (250 mg) (N =
1197), amoxicillin (250 mg)–clavulanic acid (125 mg) (N = 1212), or both (N =
1192) four times daily for 10 days or until delivery. The primary outcome
measures were specific outcomes or a composite of neonatal death, chronic
lung disease, or major cerebral abnormality. For these neonatal outcomes, the
two groups with ACA had no benefit over placebo, whereas erythromycin use
resulted in significantly better outcomes (both composite and specific). When
any-ACA exposure was compared with no-ACA for outcomes with suspected
or proven NEC, the results were 92 (3.8%) and 58 (2.4%) (p = 0.004). The
authors thought that a possible mechanism for this outcome was that the ACA
combination selected for Clostridium difficile and that abnormal colonization of
the neonatal intestinal tract was one possible mechanism for NEC (10).

A population based from Denmark examined the association between
amoxicillin use in pregnancy and birth weight, preterm birth, congenital
anomalies, perinatal death, and spontaneous abortion (SAB) (11). During the
study period (1991–2000), 401 primiparous women obtained a prescription for
the antibiotic. The control group consisted of 10,237 primiparous women who
did not redeem any prescriptions from 3 months before pregnancy until the end
of pregnancy. The mean birth weight of subjects was 57 g (95% confidence
interval [CI] 9–105) higher than controls. The odds ratio and 95% CI for the
other outcomes were as follows: low birth weight (0.63, 0.26–1.53); preterm
birth (0.77, 0.49–1.21); congenital anomalies (1.16, 0.54–2.50); and SAB
(0.89, 0.66–1.18) (11).

In a 2004 study, 191 women treated with ACA (subjects) in the 1st trimester
were matched with 191 controls exposed to amoxicillin only (12). Maternal age,



birth weight, gestational age at birth, and rates of live births and abortions were
comparable between the two groups. The rates of major malformations in
subjects (3/158, 1.9%) and controls (5/163, 3%) (p = 0.49; relative risk 0.62,
95% CI 0.15–2.55) were within the expected baseline risk for the general
population. There were no cases of oral clefts (12).

A retrospective cohort study using data from Tennessee Medicaid included
30,049 infants born in 1985–2000 was published in 2009 (13). Infants with fetal
exposures in the 1st trimester to four antibiotics recommended for potential
bioterrorism attacks (amoxicillin, ciprofloxacin, azithromycin, and doxycycline)
were compared to infants with no fetal exposure to any antibiotic. Erythromycin
was included as a positive control. In the 7216 infants exposed to amoxicillin
and no other antibiotics, the number of cases, risk ratios, and 95% CI were as
follows: any malformation (232, 1.09, 0.55–1.37), cardiac (89, 1.15, 0.79–
1.68); musculoskeletal (52, 1.05, 0.66–1.69); genitourinary (52, 1.38, 0.78–
2.43); gastrointestinal (26, 0.63, 0.35–1.16); CNS (23, 1.08, 0.50–2.32); and
orofacial (15, 1.67, 0.56–5.04). The authors concluded that the four antibiotics
should not result in a greater incidence of overall major malformations (see also
Azithromycin, Ciprofloxacin, and Doxycycline) (13).

A 2012 study used data from the Slone Epidemiology Center Birth Defects
Study (1994–2008) to identify 877 infants with cleft lip with/without cleft palate
and 471 with cleft palate alone (14). Controls included 6952 infants without
defects, 2.1% of whom were exposed to amoxicillin. The adjusted odds ratio
(OR) for cleft lip with/without cleft palate for exposure in the 1st trimester was
2.0 (95% CI 1.0–4.1). For third gestational month exposure, the results were
OR 4.3 (95% CI 1.4–13.0). For cleft palate, the results for the two exposure
periods were OR 1.0 (95% CI 0.4–2.3) and OR 7.1 (95% CI 1.4–36). No
elevated risks were observed for other penicillins or cephalosporins, but the
risk for ampicillin could not be evaluated because there were fewer than five
exposed subjects. Because the risk for oral clefts among penicillins appeared
to be related only to the aminopenicillins (ampicillin and amoxicillin), the authors
speculated that the aminobenzyl group has a role in the development of oral
clefts. Even so, the background risk for oral clefts is about 1–2 per 1000 and a
twofold risk would increase the risk to only 2–4 per 1000 (14).

BREASTFEEDING SUMMARY
Amoxicillin is excreted into breast milk in low concentrations. Following a 1-g
oral dose given to six mothers, peak milk levels occurred at 4–5 hours,
averaging 0.9 mcg/mL (range 0.68–1.3 mcg/mL) (15). Mean milk:plasma ratios



at 1, 2, and 3 hours were 0.014, 0.013, and 0.043, respectively. Although no
adverse effects have been observed, three potential problems exist for the
nursing infant: modification of bowel flora, direct effects on the infant (e.g.,
allergy or sensitization), and interference with the interpretation of culture
results if a fever workup is required.

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (16). For the 25
women taking amoxicillin, diarrhea was observed in 3 (12%) infants. The
diarrhea was considered minor because it did not require medical attention
(16).

The American Academy of Pediatrics classifies amoxicillin as compatible with
breastfeeding (17).
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AMPHETAMINE
Central Stimulant
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity Contraindicated (Nonmedical Use)

PREGNANCY SUMMARY

Although medicinal use of amphetamines appears to be low risk for
embryo–fetal harm, abuse of the agent is associated with significant
toxicity for the embryo, fetus, and newborn. Such use is contraindicated in
pregnancy.

FETAL RISK SUMMARY
The amphetamines are a group of sympathomimetic drugs that are used to
stimulate the central nervous system. Members of this group include
amphetamine, dextroamphetamine, and methamphetamine. A number of
studies have examined the possible relationship between amphetamines and
adverse fetal outcome. Women were using these drugs for appetite
suppression, narcolepsy, or illicit abuse purposes.

In near-term pregnant sheep administered IV doses at or below what is
commonly regarded as abuse, methamphetamine rapidly crossed the placenta
and accumulated in the fetus (1). Fetal blood pressure was increased 20%–
37% with a decrease in fetal oxyhemoglobin saturation and arterial pH.
Approximately similar results were reported in a 1993 abstract that also used
pregnant sheep (2). Fetal concentrations of the drug were approximately the
same as maternal levels during a 6-hour interval.

The question as to whether amphetamines are teratogenic in humans has
been examined in a number of studies and single-patient case histories.
Cardiac malformations and other defects were produced in mice injected with
very large doses (about 200 times the usual human dose) of
dextroamphetamine (3). These same investigators then retrospectively and
prospectively examined human infants whose mothers had ingested the drug
(4). In the retrospective portion of the study, 219 infants and children under 2



years of age with congenital heart disease were compared with 153 similar-
age infants and children without heart defects. Neither maternal exposure to
dextroamphetamine during pregnancy nor exposure during the vulnerable period
differed statistically between the groups. However, a positive family history of
congenital heart disease occurred in 31.1% of the infants with the defects
compared with only 5.9% of the control group (p = 0.001). The prospective
study compared 52 mothers with a documented exposure to
dextroamphetamine during the vulnerable period with 50 nonexposed mothers.
Neither group produced an infant with congenital heart disease, and the
numbers of other congenital abnormalities were similar (nine vs. seven). Thus,
this study found no evidence for an association between congenital heart
defects and dextroamphetamine. However, in a follow-up study published 3
years later, the investigators reported a significant relationship between
dextroamphetamine exposure and heart defects (5). Comparing 184 infants
under 1 year of age with congenital heart disease with 108 control infants,
significant differences were found for maternal exposure to dextroamphetamine
(18% vs. 8%, p < 0.05), exposure during the vulnerable period (11% vs. 3%, p
= 0.025), and positive family history of congenital heart disease (27% vs. 6%, p
< 0.001). Infants who were both exposed during the vulnerable period and had
a positive family history were statistically similar for the groups (5% vs. 1%).

In a fourth study by the above investigative group, 240 women were followed
prospectively during their pregnancies to determine exposure to medicinal
agents, radiation, and other potential teratogens (6). Thirty-one (13%) women
consumed an appetite suppressant (usually dextroamphetamine) during the 1st
trimester and an additional 34 (14%) were exposed later in pregnancy. Eight
(3.3%) babies had a major congenital defect noted at birth, which is
approximately the expected incidence in the United States. Three of the
affected infants had been exposed during the 1st trimester to an appetite
suppressant. Although the authors identified a wide range of maternal drug
consumption during the 1st trimester, no conclusions as to the cause of the
defects can be drawn from the data.

Four other reports have related various defects with amphetamine exposure
(7–10). An infant with a bifid exencephalia was delivered from a mother who
took 20–30 mg of dextroamphetamine daily throughout pregnancy (7). The
infant died after an attempt was made at surgical correction. A second case
involved a mother who ingested dextroamphetamine daily for appetite
suppression and who delivered a full-term infant. The infant died 6 days later as
a result of a congenital heart defect (8). Drug histories were obtained from



mothers of 11 infants with biliary atresia and compared with the histories of 50
control mothers (9). Amphetamine exposure occurred in five women in the
study group and in three of the controls. A 1966 report described a mother with
two infants with microcephaly, mental retardation, and motor dysfunction (10).
The mother had taken an appetite suppressant containing methamphetamine
and phenobarbital during the 1st and 2nd trimesters of both pregnancies
(pregnancy numbers 1 and 3). A spontaneous abortion occurred in pregnancy
number 2, but no details were given of the mother’s drug intake. Her fourth
pregnancy, in which she did not take the appetite suppressant, resulted in the
delivery of a normal child. There was no family history of developmental
disorders, congenital defects, mental retardation, cerebral palsy, or epilepsy.

Fetal structural defects have been associated with maternal abuse of drugs
in a large volume of literature (see also Ethanol, Cocaine, Heroin, Lysergic Acid
Diethylamide [LSD], Marijuana, and Methadone). For example, in a 1972 case,
multiple brain and eye anomalies were observed in an infant exposed in utero to
amphetamines, LSD, meprobamate, and marijuana (11). In this and similar
cases, the cause of the structural abnormalities is probably multifactorial,
involving drug use, life-styles, infections, poor maternal health, and other
factors.

In a retrospective study, 458 mothers who delivered infants with major (N =
175) or minor (N = 283) abnormalities were compared with 911 matched
controls (12). Appetite suppressants were consumed during pregnancy by
significantly more mothers of infants with anomalies than by controls (3.9% vs.
1.1%, p < 0.01). Dextroamphetamine consumption accounted for 13 of the 18
maternal exposures in the anomaly group. During the first 56 days of
pregnancy, dextroamphetamine-containing compounds were used by 10
mothers in the anomaly group compared with only 5 of the controls (2.2% vs.
0.5%; p < 0.05). The abnormalities (3major and 7 minor) observed in the 10
infants were urogenital system defects (4 cases), and 1 case each of
congenital heart disease, cleft lip, severe limb deformity, accessory auricles,
congenital dislocation of hip, and pilonidal sinus. Although statistically significant
results were found in this study, the results must be interpreted cautiously due
to the retrospective collection of drug histories and the lack of information
pertaining to past and present maternal medical and obstetric histories.

A prospective study of 1824 white mothers who took anorectic drugs
(primarily amphetamines) during pregnancy compared with 8989 white mothers
who did not take such drugs measured rates of severe congenital defects of
3.7% and 3.4%, respectively, in infants with a gestational age of at least 37



weeks (13). When children of all known gestational ages were included,
amphetamine usage occurred in 85% (1694 of 1992) of the group consuming
anorectic drugs. The incidence of severe congenital defects in the amphetamine
group was 3.4%. Fourteen infants were exposed in the first 84 days after the
last menstrual period, and except for three infants with cleft lip and/or palate,
no pattern of malformations was observed.

The effects of amphetamine abuse on fetal outcome and subsequent
development were described in a series of reports from Sweden (14–18).
Twenty-three women who ingested amphetamine during the 1st trimester were
divided into two groups: 6 who claimed that they stopped use of the drug after
they became aware of their pregnancy or after the 1st trimester, and 17 who
continued use of the drug throughout gestation (14). Two of the infants (group
not specified) had congenital defects: a stillborn infant had myelomeningocele,
and one had extensive telangiectasis (considered to be an inherited disorder).
The outcome of the infants exposed throughout gestation included six preterm
(<37 weeks), three small-for-gestational-age (all with poor prenatal care), one
of whom had a seizure on the first day, and two full-term but extremely drowsy
infants. In a later report, 66 infants born to amphetamine-addicted mothers
were followed during their first year of life (16). Except for temporary
drowsiness in the first few months, all children had normal somatic and
psychomotor development at 12 months of age. In the final report from these
investigators, the fetal outcome of 69 amphetamine-addicted women who
delivered 71 children (1 delivered twice and 1 delivered twins) was described
(17). Seventeen of the women claimed to have stopped amphetamine ingestion
as previously described, and 52 continued use of amphetamines throughout
pregnancy. Three women in the first group and 17 in the second group were
alcoholics (18). Four infants had congenital defects: intestinal atresia (two
cases—both died and one also had hydrocephalus), congenital heart defect
(one case), and epidermolysis bullosa without known heredity (one case). In
one of the four cases, the mother was an alcoholic, but the particular case was
not specified. Drowsiness was observed in 8 infants and jitteriness in 11
infants; 4 full-term infants required tube feedings. The four studies (14–17)
were combined into a single article published in 1980 (18).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 671
of whom had 1st trimester exposure to amphetamines (19, pp. 346–347). For
use anytime during pregnancy, 1898 exposures were recorded (19, p. 439). In
neither group was evidence found to suggest a relationship to large categories
of major or minor malformations. Two case reports failed to observe any



neonatal effects from the treatment of narcolepsy with large doses of
amphetamine (20,21). A 1988 report described a mother who had used
amphetamines, barbiturates, cocaine, LSD, alcohol, and marijuana during
pregnancy who delivered a female infant with bilateral cerebrovascular accident
and resulting porencephaly (22). The infant expired at 2.5 months of age. The
fetal injury was thought to be caused by cocaine (see also Cocaine).

A 1992 case report described the use of dextroamphetamine and lovastatin
in a human pregnancy (23). A woman was treated for 5 weeks with the
combination, starting approximately 6 weeks from her last menstrual period, for
progressive weight gain and hypercholesterolemia. Therapy was discontinued
when her pregnancy was diagnosed at 11 weeks’ gestation. A female infant
was delivered by cesarean section at 39 weeks’ gestation. Gestational age
was confirmed by an ultrasound examination at 21 weeks’ gestation and the
Dubowitz score at birth. The infant had a constellation of malformations termed
the VATER association (vertebral anomalies, anal atresia, tracheoesophageal
fistula with esophageal atresia, renal and radial dysplasias). Specific anomalies
included an asymmetric chest, thoracic scoliosis, absent left thumb,
foreshortened left forearm, left elbow contracture, fusion of the ribs on the left,
butterfly vertebrae in the thoracic and lumbar spine, left radial aplasia, and a
lower esophageal stricture. Chromosomal analysis was normal, and the family
history was noncontributory (23).

The effects of IV methamphetamine abuse on the fetus were evaluated in a
1988 report (24). Maternal use of the drug was identified by self-reporting
before delivery in 52 women, and an equal number of controls were selected
for comparison. Although self-reporting of illegal drug use is prone to
underreporting, the drug histories were validated by social worker interviews
and were thought to represent actual drug use in the study population. Other
drugs used in the study and control groups were tobacco (24 vs. 6), marijuana
(20 vs. 1), cocaine (14 vs. 0), and one each in the study group for alcohol,
lorazepam, dextroamphetamine, heroin, opium, LSD, and diazepam. No
statistical differences were measured between the groups in the rate of
obstetric complications (12% vs. 27%) or neonatal complications (21% vs.
17%). The latter category included meconium (10% vs. 12%), fetal heart rate
decelerations (4% vs. 0) and tachycardia (2% vs. 0%), tachypnea (4% vs.
2%), and withdrawal symptoms (2% vs. 0%). Mean birth weight, length, and
head circumference were all lower in the study infants compared with controls
(p = 0.001). Six (12%) of the infants in the study group had a congenital defect
compared with seven (14%) of the controls. Statistically, however, the



investigators could only conclude that methamphetamine abuse does not cause
a ≥12-fold increase in congenital anomalies (24).

A 1992 abstract described the effects of methamphetamine abuse in 48
newborns in comparison to 519 controls (25). Offspring of women positive for
opiates, cocaine, alcohol, and toluene were excluded from both groups. Except
for a significantly lower birth weight, 3173 vs. 3327 g (p = 0.03), all other
parameters studied were similar, including birth length, head circumference,
Apgar scores, gestational age at delivery, and the incidence of both major and
minor malformations.

Intrauterine death occurred at 34 weeks’ gestation in the fetus of a 29-year-
old amphetamine addict who had injected 500 mg of amphetamine (26). The
mother was exhibiting toxic signs and symptoms of amphetamine overdose
when she was brought to the hospital. An initial fetal bradycardia of 90–100
beats/minute worsened over the next 50 minutes when the heart sounds
became inaudible. Approximately 24 hours later, a 3000-g female stillborn
infant without congenital abnormalities was delivered.

Amphetamine withdrawal has been described in newborns whose mothers
were addicted to amphetamines during pregnancy (27–29). In a report of four
mothers using methamphetamine, symptoms consisting of shrill cries, irritability,
jerking, and sneezing were observed in two infants (27). One of the infants was
evaluated at 4 months of age and appeared normal except for small size
(weight 3rd percentile, head circumference 10th percentile). The author
speculated that the symptoms in the newborns may have been caused by
hidden narcotic addiction (27). Another report of four women with
methamphetamine dependence described one newborn with marked
drowsiness lasting for 4 days (28). The mother had not been taking narcotics.
The third report of neonatal withdrawal involved an infant delivered from a
mother who was a known amphetamine addict (29). Beginning 6 hours after
birth, the female infant had diaphoresis, agitation alternating with periods of
lassitude, apnea with feedings, a seizure on the 6th day, vomiting, miotic pupils,
and a glassy-eyed stare. Her first 3 months were marked by slow
development, but at 2.5 years of age, there was no evidence of neurologic
disability and intelligence was considered above normal.

Methamphetamine withdrawal characterized by abnormal sleep patterns,
poor feeding, tremors, and hypertonia was reported in a 1987 study (30).
Infants exposed to methamphetamine or cocaine, either alone or in
combination, were combined into a single group (N = 46) because of similar
maternal and neonatal medical factors. Mothers in the drug group had a



significantly greater incidence of prematurity compared with drug-free controls
(28% vs. 9%), and a significantly greater incidence of placental hemorrhage
and anemia compared with narcotic-using mothers and controls (13% vs. 2%
vs. 2.2%, and 13% vs. 2% vs. 0%). Maternal methamphetamine abuse was
significantly associated with lower gestational age, birth weight, length, and
occipitofrontal circumference (30).

Echoencephalography (ECHO) was performed within 3 days of birth on 74
term (>37 weeks) infants who had tested positive for cocaine or
methamphetamine, but who otherwise had uncomplicated perinatal courses
(31). The infants had no other known risk factors for cerebral injury. The 74
newborns were classified into three groups: 24 (32%) exposed to
methamphetamine, 32 (43%) exposed to cocaine, and 18 (24%) exposed to
cocaine plus heroin or methadone, or both. Two comparison groups were
formed: a group of 87 term, drug-free infants studied by ECHO because of
clinical concerns for hypoxic–ischemic encephalopathy, and a normal group of
19 drug-free term newborns. Both groups of comparison infants were also
studied by ECHO within 3 days of birth. Only one structural anomaly, consisting
of an absent septum pellucidum, was observed in the infants examined. The
affected newborn, exposed to methamphetamine, was also found to have
bilateral optic nerve atrophy and diffuse attenuation of the white matter.
Twenty-six (35.1%) of the drug-exposed infants had cranial abnormalities
detected by ultrasonography, which was similar to the 27.6% (24 of 87)
incidence in the group suspected of encephalopathy (p = 0.7). The normal
controls had an incidence of 5.3% (1 of 19) (p < 0.01 in comparison to both of
the other groups). The lesions observed in the drug-exposed infants were
intraventricular hemorrhage, echodensities known to be associated with
necrosis, and cavitary lesions. Lesions were concentrated in the basal ganglion,
frontal lobes, and posterior fossa (31). The ECHO abnormalities were not
predicted by standard neonatal clinical assessment and were believed to be
consistent with those observed in adult abusers of amphetamines and cocaine
(31).

Amphetamines do not appear to be human teratogens (32–34). Mild
withdrawal symptoms may be observed in the newborns, but the few studies of
infant follow-up have not shown long-term sequelae, although more studies of
this nature are needed. Illicit maternal use of amphetamines, on the other hand,
presents significant risks to the fetus and newborn, including intrauterine growth
restriction, premature delivery, and the potential for increased maternal, fetal,
and neonatal morbidity. These poor outcomes probably reflect several factors,



including multiple drug use, lifestyles, and poor maternal health. However,
cerebral injuries occurring in newborns exposed in utero appear to be directly
related to the vasoconstrictive properties of amphetamines (31).

BREASTFEEDING SUMMARY
Amphetamine, the racemic mixture of levo—and dextroamphetamine, is
concentrated in breast milk (21). After continuous daily dosing of 20 mg, milk
concentrations ranged from 55 to 138 ng/mL with milk:plasma ratios varying
between 2.8 and 7.5. Amphetamine was found in the urine of the nursing infant.
No adverse effects of this exposure were observed over a 24-month period. In
a second study, no neonatal insomnia or stimulation was observed in 103
nursing infants whose mothers were taking various amounts of amphetamine
(35). The American Academy of Pediatrics classifies amphetamines as
contraindicated during breastfeeding because of irritability and poor sleeping
pattern (36).
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AMPHOTERICIN B
Antifungal Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although animal reproduction data suggest risk, no adverse effects have
been reported in exposed human embryos and fetuses. The drug crosses
the human placenta with cord blood concentrations up to those measured in
the mother.

FETAL RISK SUMMARY
No reports linking the use of amphotericin B with congenital defects have been
located. Reproduction studies of amphotericin B liposome were conducted with
maternal nontoxic doses in rats (0.16–0.8 times the recommended human
clinical dose range of 1–5 mg/kg based on BSA [RHCD]) and rabbits (0.2–1
times the RHCD) (1). Rabbits administered doses 0.5–2 times the RHCD had a
higher rate of spontaneous abortions than did controls (1). No fetal harm was
observed in reproduction studies of amphotericin B lipid complex in rats and
rabbits at doses up to 0.64 times the human dose (2).

The antibiotic crosses the placenta to the fetus with cord blood:maternal
serum ratios ranging from 0.38 to 1.0 (3–5). In a term (42 weeks) infant whose
mother was treated with amphotericin B 0.6 mg/kg every other day, cord and
maternal blood levels at delivery were both 2.6 mcg/mL, with a cord
blood:maternal serum ratio of 1.0 (3). Amniotic fluid concentration was 0.08
mcg/mL at delivery. The time interval between the last dose and delivery was
not specified. Concentrations in the cord blood and maternal serum of a woman
treated with 16 mg of amphotericin B just before delivery (one-fifth of a planned
total dose of 80 mg had infused when delivery occurred) were 0.12 and 0.32
mcg/mL, respectively, a ratio of 0.38 (4). The woman’s last dose before this
time was 7 days previously when she had received 80 mg. In a third case, a
mother was receiving 20 mg IV every other day (0.5 mg/kg) (5). The cord and



maternal serum concentrations were 1.3 and 1.9 mcg/mL, respectively, a ratio
of 0.68. The levels were determined 26 hours after her last dose.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 9 of
whom had 1st trimester exposure to amphotericin B (6). Numerous other
reports have also described the use of amphotericin B during various stages of
pregnancy, including the 1st trimester (4–22). No evidence of adverse fetal
effects was found by these studies. Amphotericin B can be used during
pregnancy in those patients who will clearly benefit from the drug.

BREASTFEEDING SUMMARY
No reports describing the use of amphotericin B during human lactation have
been located. The drug probably is excreted into breast milk, but the risk, if any
exists, to a nursing infant is unknown.
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AMPICILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st
Trimester
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Penicillins are considered low risk at any stage of pregnancy. This
assessment may have to be modified for the aminopenicillins (ampicillin and
amoxicillin) because there is some evidence that exposure to these two
antibiotics during organogenesis is associated with oral clefts (see also
Amoxicillin). However, even if the association is causal, the absolute risk is
very low. The association requires confirmation.

FETAL RISK SUMMARY
Ampicillin is an aminopenicillin antibiotic (see also Amoxicillin). The drug rapidly
crosses the placenta into the fetal circulation and amniotic fluid (1–6). Fetal
serum levels can be detected within 30 minutes and equilibrate with maternal
serum in 1 hour. Amniotic fluid levels can be detected in 90 minutes, reaching
20% of the maternal serum peak in about 8 hours. The pharmacokinetics of
ampicillin during pregnancy have been reported (7,8).

Ampicillin depresses both plasma-bound and urinary-excreted estriol by
inhibiting steroid conjugate hydrolysis in the gut (9–13). Urinary estriol was
formerly used to assess the condition of the fetoplacental unit, with depressed
levels being associated with fetal distress. This assessment is now made by
measuring plasma unconjugated estriol, which is not usually affected by
ampicillin. An interaction between ampicillin and oral contraceptives resulting in
pregnancy has been suspected (14,15). Two studies, however, failed to
confirm this interaction and concluded that alternate contraceptive methods
were not necessary during ampicillin therapy (16,17).

The use of ampicillin in early pregnancy was associated with a prevalence
ratio estimate of 3.3 (90% confidence interval [CI] 1.3–8.1, p = 0.02) for
congenital heart disease in a retrospective study (18). A specific defect,



transposition of the great arteries, had a risk of 7.7 (90% CI 1.3–38) based on
exposure in 2 of the 29 infants with the anomaly. The investigators did note,
however, that the results had to be viewed cautiously because the data were
subject to recall bias (drug histories were taken by questionnaire or telephone
up to a year after presumed exposure) and the study could not distinguish
between the fetal effects of the drug versus those of the infectious agent(s) for
which the drugs were used. Others have also shared this concern (19). Other
reports linking the use of ampicillin with congenital defects have not been
located.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
3546 of whom had 1st trimester exposure to penicillin derivatives (20, pp. 297–
313). For use anytime during pregnancy, 7171 exposures were recorded (20,
p. 435). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects. Based on
these data, it is unlikely that ampicillin is teratogenic.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 10,011 newborns
had been exposed to ampicillin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 441 (4.4%) major birth defects were
observed (426 expected). Specific data were available for six defect
categories, including (observed/expected) 116/100 cardiovascular defects,
13/16 oral clefts, 6/8 spina bifida, 36/29 polydactyly, 9/17 limb reduction
defects, and 27/24 hypospadias. These data do not support an association
between the drug and the defects.

Ampicillin is often used in the last half of pregnancies in which either the
woman or her fetus is at risk for infections because of premature rupture of the
membranes or other risk factors (21–23). In one report, a mother with ruptured
membranes at 40 weeks’ gestation had an anaphylactic reaction to ampicillin
(24). A markedly distressed infant was delivered with severe metabolic
acidosis (arterial cord blood pH 6.71). Multifocal clonic seizures and brain
edema occurred during the neonatal period, and pronounced neurologic
abnormalities were evident at 6 months of age.

A 2001 study from Hungary evaluated the association between ampicillin and
birth defects (25). Of 38,151 controls (no defects), 2632 (6.9%) had been
treated with ampicillin. In 22,865 cases (with defects), 1643 (7.2%) had been
treated with ampicillin. For ampicillin use in the second and third months of
gestation, the only significant difference was for cleft palate (odds ratio 4.2,
95% confidence interval 1.4–16.3). However, the authors concluded that the



lack of evidence for the association in other studies and in animals suggested
that the apparent risk was not real and instead a chance association (25).

BREASTFEEDING SUMMARY
Ampicillin is excreted into breast milk in low concentrations. Milk:plasma ratios
have been reported up to 0.2 (26,27). Candidiasis and diarrhea were observed
in one infant whose mother was receiving ampicillin (28).

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (29). For the five
women taking ampicillin, diarrhea was observed in one (20%) infant. The
diarrhea was considered minor because it did not require medical attention
(29).

Although adverse effects are apparently rare, three potential problems exist
for the nursing infant: modification of bowel flora, direct effects on the infant
(e.g., allergic response or sensitization), and interference with the interpretation
of culture results if a fever workup is required.
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AMPRENAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited human data do not allow a prediction as to the risk of
amprenavir during pregnancy. The developmental toxicity observed in
animals at doses less than the human clinical dose is a potential concern
for human pregnancies. However, if indicated, the drug should not be
withheld because of pregnancy.

FETAL RISK SUMMARY
Amprenavir is an inhibitor of HIV type 1 (HIV-1) protease. Protease is an
enzyme that is required for the cleavage of viral polyprotein precursors into
active functional proteins found in infectious HIV. Amprenavir, in combination
with other antiretroviral agents, is indicated for the treatment of HIV-1
infections.

In reproduction studies with amprenavir, doses two times the human clinical
exposure based on AUC comparisons (HCE) in male and female rats had no
effect on fertility or mating (1). During embryo and fetal development, doses
1/2 the HCE produced thymic elongation and incomplete ossification of bones.
When administered from day 7 of gestation to day 22 of lactation, a dose two
times the HCE was associated with reduced body weights. However,
subsequent development of the offspring, including fertility and reproductive
performance, was not affected (1). In rabbits, doses up to 1/20th the HCE
were associated with abortions and minor skeletal variations resulting from
deficient ossification of the femur, humerus trochlea, and humerus (1).

Amprenavir is transferred across rat and rabbit placentas to the fetus (1). In
an ex vivo human placental model, the antiviral agent also readily crossed to the
fetus but with a clearance index less than abacavir. No accumulation of the drug
was measured (2). The placental transfer is consistent with the molecular



weight of amprenavir (about 506).
The Antiretroviral Pregnancy Registry reported, for the period January 1989

through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (3). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 38 outcomes exposed to amprenavir (28 in
the 1st trimester and 10 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There was one birth defect among those exposed in the
1st trimester and none in those exposed in the 2nd/3rd trimesters. In reviewing
the birth defects of prospective and retrospective (pregnancies reported after
the outcomes were known) registered cases, the Registry concluded that,
except for isolated cases of neural tube defects with efavirenz exposure in
retrospective reports, there was no other pattern of anomalies (isolated or
syndromic) (3). (See Lamivudine for required statement.)

A public health advisory was issued by the FDA on the association between
protease inhibitors and diabetes mellitus (4). Because pregnancy is a risk
factor for hyperglycemia, there was concern that these antiviral agents would
exacerbate this risk. An abstract published in 2000 described the results of a
study involving 34 pregnant women treated with protease inhibitors (none with
amprenavir) compared with 41 controls that evaluated the association with
diabetes (5). No association between protease inhibitors and an increased
incidence of gestational diabetes was found.

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (6,7). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (8). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that the therapy, with the exception of efavirenz, should be continued during
pregnancy (9). If indicated, therefore, protease inhibitors, including amprenavir,



should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. The updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (10). Women receiving antiretroviral
therapy during pregnancy should continue the therapy but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (10).

BREASTFEEDING SUMMARY
No reports describing the use of amprenavir during human lactation have been
located. The antiviral agent is excreted into the milk of lactating rats (1). In
addition, the molecular weight (about 506) is low enough that excretion into
human breast milk should be expected.

Reports on the use of amprenavir during human lactation are unlikely
because the antiviral agent is used in the treatment of HIV infections. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (6,7,9,11–13). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection in spite of breastfeeding when compared with
controls (see Zidovudine).
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AMRINONE
Cardiac Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The data are too limited to assess the risk to the embryo–fetus. The drug
probably crosses the placenta. If the maternal condition requires amrinone,
it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Amrinone is a cardiac inotropic agent that also has a vasodilatory effect (1).
The drug is unrelated to cardiac glycosides or catecholamines. The principal
indication for amrinone is the short-term management of congestive heart
failure.

Amrinone is teratogenic in some animal species, producing skeletal and
gross external malformations in one type of rabbits but not in other types, and
having no effect on fetal rats (1). In pregnant baboons, amrinone infusion did
not significantly affect uterine artery blood flow (2).

A single case report has described the use of amrinone in a human
pregnancy (3). A 34-year-old woman at 18 weeks’ gestation was treated with
an amrinone IV infusion (0.5 mg/kg loading dose followed by 2 mcg/kg/minute)
for refractory congestive heart failure secondary to bacterial endocarditis. A
higher dose was not used because of premature ventricular contractions.
Although no fetal adverse effects attributable to the drug were noted, fetal
death occurred 11 days after discontinuance of amrinone because of the
deteriorating medical condition of the mother (3).

BREASTFEEDING SUMMARY
No reports describing the use of amrinone during lactation have been located.
The molecular weight of amrinone (about 187) is low enough, however, that



passage into milk should be expected.
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AMYL NITRITE
Vasodilator
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The absence of specific human pregnancy experience prevents an
assessment of the embryo–fetal risk. However, another vasodilator has
limited data and does not appear to cause developmental toxicity (see
Nitroglycerin). Transient decreases in maternal blood pressure may occur.

FETAL RISK SUMMARY
Amyl nitrite is a rapid-acting, short-duration vasodilator used primarily for the
treatment of angina pectoris. Because of the nature of its indication, experience
in pregnancy is limited. The Collaborative Perinatal Project recorded seven 1st
trimester exposures to amyl nitrite and nitroglycerin, as well as eight other
patients exposed to other vasodilators (1). From this small group of 15
patients, four malformed children were observed. It was not stated whether
amyl nitrite was taken by any of the mothers of the affected infants. The
number of cases is too small to assess the risk of amyl nitrite in pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of amyl nitrite during lactation have been located.
It is doubtful if maternal use would represent any risk to a nursing infant.
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ANAGRELIDE
Hematologic Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Human pregnancy experience with anagrelide is limited. Except for one
spontaneous abortion (SAB), all other outcomes were normal babies.
Moreover, the animal data suggest low risk. The manufacturer
recommends that women should not become pregnant while taking
anagrelide, but the benefits of therapy must be weighed against the
unknown risks on a case-by-case basis.

FETAL RISK SUMMARY
Anagrelide, an antiplatelet agent, is indicated for the reduction of elevated
platelet counts and resulting risk of thrombosis in patients with
thrombocythemia.

An animal teratology study observed no congenital abnormalities in pregnant
rats given oral doses up to 730 times the maximum recommended human dose
based on BSA (MRHD) or in pregnant rabbits administered doses up to 32
times the MRHD (1). In a fertility and reproductive performance study of female
rats, however, doses 49 times the MRHD or higher disrupted implantation and
produced an adverse effect on embryo–fetal survival (1). The same dosage in
a perinatal and postnatal study with pregnant rats caused a delay in parturition,
deaths of undelivered dams and their fetuses, and increased mortality in pups
that were born (1).

No reports describing the placental transfer of anagrelide in animals or
humans have been located. The molecular weight of the drug (about 275 for the
free base) is low enough that passage to the embryo and/or fetus should be
expected.

The first reported human pregnancy exposure to anagrelide appears to be



that described by the manufacturer in its product information (1). Five women
became pregnant while receiving the drug at doses of 1–4 mg/day. Therapy
was stopped when the pregnancies were diagnosed (timing not specified), and
all the women delivered normal, healthy babies.

A 2001 report described 43 pregnancies in 20 women with essential
thrombocythemia (ET) (2). Only one pregnancy involved exposure to anagrelide
and that one ended in a 1st trimester SAB.

A 2004 case report described the outcome of a pregnancy in which
anagrelide was used throughout (3). A 25-year-old woman had been diagnosed
with essential thrombocythemia (ET) several years before conception and,
because she did not tolerate interferon-α, she was maintained on anagrelide
4 mg/day. She was a heterozygous carrier of the factor V Leiden mutation.
When pregnancy was recognized, her dose was reduced to 1 mg/day and low
molecular weight heparin was started. Because preeclampsia developed at 32
weeks’, an elective cesarean section was performed to deliver a 1400-g baby
(no other data given). The infant had normal blood count parameters (3).

A 2005 report described two women with ET who became pregnant while
receiving anagrelide (4). A 32-year-old woman was maintained on 1–4 mg/day,
the dose adjusted to maintain a normal platelet count. She conceived against
medical advice and eventually gave birth to a healthy 2.87-kg baby girl with no
congenital defects and a normal full blood count. The second patient was a 28-
year-old woman who was maintained on anagrelide 1.5–2.0 mg/day. Her
pregnancy was discovered at 12 weeks’ gestation. The drug was discontinued
and she was maintained on low-molecular-weight heparin until she gave birth to
a healthy full-term, 2.1-kg male baby with no congenital defects and a normal
blood count (4).

A 32-year-old woman positive for the JAK2V617F mutation ET became
pregnant while receiving anagrelide (5). The drug was discontinued in the third
week and she was treated with aspirin for the remainder of pregnancy. At 39
4/7 weeks, a normal, healthy 2.8-kg baby girl was born with Apgar scores of 9
and 10. The infant’s blood count was normal (5).

BREASTFEEDING SUMMARY
No reports describing the use of anagrelide during lactation have been located.
The molecular weight of the compound (about 275 for the free base) is low
enough that excretion into milk should be expected. The effect of this exposure
on a nursing infant is unknown.
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ANAKINRA
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

One report has described the use of anakinra throughout pregnancy. The
infant was severely growth-restricted, probably due to the mother’s
disease. No other developmental toxicity was noted. The animal data do
not suggest a risk of structural defects, but the agent prevented embryo
implantation in one study. Although the near absence of data prevents an
assessment of the risk for the human embryo–fetus, interleukin-1 receptor
antagonist (IL-1ra) is a natural occurring cytokine that appears to have a
role in the protection of the placenta/embryo–fetus from the maternal
immune response mechanisms. Therefore, it is doubtful if recommended
doses of recombinant IL-1ra will cause direct toxicity to the embryo or
fetus. Until human pregnancy data are available, however, the safest
course is to avoid anakinra during gestation. Planned or inadvertent
pregnancy exposure appears to represent a low risk for the embryo and
fetus. If anakinra is used in pregnancy for the treatment of rheumatoid
arthritis, health care professionals are encouraged to call the toll-free
number (877-311-8972) for information about patient enrollment in the
Organization of Teratology Information Specialists (OTIS) Rheumatoid
Arthritis Study.

FETAL RISK SUMMARY
Anakinra is a nonglycosylated form of the human cytokine IL-1ra produced by
recombinant DNA technology. Anakinra (recombinant IL-1ra) is indicated for the
reduction in signs and symptoms of moderate to severe rheumatoid arthritis. By
binding to interleukin-1 receptors, IL-1ra competitively inhibits interleukin-1
activity, such as the stimulation of several inflammatory mediators. The terminal



elimination half-life ranges from 4 to 6 hours (1).
Native IL-1ra is a normal constituent in the maternal, fetal, and amniotic fluid

compartments (2,3). Endogenous IL-1ra has been measured in amniotic fluid
and newborn urine. Fetal urine is a major source of the cytokine and is gender-
dependent with the highest levels found in females. The investigators of one
study concluded that the higher concentrations contributed to the better
resistance of female fetuses against preterm birth and perinatal infections (3).
Conversely, IL-1ra also has been shown to have partial agonist properties
because it increases the prostaglandin E2 (PGE2) production of interleukin-1β in
fetal membranes that is involved in the initiation of parturition at term (4).

Reproduction studies have been conducted in rats and rabbits. No evidence
of impaired fertility or fetal harm was observed in either species at doses up to
100 times the human dose (assumed to be based on weight). Animal
carcinogenic studies have not been conducted with anakinra, but it was not
mutagenic with in vitro and in vivo tests (1).

In contrast to the above animal data, recombinant IL-1ra has been shown in
mice to impair embryonic implantation by a direct inhibitory effect on
transformation of the epithelial plasma membrane (5,6). Further, the embryos
were morphologically normal and were viable when transferred to
pseudopregnant mice (6).

In a 1992 mouse study, interleukin-1-induced preterm delivery was blocked
by IL-1ra (7). However, IL-1ra did not prevent preterm delivery or prolong
pregnancy in mice with endotoxin-induced preterm labor (8).

A 2001 Australian study found evidence that polymorphisms in the gene
encoding for endogenous IL-1ra were associated with recurrent miscarriage
(three or more consecutive pregnancy losses before 20 weeks’ gestation) (9).
The study investigated 105 women with idiopathic recurrent miscarriage
compared with 91 controls with a history of normal pregnancies and no
pregnancy losses. Three alleles of IL-1ra polymorphisms were measured.
Study subjects had a significantly higher level of polymorphic allele 2,
suggesting that this was a genetic determinant of idiopathic recurrent
miscarriage and that IL-1ra acted as a physiologic mediator. The study could
not determine the degree of genetic IL-1ra deficiency that was associated with
idiopathic recurrent miscarriage (9). In contrast, a 2003 Finnish study found that
significantly higher levels of polymorphic allele 3 were associated with recurrent
spontaneous abortion, suggesting that the allele frequencies varied
considerably in different ethnic groups (10).

Anakinra crosses the rabbit placenta. The cervixes of pregnant rabbits were



inoculated with Escherichia coli and then the rabbits were given a 5-hour
infusion of anakinra (10 mg/kg) (11). Although the treatment did not affect
clinical or microbiological outcomes or amniotic fluid levels of tumor necrosis
factor-alpha or prostaglandins (PGE2), amniotic fluid concentrations of anakinra
were markedly elevated compared with controls (14.8 ng/mL vs. none
detected) (11).

An in vitro study was conducted using term human placentas obtained at
cesarean section from uncomplicated pregnancies to determine if recombinant
IL-1ra crossed the placenta (12). Both maternal-to-fetal and fetal-to-maternal
directions were studied. Minimal transfer occurred in either direction. The
findings appear to be consistent with the high molecular weight (17,300) of the
153-amino acid protein.

A 2009 case report described a 33-year-old woman with adult-onset Still
disease who was treated with anakinra 100 mg/day throughout pregnancy (13).
She gave birth at term to a severely growth-restricted (5th percentile),
otherwise-normal 2700-g female infant with Apgar scores of 7, 8, and 9.
Intrauterine growth restriction is a known complication of Still disease (see also
Breastfeeding Summary) (13).

BREASTFEEDING SUMMARY
A 2009 report (see above) described the use of anakinra 100 mg/day during
breastfeeding (13). The mother was treated throughout gestation and continued
the therapy while breastfeeding. The small-for-gestational-age infant had
appropriate growth (10th to 25th percentile) and normal psychomotor
development (13).

Even though the molecular weight of the 153-amino acid cytokine is high
(17,300), endogenous IL-1ra is excreted into colostrum and mature milk. In a
1996 study, concentrations of IL-1ra in colostrum were higher than those in milk
(14). Both colostrum and milk had significantly higher concentrations than did
maternal serum or plasma. The measurements of another 1996 study mirrored
these findings of IL-1ra in colostrum, transitional milk, and mature milk (15). In
the first study, the high milk concentrations persisted over a sequential
collection period of 2–6 months (14). It was thought that the presence of
natural IL-1ra contributed to the known anti-inflammatory properties of breast
milk. Indeed, in a 2001 study, milk levels of IL-1ra in eight lactating women with
acute mastitis were markedly increased (16). Because of the presence of
native IL-1ra in milk, there appears to be no risk to a nursing infant from
maternal administration of anakinra.
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ANIDULAFUNGIN
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of anidulafungin in human pregnancy have
been located. The animal reproduction data suggest low risk, but the
absence of human pregnancy experience prevents a complete assessment
of embryo–fetal risk. Moreover, there are no reports of human pregnancy
experience with caspofungin and micafungin, the other agents in the class.
Thus, the best course is to avoid anidulafungin in pregnancy, however, if
the woman’s condition requires it, the benefit probably outweighs the
unknown risk. The lowest possible dose should be used.

FETAL RISK SUMMARY
Anidulafungin is a semisynthetic lipopeptide antifungal agent administered by IV
infusion. It is an echinocandin, a class of antifungal agents that also includes
caspofungin and micafungin. Anidulafungin is indicated for the treatment of
candidemia and other forms of Candida infections. Although it does not undergo
hepatic metabolism, anidulafungin does undergo chemical degradation at
physiologic temperature and pH to inactive peptidic compounds that are
subsequently degraded and eliminated. The in vitro degradation half-life of the
drug under physiologic conditions is about 24 hours. The terminal elimination
half-life is 40–50 hours, with excretion primarily in the feces. Plasma protein
binding of anidulafungin is moderate (84%) (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats given a dose up two times the recommended human dose based on BSA
(RHD), skeletal changes in rat fetuses were observed that included incomplete
ossification of various bones and wavy, misaligned, or misshapen ribs. These
effects, however, were not dose-related and were within the range of the



laboratory’s historical control database. In pregnant rabbits, doses four times
the RHD (the highest dose) were associated with slightly reduced fetal weights,
but maternal toxicity was also noted (1).

Anidulafungin was not genotoxic in several tests. Carcinogenicity studies have
not been conducted. There were no adverse effects on fertility from the drug in
male and female rats given IV doses that were two times the RHD (1).

It is not known if anidulafungin can cross the human placenta. The molecular
weight (about 1140) is high, but the long degradation half-life and moderate
plasma protein binding suggest that transfer to the embryo and/or fetus might
occur. Moreover, the recommended course of therapy involves daily IV doses
for at least 14 days. Anidulafungin does cross the rat placenta and has been
detected in fetal plasma (1).

BREASTFEEDING SUMMARY
No reports describing the use of anidulafungin during human lactation have been
located.

The molecular weight (about 1140) is high, but the long degradation half-life
and moderate plasma protein binding suggest that excretion into breast milk
might occur. Moreover, the recommended course of therapy involves daily IV
doses for at least 14 days. The effect on a nursing infant from potential
exposure to the drug in milk is unknown. Dose-related histamine-mediated
symptoms (rash, urticaria, flushing, pruritus, dyspnea, and hypotension) have
been observed in adults receiving IV anidulafungin.
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ANILERIDINE

[Withdrawn from the market. See 9th edition.]



ANISINDIONE

[Withdrawn from the market. See 9th edition.]



ANISOTROPINE

[Withdrawn from the market. See 9th edition.]



ANTAZOLINE

[Withdrawn from the market. See 9th edition.]



ANTHRALIN
Dermatologic Agent (Anti-Psoriatic)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of anthralin in human pregnancy have been
located. The lack of animal reproduction data and human pregnancy
experience prevents an assessment of the embryo–fetal risk. However, a
2002 review of psoriasis in pregnancy stated that there was no evidence of
systemic absorption or toxicity with topical anthralin (1). Thus, the embryo–
fetal risk probably is nil.

FETAL RISK SUMMARY
Anthralin (dithranol) is a synthetic product used in creams and ointments for the
topical treatment of psoriasis. It has been used in the treatment of psoriasis
since 1916 (1). Reproduction studies in animals have not been conducted (2).

Either there is no systemic absorption of anthralin or the plasma
concentrations are too low to detect. In either case, exposure of the embryo–
fetus to clinically significant amounts of anthralin appears to be nil, despite the
low molecular weight (about 226).

A case of contact dermatitis to dithranol (anthralin) in a woman at 7 months
gestation was reported in 2003 (3). The dermatitis, due to inadvertent
exposure, cleared rapidly after exposure was eliminated. No information on the
pregnancy outcome was given.

BREASTFEEDING SUMMARY
No reports describing the use of anthralin during human lactation have been
located. The molecular weight (about 226) is low enough for excretion into
breast milk. However, either there is no systemic absorption of anthralin or the
plasma concentrations are too low to detect. In either case, exposure of the



nursing infant to clinically significant amounts of anthralin appears to be nil.
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ANTIPYRINE
Analgesic/Antipyretic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The absence of relevant animal reproduction data and the limited human
pregnancy experience prevent an assessment of the embryo–fetal risk. The
drug is best avoided in pregnancy because of its known toxicity in adults.

FETAL RISK SUMMARY
Because of its rare association with hemolytic anemia and agranulocytosis (1),
antipyrine (phenazone), a prostaglandin synthesis inhibitor, is no longer
available as a single agent. However, the drug is still available in some topical
ear drops and in the prodrug, dichloralphenazone (see also
Dichloralphenazone). This latter agent, a combination of chloral hydrate and
antipyrine, is a component, along with isometheptene and acetaminophen, of
several proprietary mixtures commonly used for tension and vascular (migraine)
headaches (see also Isometheptene and Acetaminophen).

Although animal reproductive studies involving antipyrine have not been
located, the drug has been used extensively in investigations of fetal
metabolism in pregnant sheep as reviewed in a 1993 reference (2). That
investigation found that antipyrine did not affect umbilical metabolism but did
alter metabolism and blood flow distribution in the fetal lamb (2).

Eight cases of antipyrine exposure (presumably oral), among 27 women
using a miscellaneous group of non-narcotic analgesics during the 1st trimester,
were reported by the Collaborative Perinatal Project (3). From the 27 mother–
child pairs, one infant had a congenital malformation (standard relative risk
0.46), but the specific agent the mother had taken was not identified.

In a double-blind, randomized study of neonatal jaundice prophylaxis, either
antipyrine (N = 24), 300 mg/day or placebo (N = 24) was given from the 38th



week of gestation until delivery (4). The average duration of treatment in both
groups was 15.5 days. The mean bilirubin concentration in the infants 4 days
after birth was 62.6 µmol/L in those exposed to antipyrine compared with 111.5
µmol/L in the placebo group (p < 0.005). The authors attributed the decrease in
bilirubin to the induction of glucuronyltransferase in the fetal liver, a known
effect of antipyrine (4). No adverse effects in the newborns were observed.

BREASTFEEDING SUMMARY
Antipyrine (phenazone), a nonelectrolyte with a molecular weight <200, freely
diffuses into the aqueous phase of milk with a milk:plasma ratio of
approximately 1.0 (5,6). No reports of its use during lactation have been
located.
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ANTITHROMBIN III (HUMAN)
Hematologic Agent (Thrombin Inhibitor)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Antithrombin III (human) has been used in the 2nd and 3rd trimesters for
the treatment of preeclampsia. Preliminary evidence suggests that this
treatment may be beneficial, but further studies are needed to confirm
these outcomes. Although the limited animal data are reassuring, there is
no human 1st trimester experience with this agent.

FETAL RISK SUMMARY
This product is prepared from pooled units of human plasma from screened
normal plasma donors. Although the risk of transmitting infectious agents, such
as viruses, has been reduced by measures taken during production, there is
still a potential for transmitting disease (1). Antithrombin III is an α2-
glycoprotein that normally is present in human plasma at a concentration of
approximately 12.5 mg/dL (1). It is the major plasma inhibitor of thrombin.

Reproduction studies have been conducted with antithrombin III in pregnant
rats and rabbits. No evidence of impaired fertility or fetal harm was observed
with doses up to four times the human dose (1).

It is not known whether there are physiologic processes that can carry
maternal antithrombin to the embryo or fetus. The molecular weight of the
protein, about 58,000, should prevent passive diffusion.

Two reports have described the use of antithrombin III in the treatment of
preeclampsia (2,3). In both cases, the beneficial effects of antithrombin III
were theorized to be related to the inhibition of thrombin, resulting in a reduction
in maternal hypertension and an increase in placental circulation (2,3). In a
nonrandomized study, women with severe early-onset preeclampsia (mean
gestational age at onset 28–29 weeks) with intrauterine growth restriction were



treated for 7 days with antithrombin III 1500 IU/day and heparin 5000 U/day (N
= 14) or heparin 5000 U/day alone (N = 15) (2). None of the women received
antihypertensive agents. The mean gestational age at the beginning of
treatment was 30–31 weeks with delivery in both groups occurring at about 32
weeks’ gestation. There was no difference in the mean birth weights (1280 vs.
1135 g), but the estimated fetal weight gain (g/day) was higher in the
antithrombin group (29.5 vs. 15.3 g, p < 0.05). No information was provided on
the status of the newborns, but there were no differences between the groups
in the fetal biochemical profile score (2).

A total of 133 women with severe preeclampsia (24–35 weeks’ gestation)
were enrolled in a randomized, double-blind, placebo-controlled trial (3). The
patients received either antithrombin III 3000 units once daily for 7 days (N =
66) or albumin once daily for 7 days (N = 67). The mean gestational age at the
start of treatment was about 32 weeks in both groups. Treatment was
interrupted in 23 and 29 patients in the antithrombin III and placebo groups,
respectively, because of worsening of maternal and fetal findings. Patients in
each group received antihypertensive agents and/or magnesium sulfate when
indicated. There were no significant differences between the groups in the fetal
biochemical profile score, but the antithrombin III group had a greater
estimated fetal gain (p = 0.029). Pregnancy outcomes all favored the treatment
group: gestational age at delivery (34.1 vs. 33.0 weeks, p = 0.007), birth
weight (1749 vs. 1409 g, p = 0.004), and number of small-for-gestational-age
newborns (65.6% vs. 83.3%, p = 0.020). No adverse effects in the newborns
were observed (3).

BREASTFEEDING SUMMARY
No reports describing the use of antithrombin III during lactation have been
located. The high molecular weight of the protein (about 58,000) suggests that
it will not be excreted into breast milk. However, even if small amounts did
enter the milk they likely would be digested in the infant’s stomach. Therefore,
the risk to a nursing infant from this agent appears to be nil.

References
1. Product information. Thrombate III. Bayer Corporation, Pharmaceutical Division, Biological Products,

2003.
2. Nakabayashi M, Asami M, Nakatani A. Efficacy of antithrombin replacement therapy in severe early-

onset preeclampsia. Semin Thromb Hemost 1999;25:463–6.
3. Maki M, Kobayashi T, Terao T, Ikenoue T, Satoh K, Nakabayashi M, Sagara Y, Kajiwara Y, Urata M.

Antithrombin therapy for severe preeclampsia. Results of a double-blind, randomized, placebo-
controlled trial. Thromb Haemost 2000;84:583–90.



APIXABAN
Anticoagulant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of apixaban in human pregnancy have been
located. The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk. Maternal bleeding during pregnancy and at delivery, as
well as fetal or newborn bleeding, is a risk because there is no established
way to reverse the anticoagulant effect that may persist for about 24
hours. The treatment of deep venous thrombosis or pulmonary embolism is
not an approved indication, and apixaban should not be used as heparin is
the treatment of choice for these indications (1). However, if apixaban is
the treatment of choice for its approved indication, it should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
Apixaban is an oral, reversible, selective active site inhibitor of factor Xa in the
same pharmacologic class as rivaroxaban. It is indicated to reduce the risk of
stroke and systemic embolism in patients with nonvalvular atrial fibrillation. The
agent is partially metabolized (about 25%) to inactive metabolites. Plasma
protein binding is about 87%. The half-life is about 6 hours but, because of
prolonged absorption, repeated dosing results in an effective half-life of about
12 hours (2).

Reproduction studies have been conducted in mice, rats, and rabbits. In
these species that were given apixaban from implantation to the end of
gestation, fetal exposures occurred but were not associated with an increased
risk of fetal malformations or toxicity, or maternal or fetal deaths due to
bleeding. However, an increased incidence of maternal bleeding in mice, rats,



and rabbits was observed at maternal exposures that were 19, 4, and 1 times,
respectively, the human exposure of unbound drug based on AUC at the
maximum human dose of 5 mg twice daily (MHD) (2).

Two-year studies in mice and rats observed no carcinogenicity. Various
assays for mutagenic and clastogenic effects also were negative. No effect on
fertility was observed in male or female rats given doses up to 3 and 4 times,
respectively, the MHD. In rats given doses up to 5 times the MHD from
implantation through the end of lactation, no adverse findings were observed in
male offspring. Adverse effects in female offspring were decreased mating and
fertility indices (2).

It is not known if apixaban crosses the human placenta. The molecular weight
(about 460), partial metabolism, moderate plasma protein binding, and long
effective half-life suggest that the drug will cross to the embryo–fetus. The drug
does cross the rat placenta and distributes in fetal blood, liver, and kidney (3).

BREASTFEEDING SUMMARY
No reports describing the use of apixaban during human lactation have been
located. The molecular weight (about 460), partial metabolism, moderate
plasma protein binding (about 87%), and long effective half-life (about 12
hours) suggest that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown. However, bleeding (e.g.,
gastrointestinal, intracranial, intraocular) has been reported in adults and is
potentially fatal. Therefore, the safest course is to not breastfeed if apixaban is
taken.
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APREPITANT
Antiemetic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of aprepitant in human pregnancy have been
located. The animal data suggest low risk, even though low doses relative
to the human dose were studied. Use of higher doses was not possible
because of saturation of absorption in the animals. The absence of human
pregnancy experience prevents a full assessment of the risk. Until
additional data are available, the use of aprepitant, if indicated, should be
restricted to the 2nd and 3rd trimesters. However, if inadvertent exposure
does occur during organogenesis, the embryo–fetal risk appears to be low.

FETAL RISK SUMMARY
Aprepitant is an oral antiemetic indicated, in combination with other antiemetic
agents, for the prevention of acute and delayed nausea and vomiting
associated with highly emetogenic cancer chemotherapy, such as cisplatin. It is
a selective high-affinity antagonist of human substance P/neurokinin 1 (NK1).
Protein binding to plasma protein is >95%. Aprepitant is extensively
metabolized to relatively inactive compounds by cytochrome P450 isoenzymes
(primarily CYP3A4). The elimination half-life ranges from 9 to 13 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, oral
doses up to about 1.6 times the human exposure in nonpregnant patients at the
recommended dose based on AUC0–24 h (HERD) revealed no evidence of
impaired fertility or fetal harm. Similar results were observed in rabbits at
doses up to about 1.4 times the HERD. Higher doses were not used because
of saturation of absorption. In 2-year carcinogenicity studies, oral doses up to
0.4–1.4 times the HERD were carcinogenic in male and female rats. Oral
doses up to 2.2–2.7 times the HERD were carcinogenic in male mice. No



mutagenicity was observed in various assays (1).
It is not known if aprepitant crosses the human placenta. The drug crosses

the placenta in rats and rabbits and crosses the blood–brain barrier in humans
(1). Although protein binding is high, the molecular weight (about 534) and
elimination half-life suggest that the drug will cross the human placenta to the
embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of aprepitant during human lactation have been
located. The molecular weight (about 534) and elimination half-life (9–13 hours)
suggest that the drug will be excreted into breast milk. However, the high
plasma protein binding (>95%) should attenuate the amount excreted. The
potential effect of this exposure on a nursing infant is unknown, but
consideration should be given, especially if the exposure is prolonged, to the
carcinogenic effects observed in animal studies.
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APROBARBITAL

[Withdrawn from the market. See 8th edition.]



APROTININ
Hemostatic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of aprotinin and congenital defects have been
located. The drug crosses the placenta and decreases fibrinolytic activity in
the newborn (1). The drug has been used safely in severe accidental
hemorrhage with coagulation when labor was not established (2).

FETAL RISK SUMMARY
Aprotinin, a polypeptide, is a natural, broad-spectrum protease inhibitor
obtained from bovine lung that is indicated for the prophylaxis of perioperative
blood loss during cardiopulmonary bypass surgery. After IV administration,
aprotinin undergoes rapid distribution into the total extracellular space and the
plasma half-life, after the distribution phase, is about 150 minutes. The terminal
half-life is about 10 hours (3).

Reproduction studies were conducted in rats with daily IV doses for 11 days
up to 2.4 times the human dose based on body weight (HD-BW) or 0.37 times
the human dose based on BSA (HD-BSA). Rabbits were given daily IV doses
for 13 days up to 1.2 times the HD-BW or 0.36 times the HD-BSA. No effects
on fertility or fetal harm were observed in either species (3).

BREASTFEEDING SUMMARY
No reports have been located describing the use of aprotinin during lactation.
Because of the indication for this drug, the opportunity for breastfeeding
following its use is probably nil. The oral absorption of this polypeptide is
unknown, but most likely poor.
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ARFORMOTEROL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of arformoterol in human pregnancy have
been located. The animal data suggest low risk, but the absence of human
data prevents a complete assessment of the embryo–fetal risk. Although
other β-adrenergic agonists are known to interfere with uterine contractions
(e.g., see Terbutaline), such an effect from arformoterol is unlikely because
of the very low systemic levels obtained from oral inhalation.

FETAL RISK SUMMARY
Arformoterol is a selective long-acting β2-adrenergic receptor agonist that acts
as a bronchodilator. It is the (R,R)-enantiomer of formoterol and has twice the
potency of racemic formoterol. (See also Formoterol.) Arformoterol is
formulated as a solution that is administered by nebulization. Systemic
bioavailability of arformoterol is very low with concentrations in the low pg/mL
range in nonpregnant patients. The drug is extensively metabolized to inactive
metabolites. Plasma protein binding (52%–65%) is moderate, but the mean
terminal half-life (26 hours) is prolonged (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, oral doses that resulted in exposures about 370 times the adult exposure
(AUC) at the maximum recommended daily inhalation dose (MRDID) caused
omphalocele (umbilical hernia). At exposures of about 1100 times the MRDID,
increased pup loss at birth and during lactation and decreased pup weights
were observed. Delays in development were evident at about 2400 times the
MRDID (1).

In pregnant rabbits, fetal malpositioned right kidney was noted at doses
producing exposures that were about 8400 times the MRDID. Doses that were



about ≥22,000 times the MRDID based on BSA (MRDID-BSA) caused
brachydactyly, bulbous aorta, liver cysts, adactyly, lobular dysgenesis of the
lung, and interventricular septal defect. At the highest dose (about 43,000 times
the MRDID-BSA), embryolethality was observed. Decreased pup weights were
noted at doses that were about 22,000 times the MRDID-BSA. There were no
teratogenic findings at exposures of about ≤4900 times the MRDID (1).

Two-year studies for carcinogenicity have been conducted in mice (oral) and
rats (inhalation). In female mice, there was a dose-related increase in the
incidence of uterine and cervical endometrial stromal polyps and stromal cell
sarcoma at exposures (AUC) of about 70 times the MRDID. In female rats,
exposures that were about 130 times the MRDID caused an increased
incidence of thyroid gland C-cell adenoma and carcinoma. No tumor findings
occurred with exposures of about 55 times the MRDID. Arformoterol was not
mutagenic or clastogenic in multiple assays. There were no effects on fertility
or reproductive performance in rats given oral doses up to about 2700 times
the MRDID-BSA (1).

It is not known if arformoterol crosses the human placenta. The molecular
weight (about 345 for the free base), moderate plasma protein binding, and
prolonged terminal half-life suggest that the drug will cross the placenta.
However, because of the minimal amounts in the systemic circulation, this
exposure appears to be clinically insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of arformoterol during human lactation have been
located. The molecular weight (about 345 for the free base), moderate plasma
protein binding, and prolonged terminal half-life suggest that the drug will be
excreted into breast milk. However, because of the minimal amounts in the
systemic circulation, this exposure appears to represent no risk to a nursing
infant.

Reference
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ARGATROBAN
Hematologic Agent (Thrombin Inhibitor)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Animal reproductive studies have not shown developmental toxicity, but the
doses used were a small fraction of the human dose. The human
pregnancy experience is limited to three case reports where argatroban
was used in the 2nd and 3rd trimesters. No drug-induced toxicity, such as
hemorrhage, was observed in the three exposed infants. Although there are
no reports describing the use of argatroban in the 1st trimester, the lack of
teratogenicity in animals and another agent in this subclass (see Lepirudin)
is encouraging. Thus, if a pregnant woman requires argatroban therapy the
benefits to her appear to outweigh the theoretical risks to the embryo or
fetus.

FETAL RISK SUMMARY
Argatroban is a synthetic reversible direct thrombin inhibitor derived from L-
arginine. It is in the same anticoagulant subclass as bivalirudin, desirudin, and
lepirudin. Argatroban is indicated as an anticoagulant for prophylaxis or
treatment of thrombosis in patients with heparin-induced thrombocytopenia
(HIT). It is also indicated as an anticoagulant in patients with or at risk for HIT
undergoing percutaneous coronary intervention. The drug is administered as a
continuous IV infusion and undergoes partial metabolism in the liver. Total
serum protein binding is 54%, with 20% bound to albumin and 34% to α1-acid
glycoprotein. The terminal elimination half-life is 39–51 minutes (1).

Reproduction studies with IV argatroban have been conducted in pregnant
rats and rabbits at doses up to 0.3 and 0.2 times, respectively, the maximum
recommended human dose based on BSA. No evidence of impaired fertility or
fetal harm was observed in either species (1).



It is not known if argatroban crosses the human placenta. The molecular
weight (about 527 for the hydrated form), low metabolism, and moderate
serum protein binding suggest that exposure of the embryo–fetus should be
expected, especially since the drug is given as a continuous infusion.

The use of argatroban in the 2nd trimester was reported in 2008 (2). A 35-
year-old woman with anemia secondary to myelodysplastic syndrome
developed a deep vein thrombosis (location and extent not specified) in the
18th week of pregnancy and was treated with unfractionated heparin. Severe
thrombocytopenia developed, which was subsequently shown to be caused by
bone-marrow dysplasia and not heparin (HIT antibody was negative), and
therapy was changed to daily IV doses of danaparoid. In the 22nd week of
gestation, pulmonary embolism occurred after a leg massage. An emergency
pulmonary embolectomy was performed under cardiopulmonary bypass to
remove emboli from the right main pulmonary artery. Anticoagulation during
surgery was maintained with argatroban. The woman recovered and eventually
delivered a healthy infant by cesarean section at 29 weeks’ gestation. No
details on the infant were provided (2).

A second 2008 report described the use of argatroban in the 3rd trimester
(3). A 26-year-old woman with a nonocclusive portal vein thrombosis and
thrombocytopenia secondary to idiopathic thrombocytopenic purpura was
treated with enoxaparin at 31 weeks’ gestation. Two weeks later, because of
worsening thrombocytopenia that initially was thought to be HIT but was later
found not to be, treatment was changed to a continuous infusion of argatroban.
Dexamethasone was given for 4 days before a scheduled cesarean section to
increase the platelet count so that epidural anesthesia could be used.
Argatroban was discontinued 7 hours before epidural anesthesia was
successfully placed. A 3092-g male infant with Apgar scores of 8 and 9 at 1
and 5 minutes, respectively, was delivered. Examination of the infant revealed a
small muscular ventricular septal defect with a patent foramen ovale; neither
was due to argatroban. The infant had a normal platelet count at birth. At 6
months of age, the ventricular septal defect had resolved but he still had a
patent foramen ovale (3).

Argatroban was used in a 38-year-old woman with an upper extremity deep
vein thrombosis who had developed HIT late in the 2nd trimester (4). As the
thrombus resolved, her therapy was changed to SC fondaparinux 7.5 mg/day,
and this agent was continued until the day before scheduled induction. During
labor she was given an IV infusion of argatroban and then discontinued several
hours before combined spinal–epidural analgesia. She gave birth to a healthy,



3.8-kg male infant with Apgar scores of 8 and 8 at 1 and 5 minutes,
respectively. No bleeding complications were reported in the infant (4).

A 31-year-old woman in her 12th week of pregnancy completely loss her
vision in her right eye for 2 minutes (5). After an extensive workup, she was
diagnosed with hypereosinophilic syndrome and started on heparin and
prednisone. HIT developed and her anticoagulant therapy was changed to
argatroban (dose not specified). The thrombocytopenia resolved and, after 15
days, she was discharged home on fondaparinux (75 mg/day) and a tapering
dose of prednisone. About 6–7 months later she gave birth to a healthy female
infant (no further infant details provided) (5).

In a 2012 case report, a 33-year-old woman, with a history of hereditary
antithrombin deficiency, presented at 7 weeks’ gestation with a deep venous
thrombosis in her left leg due to the deficiency (6). She was treated with
urokinase (24,000 units/day), heparin (20,000 units/day), and antithrombin
concentrate (3000 units/day). Ten days later, at 9 weeks’, HIT was diagnosed;
heparin was discontinued and a continuous infusion of argatroban (2.5
mcg/kg/min) was started. At 21 weeks’, argatroban was stopped and
fondaparinux (2.5 mg/day) was started at 24 weeks’. Argatroban (2.5–3.5
mcg/kg/min) was restarted during labor induction at 37 weeks’. The patient
gave birth to a 2800-g male infant with Apgar scores of 9 and 10 at 1 and 5
minutes, respectively. The newborn had 14% of antithrombin activity. The
mother and her newborn were discharged home 15 days later (6).

BREASTFEEDING SUMMARY
No studies describing the use argatroban during human lactation have been
located. The molecular weight (about 527 for the hydrated form), low
metabolism, and moderate serum protein binding suggest that the drug will be
excreted into breast milk, especially as it is given as a continuous infusion. Both
the effect of this exposure on a nursing infant and the potential for oral
absorption are unknown. Severe adverse effects have been observed in adults,
such as hypotension, fever, nausea/vomiting, and diarrhea (1). Thus, until
human data are available, the safest course is to not breastfeed while receiving
argatroban.
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ARIPIPRAZOLE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Several case reports have described the use of aripiprazole in human
pregnancy. No developmental toxicity was observed in these cases. The
animal data suggest a risk of developmental toxicity and possibly
teratogenicity, but the very limited human pregnancy experience prevents a
complete assessment of the embryo–fetal risk. Until such data are
available, the safest course is to avoid the drug in pregnancy. However, if
the mother’s condition requires treatment with aripiprazole, the lowest
effective dose, avoiding the 1st trimester if possible, should be used. In
addition, long-term evaluation of the infant is warranted.

FETAL RISK SUMMARY
Aripiprazole is an antipsychotic used in the treatment of schizophrenia. Activity
is due to both the parent drug and its active metabolite. Both are extensively
(>99%) bound to serum proteins, primarily albumin. The mean elimination half-
lives of aripiprazole and the active metabolite are about 75 and 94 hours,
respectively (1,2). The drug is in the quinolinone subclass of antipsychotics that
has no other members.

Reproduction studies have been conducted in rats and rabbits. Female rats
were treated for 2 weeks before mating through day 7 of gestation with doses
up to six times the maximum recommended human dose based on BSA
(MRHD). Fertility was not impaired but increased pre-implantation loss was
seen at a dose twice the MRHD or greater and decreased fetal weight was
noted at six times the MRHD. In pregnant rats, a dose 10 times the MRHD
given during organogenesis caused a slightly prolonged gestation, and a slight
delay in fetal development, as evidenced by decreased fetal weight,



undescended testes, and delayed skeletal ossification. The latter effect was
also seen at three times the MRHD. Some maternal toxicity was observed at
10 times the MRHD, but there was no evidence that the observed adverse
effects were secondary to maternal toxicity (1,2). There were no effects on
embryo, fetal, or pup survival, but offspring had decreased bodyweights (at 3
and 10 times the MRHD), and increased incidences of hepatodiaphragmatic
nodules and diaphragmatic hernia (at 10 times the MRHD). Adverse effects in
female offspring exposed in utero at 10 times the MRHD included delayed
vaginal opening and impaired reproductive performance (decreased fertility
rate, corpora lutea, implants, and live fetuses, and increased post-implantation
loss). In perinatal and postnatal rat studies, a dose 10 times the MRHD given
from day 17 of gestation through postpartum day 21 resulted in slight maternal
toxicity and prolongation of gestation, increases in stillbirths, and decreases in
pup weight (persisting into adulthood) and survival. Disturbances in
spermatogenesis and prostate atrophy, but not impaired fertility, were
observed in male rats given doses 13–19 times the MRHD from 9 weeks
before mating through mating (1,2).

In rabbits, a dose 11 times the human exposure at the maximum
recommended human dose based on AUC (HE) (up to 65 times the MRHD)
during organogenesis resulted in decreased maternal food consumption and
increased abortions. Other adverse effects noted were increased fetal
mortality (at 11 times the HE), decreased fetal weight (at 3 and 11 times the
HE), and increased incidences of skeletal abnormalities (fused sternebrae at 3
and 11 times the HE) and minor skeletal variations (at 11 times the HE) (1,2).

It is not known if aripiprazole or its active metabolite crosses the human
placenta early in gestation. However, consistent with the molecular weight of
the parent compound (about 448), combined with the prolonged elimination
half-lives of aripiprazole and the active metabolite, both cross the placenta to
the fetus at term (see case report below).

A 2006 case report described the use of aripiprazole in a 22-year-old woman
with a 3-year history of paranoid schizophrenia (3). She had been treated with
a variety of antipsychotics, including aripiprazole, but had stopped all therapy 1
year before conception. When her disease relapsed at 29 weeks’ gestation,
the woman was restarted on aripiprazole 10 mg/day and subsequently
increased to 15 mg/day. After 85 days of therapy, the drug was stopped 6
days before spontaneous delivery at the end of week 37 of gestation. The
normal, 2.6-kg male infant had Apgar scores of 9 and 10 at 1 and 5 minutes,
respectively. He remained healthy at 6 months of age (3).



A second 2006 case report described a 27-year-old woman with
schizophrenia who conceived while taking aripiprazole 15 mg/day (4). The
woman stopped the drug during the 8th week of gestation. After a relapse
during the 20th week of gestation, she restarted aripiprazole 10 mg/day and
continued this dose throughout the remainder of her pregnancy. Fetal distress,
including tachycardia, was noted at term and a healthy, 3.25-kg infant (sex not
specified) was delivered by cesarean section. The infant was doing well at 6
months of age (4).

In a 2008 case report, a 24-year-old woman with schizoaffective disorder
took aripiprazole 20 mg/day up to the time of conception and then discontinued
the drug because she did not want to expose her fetus (5). She also had
stopped her intermittent use of marijuana about 2 weeks before conception. At
about 8 weeks’, she experienced a severe relapse and aripiprazole was
restarted and continued throughout pregnancy. At 40 weeks’, she gave birth to
a healthy, 3.24-kg male infant with Apgar scores of 9 and 9. The infant was
doing well at 12 months of age (5).

Five other reports, similar to those above, have described the use of
aripiprazole in six pregnancies (6–10). No adverse effects of the drug therapy
were observed in the newborns. In one case, a woman taking aripiprazole 10
mg/day had an elective cesarean section at 39 weeks’ gestation (9). At birth,
samples were obtained from cord blood 8.6 hours after the last dose. The cord
serum concentrations of aripiprazole and the active metabolite were 17 and 8
mcg/L, respectively, while the concentrations in the mother, taken 9.6 hours
after dose, were 70 and 45 mcg/L, respectively. The cord:maternal ratios were
0.64 and 0.47, respectively (9).

BREASTFEEDING SUMMARY
In a case mentioned above, a woman taking aripiprazole 15 mg/day breastfed
her newborn infant (6). Breast milk samples were collected on postpartum day
3 but the analysis for the drug was unsuccessful. On day 27, milk samples
were collected 24 hours after the last dose (30 minutes before the next dose)
and 4 and 10 hours after a dose. On day 28, the mother’s serum
concentrations of the parent drug and metabolite were 207 and 42 ng/mL,
respectively. Neither aripiprazole nor its metabolite was detected in any of the
three milk specimens. Based on a detection limit of 10 ng/mL, the milk:plasma
ratios were <0.04. The estimated relative infant dose based on the mother’s
weight-adjusted dose was <0.7%. At 3 months of age, the infant was growing
normally (6).



Although the above case was unable to find detectable milk concentrations of
aripiprazole and its metabolite, confirmation of these results is warranted. Until
such data are available, if a woman taking the drug chooses to breastfeed, the
infant should be closely monitored for adverse effects. Recommendations for
counseling breastfeeding mothers who are taking an antipsychotic drug were
listed in a 2013 reference (11). Moreover, long-term evaluation of exposed
infants is warranted.
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ARMODAFINIL
Central Stimulant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Other than the three cases reported by the manufacturer, no reports
describing the use of armodafinil in human pregnancy have been located.
Developmental toxicity was observed in two animal species at systemic
exposures that were equal to or less than human plasma exposures. The
near absence of human pregnancy experience prevents a better
assessment of the embryo–fetal risk. Avoiding armodafinil during
pregnancy is the best course. Inadvertent exposure does not appear to
represent a major risk of embryo–fetal harm but, because of the two cases
of intrauterine growth restriction, closer attention than usual to fetal growth
might be appropriate.

FETAL RISK SUMMARY
Armodafinil is the R-enantiomer of modafinil which is a mixture of the R- and S-
enantiomers (see also Modafinil). It is indicated to improve wakefulness in
patients with excessive sleepiness associated with obstructive sleep
apnea/hypopnea syndrome, narcolepsy, and shift-work sleep disorder.
Armodafinil is a lipophilic agent that is extensively metabolized to apparently
inactive metabolites. The drug is moderately bound (about 60%) to plasma
proteins, primarily albumin, and the terminal half-life is about 15 hours (1).

Reproduction studies with armodafinil have been conducted in rats and, with
modafinil, in rats and rabbits. In rats, daily oral doses of armodafinil given
throughout the period of organogenesis resulted in increased incidences of fetal
visceral and skeletal variations and decreased fetal body weights. The no-
effect dose for rat embryo–fetal developmental toxicity was associated with a
plasma exposure (AUC) that was about 0.03 times the AUC in humans at the



maximum recommended daily dose of 250 mg (MRDD) (1).
Daily oral doses of modafinil given to rats throughout organogenesis caused

an increase in resorptions and increased incidences of visceral and skeletal
variations. The no-effect dose for embryo–fetal developmental toxicity was
associated with a plasma exposure (AUC) that was about 0.5 times the AUC in
humans at the recommended daily dose of 200 mg (RHD). In another study, no
developmental toxicity was observed at plasma modafinil exposure about 2
times the AUC at the RHD. However, when modafinil was given to rats
throughout gestation and lactation, decreased viability in the offspring occurred
with plasma exposures that were about 0.1 times the AUC at the RHD. No
effects on postnatal developmental and neurobehavioral parameters were
observed in surviving offspring (1).

In rabbits, daily oral doses of modafinil given throughout organogenesis
caused increased incidences of fetal structural alterations and embryo–fetal
death at the highest dose. The highest no-effect dose for developmental toxicity
was associated with a plasma modafinil exposure that was about equal to the
AUC at the RHD (1).

Carcinogenicity studies conducted with modafinil in mice and rats were
negative. No evidence of mutagenic or clastogenic potential was found in
multiple assays with armodafinil. Fertility studies in male and female rats with
modafinil observed an increase in time to mate at the highest dose. The no-
effect dose resulted in a plasma exposure that was about equal to the AUC in
humans at the RHD (1).

It is not known if armodafinil crosses the human placenta. The molecular
weight (about 273), lipophilic nature, moderate plasma protein binding, and long
terminal half-life suggest that the drug will cross to the embryo–fetus.

The manufacturer mentioned two cases of intrauterine growth restriction, and
one spontaneous abortion had been reported in association with armodafinil
and modafinil, but it was not known if the outcomes were drug-related (1). (See
also Modafinil.)

BREASTFEEDING SUMMARY
No reports describing the use of armodafinil during human lactation have been
located. The molecular weight (about 273), lipophilic nature, moderate plasma
protein binding (about 60%), and long terminal half-life (about 15 hours)
suggest that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown. If a lactating woman uses armodafinil,
her infant should be closely observed for adverse effects that are commonly



seen in adults (i.e., headache, nausea, dizziness, anxiety, and insomnia).
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ARNICA
Herb
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of arnica in human pregnancy have been
located. The herb should not be used in pregnancy as it is a uterine
stimulant that has been used traditionally as an abortifacient (1).

FETAL RISK SUMMARY
Arnica is a perennial plant that has bright yellow, daisy-like flowers that, when
dried, are the primary parts used, but the roots and rhizomes also are used.
The herb has been used medicinally for hundreds of years, especially in
Europe. The herb and its extracts have been used as a topical treatment for
skin conditions and wounds and are often used in cosmetic formulations.
However, clinical evidence to support its use as an anti-inflammatory or
analgesic is lacking. The FDA has classified arnica as an unsafe herb when
used orally, in which case it is considered a poison, or applied to broken skin
where absorption could occur. It is possibly safe when used in amounts
commonly found in foods. A large number of chemicals are found in arnica,
including flavonoids glycosides, isomeric alcohols, terpenoids (including
sesquiterpene lactones), amines, coumarins, carbohydrates, volatile oils, fatty
acids, and other compounds. The active ingredients are the sesquiterpene
lactones (1–3).

No carcinogenicity, reproductive, or developmental toxicity data are available
(3).

In homoeopathic formulations, arnica has been promoted for use before and
during labor as helpful for internal and external bruising of both the mother and
newborn infant (4). In a survey of 1044 Italian women, 491 (47%) reported that
they had taken or were taking one or more herbals in the last year, sometimes
during pregnancy (5). Arnica was among the top 10 herbs taken by the women.



BREASTFEEDING SUMMARY
Although it has not been studied, an abstract describing toxicity in a nursing
infant suggests that some of the chemicals in arnica are excreted into human
milk. A 9-day-old term male infant who was exclusively breastfed presented
with a 1-day history of lethargy, decreased milk intake, anemia, and jaundice
(6). The mother, who was asymptomatic, had started drinking a tea made from
arnica flowers 48 hours before the onset of symptoms. No reason for the
infant’s jaundice was found on workup. A screening test in the infant for
glucose-6-phosphate dehydrogenase (G6PD) was normal. Exchange
transfusions were used to lower the bilirubin and correct the infant’s anemia.
The mother stopped drinking the tea and resumed breastfeeding, and no
further hemolysis or other problems were noted in the infant (6).
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ASENAPINE
Antipsychotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of asenapine in human pregnancy have been
located. There is no evidence of embryo–fetal harm with other agents in
this subclass. However, because of the very limited human pregnancy
experience with atypical antipsychotics, the American College of
Obstetricians and Gynecologists does not recommend the routine use of
these agents in pregnancy, but a risk benefit assessment may indicate that
such use is appropriate (1). Until human data are available, the use of other
antipsychotics in pregnancy should be considered. Nevertheless, asenapine
is indicated for severe debilitating mental disease and the benefits to the
mother will probably outweigh the unknown embryo–fetal risk. A 1996
review on the management of psychiatric illness concluded that patients
with histories of chronic psychosis represent a high-risk group (for both the
mother and the fetus) and should be maintained on pharmacologic therapy
before and during pregnancy (2). Folic acid 4 mg/day has been
recommended for women taking atypical antipsychotics because they may
have a higher risk of neural tube defects due to inadequate folate intake
and obesity (3).

FETAL RISK SUMMARY
Asenapine is an atypical antipsychotic agent that is available for sublingual
administration. It is indicated for the acute treatment of schizophrenia in adults.
Asenapine belongs to the antipsychotic subclass of dibenzapine derivatives that
includes clozapine, loxapine, olanzapine, and quetiapine. It is metabolized and
eliminated as inactive metabolites. The mean terminal half-life is about 24
hours. Asenapine is highly bound (95%) to plasma proteins, including albumin



and α1-acid glycoprotein (4).
Animal reproduction studies have been conducted in rats and rabbits. In

these species, asenapine was not teratogenic at IV doses up to 0.7 and 0.4
times, respectively, the maximum recommended human dose of 10 mg twice
daily given sublingually based on BSA (MRHD). In rabbits, the highest dose
produced plasma levels (AUC) that were twice the human levels resulting from
the MRHD. Increases in post-implantation loss and early pup deaths were
observed in rats given daily IV doses that were 0.15–0.7 times the MRHD from
gestation day 6 through postpartum day 21. Decreases in pup survival and
weight gain were seen at IV doses that were 0.4 and 0.7 times the MRHD.
Oral dosing had the same effects. The decreases in pup survival were largely
due to prenatal drug effects (4).

Lifetime carcinogenicity studies have been conducted in mice and rats. In
female mice given SC doses resulting in plasma levels (AUC) that were about 5
times the human levels resulting from the MRHD, an increased incidence of
malignant lymphomas was observed. However, the mouse strain used had a
high and variable incidence of this cancer, and the significance of this finding to
humans is unknown. The no-effect dose was about 1.5 times the human levels
resulting from the MRHD. No tumors were observed in male mice or in rats. No
evidence of genotoxic potential was found in several tests. In rats, doses up to
10 times the MRHD had no effect on fertility (4).

It is not known if asenapine crosses the human placenta. The molecular
weight (about 286 for the free base) and the long terminal elimination half-life
suggest that the drug will cross to the embryo–fetus, even though the high
plasma protein binding may limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of asenapine during human lactation have been
located. The molecular weight (about 286 for the free base) and the long
terminal elimination half-life (about 24 hours) suggest that the drug will be
excreted into breast milk, even though the high (95%) plasma protein binding
might limit the exposure. The effect of this exposure on a nursing infant is
unknown, but they should be monitored for the most common adverse reactions
observed in adults (somnolence, dizziness, akathisia, and oral hypoesthesia).

The manufacturer recommends women receiving asenapine should not
breastfeed (4). Moreover, the American Academy of Pediatrics classifies other
atypical antipsychotics (e.g., see Clozapine) as drugs whose effect on the
nursing infant is unknown but may be of concern (5).



Because of the very limited human experience with atypical antipsychotics,
the American College of Obstetricians and Gynecologists does not recommend
the routine use of these agents during lactation, but a risk–benefit assessment
may indicate that such use is appropriate (1).
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ASPARAGINASE
Antineoplastic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Based on limited reports in humans, the use of asparaginase, in
combination with other antineoplastics, does not seem to pose a major risk
to the fetus when used in the 2nd and 3rd trimesters, or when exposure
occurs before conception in either women or men. No reports describing
the use of only asparaginase in pregnancy have been located. Because of
the teratogenicity observed in animals and the lack of human data after 1st
trimester exposure, asparaginase should be used cautiously during this
period, if at all.

FETAL RISK SUMMARY
The antineoplastic agent asparaginase, which is used in the treatment of
certain types of cancers, contains the enzyme, L-asparagine amidohydrolase,
type EC-2, derived from Escherichia coli (1).

The drug is teratogenic in rabbits, rats, and mice (1–3). In pregnant rabbits
given 50 IU/kg (5% of the human dose), asparaginase crossed the placenta
and produced malformations of the lung, kidney, and skeleton; spina bifida;
abdominal extrusion; and missing tail (2). Doses of 1000 IU/kg (equal to the
human dose) or more in rats and mice produced exencephaly and skeletal
anomalies (3). Maternal and fetal growth restriction have also been observed in
pregnant rats and mice treated with 1000 IU/kg (1).

The reported use of asparaginase during human pregnancy is limited to six
pregnancies, all in the 2nd trimester, resulting in the birth of seven infants (one
set of twins) (4–9). In each case, multiple other chemotherapeutic agents were
used with asparaginase for treatment of the acute leukemias. Therapy with
asparaginase was initiated between 16.5 and 22 weeks of pregnancy. No
congenital abnormalities were observed in any of the newborn infants, although



two newborns had transient, drug-induced bone marrow hypoplasia (4,5). One
34-year-old mother, with acute lymphoblastic leukemia, was treated for 18
weeks, commencing at 22 weeks’ gestation, with various combinations of
asparaginase, daunorubicin, vincristine, cytarabine, cyclophosphamide,
mercaptopurine, and methotrexate (9). Asparaginase, 5000 U/m2/day, was
administered on days 15–28 of therapy. She gave birth to a normal female
infant after 40 weeks’ gestation. The newborn had a normal karyotype (46,XX)
but with gaps and a ring chromosome. The clinical significance of these findings
is unknown, but because these abnormalities may persist for several years, the
potential exists for an increased risk of cancer as well as for a risk of genetic
damage in the next generation (9).

A number of reports have evaluated the reproductive histories of men and
women who were exposed to asparaginase and multiple other antineoplastic
agents before conception (10–15). Of the 13 men described, 9 fathered 15
children (10–13), including 1 who fathered a child while receiving therapy (10).
Two congenital anomalies were observed; one infant had a birthmark (13), and
one newborn had multiple anomalies (11). In the latter case, the man, who had
been off therapy for at least 3.5 years, also fathered a normal child (11). No
relationship between these outcomes and the fathers’ exposure to either
asparaginase or the other chemotherapeutic agents can be inferred from the
two cases.

In 57 women treated with asparaginase and other agents 2 months to 15
years before conception, a total of 83 pregnancies occurred, resulting in 5
spontaneous abortions, 5 elective abortions, 2 stillbirths, and 71 liveborn infants
(10,12–15). Among the liveborn infants, four were delivered prematurely, one
was growth-restricted, and seven had congenital defects, four minor and three
major. The minor abnormalities were an epidermal nevus (13), dark hair patch
(14), ear tag (14), and congenital hip dysplasia (15). Infants with major defects
were the offspring of women who had been treated 15–24 months before
conception with asparaginase, chlorambucil, mercaptopurine, methotrexate,
procarbazine, thioguanine, vinblastine, vincristine, and prednisone (14). The
defects were hydrocephalus, tracheomalacia, and pelvic asymmetry. The
authors concluded that the latter defect was most likely a deformation, resulting
from the mother’s scoliosis or from uterine scarring caused by radiation, rather
than a mutagenic effect of drug therapy (14). Causes for the other two defects
were not proposed, but they were not thought to be the result of germ cell
damage.



BREASTFEEDING SUMMARY
No reports describing the use of asparaginase during human lactation have
been located. Toxicity in a nursing infant is a potential complication if a mother
receiving this drug chooses to breastfeed.
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ASPARTAME
Artificial Sweetener
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible (Excluding Those with
Phenylketonuria)

PREGNANCY SUMMARY

Ingestion of aspartame-sweetened products during pregnancy does not
represent a risk to the fetuses of normal mothers, or of mothers either
heterozygous for or who have phenylketonuria (PKU). Elevated plasma
levels of phenylalanine, an amino acid that is concentrated in the fetus, are
associated with fetal toxicity. Whether a toxic threshold exists for neural
toxicity or the toxicity is linear with phenylalanine plasma levels is not
known. Women with PKU need to control their consumption of any
phenylalanine-containing product. Because aspartame is a source of
phenylalanine, although a minor source, this should be considered by these
women in their dietary planning. The other components of aspartame—
methanol and aspartic acid—and the various degradation products have no
toxicity in doses that can be ingested by humans.

FETAL RISK SUMMARY
Aspartame is a nutritive sweetening agent used in foods and beverages. It
contains 4 kcal/g and is about 180–200 times as sweet as sucrose. The
product was discovered in 1965 and obtained final approval by the FDA as a
food additive in certain dry foods in 1981 and in carbonated beverages in 1983
(1). Aspartame is probably the most extensively studied food additive ever
approved by the FDA (2,3). Chemically, the compound is N-L-α-aspartyl-L-
phenylalanine, 1-methyl ester (i.e., the methyl ester of the amino acids L-
phenylalanine and L-aspartic acid).

Aspartame is broken down in the lumen of the gut to methanol, aspartate,
and phenylalanine (1–4). The major decomposition product when the parent
compound is exposed to high temperatures or in liquids is aspartyl-
phenylalanine diketopiperazine (DKP), a product formed by many dipeptides



(3–5). The rate of conversion of aspartame to degradation products depends
on pH and temperature (3). In addition to methanol, the two amino acids, and
DKP, other degradation products are L,L-β-aspartame (aspartame is
commercially available as the L,L-α isomer), three dipeptides (α-Asp-Phe, β-
Asp-Phe, and Phe-Asp), and phenylalanine methyl ester (3). The dipeptide
compounds are hydrolyzed to the individual amino acids in the gut, and these,
along with methanol, will be evaluated in later sections. None of the other
degradation products have shown toxic effects after extensive study (3).
Moreover, the DKP compound and the β-isomer of aspartame are essentially
inactive biologically (3).

The projected maximum ingestion of aspartame has been estimated to be
22–34 mg/kg/day. The higher dose is calculated as the 99th percentile of
projected daily ingestion (2). The 22–34 mg/kg dose range is equivalent to 2.4–
3.7 mg/kg/day of methanol, 9.8 mg/kg/day of aspartate, and 12–19 mg/kg/day
of phenylalanine (2). The FDA has set the allowable or acceptable daily intake
(ADI) of aspartame at 50 mg/kg (1.5 times the 99th percentile of projected
daily ingestion) (1,3). In Europe and Canada, the ADI is 40 mg/kg (3). The ADI
is defined as an average daily ingestion that is considered harmless, even if
continued indefinitely, but does not imply that amounts above this value are
harmful (3).

The toxic effects of methanol ingestion are the result of its metabolism to
formaldehyde and then to formic acid. Accumulation of this latter product is
responsible for the acidosis and ocular toxicity attributable to methanol (1–3).
The dose of methanol estimated to cause significant toxicity is estimated to be
200–500 mg/kg (4). Theoretically, since about 10% of aspartame is methanol,
the toxic dose of aspartame, in terms only of methanol, would be about 2000
mg/kg, a dose considered far in excess of any possible ingestion (4). In 12
normal subjects, methanol plasma levels were below the level of detection (0.4
mg/dL) after ingestion of aspartame, 34 mg/kg (3). When abuse doses (100,
150, and 200 mg/kg) of aspartame were administered, statistically significant
increases in methanol blood concentrations were measured with peak levels of
1.27, 2.14, and 2.58 mg/dL, respectively (3). Methanol was undetectable at 8
hours after the 100-mg/kg dose, but was still present after the higher
aspartame doses. Blood and urine formate concentrations were measured
after ingestion of 200 mg/kg of aspartame in six healthy subjects (3). No
significant increases in blood formate levels were measured, but urinary
formate excretion did increase significantly. This indicated that the rate of
formate synthesis did not exceed the rate of formate metabolism and excretion



(3). No ocular changes or toxicity were observed in the test subjects (3).
Moreover, the amount of methanol (approximately 55 mg/L) derived from
aspartame-sweetened beverages, containing approximately 555 mg/L of
aspartame, is much less than the average methanol content of fruit juices (140
mg/L) (2). Based on the above data, the risk to the fetus from the methanol
component of aspartame is nil.

Aspartate is one of two dicarboxylic amino acids (glutamate is the other) that
have caused hypothalamic neuronal necrosis in neonatal rodents fed large
doses of either the individual amino acids or aspartame (2,5). In neonatal mice,
plasma concentrations of aspartate and glutamate must exceed 110 and 75
micro-mol/dL, respectively, before brain lesions are produced (2). Concerns
were raised that this toxicity could occur in humans, especially because
glutamate is widespread in the food supply (e.g., monosodium glutamate
[MSG]) (6). In addition, some aspartate is transaminated to glutamate, and the
neural toxicity of the two amino acids is additive (6). However, brain lesions
were not produced in nonhuman primates fed large doses of aspartame,
aspartate, or MSG (2).

In normal humans, ingestion of aspartame, 34 mg/kg, or equimolar amounts
of aspartate, 13 mg/kg, did not increase plasma aspartate levels (7). Adults
heterozygous for PKU also metabolized aspartate normally as evidenced by
insignificant increases in plasma aspartate concentrations and unchanged levels
of those amino acids that could be derived from aspartate, such as glutamate,
asparagine, and glutamine (8). When the dose of aspartame was increased to
50 mg/kg, again no increase in plasma aspartate levels was measured (9).
When an abuse dose of aspartame, 100 mg/kg, was administered to adults
heterozygous for PKU, plasma aspartate levels increased from a baseline of
0.49–0.80 micro-mol/dL (10).The increase was well within the range of normal
postprandial levels. In normal adults given a higher abuse dose of aspartame
(200 mg/kg), plasma levels of aspartate plus glutamate were increased from a
baseline of 2.7–7 micro-mol/dL, still far below the estimated toxic human
plasma level of 100 micro-mol/dL for aspartate and glutamate (7). Plasma
aspartate levels at 2 hours after the 200-mg/kg dose were less than normal
postprandial aspartate levels after a meal containing protein (1). Based on
these data, subjects heterozygous for PKU metabolize aspartate normally (2).
Moreover, neither aspartate nor glutamate is concentrated in the fetus, unlike
most other amino acids (1,2,5,11,12). Human placentas perfused in vitro
showed a fetal:maternal ratio of 0.13 for aspartic acid and 0.14 for glutamic
acid (11). In pregnant monkeys infused with sodium aspartate, 100 mg/kg/hour,



maternal plasma aspartate levels increased from 0.36 to 80.2 micro-mol/dL,
whereas fetal levels changed from 0.42 to 0.98 micro-mol/dL (12). Thus, there
is no evidence of a risk of fetal aspartate toxicity resulting from maternal
ingestion of aspartame, either alone or in combination with glutamate.

High plasma levels of phenylalanine, such as those occurring in PKU, are
known to affect the fetus adversely. Phenylalanine, unlike aspartate, is
concentrated on the fetal side of the placenta with a fetal:maternal gradient of
1.2:1–1.3:1 (13). The fetus of a mother with PKU may either be heterozygous
for PKU (i.e., those who only inherit one autosomal recessive gene and who
are nonphenylketonuric) or homozygous for PKU (i.e., those who inherit two
autosomal recessive genes and who are phenylketonuric). The incidence of
PKU is approximately 1/15,000 persons (5). In contrast, individuals
heterozygous for PKU are much more common, with an estimated incidence of
1/50–1/70 persons (8). In the former case, the fetus has virtually no (≤0.3%)
phenylalanine hydroxylase activity and is unable to metabolize phenylalanine to
tyrosine, thus allowing phenylalanine to accumulate to toxic levels (14). The
heterozygous fetus does possess phenylalanine hydroxylase, although only
about 10% of normal, with activity of the enzyme detected in the fetal liver as
early as 8 weeks’ gestation (13,14). Unfortunately, possession of some
phenylalanine hydroxylase activity does not reduce the amount of phenylalanine
transferred from the mother to the fetus (13). In a study of four families,
evidence was found that the heterozygous fetus either did not metabolize the
phenylalanine received from the mother or metabolism was minimal (13). This
supported previous observations that the degree of mental impairment from
exposure to high, continuous maternal levels of phenylalanine is often similar for
both the nonphenylketonuric and phenylketonuric fetuses (13). Moreover, the
exact mechanism of mental impairment induced by elevated phenylalanine
plasma levels has not been determined (4,15,16).

Offspring of women with PKU often are afflicted with mental retardation,
microcephaly, congenital heart disease, and low birth weight (16). Pregnancies
of these women are also prone to spontaneously abort (16). In one study,
maternal phenylalanine plasma levels >120 micro-mol/dL (classic PKU) were
consistently associated with microcephaly, although true mental retardation
was observed only when plasma levels exceeded 110 micro-mol/dL (16).
However, research has not excluded the possibility that lower concentrations
may be associated with less severe reductions in intelligence (16–18). For
example, in the study cited above, maternal phenylalanine levels <60 µmol/dL
(mild hyperphenylalaninemia without urine phenylketones) were associated with



normal intelligence in the infants (16). When maternal levels were in the range
of 60–100 micro-mol/dL (atypical PKU), most of the infants also had normal
intelligence, but their mean IQ was lower than that of the infants of mothers
with mild hyperphenylalaninemia. Others have interpreted these and additional
data as indicating a 10.5 point reduction in IQ for each 25.0 micro-mol/dL rise
in maternal phenylalanine plasma concentration (19,20). A recent study,
however, examined the nonhyperphenylalaninemic offspring of 12 mothers with
untreated hyperphenylalaninemia (21). The results supported the contention
that a maternal plasma phenylalanine threshold of 60 micro-mol/dL existed for
an adverse effect on the intelligence of the offspring (21). The investigators,
however, were unable to exclude the possibility that nonintellectual dysfunction,
such as hyperactivity or attention deficit disorder, may occur at concentrations
below the alleged threshold (21). Thus, although this latest study is evidence
for a threshold effect, additional studies are needed before the concept of a
linear relationship between offspring intelligence and maternal phenylalanine
levels can be set aside (19,20,22–24).

In normal subjects, fasting and postprandial (after a meal containing protein)
phenylalanine levels are approximately 6 and 12 micro-mol/dL, respectively
(2,8). When normal adults were administered either a 34- or 50-mg/kg
aspartame dose, the mean maximum phenylalanine concentrations were 9–12
and 16 micro-mol/dL, respectively, with levels returning to baseline 4 hours
after ingestion (2,7–9). Single doses of 100–200 mg/kg, representing abuse
ingestions of aspartame, resulted in peak phenylalanine plasma levels ranging
from 20 to 49 micro-mol/dL (2,25). These elevated levels returned to near
baseline values within 8 hours. Normal adults were also dosed with an
aspartame-sweetened beverage, providing a 10-mg/kg dose of aspartame, at
2-hour intervals for three successive doses (2,26). Plasma levels of
phenylalanine rose slightly after each dose, indicating that the phenylalanine
load from the previous dose had not been totally eliminated. However, the
increases were not statistically significant, and plasma phenylalanine levels
never exceeded normal postprandial limits at any time (26). The results of the
above studies suggest that even large doses of aspartame do not pose a fetal
risk in the normal subject.

Humans heterozygous for the PKU allele metabolize phenylalanine slower
than normal persons because of a decreased amount of liver phenylalanine
hydroxylase (2). The conversion of phenylalanine to tyrosine is thus impaired,
and potentially toxic levels of phenylalanine may accumulate. When adults with
this genetic trait were administered aspartame, 34 mg/kg, the mean peak



phenylalanine concentration was 15–16 micro-mol/dL, approximately 36%-45%
higher than that measured in normal adults (11 micro-mol/dL) (2,8,27). To
determine the effects of abuse doses, a dose of 100 mg/kg was administered,
resulting in a mean peak plasma level of 42 micro-mol/dL, approximately 100%
higher than that observed in normal individuals (20 micro-mol/dL) (2,10). In both
cases, phenylalanine plasma levels were well below presumed toxic levels and
returned to baseline values within 8 hours.

A 1986 study examined the effects of a 10-mg/kg dose of aspartame
obtained from a commercial product on the basal concentrations of several
amino acids, including phenylalanine, in four types of patients: normal, PKU,
hyperphenylalaninemic, and PKU carriers (28). One hour after ingestion, mean
phenylalanine levels had increased 1.35 micro-mol/dL (+30%) in normal
subjects and 1.35 micro-mol/dL (+20%) in PKU carriers, decreased 4.58 micro-
mol/dL (-3%) in subjects with PKU, and remained unchanged in
hyperphenylalaninemic individuals. The 10-mg/kg dose was selected because it
represented, for a 60-kg adult, the dose received from three cans of an
aspartame-sweetened soft drink or from approximately 1 quart of aspartame-
sweetened Kool-Aid (28).

BREASTFEEDING SUMMARY
Ingestion of aspartame, 50 mg/kg, by normal lactating women results in a
small, but statistically significant, rise in overall aspartate and phenylalanine milk
concentrations (9). Milk aspartate levels rose from 2.3 to 4.8 micro-mol/dL
during a 4-hour fasting interval after the aspartame dose. The rise in
phenylalanine milk levels during the same interval was approximately 0.5–2.3
micro-mol/dL. The investigators of this study concluded that these changes,
even if spread over an entire 24-hour period, would have no effect on a nursing
infant’s phenylalanine intake (9). However, because mothers or infants with
PKU need to carefully monitor their intake of phenylalanine, the American
Academy of Pediatrics classifies aspartame as an agent to be used with
caution during breastfeeding if the mother or the infant has PKU (29).
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ASPIRIN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Compatible (Low-Dose) Human Data
Suggest Risk in 1st and 3rd Trimesters (Full-Dose)
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of aspirin during pregnancy, especially of chronic or intermittent
high doses, should be avoided. The drug may affect maternal and newborn
hemostasis mechanisms, leading to an increased risk of hemorrhage. High
doses may be related to increased perinatal mortality, intrauterine growth
restriction (IUGR), and teratogenic effects. Low doses, such as 80
mg/day, appear to have beneficial effects in pregnancies complicated by
systemic lupus erythematosus with antiphospholipid antibodies. In
pregnancies at risk for the development of gestational hypertension and
preeclampsia, and in fetuses with IUGR, low-dose aspirin (40–150 mg/day)
may be beneficial, but more studies are required to assess accurately the
risk:benefit ratio of such therapy. Near term, aspirin may prolong gestation
and labor. Although aspirin has been used as a tocolytic agent, serious
bleeding complications may occur in the newborn. Premature closure of the
ductus arteriosus may occur in the latter part of pregnancy as a result of
maternal consumption of full-dose aspirin. Persistent pulmonary
hypertension of the newborn (PPHN) is a potential complication of the
closure. If an analgesic or antipyretic is needed, acetaminophen should be
considered.

FETAL RISK SUMMARY
Aspirin, a nonsteroidal anti-inflammatory drug (NSAID), is the most frequently
ingested drug in pregnancy either as a single agent or in combination with other
drugs (1). The terms “aspirin” and “salicylate” are used interchangeably in this
monograph unless specifically separated. In eight surveys totaling more than
54,000 patients, aspirin was consumed sometime during gestation by slightly



more than 33,000 (61%) (2–9). The true incidence is probably much higher than
this because many patients either do not remember taking aspirin or consume
drug products without realizing that they contain large amounts of salicylates
(2,4,8). Evaluation of the effects of aspirin on the fetus is thus difficult because
of this common, and often hidden, exposure. However, some toxic effects on
the mother and the fetus from large doses of salicylates have been known
since 1893 (10).

Aspirin consumption during pregnancy may produce adverse effects in the
mother: anemia, antepartum or postpartum hemorrhage, prolonged gestation,
and prolonged labor (5,11–14). The increased length of labor and frequency of
postmaturity result from the inhibition of prostaglandin synthesis by aspirin.
Aspirin has been shown to significantly delay the induced abortion time in
nulliparous (but not multiparous) patients by this same mechanism (15). In an
Australian study, regular aspirin ingestion was also found to increase the
number of complicated deliveries (cesarean sections, breech, and forceps) (5).
Small doses of aspirin may decrease urinary estriol excretion (16).

Aspirin, either alone or in combination with β-mimetics, has been used to
treat premature labor (17–19). Although adverse effects in the newborn were
infrequent, maternal complications in one study included non–dose-related
prolonged bleeding times and dose-related vertigo, tinnitus, headache, and
hyperventilation (19).

Failure of intrauterine devices (IUDs) to prevent conception has been
described in two patients who consumed frequent doses of aspirin (20). The
anti-inflammatory action of aspirin was proposed as the mechanism of the
failure.

Low-dose aspirin (about 85 mg/day) was used to treat maternal
thrombocytopenia (platelet counts <60,000/mm3) in 19 patients with either
IUGR or toxemia (21). In five women who had a definite response to the
aspirin, no improvement in plasma volume or fetal welfare was demonstrated.

In women with systemic lupus erythematosus complicated with either lupus
anticoagulant or anticardiolipin antibody (i.e., antiphospholipid antibodies), low-
dose aspirin (e.g., 80 mg/day) has been used in combination with prednisone to
reduce the incidence of pregnancy loss (22–25) (see reference 22 for a review
of this topic). This therapy has not been associated with drug-induced fetal or
neonatal complications.

Several studies have investigated the effect of low-dose aspirin (e.g., 40–
150 mg/day) on the prevention of gestational hypertension, preeclampsia, and
eclampsia, and the associated fetal risks of IUGR and mortality (26–38) (see



reference 36 for a review of this topic). Low-dose aspirin exerts its beneficial
effects in these disorders by irreversible inactivation of platelet
cyclooxygenase, resulting in a greater inhibition of thromboxane A2 synthesis
than that of prostacyclin production. This inhibition restores the ratio of the two
substances to a more normal value. Aspirin-induced fetal and neonatal toxicity
has not been observed after the chronic use of low-dose aspirin for these
indications. The lack of toxicity may be partially explained by the findings of a
study published in 1989 (34). In that study, 60–80 mg of aspirin/day, starting
3 weeks before delivery and continuing until birth, inhibited maternal platelet
cyclooxygenase, but not that of the newborn. These results were in agreement
with other studies using 60–150 mg/day (34). Other toxicities associated with
the use of full-dose aspirin near term, such as hemorrhage, premature closure
of the ductus arteriosus, pulmonary hypertension, prolonged gestation, and
prolonged labor, were not observed with low-dose aspirin therapy (34).
Although these results are reassuring, in the opinion of some, too few studies
have been reported to allow a true estimate of the fetal risk (36). However,
other recent reports have observed no serious neonatal adverse effects,
including hemorrhagic complications, in their series (39,40). In one of these
studies, 33 women judged to be at risk for gestational hypertension were
randomly assigned to either an aspirin (N = 17) or a placebo (N = 16) group
during the 12th week of gestation in a single-blind study (39). Patients in the
aspirin group, treated with 60 mg/day from enrollment to delivery, had a longer
duration of pregnancy (39 vs. 35 weeks) and delivered heavier infants (2922
vs. 2264 g). None of the aspirin-treated women developed gestational
hypertension, whereas three of the placebo group did develop the complication.
In a double blind study, 65 women with increased blood pressure during the
rollover test administered during the 28th or 29th week of pregnancy were
randomly divided into two groups: one group was treated with 100 mg/day of
aspirin (N = 34) and the other with placebo (N = 31) (40). Four women (11.8%)
of the aspirin-treated group developed gestational hypertension compared with
11 (35.5%) of the placebo group.

Fetal and newborn effects, other than congenital defects, from aspirin
exposure in utero, may include increased perinatal mortality, IUGR, congenital
salicylate intoxication, and depressed albumin-binding capacity (2,5,12,41–43).
For the latter effect, no increase in the incidence of jaundice was observed (2).
Perinatal mortality in the Australian study was a result of stillbirths more often
than neonatal deaths (5, 41). Some of the stillbirths were associated with
antepartum hemorrhage and others may have been caused by closure of the



ductus arteriosus in utero (44). Closure of the ductus has been shown in
animals to be a result of aspirin inhibition of prostaglandin synthetase. In some
early cases, in utero premature closure of the ductus arteriosus was probably
caused by aspirin but not suspected (45). However, a large prospective
American study involving 41,337 patients, 64% of whom used aspirin sometime
during gestation, failed to show that aspirin was a cause of stillbirths, neonatal
deaths, or reduced birth weight (46). The difference between these findings
probably relates to the chronic or intermittent use of higher doses by the
patients in the Australian study (44). Excessive use of aspirin was blamed for
the stillbirth of a fetus in whom salicylate levels in the fetal blood and liver were
25–30 and 12 mg/dL, respectively (47). Congenital salicylate intoxication was
found in two newborns exposed to high aspirin doses before delivery (42,43).
Although both infants survived, one infant exhibited withdrawal symptoms
beginning on the second neonatal day consisting of hypertonia, agitation, a shrill
piercing cry, and increased reflex irritability (41). The serum salicylate level was
31 mg/dL. Most of the symptoms gradually subsided over 6 weeks, but some
mild hypertonia may have persisted.

A 1996 case–control study investigated the relationship between aspirin and
other NSAIDs and PPHN (48). Case infants (N = 103) weighed at least 2500 g
at birth and had no major congenital defects, whereas controls (N = 298) were
full-term infants without congenital defects. Aspirin or other NSAIDs were used
by mothers of 26 cases. Because 34% of the cases and all of the controls
were born at one hospital (inborn), the investigators conducted two analyses,
one for inborn infants and one for the total group. For the total group, the odds
ratio and 95% confidence interval (CI) for the exposures and PPHN were
aspirin 4.9 (1.6–15.3) and other NSAIDs 6.2 (1.8–21.8). For inborn cases, the
findings were aspirin 9.6 (2.4–39.0) and other NSAIDs 17.5 (4.3–71.6). The
timing of the exposures was earlier than expected, a median 3 months for
aspirin and 1 month for NSAIDs. This result led to three potential conclusions:
(a) the drugs caused early structural remodeling or functional alterations of the
pulmonary vasculature, (b) the agents were also used in the 3rd trimester, or
(c) there was another, unidentified primary cause of PPHN. Exposure in the 3rd
trimester was the most likely conclusion because it would have been consistent
with the presumed mechanism of in utero premature closure of the ductus
arteriosus and resulting increased risk of PPHN. However, the investigators
could not determine which of the choices was correct (48). A 2001 report also
found the association between aspirin and PPHN (49).

Aspirin given in doses of 325–650 mg during the week before delivery may



affect the clotting ability of the newborn (50–56). In the initial study by Bleyer
and Breckenridge (50), 3 of 14 newborns exposed to aspirin within 1 week of
delivery had minor hemorrhagic phenomena vs. only 1 of 17 nonexposed
controls. Collagen-induced platelet aggregation was absent in the aspirin group
and, although of less clinical significance, factor XII activity was markedly
depressed. A direct correlation was found between factor XII activity and the
interval between the last dose of aspirin and birth. Neonatal purpuric rash with
depressed platelet function has also been observed after maternal use of
aspirin close to term (56). The use of salicylates other than aspirin may not be
a problem because the acetyl moiety is apparently required to depress platelet
function (57–59). In a 1982 study, 10 mothers consuming less than 1 g of
aspirin within 5 days of delivery had excessive intrapartum or postpartum blood
loss, resulting in hemoglobulin levels that were markedly lower than those of
controls (13,14). One mother required a transfusion. Bleeding complications
seen in 9 of the 10 infants included numerous petechiae over the presenting
part, hematuria, a cephalohematoma, subconjunctival hemorrhage, and
bleeding from a circumcision. No life-threatening hemorrhage, effect on Apgar
scores, or increased hospital stay was found, nor was bleeding observed in
seven mother–infant pairs when aspirin consumption occurred 6–10 days
before delivery (13,14).

An increased incidence of intracranial hemorrhage (ICH) in premature or low-
birth-weight infants may occur after maternal aspirin use near birth (60).
Computed tomographic screening for ICH was conducted on 108 infants 3–7
days after delivery. All of the infants were either ≤34 weeks in gestation or
≤1500 g in birth weight. A total of 53 infants (49%) developed ICH, including 12
(71%) of the 17 aspirin-exposed newborns. This incidence was statistically
significant when compared with the 41 (45%) non–aspirin-exposed infants who
developed ICH. The conclusions of this study have been challenged and
defended (61,62). In view of the potentially serious outcome, however, full
doses of aspirin should be used with extreme caution by patients in danger of
premature delivery.

Aspirin readily crosses the placenta (10). When given near term, higher
concentrations are found in the neonate than in the mother (63). The kinetics of
salicylate elimination in the newborn have been studied (63–65).

A 2003 population-based cohort study involving 1055 pregnant women
investigated the prenatal use of aspirin, other NSAIDs, and acetaminophen
(66). Fifty-three women (5%) reported used of NSAIDs around the time of
conception or during pregnancy, 13 of whom had a spontaneous abortion



(SAB). After adjustment, an 80% increased risk of SAB was found for other
NSAIDs (adjusted hazard ratio 1.8, 95% CI 1.0–3.2). Moreover, the
association was stronger if the initial use of drugs was around conception or if
they were used longer than 1 week. A similar association was found with
aspirin, but it was weaker because there were only 22 exposures (5 SABs). No
association was observed with acetaminophen (66).

The relationship between aspirin and congenital defects is controversial.
Several studies have examined this question with findings either supporting or
denying a relationship. In two large retrospective studies, mothers of 1291
malformed infants were found to have consumed aspirin during pregnancy more
frequently than mothers of normal infants (67,68). In a retrospective survey of
599 children with oral clefts, use of salicylates in the 1st trimester was almost
three times more frequent in the mothers of children with this defect (69). A
reviewer of these studies noted several biases, including the fact that they
were retrospective, that could account for the results (46). Three other reports
of aspirin teratogenicity involving a total of 10 infants have been located
(70–72). In each of these cases, other drugs and factors were present.

A 1985 study found a possible association between the use of aspirin in early
pregnancy and congenital heart disease (73). The risk for defects in septation
of the truncus arteriosus was increased about twofold over nonexposed
controls. In an earlier retrospective case–control comparison of the relationship
between maternal drug intake and congenital heart disease, aspirin was used
by 80 of 390 mothers of infants with defects vs. 203 of 1254 mothers of control
infants (74). Twelve of the exposed infants had transposition of the great
arteries and six had tetralogy of Fallot, but the association between the drug
and these defects was weak. The study could not distinguish between the
effects of the drug and the underlying condition for which the drug was used
(74). A brief review of this and other investigations that have examined the
relationship between aspirin and congenital heart disease was published in
1985 (75). The review concluded that too few data existed to associate aspirin
with cardiac defects.

A study published in 1989, however, concluded that 1st trimester use of
aspirin did not increase the risk of congenital heart defects in relation to other
structural anomalies (76). The interval examined encompassed the time of
major cardiac development (i.e., from the 5th week after the onset of the last
menstrual period to the 9th week of gestation). The data, from the Slone
Epidemiology Unit Birth Defects Study, involved 1381 infants with any structural
cardiac defect and five subgroups with selected cardiac defects (subgroups



were not mutually exclusive): aortic stenosis (N = 43), coarctation of the aorta
(N = 123), hypoplastic left ventricle (N = 98), transposition of the great arteries
(N = 210), and conotruncal defects (N = 791). A control group of 6966 infants
with other malformations was used for comparison. Infants with syndromes that
included cardiac defects, such as Down’s syndrome or Holt-Oram syndrome,
were excluded from the data, as were mothers who were uncertain about 1st
trimester aspirin use or its frequency. After adjustment for potentially
confounding factors, the relative risks for the defects among aspirin users in
comparison to controls were as follows: 0.9 (95% CI 0.8–1.1) for any cardiac
defect, 1.2 (95% CI 0.6–2.3) for aortic stenosis, 1.0 (95% CI 0.6–1.4) for
coarctation of the aorta, 0.9 (95% CI 0.6–1.4) for hypoplastic left ventricle, 0.9
(95% CI 0.6–1.2) for transposition of the great arteries, and 1.0 (95% CI 0.8–
1.2) for conotruncal defects. No dose–effect relationship was observed (76).

A 2003 case–control study was conducted to identify drug use in early
pregnancy that was associated with cardiac defects (77). Cases
(cardiovascular defects without known chromosome anomalies) were drawn
from three Swedish health registers (N = 5015). Controls were all infants born
in Sweden in 1995–2001 (N = 577,730). Associations were identified for
several drugs, some of which were probably due to confounding from the
underlying disease or complaint or multiple testing, but some were thought to
be true drug effects. The total exposed, number of cases, and odds ratio (OR,
95% CI) for NSAIDs and aspirin were 7698, 80 cases, 1.24 (0.99–1.55) and
5920, 52 cases, 1.01 (0.76–1.33), respectively. These results demonstrated no
association with cardiac defects (77).

In an FDA surveillance study of Michigan Medicaid recipients involving
229,101 completed pregnancies conducted between 1985 and 1992, 1709
newborns had been exposed to aspirin during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). A total of 83 (4.9%) major birth defects
were observed (73 expected). Specific data were available for six defect
categories, including (observed/expected) 19/17 cardiovascular defects, 2/3
oral clefts, 0/1 spina bifida, 3/5 polydactyly, 1/3 limb reduction defects, and 6/4
hypospadias. These data do not support an association between the drug and
the defects.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
14,864 of whom used aspirin during the 1st trimester (6). For use anytime
during pregnancy, 32,164 (64%) aspirin exposures were recorded. This
prospective study did not find evidence of a teratogenic effect with aspirin.
However, the data did not exclude the possibility that grossly excessive doses



of aspirin may be teratogenic. An Australian study of 144 infants of mothers
who took aspirin regularly in pregnancy also failed to find an association
between salicylates and malformations (41). Based on these studies and the
fact that aspirin usage in pregnancy is so common, it is not possible to
determine the teratogenic risk of salicylates, if indeed it exists.

A 1996 case–control study of gastroschisis found a significantly elevated risk
with ibuprofen (see Ibuprofen) and other medications and exposures (78). A
significant association also was found for aspirin (N = 7, OR 4.67, 95% CI
1.21–18.05). The data supported a vascular hypothesis for the pathogenesis of
gastroschisis (78).

Full-dose aspirin has been reported to affect adversely the IQ of children
exposed in utero during the first half of pregnancy (79). In a longitudinal
prospective study of the effects of prenatal alcohol exposure on child health
and development conducted between 1974 and 1975, drug histories were
obtained from 1529 women during the 5th month of pregnancy. At birth, 421
children were selected for later follow-up based on a system of prebirth
criteria. Of these, 192 (45.6%) had been exposed to aspirin during the first half
of pregnancy. A significant and negative association was discovered between
aspirin and child IQ and the children’s attentional decrements when they were
examined at 4 years of age. The association was not changed after adjustment
for a wide variety of potentially confounding covariates. Of interest, the data
indicated that girls were significantly more affected than boys. The physical
growth parameters, height, weight, and head circumference at 4 years of age,
were not significantly related to maternal use of aspirin (79).

In a similar study, data were collected in 19,226 pregnancies by the
Collaborative Perinatal Project; aspirin exposure during the first half of
pregnancy was reported by 10,159 (52.8%) (80). In contrast to the earlier
report, the mean child IQs at 4 years of age in the exposed and nonexposed
groups were 98.3 and 96.1, respectively. Adjustment for multiple confounders
reduced the difference between the groups to less than one point. No
relationship between the amount of aspirin consumed and child IQ was found.
The investigators concluded that an adverse effect of in utero aspirin exposure
on child IQ was unlikely (80).

Women attempting to conceive should not use any NSAID, including aspirin,
because of the findings in a variety of animal models that indicate these agents
block blastocyst implantation (81,82). Moreover, as noted above, NSAIDs have
been associated with SABs in humans (see Ibuprofen for additional studies).

A 2012 report from the National Birth Defects Prevention Study found



associations between exposures to NSAIDs (aspirin, ibuprofen, and naproxen)
and several birth defects (83). The data for this case–control study came from
approximately 20,470 women with expected due dates in 1997–2004. Among
this group, 3173 women (15.5%) were exposed to NSAIDs in the 1st trimester.
Although the results suggested that NSAIDs are not a major cause of birth
defects, the study did find several small-to-moderate but statistically significant
increases in nine defects. The drug, adjusted OR and 95% CI for each defect
were: anencephaly/craniorachischisis—aspirin (2.1; 1.1–4.3); spina bifida—
ibuprofen (1.6; 1.2–2.1); encephalocele—naproxen (3.5; 1.2–10);
anophthalmia/microphthalmia—aspirin (3.0; 1.3–7.3), ibuprofen 1.9; 1.1–3.3,
and naproxen 2.8; 1.1–7.3); cleft lip ± cleft palate—ibuprofen (1.3; 1.1–1.6)
and naproxen (1.7; 1.1–2.5); cleft palate—aspirin (1.8; 1.1–2.9); transverse
limb deficiency—naproxen (2.0; 1.0–3.8); amniotic bands/limb body wall—
aspirin (2.5; 1.1–5.6) and ibuprofen (2.2; 1.4–3.5); and a heart defect (isolated
pulmonary valve stenosis)—naproxen (2.4; 1.3–4.5). The analysis of the latter
defect was limited to term births only. The authors acknowledged that further
studies were needed because most of these associations had not been
reported from other databases (83).

BREASTFEEDING SUMMARY
Aspirin and other salicylates are excreted into breast milk in low concentrations.
Sodium salicylate was first demonstrated in human milk in 1935 (84). In one
study of a mother taking 4 g daily, no detectable salicylate in her milk or in her
infant’s serum was found, but the test sensitivity was only 50 mcg/mL (85).
Reported milk concentrations are much lower than this level. Following single or
repeated oral doses, peak milk levels occurred at around 3 hours and ranged
from 1.1 to 10 mcg/mL (86,87). This represented a milk:plasma ratio of 0.03–
0.08 at 3 hours. Because salicylates are eliminated more slowly from milk than
from plasma, the ratio increased to 0.34 at 12 hours (86). Peak levels have
also been reported to occur at 9 hours (88). Only one report has attributed
infant toxicity to salicylates obtained in mother’s milk (89). A 16-day-old female
infant developed severe salicylate intoxication with a serum salicylate level of
24 mg/dL on the third hospital day. Milk and maternal serum aspirin levels were
not obtained, but the mother was taking 650 mg every 4 hours. Although the
parents denied giving the baby aspirin or other salicylates, it is unlikely, based
on the above reports, that she could have received the drug from the milk in the
quantities found (89).

Adverse effects on platelet function in the nursing infant exposed to aspirin



via the milk have not been reported but are a potential risk. The American
Academy of Pediatrics recommends that aspirin should be used cautiously by
the mother during lactation because of potential adverse effects in the nursing
infant (90).
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ATAZANAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the limited human data prevent an assessment of the risk of
atazanavir during pregnancy, the animal data suggest low risk to the
developing fetus. Of note, the systemic exposures in two animal species
were very close to those obtained clinically. However, if indicated, the drug
should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Atazanavir is an azapeptide HIV type 1 (HIV-1) protease inhibitor. The agent
selectively inhibits the virus-specific processing of viral Gag and Gag-Pol
polyproteins in HIV-1-infected cells, thereby preventing formation of mature
virions (1). The hepatic metabolites of atazanavir are inactive. Plasma protein
binding is 86% with about equal amounts bound to albumin and α1-glycoprotein.
The mean elimination half-life is about 7 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
producing systemic drug exposures that were two times the human exposure
from the clinical dose of 400 mg once daily (HE) had no adverse effect on
mating or fertility and were not teratogenic or embryotoxic. However, in pre-
and postnatal rat development studies, the dose resulted in body weight loss or
decreased weight gain in offspring and maternal toxicity. No effects on
offspring were observed when the maternal exposure was equivalent to the HE.
No teratogenic effects were observed in rabbits at doses producing maternal
exposures equal to the HE (1).

It is not known if atazanavir crosses the human placenta. The molecular
weight (about 705 for the free base) and moderately long elimination half-life
suggest that passage to the embryo and fetus might occur.

The Antiretroviral Pregnancy Registry reported, for the period January 1989



through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (2). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 528 outcomes exposed to atazanavir (343
in the 1st trimester and 185 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were 12 birth defects (9 in the 1st trimester and 3
in the 2nd/3rd trimesters). In reviewing the birth defects of prospective and
retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (2). (See Lamivudine for
required statement.)

Hyperbilirubinemia is a common adverse effect with atazanavir, but it is not
known if this will worsen physiologic hyperbilirubinemia in the newborn or young
infant and lead to kernicterus. In the prepartum period, additional monitoring
and alternative therapy to atazanavir should be considered (1).

A public health advisory was issued by the FDA on the association between
protease inhibitors and diabetes mellitus (3). Because pregnancy is a risk
factor for hyperglycemia, there was concern that these antiviral agents would
exacerbate this risk. An abstract published in 2000 described the results of a
study involving 34 pregnant women treated with protease inhibitors (none with
amprenavir) compared with 41 controls that evaluated the association with
diabetes (4). No association between protease inhibitors and an increased
incidence of gestational diabetes was found.

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (5,6). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (7). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation



that the therapy, with the exception of efavirenz, should be continued during
pregnancy (8). If indicated, therefore, protease inhibitors, including atazanavir,
should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. Updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (9). Women receiving antiretroviral
therapy during pregnancy should continue the therapy but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (9).

BREASTFEEDING SUMMARY
No reports describing the use of atazanavir during human lactation have been
located. The molecular weight (about 705 for the free base) and the
moderately long elimination half-life (about 7 hours) suggest that the drug will
be excreted into breast milk. The effect on a nursing infant from this exposure
is unknown.

However, reports on the use of atazanavir during lactation are unlikely
because of the potential toxicity, especially hyperbilirubinemia, and because the
drug is indicated in the treatment of patients with HIV. HIV-1 is transmitted in
milk, and in developed countries, breastfeeding is not recommended
(5,6,8,10–12). In developing countries, breastfeeding is undertaken, despite the
risk, because there are no affordable milk substitutes available.
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ATENOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Atenolol may cause growth restriction and reduced placental weight. The
drug does not possess ISA (i.e., partial agonist). The reduced fetal growth
appears to be related to increased vascular resistance in both the mother
and the fetus and is a function of the length of drug exposure. Treatment
starting early in the 2nd trimester is associated with the greatest decrease
in fetal and placental weights, whereas treatment restricted to the 3rd
trimester primarily affects only placental weight. Although growth restriction
is a serious concern, the benefits of maternal therapy with β-blockers, in
some cases, might outweigh the risks to the fetus and must be judged on a
case-by-case basis. Because only one case has been reported, an
association between atenolol and fetal retroperitoneal fibromatosis requires
confirmation. Newborns exposed to atenolol near delivery should be closely
observed during the first 24–48 hours for signs and symptoms of β-
blockade. The long-term effects of prolonged in utero exposure to this
class of drugs have not been studied but warrant evaluation.

FETAL RISK SUMMARY
Atenolol is a cardioselective β1-adrenergic blocking agent used for the
treatment of hypertension. The drug did not cause structural anomalies in
pregnant rats and rabbits, but a dose-related increase in embryo and fetal
resorptions in rats was observed at doses ≥25 times the maximum
recommended human antihypertensive dose based on 100 mg/day in a 50-kg
patient (MRHD). This effect was not seen in rabbits at doses up to 12.5 times
the MRHD (1).

In contrast with propranolol and sotalol, atenolol exposure during gestation



did not increase the motor activity or cause poor performance in rat offspring
(2). The adverse effects observed with propranolol and sotalol, but not
atenolol, were attributed to the β2-blocking activity of propranolol and sotalol.

A 2002 abstract, reviewing both published and nonpublished sources to
assess atenolol developmental toxicity, found that fetal growth restriction
occurred in both animals and humans (3). The animal–human concordance was
thought to result from the reduced placental and fetal circulation induced by
atenolol.

Atenolol readily crosses the placenta to the fetus producing steady-state
fetal levels approximately equal to those in the maternal serum (4–11). When
11 pregnant patients were treated with 100 mg/day, the serum half-life (8.1
hours) and the 24-hour urinary excretion (52 mg) were similar to those values in
nonpregnant women (8). In nine women treated with atenolol for cardiac
disease, the average maternal and cord drug concentrations at delivery were
133 and 126 ng/mL, respectively (11). No evidence of altered atenolol
pharmacokinetics during pregnancy was found. Atenolol transfer was one-third
to one-fourth the transfer of the more lipid-soluble β-blockers propranolol,
timolol, and labetalol in an in vitro experiment using perfused human placentas
(12).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 105 newborns had
been exposed to atenolol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 12 (11.4%) major birth defects were
observed (4 expected). Specific data were available for six defect categories,
including (observed/expected) 3/1 cardiovascular defects, 1/0 oral clefts, 0/0
spina bifida, 0/0 polydactyly, 1/0 limb reduction defects, and 4/0 hypospadias.
Only with the latter defect is there a suggestion of a possible association, but
other factors, including the mother’s disease, concurrent drug use, and chance,
may be involved.

A 1997 abstract (13) and later full report (14) described a case of
retroperitoneal fibromatosis in a fetus exposed in utero to atenolol from the
second month of gestation through delivery at 37 weeks. The obese (134 kg at
term), 25-year-old mother, in her third pregnancy, was treated for hypertension
with 100-mg atenolol daily until giving birth to the 3790-g male infant. Other
drug therapy included magnesium supplements and occasional
metoclopramide. The mother had no familial history of cancer and both of her
other children were normal. Treatment of the tumor with chemotherapy during
the first 3 months of life was successful, but a severe scoliosis was present in



the child at 4 years of age. The authors attributed the rare tumor to the drug
because, among other reasons, the location of the mass was similar to that of
fibroses reported in adults exposed to atenolol (13,14).

The use of atenolol for the treatment of hypertension in pregnant women has
been described frequently (7,10,15–28). No fetal malformations attributable to
atenolol have been reported in these trials, but in most cases, the treatment
with atenolol did not occur during the 1st trimester.

In a 1981 study, 13 women—11 in the 3rd trimester and 2 in the 2nd
trimester—were treated for gestational hypertension with atenolol 100 mg/day
until delivery (15). The birth weights of 12 of the 13 newborns were less than
the 50th percentile (3 were less than the 10th percentile), but the authors
thought they were consistent with severe preeclampsia. The pharmacokinetic
profiles of atenolol in the pregnant subjects were similar to those measured in
nonpregnant women (15).

A 1982 study described the pregnancy outcomes of 10 women with chronic
hypertension who were treated with atenolol 100–200 mg/day beginning at 11–
32 weeks (16). One woman delivered a stillborn infant at 41+ weeks’ gestation,
but the remaining nine women delivered at a median of 39 weeks. The median
birth weight was 82% of the gestational mean with placental weights ranging
from 235 to 795 g.

A 1983 retrospective study examined the effects of atenolol (N = 87) and
metoprolol (N = 2), either alone or in combination with other antihypertensives,
for the treatment of hypertension (chronic or preeclampsia) in pregnancy (17).
Birth weights were not given. There were three stillbirths, but the maternal
therapy in these cases was not specified.

A randomized, double-blind study published in 1983 compared atenolol (N =
46) with placebo (N = 39) for the treatment of mild-to-moderate gestational
hypertension (18). Treatment was started at a mean 34 weeks’ gestation in
both groups. The mean gestational ages at delivery were 38 weeks (placebo)
and 39 weeks (atenolol) (p < 0.05). No differences in the incidence of
hypoglycemia, respiratory distress syndrome, or hyperbilirubinemia were
observed between the groups. Although not statistically significant, both the
mean birth weights (2961 vs. 3017 g) and placental weights (549 vs. 608 g)
were lower in those treated with atenolol. However, significantly more atenolol-
exposed newborns had bradycardia, 39% (18 of 46) vs. 10% (4 of 39) (p <
0.01). None of the infants required treatment for the lowered heart rate. Three
intrauterine deaths occurred, two in the placebo group and one in the atenolol
group (18). In the same year, the authors of this study and a previous report



(16) commented briefly on the benefits of β-blockers in the management of
hypertension during pregnancy (19).

A 1992 study evaluated the effectiveness of atenolol in three groups of
pregnant women having chronic hypertension (N = 12), gestational hypertension
without proteinuria (N = 52), or preeclampsia (N = 6) (20). The mean doses in
the three groups were 62.5, 70.0, and 100.0 mg, respectively. The drug was
started at a mean gestational age of 24.5, 29.8, and 31.0 weeks, respectively.
The mean birth weights observed were approximately 2902, 3059, and 2431 g,
respectively.

The effect of β-blockers in pregnancy was reviewed in a 1988 article. Citing
only three reports, the authors concluded that atenolol was safe and effective
therapy during pregnancy (21).

Antihypertensive therapy with atenolol has been associated with fetal growth
restriction in a number of studies (7,10,22–27). A nonrandomized 1983 study
compared atenolol (N = 28; enrolled before May 1981) with labetalol (N = 28;
enrolled after May 1981) in the treatment of chronic (N = 6) or gestational
hypertension (N = 50) (7). The average daily doses were 144.6 mg (atenolol)
and 614 mg (labetalol). Newborn weights were significantly higher in those
exposed to labetalol, 3280 vs. 2750 g, respectively (p < 0.001). Two newborns
were premature (<37 weeks) in the atenolol group compared with one in the
labetalol group. In addition, two mothers treated with atenolol delivered stillborn
infants at 29 and 38 weeks, respectively (7).

A 1984 case report described the pregnancy outcome of a woman treated
with atenolol (50 mg/day increased to 100 mg/day at 33 weeks’) throughout a
36-week gestation (10). Intrauterine growth restriction (IUGR) was diagnosed
by ultrasound and a small (weight not given) but otherwise-normal baby girl
was delivered with Apgar scores of 5, 7, and 9 at 1, 5, and 10 minutes,
respectively. The maternal plasma and cord blood atenolol concentrations were
510 and 380 ng/mL, respectively. Other than a transient decrease in heart rate
to 100 beats/minute at 16 hours of age, the infant had no complications (10).

A 1980 report described 60 pregnancy outcomes from 59 women treated
with β-blockers for hypertension (22). The agents used were atenolol (N = 10;
daily dose 100–200 mg), acebutolol (N = 28; daily dose 200–600 mg), pindolol
(N = 21; daily dose 10–20 mg), and propranolol (N = 1; daily dose 40 mg).
Although the birth weights were not differentiated by drug, 9 newborns weighed
<2500 g, 11 were 2500–2800 g, and 40 were >2800 g (21). Two years later,
this research group compared atenolol (N = 31), acebutolol (N = 56), and
pindolol (N = 38) in a nonrandomized study for the treatment of hypertension



during pregnancy (23). One year later, the researchers increased the number
of atenolol cases to 37 (24). The mean birth weights of the three groups were
2.82, 3.16, and 3.38 kg, respectively (23,24).

In a prospective, randomized, double-blind study, women with mild essential
hypertension were given either atenolol (50–200 mg/day) or placebo starting at
a mean gestational age of 15.9 weeks (25). The 15 newborns in the treated
group had a significantly lower birth weight than the 14 untreated controls
(2620 vs. 3530 g; p < 0.001). In the treated group, 5 of the newborns had
weights below the 5th percentile and 10 were below the 10th percentile,
compared with 1 newborn below the 25th percentile in controls. In addition, the
atenolol group had significantly smaller placentas (442 vs. 635 g; p < 0.002)
(25).

A 1992 report described the outcomes of 29 women with pregnancy-induced
hypertension in the 3rd trimester (26). The women were randomized to receive
either atenolol (N = 13) or pindolol (N = 16). The decrease in mean maternal
arterial blood pressure in the two groups was similar. In comparing the
women’s status before and after therapy, several significant changes were
measured in fetal hemodynamics with atenolol but, except for fetal heart rate,
no significant changes were measured with pindolol. The atenolol-induced
changes included a decrease in fetal heart rate; increases in the pulsatility
indices (and thus the peripheral vascular resistance) of the fetal thoracic
descending aorta, the abdominal aorta, and the umbilical artery; and a
decrease in the umbilical venous blood flow (26). Although no difference in birth
weights was observed in the two groups, the placental weight in atenolol-
treated pregnancies was significantly less, 529 vs. 653 g (p = 0.03).

A 1997 report described an open, retrospective survey on the use of
antihypertensives in 398 consecutive pregnant women who attended an
antenatal hypertension clinic from 1980 to 1995 (27). The 76 women who used
atenolol were compared with those using calcium channel blockers (N = 22),
diuretics (N = 26), methyldopa (N = 17), other β-blockers (N = 12), or no drug
therapy (N = 235). The mean birth weights/placental weights in the groups
were atenolol 2.19 kg/390 g (p < 0.001); other β-blockers 2.36 kg/450 g;
calcium channel blockers 2.50 kg/385 g (p = 0.001); diuretics 2.53 kg/500 g;
methyldopa 2.70 kg/500 g; and no drug treatment 2.78 kg/535 g. The ponderal
index (kg/m3 × 104), an indirect measure of impaired placental function in some
forms of IUGR, also was calculated for each group: 2.21 (p < 0.001), 2.44,
2.22, 2.33, 2.67, and 2.39, respectively. The authors concluded that atenolol
was associated with IUGR and reduced placental weights and should be



avoided in women who are trying to conceive or are in the early stages of
gestation (27).

A 1999 retrospective cohort study reported the outcomes of 312 pregnancies
in 223 women treated for gestational hypertension (N = 80), preeclampsia (N =
19), chronic hypertension (N = 179), or superimposed preeclampsia on chronic
hypertension (N = 34) (28). The women were treated with atenolol
monotherapy (N = 78), other monotherapy (N = 53), combination therapy (N =
90; atenolol in 57), or no treatment (N = 91). The atenolol outcomes were
statistically significant when compared with other monotherapy or with no
treatment. (Combination therapy implied more severe disease and consistently
had the worst outcomes.) Birth weights were as follows: atenolol 2372 g vs.
other monotherapy 2756 g or no treatment 3068 g (p < 0.05), and combination
therapy 2220 g; birth lengths were as follows: atenolol 47.9 cm vs. other
monotherapy 48.3 cm, no treatment 50.4 cm, (p < 0.05), and combination
therapy 46.3 cm. There were two nonsignificant trends: higher prevalence of
preterm delivery (<37 weeks) atenolol 33% vs. other monotherapy 26%, no
treatment 15%, and combination therapy 46%; and higher prevalence of small-
for-gestational-age (<10th percentile) atenolol 49% vs. other monotherapy
34%, no treatment 21%, and combination therapy 52%. The adverse fetal
effects of atenolol were more pronounced when the therapy was started early
in pregnancy and were duration-dependent (28).

A prospective randomized study compared 24 atenolol-treated women with
27 pindolol-treated women (29). No differences between the groups were
found in gestational length, birth weight, Apgar scores, rates of cesarean
section, or umbilical cord blood glucose levels. Treatment in both groups
started at about 33 weeks’ gestation. Placentas in the atenolol group weighed
less than those from pindolol-treated women, 440 vs. 533 g, p < 0.02.

A 1987 study used Doppler ultrasound to evaluate maternal and fetal
circulation during atenolol therapy in 14 women (9 nulliparous) with pregnancy-
induced hypertension at a mean gestational age of 35 weeks (range 33–
38 weeks) (30). The studies were conducted before and during the first and
third days of treatment. During treatment, the volume of blood flow remained
unchanged in the fetal descending aorta and the umbilical vein. In contrast, the
pulsatility index increased in the fetal descending aorta and the maternal
arcuate artery, suggesting that peripheral vascular resistance had increased on
both the maternal and fetal sides of the placenta. No effect on placental or fetal
weight occurred because of the short treatment period (delivery occurred a
mean 18 days after the start of the study) (30). The study design and



techniques were criticized based on concerns for reproducibility, including day-
to-day variability in Doppler measurements, the lack of controls, and the
uncertainty of the clinical significance of velocity waveform measurements (31).

A 1995 randomized study examined the short-term effects of IV 15- to 20-
minute infusions of atenolol or pindolol in 24 women with gestational
hypertension (32). Comparisons were made for uterine and umbilicoplacental
vascular impedance, fetal hemodynamics, and cardiac function. Both drugs
significantly decreased maternal blood pressure and maternal heart rate
immediately after infusion, but the effect of atenolol still was evident 30 minutes
after the end of the infusion. Pindolol produced no changes in uteroplacental or
umbilicoplacental vascular impedance, whereas atenolol increased vascular
impedance in the nonplacental uterine artery. The umbilical artery pulsatility
indices, an indication of increased vascular resistance, were higher after
atenolol than after pindolol. Pindolol had no effects on fetal hemodynamics
whereas atenolol decreased pulsatility indices in the fetal renal artery. In
addition, atenolol significantly decreased peak systolic velocity in the fetal
pulmonary trunk. The investigators concluded that both drugs were equally
effective in lowering maternal blood pressure, that atenolol increased
uteroplacental vascular impedance, and that atenolol had direct effects on fetal
hemodynamics. Based on these findings, pindolol was the preferred agent (32).

A 1995 review of vasoactive drugs in pregnancy stated that pregnancy-
induced hypertension (now known as gestational hypertension) was associated
with increased vascular resistance that could reduce uteroplacental blood flow
by 40%–70% (33). In addition, atenolol treatment was associated with
increased resistance in uterine arteries and decreased peak velocity in the fetal
pulmonary trunk, but that pindolol lacked these effects (32). They concluded
that the use of vasoconstricting β-blockers during pregnancy should be
reconsidered (33).

Normotensive women at risk for preeclampsia (cardiac output > 7.4 L/minute
before 24 weeks’ gestation) were enrolled in a 1999 double-blind, randomized,
controlled trial to determine if atenolol could reduce this risk (34). The
treatment groups were nulliparous: atenolol (N = 21) or placebo (N = 19);
diabetics: atenolol (N = 7) or placebo (N = 9); and controls: no treatment (N =
18). A significant decrease (p = 0.04) in the incidence of preeclampsia was
noted in the atenolol-treated women, but their offspring had a birth weight of
440 g less than that of placebo infants (p = 0.02). However, no increase in the
rate of small-for-gestational-age fetuses was observed. Previous research by
these investigators had suggested that in women with hypertension, fetal



growth restriction occurred primarily when increased vascular resistance was
present but not when hypertension was mediated by increased cardiac output
(34). They concluded that a change in therapy was indicated if the maternal
cardiac output was less than the mean for gestational age or if peripheral
resistance was greater than 1150 dyne second/cm5. If these guidelines had
been followed, atenolol therapy would have been changed in seven subjects,
including four cases involving the smallest infants (34).

A 2001 retrospective review of pregnancies (N = 235) at risk for
preeclampsia that were treated with atenolol (25–100 mg/day) early in
gestation was reported by the same authors as those of the above study (35).
The goals of therapy were to reduce cardiac output to 1 standard deviation
above the mean for gestational age and to lower mean arterial pressure to <90
mmHg. To maintain fetal growth, this was modified to maintaining cardiac
output above the mean for gestational age and maintaining peripheral vascular
resistance at <1150 dyne second/cm5. Low birth weight was associated with
(a) prior pregnancy with IUGR (p = 0.001); (b) failure to adjust the dose
properly for cardiac output and peripheral vascular resistance (p < 0.001); and
(c) a pregnancy in an earlier year of the investigator’s experience (p < 0.001).
In the study population, the birth weight increased from the 20th percentile at
the beginning of the study period (1991) to the 40th percentile by the end
(1999) (p = 0.002) (35).

In a group of pregnant women with symptomatic mitral valve stenosis, 11
were treated with atenolol and 14 with propranolol (36). The mean birth weight
of the 25 infants was 2.8 kg (range 2.1–3.5 kg). Atenolol, 25 mg twice daily,
was administered from 18 weeks’ gestation to term in a normotensive woman
who had suffered a myocardial infarction (37). She delivered a 2720-g infant
with normal Apgar scores and blood gases.

Intrauterine fetal deaths have been observed in women with severe
hypertension treated with atenolol, but this also has occurred with other β-
blockers and in hypertensive women not treated with drugs (7,16–18,38). Four
cases of fetal death (at 18, 29, and 33 weeks) or neonatal death (at 6.5 days)
have been reported when the mothers were treated with atenolol combined
with either angiotensin-converting enzyme inhibitors (39–41) or a selective
angiotensin II receptor antagonist (42).

In eight women treated with atenolol or pindolol, a decrease in the basal fetal
heart rate was noted only in atenolol-exposed fetuses (43). Before and during
treatment, fetal heart rates in the atenolol patients were 136 and 120
beats/minute, respectively, whereas the rates for the pindolol group were 128



and 132 beats/minute, respectively. In 60 patients treated with atenolol for
pregnancy-induced hypertension, no effect on fetal heart rate pattern in
response to uterine contractions was observed (44). Accelerations, variables,
and late decelerations all were easily distinguishable.

Persistent β-blockade was observed in a newborn whose mother was
treated with atenolol, 100 mg/day, for hypertension (5). At 15 hours of age, the
otherwise normal infant developed bradycardia at rest and when crying, and
hypotension. The serum atenolol concentration was 0.24 mcg/mL. Urinary
excretion of the drug during the first 7 days ranged from 0.085 to 0.196
mcg/mL.

A 1992 case report described a pregnant woman who was diagnosed with a
pheochromocytoma at 28 weeks’ gestation (45). She was treated with atenolol
(100 mg/day) and phenoxybenzamine (30 mg/day) to control her blood
pressure. An elective cesarean section was performed at 37 weeks to deliver a
normal female infant (birth weight not given).

A woman with a renal transplant was treated with cyclosporine,
prednisolone, and atenolol (50 mg/day) throughout a normotensive pregnancy
without proteinuria (46). An 820-g (below the 3rd percentile) male infant was
delivered at 30 weeks’ gestation because of severe IUGR. The authors
attributed the growth restriction to cyclosporine, but atenolol and prednisolone
probably contributed to the condition.

A review published in 2002 examined the pharmacokinetic and
pharmacodynamic issues relevant to the toxic effects of atenolol exposure
during pregnancy (47). The authors concluded that (a) maternal hypertension
can potentiate the adverse effects of atenolol on placental and fetal circulation,
resulting in decreased placental and birth weight; (b) decreased placental
weight has been significantly associated with IUGR and lower birth weight
independent of gestational age; (c) the effects of atenolol are duration-
dependent; and (d) several other agents have a more favorable effect on birth
weight, including labetalol, pindolol, acebutolol, and calcium channel blockers
(47).

The duration of treatment, rather than the dose used, appears to be a critical
factor in causing atenolol-induced fetal growth restriction (48). At one center,
adjustment of the dose for maternal cardiac output and peripheral vascular
resistance reduced these toxic effects. Infant behavior is apparently not
affected by atenolol exposure, as no differences were noted in the
development at 1 year of age of offspring from mothers treated during the 3rd
trimester for mild-to-moderate pregnancy-induced hypertension with either bed



rest alone or rest combined with atenolol (49). The mean duration of therapy in
the atenolol-treated patients was 5 weeks.

BREASTFEEDING SUMMARY
Atenolol is excreted into breast milk (6,8,10,47,50–54). The drug is a weak
base, and when used during lactation, accumulation in the milk will occur with
concentrations significantly greater than corresponding plasma levels
(6,8,47,50–53). Peak milk concentrations after single-dose (50 mg) and
continuous-dosing (25–100 mg/day) regimens were 3.6 and 2.9 times greater,
respectively, than simultaneous plasma levels (52). Atenolol has been found in
the serum and urine of breastfed infants in some studies (6,8,10,50). Other
studies have been unable to detect the drug in the infant serum (test limit 10
ng/mL) (51,52).

Symptoms consistent with β-adrenergic blockade were observed in a
breastfed, 5-day-old, full-term female infant, including cyanosis, hypothermia
(35.5°C rectal), and bradycardia (80 beats/minute) (54). Blood pressure was
80/40 mmHg. Except for these findings, physical examination was normal and
bacterial cultures from various sites were negative. The mother had been
treated orally with atenolol, 50 mg every 12 hours, for postpartum
hypertension. Breastfeeding was stopped 3 days after onset of the symptoms
and 6 hours later, the infant’s symptoms had resolved. A milk sample, collected
10 days postpartum and 1.5 hours after a 50-mg dose, contained 469 ng/mL of
atenolol. Concentrations in the infant’s serum, 48 and 72 hours after
breastfeeding, were 2010 and 140 ng/mL, respectively. The calculated serum
half-life in the infant was 6.4 hours. By extrapolation, the minimum daily dose
absorbed by the infant was estimated to be 8.97 mg, approximately 9% of the
mother’s daily dose (54). (These calculations have been questioned and
defended [55,56].)

Except for the single case cited above, adverse reactions in infants have not
been reported. However, because milk accumulation occurs with atenolol,
nursing infants must be closely monitored for bradycardia and other signs and
symptoms of β-blockade. Moreover, one author has recommended that water-
soluble, low-protein-bound, renally excreted β-blockers, such as atenolol,
should not be used during lactation (57). Because of the availability of safer
alternatives, this seems to be good advice. Long-term effects on infants
exposed to β-blockers from breast milk have not been studied but warrant
evaluation.

The American Academy of Pediatrics classifies atenolol as a drug that has



been associated with significant effects in nursing infants (cyanosis and
bradycardia) and should be used by nursing mothers with caution (58).

References
1. Product information. Tenormin. Zeneca Pharmaceuticals, 2003.
2. Speiser Z, Gordon I, Rehavi M, Gitter S. Behavioral and biochemical studies in rats following prenatal

treatment with β-adrenoceptor antagonists. Eur J Pharmacol 1991;195:75–83.
3. Tabacova SA, Kimmel CA, Wall K, McCloskey CA. Animal-human concordance in the developmental

toxicity of two antihypertensive agents (abstract). Teratology 2002;65:304.
4. Melander A, Niklasson B, Ingemarsson I, Liedholm H, Schersten B, Sjoberg NO. Transplacental

passage of atenolol in man. Eur J Clin Pharmacol 1978;14:93–4.
5. Woods DL, Morrell DF. Atenolol: side effects in a newborn infant. Br Med J 1982;285:691–2.
6. Liedholm H. Transplacental passage and breast milk accumulation of atenolol in humans. Drugs

1983;25(Suppl 2):217–8.
7. Lardoux H, Gerard J, Blazquez G, Chouty F, Flouvat B. Hypertension in pregnancy: evaluation of two

beta blockers atenolol and labetalol. Eur Heart J 1983;4(Suppl G):35–40.
8. Thorley KJ. Pharmacokinetics of atenolol in pregnancy and lactation. Drugs 1983;25(Suppl 2):216–7.
9. Boutroy MJ. Fetal and neonatal effects of the beta-adrenoceptor blocking agents. Dev Pharmacol Ther

1987;10:224–31.
10. Fowler MB, Brudenell M, Jackson G, Holt DW. Essential hypertension and pregnancy: successful

outcome with atenolol. Br J Clin Pract 1984;38:73–4.
11. Hurst AK, Shotan A, Hoffman K, Johnson J, Goodwin TM, Koda R, Elkayam U. Pharmacokinetic and

pharmacodynamic evaluation of atenolol during and after pregnancy. Pharmacotherapy 1998;18:840–6.
12. Schneider H, Proegler M. Placental transfer of B-adrenergic antagonists studied in an in vitro perfusion

system of human placental tissue. Am J Obstet Gynecol 1988;159:42–7.
13. Satge D, Sasco AJ, Col JY, Lemonnier PG, Hemet J, Robert E. Antenatal exposure to atenolol and

retroperitoneal fibromatosis (abstract). Teratology 1997;55:103.
14. Satge D, Sasco AJ, Col J-Y, Lemonnier PG, Hemet J, Robert E. Antenatal exposure to atenolol and

retroperitoneal fibromatosis. Reprod Toxicol 1997;11:539–41.
15. Thorley KJ, McAinsh J, Cruickshank JM. Atenolol in the treatment of pregnancy-induced hypertension.

Br J Clin Pharmacol 1981;12:725–30.
16. Rubin PC, Butters L, Low RA, Reid JL. Atenolol in the treatment of essential hypertension during

pregnancy. Br J Clin Pharmacol 1982;14:279–81.
17. Liedholm H. Atenolol in the treatment of hypertension of pregnancy. Drugs 1983;25(Suppl 2):206–11.
18. Rubin PC, Butters L, Clark DM, Reynolds B, Sumner DJ, Steedman D, Low RA, Reid JL. Placebo-

controlled trial of atenolol in treatment of pregnancy-associated hypertension. Lancet 1983;1:431–4.
19. Rubin PC, Butters L, Low RA, Clark DC, Reid JL. Atenolol in the management of hypertension during

pregnancy. Drugs 1983;25(Suppl 2):212–4.
20. Fabregues G, Alvarez L, Varas Juri P, Drisaldi S, Cerrato C, Moschettoni C, Pituelo D, Baglivo HP,

Esper RJ. Effectiveness of atenolol in the treatment of hypertension during pregnancy. Hypertension
1992;19(Suppl II):II129–31.

21. Frishman WH, Chesner M. Beta-adrenergic blockers in pregnancy. Am Heart J 1988;115:147–52.
22. Dubois D, Petitcolas J, Temperville B, Klepper A. Beta blockers and high-risk pregnancies. Int J Biol

Res Pregnancy 1980;1:141–5.
23. Dubois D, Petitcolas J, Temperville B, Klepper A, Catherine P. Treatment of hypertension in pregnancy

with β-adrenoceptor antagonists. Br J Clin Pharmacol 1982;13(Suppl):375S–8S.
24. Dubois D, Peticolas J, Temperville B, Klepper A. Treatment with atenolol of hypertension in pregnancy.

Drugs 1983;25(Suppl 2):215–8.
25. Butters L, Kennedy S, Rubin PC. Atenolol in essential hypertension during pregnancy. BMJ

1990;301:587–9.
26. Montan S, Ingemarsson I, Marsal K, Sjoberg N-O. Randomized controlled trial of atenolol and pindolol in

human pregnancy: effects on fetal haemodynamics. BMJ 1992;304:946–9.
27. Lip GYH, Beevers M, Churchill D, Shaffer LM, Beevers DG. Effect of atenolol on birth weight. Am J



Cardiol 1997;79:1436–8.
28. Lydakis C, Lip GYH, Beevers M, Beevers DG. Atenolol and fetal growth in pregnancies complicated by

hypertension. Am J Hypertens 1999;12:541–7.
29. Tuimala R, Hartikainen-Sorri A-L. Randomized comparison of atenolol and pindolol for treatment of

hypertension in pregnancy. Curr Ther Res 1988;44:579–84.
30. Montan S, Liedholm H, Lingman G, Marsal K, Sjoberg N-O, Solum T. Fetal and uteroplacental

haemodynamics during short-term atenolol treatment of hypertension in pregnancy. Br J Obstet
Gynaecol 1987;94:312–7.

31. Rubin PC. Beta blockers in pregnancy. Br J Obstet Gynaecol 1987;94:292–3.
32. Rasanen J, Jouppila P. Uterine and fetal hemodynamics and fetal cardiac function after atenolol and

pindolol infusion. A randomized study. Eur J Obstet Gynecol Reprod Biol 1995;62:195–201.
33. Jouppila P, Rasanen J, Alahuhta S, Jouppila R. Vasoactive drugs in obstetrics: a review of data

obtained by Doppler and color Doppler methods. Hypertens Pregnancy 1995;14:261–75.
34. Easterling TR, Brateng D, Schmucker B, Brown Z, Millard SP. Prevention of preeclampsia: a

randomized trial of atenolol in hyperdynamic patients before onset of hypertension. Obstet Gynecol
1999;93:725–33.

35. Easterling TR, Carr DB, Brateng D, Diederichs C, Schmucker B. Treatment of hypertension in
pregnancy: effect of atenolol on maternal disease, preterm delivery, and fetal growth. Obstet Gynecol
2001;98:427–33.

36. Al Kasab SM, Sabag T, Al Zaibag M, Awaad M, Al Bitar I, Halim MA, Abdullah MA, Shahed M, Rajendran
V, Sawyer W. β-Adrenergic receptor blockade in the management of pregnant women with mitral
stenosis. Am J Obstet Gynecol 1990;163:37–40.

37. Soderlin MK, Purhonen S, Haring P, Hietakorpi S, Koski E, Nuutinen LS. Myocardial infarction in a
parturient. Anaesthesia 1994;49:870–2.

38. Lubbe WF. More on beta-blockers in pregnancy. N Engl J Med 1982; 307:753.
39. Knott PD, Thorpe SS, Lamont CA. Congenital renal dysgenesis possibly due to Captopril. Lancet

1989;1:451.
40. Mehta N, Modi N. ACE inhibitors in pregnancy. Lancet 1989;2:96.
41. Smith AM. Are ACE inhibitors safe in pregnancy? Lancet 1989;2:750–1.
42. Briggs GG, Nageotte MP. Fatal fetal outcome with the combined use of valsartan and atenolol. Ann

Pharmacother 2001;35:859–61.
43. Ingemarsson I, Liedholm H, Montan S, Westgren M, Melander A. Fetal heart rate during treatment of

maternal hypertension with beta-adrenergic antagonists. Acta Obstet Gynecol Scand
1984;118(Suppl):95–7.

44. Rubin PC, Butters L, Clark D, Sumner D, Belfield A, Pledger D, Low RAL, Reid JL. Obstetric aspects of
the use in pregnancy-associated hypertension of the B-adrenoceptor antagonist atenolol. Am J Obstet
Gynecol 1984;150:389–92.

45. Bakri YN, Ingemansson SE, Ali A, Parikh S. Pheochromocytoma and pregnancy: report of three cases.
Acta Obstet Gynecol Scand 1992;71:301–4.

46. Pickrell MD, Sawers R, Michael J. Pregnancy after renal transplantation: severe intrauterine growth
retardation during treatment with cyclosporin A. BMJ 1988;296:825.

47. Tabacova SA, Kimmel CA. Atenolol: pharmacokinetic/dynamic aspects of comparative developmental
toxicity. Reprod Toxicol 2002;16:1–7.

48. Sibai BM. Chronic hypertension in pregnancy. In reply. Obstet Gynecol 2002;100:1358–9.
49. Reynolds B, Butters L, Evans J, Adams T, Rubin PC. First year of life after the use of atenolol in

pregnancy associated hypertension. Arch Dis Child 1984;59:1061–3.
50. Liedholm H, Melander A, Bitzen PO, Helm G, Lonnerholm G, Mattiasson I, Nilsson B, Wahlin-Boll E.

Accumulation of atenolol and metoprolol in human breast milk. Eur J Clin Pharmacol 1981;20:229–31.
51. Kulas J, Lunell NO, Rosing U, Steen B, Rane A. Atenolol and metoprolol. A comparison of their

excretion into human breast milk. Acta Obstet Gynecol Scand 1984;118(Suppl):65–9.
52. White WB, Andreoli JW, Wong SH, Cohn RD. Atenolol in human plasma and breast milk. Obstet

Gynecol 1984;63:42S–4S.
53. White WB. Management of hypertension during lactation. Hypertension 1984;6:297–300.
54. Schmimmel MS, Eidelman AJ, Wilschanski MA, Shaw D Jr, Ogilvie RJ, Koren G. Toxic effects of



atenolol consumed during breast feeding. J Pediatr 1989;114:476–8.
55. Diamond JM. Toxic effects of atenolol consumed during breast feeding. J Pediatr 1989;115:336.
56. Koren G. Toxic effects of atenolol consumed during breast feeding. J Pediatr 1989;115:336–7.
57. Anderson PO. Drugs and breast milk. Pediatrics 1995;95:957.
58. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



ATOMOXETINE
Psychotherapeutic (Miscellaneous)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal data suggest risk, the absence of detailed human
pregnancy experience prevents an assessment of the embryo–fetal risk.
Until such data are available, the safest course is to avoid the drug in
pregnancy. If the mother’s condition requires atomoxetine, the lowest
effective dose, avoiding the 1st trimester if possible, should be used.
However, inadvertent exposure in the 1st trimester does not appear to
represent a major risk. Long-term follow-up of exposed offspring may be
warranted.

FETAL RISK SUMMARY
Atomoxetine is used for the treatment of attention deficit/hyperactivity disorder
(ADHD). Atomoxetine has an equipotent active metabolite, but the plasma
concentration is only 1% (in normal metabolizers) of the parent drug. A second
active metabolite has much less activity and its plasma levels are 5% (in normal
metabolizers) of the parent drug. The plasma elimination half-life in normal
(extensive) metabolizers is about 5 hours. In persons who are “poor
metabolizers” (7% of whites and 2% of blacks), the drug plasma levels are
much higher and the plasma elimination half-life is 24 hours. The plasma protein
binding is 98%, primarily to albumin (1).

Reproduction studies have been conducted in rats and rabbits. No effects on
rat fertility were observed at doses up to about 6 times the maximum human
dose based on BSA (MHD). In one of two studies in which rats were treated in
the diet for 2 weeks prior to mating through organogenesis and lactation with
doses up to about 6 times the MHD, a decrease in pup weight (female only)
and pup survival (also seen at 3 times the MHD) was observed. The no-effect



dose for pup survival was about 2 times the MHD. A diet dose about 5 times
the MHD given throughout the period of organogenesis resulted in a decrease
in fetal weight and an increase in the incidence of incomplete ossification of the
vertebral arch in fetuses. The no-effect dose for these effects was about
2.5 times the MHD. No adverse fetal effects were observed when rats were
gavage fed with doses up to 17 times the MHD throughout organogenesis (1).

In pregnant rabbits given atomoxetine by gavage, a dose about 23 times the
MHD resulted in an increase in early absorptions and a decrease in live fetuses
in one of three studies. In addition, slight increases in the incidences of atypical
origin of carotid artery and absent subclavian artery were observed, as was
slight maternal toxicity. The no-effect dose was about 7 times the MHD. The
high dose produced plasma levels (AUC) in rabbits that were about 3.3 times
(normal metabolizers) or 0.4 times (poor metabolizers) those in humans
receiving the MHD. The no-effect dose for these effects was about 7 times the
MHD (1).

It is not known if atomoxetine or its active metabolites cross the human
placenta. The molecular weight for the parent drug (about 256 for the free
base) combined with elimination half-life suggests that atomoxetine will cross to
the embryo and/or fetus. The extensive protein binding, however, will limit the
amount available for transfer.

In a brief correspondence, representatives of the manufacturer and others
stated that there had been three pregnancies in adult clinical trials with
atomoxetine (2). Two resulted in healthy newborns, but the third pregnancy
was lost to follow up. No other details were provided.

BREASTFEEDING SUMMARY
No reports describing the use of atomoxetine during human lactation have been
located. The molecular weight of the parent drug (about 256 for the free base)
and the relatively long elimination half-life (5 hours for normal metabolizers;
24 hours for poor metabolizers) suggest that the drug and/or its metabolites will
be excreted into breast milk. The effect of this exposure on a nursing infant is
unknown. If a mother chooses to breastfeed while taking atomoxetine, the
infant should be monitored for potential toxicity (such as upper abdominal pain,
constipation, and dyspepsia).
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ATORVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The interruption of cholesterol-lowering therapy during pregnancy should
have no effect on long-term treatment of hyperlipidemia. Moreover,
because cholesterol and products synthesized by cholesterol are important
during fetal development, the use of atorvastatin is contraindicated during
pregnancy. However, the absolute embryo risk from inadvertent exposure
in the 1st trimester appears to be low.

FETAL RISK SUMMARY
Atorvastatin, a lipophilic 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitor (statin), is indicated as an adjunct to diet to reduce total
cholesterol, low-density lipoprotein cholesterol, apolipoprotein B, and
triglyceride levels in patients with primary hypercholesterolemia and mixed
dyslipidemia. It has the same mechanism of action as other available drugs in
this class, fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, and
simvastatin (cerivastatin was withdrawn from the market in 2001). Atorvastatin
is extensively metabolized and some of the metabolites are as
pharmacologically active as the parent compound. Atorvastatin is highly bound
(≥98%) to plasma proteins and it has a mean plasma elimination of about 14
hours. However, because of the active metabolites, the half-life of inhibitory
activity for HMG-CoA reductase is 20–30 hours (1,2).

In reproduction studies with pregnant rats and rabbits, doses that were about
30 and 20 times, respectively, the human exposure (HE) based on BSA, were
not teratogenic. With maternal dosing in rats from gestation day 7 through
lactation day 21 (weaning), at a dose 22 times the HE based on AUC, there
was decreased pup survival at birth, during the neonatal period, at weaning,
and at maturity, and decreased pup weight at birth, during nursing, and at
maturity. In addition, pup development was inhibited at this dose (1–3). A 1994



report described developmental toxicity of atorvastatin at maternally toxic
doses in pregnant rats and rabbits (4). There was no evidence, however, of
teratogenicity in either species (4).

It is not known if atorvastatin or its active metabolites cross the human
placenta. The relatively high molecular weight (about 1161 for the nonhydrated
form) and extensive protein binding suggest that transfer across the placenta
will be inhibited. In pregnant rats, however, fetal liver levels of atorvastatin were
equivalent to maternal concentrations (1–3).

A 2002 report described the use of atorvastatin in early pregnancy (5). A 35-
year-old woman with several diseases (hypertension, diabetes mellitus,
hypercholesterolemia, anxiety disorder, epilepsia, and morbid obesity)
conceived while being treated with multiple drugs: atorvastatin (40 mg/day),
rosiglitazone, gliclazide (a sulfonylurea), acarbose, spironolactone,
hydrochlorothiazide, carbamazepine, thioridazine, amitriptyline,
chlordiazepoxide, and pipenzolate bromide (an antispasmodic). Her pregnancy
was diagnosed in the 8th week of gestation and all medications were stopped.
She was treated with methyldopa and insulin for the remainder of her
pregnancy. At 36 weeks’ gestation, a healthy, 3.5-kg female infant was
delivered by cesarean section. Apgar scores were 7 and 8 at 1 and 5 minutes,
respectively. The infant was developing normally after 4 months (5).

A 2004 report described the outcomes of pregnancy that had been exposed
to statins and reported to the FDA (see Lovastatin).

A 2005 abstract reported 19 pregnancies exposed to a statin in the 1st
trimester, 7 of which involved atorvastatin (6). The pregnancy outcomes
included one healthy newborn, two spontaneous abortions (one with trisomy
18), one elective abortion, one newborn with jaundice, and two infants with
congenital defects (VACTERL association, also exposed to trandolapril and
insulin) and unilateral dilated renal pelvis (also exposed to enalapril) (6).

A 2008 prospective, observational cohort study compared the pregnancy
outcomes of 64 women who had taken a statin in the 1st trimester with 64
matched controls without exposure to known teratogens (7). The statin
exposures were atorvastatin (N = 46), simvastatin (N = 9), pravastatin (N = 6),
and rosuvastatin (N = 3). Sixty-one women discontinued the drug in the 1st
trimester, but three continued taking a statin into the 2nd trimester. Twenty-one
(33%) women in the exposed group had other medical conditions, in addition to
hyperlipidemia, and seven had more than one chronic condition. The rates of
major malformations in the two groups were 2.2% (1/46 live births) and 1.9%
(1/52 live births) (p = 0.93), respectively. There were also no statistical



differences in the other outcomes: live births (71.9% vs. 81.2%), spontaneous
abortions (21.9% vs. 17.2%), elective abortions (4.7% vs. 0%), and stillbirths
(1.5% vs. 1.6%). Gestational age at birth (38.4 vs. 39.3 weeks) and birth
weight (3.14 vs. 3.45 kg) were significantly lower in the exposed group (7).

BREASTFEEDING SUMMARY
No reports describing the use of atorvastatin in human lactation have been
located. The relatively high molecular weight (about 1161 for the nonhydrated
form) suggests that excretion into milk would be inhibited, but some excretion
should be expected. Because of the potential for adverse effects in a nursing
infant, women who are taking atorvastatin should not breastfeed.
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ATOVAQUONE
Antiprotozoal
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of atovaquone, usually combined with proguanil (see also
Proguanil), during human pregnancy does not appear to increase the risk of
major birth defects. The lack of toxicity in animals with doses close to those
used in humans is reassuring. Two reviews, one in 2004 (1) and the other
in 2011 (2), concluded that the drug could be used in pregnancy. Because
the maternal benefit appears to exceed the unknown embryo–fetal risk, the
agent should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Atovaquone is an analog of ubiquinone that is indicated for the prevention and
treatment of Pneumocystis carinii pneumonia in patients intolerant of
trimethoprim–sulfamethoxazole (3). The agent, when combined with proguanil,
is also indicated for the prevention and treatment of malaria due to Plasmodium
falciparum (2,4). Unlabeled uses include the treatment of babesiosis (in
combination with quinine and/or clindamycin and/or azithromycin) and
toxoplasmosis (in combination with pyrimethamine) (5). The drug undergoes
little, if any, metabolism and is extensively bound (99.9%) to plasma proteins.
The elimination half-life is long, ranging from about 67–78 hours (3).

Reproduction studies have been conducted in rats and rabbits (3,4). In rats,
no teratogenicity or reproductive toxicity was observed at plasma
concentrations 2–3 times the estimated human exposure (HE) for P. carinii  (3)
or 5–6.5 times the HE for malaria (4). In rabbits, plasma concentrations about
0.5 times the HE for P. carinii  (3) and 0.6–1.3 times the HE for malaria (4)
were maternally toxic. At these exposures, mean fetal body weights and
lengths were decreased, and there were higher numbers of early resorption



and post-implantation losses. These effects may have been due to the maternal
toxicity (3,4). The combination of atovaquone and proguanil was not teratogenic
in rats (1.7 and 0.10 times the HE for malaria, respectively) or rabbits (0.34
and 0.82 times the HE for malaria, respectively). There was also no
embryotoxicity in rabbits at these exposures (4).

Atovaquone was not carcinogenic in rats, but hepatocellular adenoma and
carcinoma were observed with all doses tested in mice (1.4–3.6 times the
average plasma concentrations in humans). In other tests, there was no
evidence of atovaquone-induced mutagenicity or genotoxicity (3).

It is not known if atovaquone crosses the human placenta. The molecular
weight (about 367), absence of metabolism, and long elimination half-life
suggest that atovaquone will cross the human placenta to the embryo–fetus.
However, the extensive plasma protein binding might limit the amount that
crosses.

In an antenatal clinic in Thailand, 24 pregnant women who had tested positive
for malaria were treated with a triple combination of atovaquone (20
mg/kg/day), proguanil (8 mg/kg/day), and artesunate (4 mg/kg/day) for 3 days
(5). The study was conducted to determine the pharmacokinetic properties of
the drugs in pregnancy. The median estimated gestational age at the start of
treatment was 28.5 weeks (range 19.1–35.9 weeks). No adverse effects of the
therapy were observed in the fetuses or newborns (5).

Some of the same authors in the above report used the identical regimen to
treat 27 pregnant women with multidrug-resistant malaria (6). The treatment
occurred at a mean gestational age of 28.2 weeks. They found no evidence of
toxicity in the mothers or the fetuses (6).

The 3-day triple anti-infective regimen described above was compared with a
7-day supervised trial of quinine for the treatment of uncomplicated falciparum
malaria (7). There were 39 pregnant women in the three-drug group and 42 in
the one-drug group. All of the women were in the 2nd or 3rd trimesters. The
three-drug regimen was significantly better and had a much lower failure rate.
There were no significant differences in pregnancy duration, birth weight,
congenital anomalies, or in growth and development of infants monitored for 1
year (7).

A combination tablet containing atovaquone 250 mg and proguanil 100 mg
was used to treat 26 women (gestational age 24–34 weeks) with acute
uncomplicated P. falciparum malaria (8). The study was designed to determine
the pharmacokinetics of the two drugs and cycloguanil, the active metabolite of
proguanil. No serious toxicities were observed and the newborns had no



physical anomalies (8).
A large nationwide cohort study from Denmark, covering the period 2000–

2008, compared the pregnancy outcomes (live births) of women exposed to
atovaquone–proguanil during the 1st trimester with those not exposed (9). In
weeks 3–8 after conception, 93 were exposed (1 major birth defect, 1.1%)
compared with 570,784 unexposed (13,994 major birth defects, 2.5%). The
adjusted prevalence odds ratio (POR) was 0.43 and 95% confidence interval
(CI) 0.06–3.11. For exposure anytime in the 1st trimester, 149 were exposed
(2 major birth defects, 1.3%) compared with 570,728 unexposed (13,993 major
birth defects, 2.5%), POR 0.55, and 95% CI 0.14–2.21. The birth defects were
those observed in the first year of life (9).

BREASTFEEDING SUMMARY
No reports describing the use of atovaquone during lactation have been
located. The molecular weight (about 367), absence of metabolism, and long
elimination half-life (about 67–78 hours) suggest that the drug will be excreted
into breast milk. However, the extensive plasma protein binding (99.9%) should
limit the amount in milk. The effect of this exposure on a nursing infant is
unknown. The severity of the mother’s illness, such as infection with HIV, may
preclude breastfeeding. In addition, the potential for severe adverse effects in a
nursing infant, such as gastrointestinal symptoms, rash, fever, headache,
hepatic toxicity, and carcinogenicity, suggests that even HIV-negative women
should not breastfeed if they are taking this drug.
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ATRACURIUM
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No adverse effects in the fetus or newborn attributable to in utero
atracurium exposure have been reported. Because of the drug’s high
molecular weight and ionization at physiologic pH, only small amounts cross
the human placenta, thus limiting the exposure of the embryo or fetus.
Moreover, direct administration to the fetus in the latter part of pregnancy
has not been associated with fetal harm. Human fetal exposures early in
pregnancy, however, have not been reported. Animal reproduction studies
have only been conducted in rabbits, and although the drug may be a
potential teratogen in this species, further studies are required to determine
the magnitude of this potential. Based on the data below, the use of
atracurium during the latter portion of human pregnancy appears to
represent little, if any, risk.

FETAL RISK SUMMARY
The competitive (nondepolarizing) neuromuscular blocking agent, atracurium
besylate, provides muscle relaxation during surgery or mechanical ventilation.
The drug undergoes rapid, nonenzymatic, spontaneous degradation in the
plasma (Hofmann elimination) that is independent of hepatic or renal
mechanisms (1,2).

In reproduction studies in rabbits with SC doses of 0.15 mg/kg once daily or
0.10 mg/kg twice daily (human IV bolus doses vary from 0.08 to 0.5 mg/kg), an
increased incidence of spontaneously occurring visceral or skeletal anomalies
was observed in both treatment groups when compared with nontreated
controls (3). Moreover, in comparison to controls, a lower percentage of male
fetuses (41% vs. 51%) and a higher percentage of post-implantation losses



(15% vs. 8%) were observed in the 0.15 mg/kg-once-daily group (3).
In a study conducted by the manufacturer published in 1983, SC doses of

atracurium, identical to those above, were injected into rabbits on days 6–18 of
pregnancy (4). Rabbits, and cats in the perinatal study below, were used
because the pharmacokinetics of atracurium in these species are similar to
those in humans, whereas the kinetics in rats is markedly different from
humans. No teratogenicity or adverse effects were observed in the rabbit
fetuses (4).

Theoretically, the relatively high molecular weight (about 1244) of atracurium
besylate and its high degree of ionization at physiologic pH should inhibit the
placental passage of atracurium. In the perinatal portion of the study cited
above, six pregnant cats, 1–3 days before term, were given a single dose of
atracurium, 0.6 mg/kg IV (4). No atracurium was detected in fetal blood,
leading to the conclusion that the drug did not cross the placenta (4). Moreover,
no depression of respiratory activity was observed when a dose of 0.6 mg/kg
was injected directly into the fetuses. A brief 1985 report described the failure
to detect placental transfer of atracurium during a 60-minute interval after a
0.5-mg/kg IV dose in five pregnant sheep (5). Small amounts of laudanosine,
the major metabolite, crossed the placenta and were detected in some of the
fetuses. The metabolite, however, is considered to be inactive at the doses of
parent drug used clinically (1).

In contrast to the above animal data, human placental transfer of atracurium
has been documented (6,7). In five women, from a total group of 26 undergoing
cesarean section, average venous concentrations of the drug, following a 0.3-
mg/kg IV dose, ranged from 3.34 mcg/mL at 3 minutes to 0.7 mcg/mL at 10
minutes (6). Venous cord blood concentrations of atracurium ranged from
undetectable to 0.23 mcg/mL, suggesting that the cord:maternal ratio varied
from 5% to 20% (6). In the second report by these authors, 53 women,
delivered by cesarean section, received atracurium 0.3 mg/kg IV followed by
increments of 0.1–0.2 mg/kg IV as necessary to maintain surgical relaxation
(7). Concentrations of the drug in 16 women at delivery ranged from 0.54 to
3.34 mcg/mL. Only one patient received a second IV dose (0.2 mg/kg). Venous
cord concentrations in seven newborns were undetectable (<0.1 mcg/mL in two
and <0.05 mcg/mL in five), one cord blood sample was contaminated, and in
eight newborns, concentrations ranged from 0.05 to 0.23 mcg/mL. The
cord:maternal blood ratio varied from 0.03 to 0.33 (mean 0.12). Newborn
neuromuscular activity was reported as normal in all newborns. Further, no
adverse effects on Apgar scores or on the time to sustained respiration



attributable to atracurium were observed in these two studies (6,7) or in an
earlier report by the same authors (8).

A number of reports have described the safe use of atracurium during human
pregnancy (9–13). A woman scheduled for a cesarean section had a low
plasma concentration of cholinesterase activity. Atracurium, which does not
depend on plasma cholinesterase for its metabolism, was successfully used for
neuromuscular blockade in a dose of 0.4 mg/kg IV bolus (9). A healthy
newborn with Apgar scores of 8 and 10 at 1 and 5 minutes, respectively, was
delivered 10 minutes after the IV bolus. In another case, an IV infusion of
atracurium was used during a 16-hour interval to maintain maternal muscle
paralysis in a patient with pneumococcal pneumonia who required mechanical
ventilation (10). In addition to other anesthetic agents, the woman received 520
mg of atracurium over 16 hours or an average of 32.5 mg/hour until vaginal
delivery of a 1800-g female infant. No neuromuscular blockade was observed in
the newborn that had Apgar scores of 7, 10, and 10 at 1, 5, and 10 minutes,
respectively. Neuromuscular blockade with atracurium was used in a pregnant
woman at 24 weeks’ gestation that underwent resection of a
pheochromocytoma (11). She eventually delivered a healthy, 2977-g male
infant at 39 weeks’ gestation. Normal newborns were also described in two
other reports following the use of atracurium prior to cesarean section (12,13).
Moreover, a 1986 review on obstetrical anesthesia concluded that atracurium
was safe to use in obstetric patients (14).

Three studies have described the direct human fetal administration of
atracurium to achieve neuromuscular blockade (15–17). In one study,
atracurium (0.4 mg/kg) was used in 11 fetuses during 18 intrauterine
transfusions and compared with pancuronium (0.1 mg/kg, 12 fetuses, 19
transfusions) (gestational ages not specified in either group) (15). The two
agents were similar in onset of neuromuscular blockade. Atracurium, however,
was statistically superior to pancuronium in terms of return of fetal movements
(22 vs. 67 minutes), more fetal movements, fetal movements/minute, and more
heart accelerations than pancuronium after transfusion (15). The authors
concluded that atracurium was the preferred drug if fetal paralysis was
required. A 1988 reference also used a 0.4-mg/kg IV fetal dose after
determining that a 0.2-mg/kg dose was inadequate to arrest fetal activity during
intrauterine transfusions (16). Atracurium was used in 6 women undergoing 12
transfusion procedures for fetal Rh isoimmunization. Onset of paralysis
occurred within 1–5 minutes and fetal activity returned between 20 and 130
minutes. One fetus developed bradycardia and died 1 hour after transfusion of



severe erythroblastosis fetalis and rupture of the spleen.
Atracurium, 1.0 mg/kg IM (fetal gluteal muscle), was used in five fetuses for

various intrauterine procedures conducted between 32 and 38 weeks’ gestation
(17). In comparison to five fetuses treated with pancuronium, 0.15 mg/kg IM,
neuromuscular blockade was achieved slightly faster (mean 4.7 vs. 5.8
minutes) and fetal movements returned sooner (mean 36 vs. 92 minutes) with
atracurium. One fetus with peritonitis given pancuronium was stillborn, one fetus
with peritonitis given atracurium was born alive with a gastrointestinal
perforation, and one fetus given atracurium for ascites drainage and albumin
transfusion died after birth. Although the authors did not discuss these
outcomes, they do not appear to be related to the neuromuscular blocking
agents. No evidence of soft tissue, nerve, or muscle damage at the sites of
injection was observed in the newborns.

BREASTFEEDING SUMMARY
No reports describing the use of atracurium during human lactation have been
located. Atracurium undergoes rapid, spontaneous degradation in plasma
(Hofmann elimination) with an elimination half-life of approximately 20 minutes.
The metabolites are not biologically active. In addition, the drug has a relatively
high molecular weight (about 1244) and is highly ionized at physiologic pH, both
of which are factors that would markedly reduce transfer into milk. Although
usage in a lactating woman is possible, at least several hours (and most likely
much more time) would pass after use of atracurium before lactation was
resumed. The rapid breakdown of atracurium that occurs in plasma would also
be expected in milk, even though the latter medium is slightly more acidic than
plasma. Thus, any amounts that were transferred into milk would most likely be
rapidly degraded. Based on these data, nursing can probably be safely
resumed, especially after single-dose use, following recovery from atracurium-
induced neuromuscular blockade. A 1994 review of anesthetic agents also
concluded that nursing could be allowed as soon as feasible after surgery (18).
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ATROPINE
Parasympatholytic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the human data describing pregnancy outcomes are limited, there
is no evidence of embryo or fetal harm.

FETAL RISK SUMMARY
Atropine, an anticholinergic, rapidly crosses the placenta (1–4). Atropine
exposure in the 1st, 2nd, and 3rd trimesters was estimated in one study to be
11.3, 6.7, and 6.3/1000 women, respectively (5). The drug has been used to
test placental function in high-risk obstetric patients by producing fetal vagal
blockade and subsequent tachycardia (6).

IV atropine (0.5 mg) caused a decrease of 10%–100% in fetal breathing in
13 of 15 fetuses, an increase of 300% in 1 fetus, and no effect in another (7).
The decrease in fetal breathing occurred approximately 2 minutes after
administration of the drug and lasted 5–10 minutes. No fetal hypoxia was
observed, nor was there an effect on fetal heart rate or beat-to-beat variability.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 401
of whom used atropine in the 1st trimester (8, pp. 346–353). For use anytime
during pregnancy, 1198 exposures were recorded (8, p. 439). In neither group
was evidence found for an association with malformations. However, when the
group of parasympatholytics were taken as a whole (2323 exposures), a
possible association with minor malformations was found (8, pp. 346–353).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 381 newborns had
been exposed to atropine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 18 (4.7%) major birth defects were
observed (16 expected). Specific data were available for six defect categories,
including (observed/expected) 4/4 cardiovascular defects, 0/0.5 oral clefts, 1/0



spina bifida, 2/0 polydactyly, 1/1 hypospadias, and 2/0 limb reduction defects.
Only with the latter defect is there a suggestion of a possible association, but
other factors such as the mother’s disease, concurrent drug use, and chance
may be involved.

Atropine has been used to reduce gastric secretions before cesarean section
without producing fetal or neonatal effects (9,10). In a study comparing
atropine and glycopyrrolate, 10 women in labor received 0.01 mg/kg of IV
atropine (11). No statistically significant changes were noted in fetal heart rate
or variability nor was there any effect on uterine activity.

A single case of a female infant born at 36 weeks’ gestation with multiple
defects, including Ebstein anomaly, was described in a 1989 report (12). In
addition to the cardiac defect, other abnormalities noted were hypertelorism,
epicanthal folds, low-set posteriorly rotated ears, a cleft uvula, medially rotated
hands, deafness, and blindness. The mother had taken Lomotil (diphenoxylate
and atropine) for diarrhea during the 10th week of gestation. Because exposure
was beyond the susceptible stages of development for these defects, the drug
combination was not considered causative. However, a possible viremia in the
mother as a cause of the diarrhea could not be excluded as playing a role in the
infant’s anomalies.

BREASTFEEDING SUMMARY
The passage of atropine into breast milk is controversial (13). It has not been
adequately documented whether measurable amounts are excreted or, if
excretion does occur, whether it may affect the nursing infant. Although
neonates are particularly sensitive to anticholinergic agents, no adverse effects
have been reported in nursing infants whose mothers were taking atropine. The
American Academy of Pediatrics classifies the agent as compatible with
breastfeeding (14).
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AURANOFIN
Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of auranofin in human pregnancy have been
located. Although there was evidence of embryo–fetal toxicity and/or
teratogenicity in animals, the doses used caused maternal toxicity and the
comparisons to the human dose (HD) were based on body weight. Doses
that were not maternally toxic did not cause these effects. Based on
experience with other gold compounds (see Gold Sodium Thiomalate), gold
does not appear to pose a major risk to the fetus. However, long-term
follow-up studies of exposed fetuses have not been reported. If auranofin is
indicated in a pregnant woman she should be informed of this information.

FETAL RISK SUMMARY
Auranofin is an oral disease-modifying antirheumatic drug (DMARD) containing
29% gold. It is indicated in the management of adults with active classical or
definite rheumatoid arthritis who have had an insufficient therapeutic response
to, or are intolerant of, an adequate trial of full dose of one or more
nonsteroidal anti-inflammatory drugs. Auranofin is rapidly metabolized and
intact auranofin is undetectable in blood. Approximately 25% of the gold in
auranofin is absorbed. The gold in auranofin is moderately bound (60%) to
plasma proteins. The mean terminal plasma half-life of auranofin gold at steady
state is 26 days (range 21–31 days), whereas the mean terminal body half-life
at steady state is 80 days (range 42–128 days) (1).

Reproduction studies have been conducted in rabbits, rats, and mice. In
rabbits, maternal toxic (impaired food intake) doses about 4–50 times the HD
resulted in decreased fetal weights, increased incidence or resorptions and
abortions, and an increased incidence of congenital abnormalities, mainly



abdominal defects such as gastroschisis and umbilical hernia. No teratogenicity
was noted in rats given a maternal toxic dose 42 times the HD, but there was
an increase in the incidence of resorptions and a decrease in litter size and
weight. A dose 21 times the HD that was not maternally toxic did not cause
these effects or teratogenicity. In mice, a dose 42 times the HD was not
teratogenic or maternal toxic (1).

In a 24-month carcinogenicity study in rats, doses that were 3–21 times the
HD resulted in renal tumors. In a 12-month study in rats, a dose 192 times the
HD caused renal tumors, whereas a dose 30 times the HD did not. In an 18-
month study in mice, doses that were 8–72 times the HD were not associated
with a significant increase in tumors. Auranofin was mutagenic in one assay but
not in other assays (1). The effects of the drug animal fertility were apparently
not studied.

Intact auranofin is not available to cross to the embryo or fetus because the
agent has not been detected in blood. However, gold, released from auranofin,
will cross the placenta (see Gold Sodium Thiomalate).

BREASTFEEDING SUMMARY
No reports describing the use of auranofin during human lactation have been
located. Intact auranofin has not been detected in blood and, thus, would not
be excreted into breast milk. However, gold, released from auranofin, will be
excreted into milk (see Gold Sodium Thiomalate). Based solely on that
information, breastfeeding when the mother is being treated with auranofin is
probably compatible.
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AVANAFIL
Impotence Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of avanafil in human pregnancy have been
located. Animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of embryo–
fetal risk. Such reports are unlikely because of the indication. However, the
drug is a vasodilator and could be used for other indications (e.g., see
Sildenafil).

FETAL RISK SUMMARY
Avanafil, a vasodilator, is a phosphodiesterase inhibitor that enhances the
effect of nitric oxide. It is in the same pharmacologic class as sildenafil and
yohimbine. Avanafil is indicated for the treatment of erectile dysfunction. It
undergoes partial hepatic metabolism. Plasma protein binding is about 99% and
terminal elimination half-life is about 5 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats given
the drug during gestation days 6–17, no evidence of teratogenicity, or embryo
or fetal toxicity was observed at exposures up to about 8 times the exposure at
the maximum recommended human dose of 200 mg based on AUC for total
avanafil (protein bound plus free drug) (MRHD). At the maternally toxic dose
producing exposures about 30 times the MRHD, decreased fetal body weight
with no signs of structural anomalies was noted. When the drug was given from
gestation day 6 through lactation day 20, maternal exposures that were ≥17
times the human exposure caused reduced offspring growth and maturation.
There was no observed effect on reproductive performance of maternal rats or
offspring, or on the behavior of offspring at the highest dose. In rabbits given
the drug during gestation days 6–18, no evidence of teratogenicity was



observed at exposures about 6 times the exposure at the MRHD. At a
maternally toxic (reduced body weights) dose, increased post-implantation loss
was observed consistent with increased late resorptions (1).

Studies for carcinogenicity in mice and rats were negative, as were various
assays for mutagenic and clastogenic effects. In fertility impairment studies in
male and female rats, a decrease in fertility, altered estrous cycles, no or
reduced sperm motility, and an increased percentage of abnormal sperm
occurred at exposures that were about 11 times the MRHD (1).

It is not known if avanafil crosses the human placenta. The molecular weight
(about 484) and moderately long termination half-life suggest that the drug will
cross to the embryo–fetus. However, the high plasma protein binding should
limit the amount available to cross.

BREASTFEEDING SUMMARY
No reports describing the use of avanafil during human lactation have been
located. Such reports are unlikely given its indication. However, the drug is a
vasodilator and could be used for other indications (e.g., see Sildenafil). The
molecular weight (about 484) and moderately long termination half-life (about 5
hours) suggest that the drug will be excreted into breast milk. However, the
high plasma protein binding (about 99%) should limit the amount excreted. The
most common (≥2%) adverse effects observed in adults were headache,
flushing, nasal congestion, nasopharyngitis, and back pain (1). Although use of
the drug during breastfeeding is unlikely, nursing infants of mothers receiving
the drug should be monitored for these effects.

Reference
1. Product information. Stendra. VIVUS, 2013.



AXITINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of axitinib during human pregnancy have
been located. In one animal species, the drug was teratogenic,
embryotoxic, and fetotoxic at maternal exposures that were lower than
human exposures. Moreover, axitinib impairs fertility in both female and
male animals. Although the human risk is unknown, women taking this drug
should be informed of the potential risk to their embryo–fetus if they
become pregnant.

FETAL RISK SUMMARY
Axitinib, available as oral tablets, is an inhibitor of receptor tyrosine kinases
including vascular endothelial growth factor receptors that are implicated in
pathologic angiogenesis, tumor growth, and cancer progression. There are
several other agents in this subclass (see Appendix). It is indicated for the
treatment of advanced renal cell carcinoma after failure of one prior systemic
therapy. The drug is metabolized to relatively inactive metabolites and is highly
bound (>99%) to plasma proteins with preferential binding to albumin and
moderate binding to a1-acid glycoprotein. The plasma half-life is 2.5–6.1 hours
(1).

Reproduction studies have been conducted in mice. An increase in post-
implantation loss was observed when mice were given twice-daily doses up to
about 10 times the systemic exposure (AUC) from the recommended human
starting dose (RHSD) before mating and through the first week of pregnancy.
In mice given twice-daily doses during organogenesis, embryo–fetal toxicities
were observed, in the absence of maternal toxicity, that included cleft palate
and variation in skeletal ossification at about 0.5 and 0.15 times, respectively,
the exposure from the RHSD (1).

Carcinogenicity studies have not been conducted with axitinib. The drug was



not mutagenic or clastogenic in two in vitro assays, but was genotoxic in an in
vivo assay. In fertility studies with male mice and dogs, testes/epididymis
toxicity was observed that included decreased organ weight, atrophy or
degeneration, decreased numbers of germinal cells, hypospermia or abnormal
sperm forms, and reduced sperm density and count. Findings in the female
reproductive tracts of these species included delayed sexual maturity, reduced
or absent corpora lutea, decreased uterine weights, and uterine atrophy (1).

It is not known if axitinib crosses the human placenta. The molecular weight
(about 387) and plasma half-life suggest that the agent will cross to the
embryo–fetus, but the high plasma protein binding might limit the amount
crossing.

BREASTFEEDING SUMMARY
No reports describing the use of axitinib during human lactation have been
located. The molecular weight (about 387) and plasma half-life (2.5–6.1 hours)
suggest that the agent will be excreted into breast milk, but the high plasma
protein binding (>99%) might limit the amount in milk. However, the drug is
given orally and, if excreted into milk, it could be absorbed into the systemic
circulation by a nursing infant. The effect of this exposure on a nursing infant is
unknown, but severe toxicity is a potential concern. Consequently, mothers
taking this drug should not breastfeed.

Reference
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AZACITIDINE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of azacitidine in human pregnancy have been
located. The animal reproduction data at a small fraction of the human
dose suggest risk, but the absence of human pregnancy experience
prevents a more complete assessment. Pregnant women should not be
given this drug, especially in the 1st trimester. If an inadvertent pregnancy
occurs, the woman should be advised of the potential risk for severe
adverse effects in the embryo and fetus. In addition, because of the animal
fertility studies, men should be advised not to father a child while receiving
azacitidine (1), and for several months after treatment.

FETAL RISK SUMMARY
Azacitidine, a pyrimidine nucleoside analog of cytidine, inhibits methylation of
DNA. It is the same antineoplastic subclass as decitabine and nelarabine.
Azacitidine is given by injection. It is indicated for the treatment of patients with
the following myelodysplastic syndrome (MDS) subtypes: refractory anemia or
ringed refractory anemia with ringed sideroblasts (if accompanied by
neutropenia or thrombocytopenia or requiring transfusions), refractory anemia
with excess blasts, refractory anemia with excess blasts in transformation, and
chronic myelomonocytic leukemia (1). The metabolites are apparently inactive.
The mean elimination half-lives of azacitidine and its metabolites are about 4
hours (1).

Reproduction studies have been conducted in mice and rats. In pregnant
mice, a single intraperitoneal (IP) dose, which was about 8% of the
recommended human daily dose based on BSA (RHDD), on gestation day 10
caused a 44% frequency of embryo death (resorption). IP doses that were
about 4%–16% of the RHDD given on or before gestation day 15 were



associated with developmental abnormalities in the brain. In pregnant rats,
embryotoxicity was evident when an IP dose (about 8% of the RHDD) was
given on gestation days 4–8 (post-implantation). No embryotoxicity was
observed when the drug was given on gestation days 1–3 (pre-implantation).
Fetal deaths were observed when a single IP dose was given on gestation
days 9 or 10; on day 9, the average number of live animals per liter was
reduced to 9% of controls. In addition, single IP doses on gestation days 9, 10,
11, or 12 were associated with CNS anomalies (exencephaly/encephalocele),
limb defects (micromelia, club foot, and syndactyly), micrognathia,
gastroschisis, edema, and rib abnormalities (1).

Azacitidine was carcinogenic in long-term studies in mice and rats. Tumors of
the hematopoietic system were seen in female mice given IP doses that were
about 8% of the RHDD 3 times weekly for 52 weeks. A similar dose given once
per week in mice for 50 weeks caused an increased incidence of tumors in the
lymphoreticular system, lung, mammary gland, and skin. A study in male rats
dosed twice weekly with about 20%–80% of the RHDD revealed an increased
incidence of testicular tumors. Azacitidine was mutagenic and clastogenic in
multiple tests (1).

In fertility studies, daily doses that were about 9% of the RHDD given to
male mice for 3 days before mating with untreated females were associated
with reduced fertility and loss of offspring during subsequent embryonic and
postnatal development. When male rats were dosed 3 times weekly for 11 or
16 weeks at about 20%–40% of the RHDD, decreased weight of the testes
and epididymides and decreased sperm counts accompanied by decreased
pregnancy rates and increased loss of embryos in mated females were
observed (1).

It is not known if azacitidine crosses the human placenta. The molecular
weight (244) and elimination half-life suggest that the drug will cross to the
embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of azacitidine during human lactation have been
located. The molecular weight (244) and the elimination half-life (about 4 hours)
suggest that the drug will be excreted into breast milk. The potential effects of
this exposure on a nursing infant are unknown, but the effects may be severe.
In adults, the most common adverse effects are nausea, anemia,
thrombocytopenia, vomiting, pyrexia, leukopenia, diarrhea, fatigue, constipation,
neutropenia, and ecchymosis (1).
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AZATHIOPRINE
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although teratogenic in two animal species, azathioprine does not appear
to cause structural anomalies in humans when used during organogenesis.
Exposure in the 3rd trimester has been linked to immunosuppression. In
addition, bone marrow suppression of the newborn has been reported, but
modification of the dose in the 3rd trimester appears to reduce the risk of
this toxicity. Intrauterine growth restriction also has been reported, but this
effect may have been a consequence of multiple factors, one of which was
azathioprine, working in combination. Taken in sum, however, the evidence
suggests that the maternal benefit of treatment outweighs the potential risk
to the fetus and newborn. If azathioprine is used in pregnancy for Crohn’s
disease, health-care professionals are encouraged to call the toll-free
number (877-311-8972) for information about patient enrollment in an
Organization of Teratology Information Specialists (OTIS) study.

FETAL RISK SUMMARY
Azathioprine is used primarily in patients with organ transplants or in those with
inflammatory bowel disease as an immunosuppressant. Prednisone is
commonly combined with azathioprine in these patients. The drug readily
crosses the placenta, and trace amounts of its metabolite, 6-mercaptopurine
(6-MP), have been found in fetal blood (see also Mercaptopurine) (1). 6-MP is
converted intracellularly to active nucleotides (2), also called thioguanine
nucleotides (TGNs); (see references 45 and 46).

Azathioprine is teratogenic in rabbits, producing limb reduction defects after
small doses, but not in mice and rats (3). The manufacturer, however, has
reproduction data on file indicating that azathioprine, in doses equivalent to the



human dose (5 mg/kg/day), was teratogenic in both mice and rabbits (4).
Malformations included skeletal defects and visceral anomalies.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 7 newborns had
been exposed to azathioprine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (14.3%) major birth defect was observed
(none expected), but information on the type of malformation is not available.
No cases were observed in six defect categories, including cardiovascular
defects, oral clefts, spina bifida, polydactyly, limb reduction defects, and
hypospadias.

Most investigators have found azathioprine to be relatively safe in pregnancy
(5–26). Several references have described the use of azathioprine during
pregnancy in women who have received renal transplants (23,26–30), liver
transplants (31–33), or a heart transplant (34). The drug has not been
associated with congenital defects in these reports.

Sporadic anomalies have been reported, but these are not believed to be
related to the drug therapy (23,27). Defects observed include pulmonary
valvular stenosis (35); preaxial polydactyly (thumb polydactyly type) (36);
hypothyroidism and atrial septal defect (azathioprine therapy started in 2nd
trimester) (37); hypospadias (mother also had severe diabetes mellitus) (20);
and plagiocephaly with neurologic damage, congenital heart disease (mild
mitral regurgitation), bilateral pes equinovarus, cerebral palsy (frontal
hemangioma) and cerebral hemorrhage (died at 2 days of age) in twins,
hypospadias, and congenital cytomegalovirus infection (14). The latter infection
had also been reported in another infant whose mother was taking azathioprine
(11). Chromosomal aberrations were noted in three infants after in utero
exposure to the drug, but the relationship to azathioprine and the clinical
significance of the findings are questionable (14,38).

Immunosuppression of the newborn was observed in one infant whose
mother received 150 mg of azathioprine and 30 mg of prednisone daily
throughout pregnancy (11). The suppression was characterized by
lymphopenia, decreased survival of lymphocytes in culture, absence of
immunoglobulin M, and reduced levels of immunoglobulin G. Recovery occurred
at about 15 weeks of age. An infant exposed to 125 mg of azathioprine plus
12.5 mg of prednisone daily during pregnancy was born with pancytopenia and
severe combined immune deficiency (39). The infant died at 28 days of
complications brought on by irreversible bone marrow and lymphoid hypoplasia.
To avoid neonatal leukopenia and thrombocytopenia, maternal doses of



azathioprine were reduced during the 3rd trimester in a 1985 study (40). A
significant correlation was found between maternal leukocyte counts at 32
weeks’ gestation and at delivery and cord blood leukocyte count. If the
mother’s count was ≤1 SD for normal pregnancy, her dose of azathioprine was
halved. Before this technique was used, several newborns had leukopenia and
thrombocytopenia, but no low levels were measured after institution of the new
procedure (40).

Intrauterine growth restriction may be related to the use of azathioprine in
pregnancy. Based on animal experiments and analysis of human exposures,
one investigator concluded that growth restriction was associated with the drug
(41). Reports that are more recent have also supported this association (42).
The incidence of small-for-gestational-age infants from women who have
undergone renal transplants and who are maintained on azathioprine and
corticosteroids is approximately 20% (21,23), but some centers have rates as
high as 40% (42). However, the effects of the underlying disease, including
hypertension, vascular disease, and renal impairment, as well as the use of
multiple medications other than azathioprine, cannot be excluded as major or
sole contributors to the growth restriction.

Azathioprine has been reported to interfere with the effectiveness of
intrauterine devices (IUDs) (23,43). Two renal transplant patients, maintained
on azathioprine and prednisone, received a copper IUD (Cu7) and both became
pregnant with the IUD in place (43). At another institution, 6 of 20 renal
transplant patients became pregnant with an IUD in place (23). Because of
these failures, additional or other methods of contraception should be
considered in sexually active women receiving azathioprine and prednisone.

BREASTFEEDING SUMMARY
A study of four women, two with systemic lupus erythematosus (SLE) and two
after liver transplant, who were taking azathioprine (50–100 mg/day) while
nursing was reported in 2006 (44). Serial milk samples in two of the women
with SLE (both taking 100 mg/day) were analyzed for 6-MP, the active
metabolite of azathioprine. 6-MP was not detected in any sample (limit of
detection 5 ng/mL). The absolute theoretical infant dose was <0.09% of the
mother’s weight-adjusted dose. Milk samples were collected from the other two
mothers but were not analyzed. No adverse effects were observed in the four
infants and all were doing well at follow-up (44). In a letter correspondence
(45) and subsequent reply (46), it was pointed out that the active metabolites
of azathioprine are actually toxic TGNs that are converted from 6-MP



intracellularly. Six mother–infant pairs were sampled to determine if TGNs were
detectable in the serum of lactating women taking azathioprine and their infants
(45). Neither TGNs nor other potentially toxic metabolites were detected.
These additional data combined with the absence of detectable 6-MP in milk
suggested that the nursing infant would not be exposed to the toxic metabolites
of azathioprine (45,46).
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AZELASTINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of azelastine in human pregnancy have been
located. The animal data suggest that the risk to the embryo–fetus is low.
Moreover, the systemic bioavailability of the antihistamine after intranasal
administration is only 40% and it is much lower after ocular administration.
Nevertheless, the complete absence of human pregnancy experience
prevents a full assessment of the risk. A 2000 review of the use of newer
asthma and allergy medications in pregnancy stated that, based on the
animal studies, there were better choices available than azelastine (1).

FETAL RISK SUMMARY
The antihistamine azelastine is formulated for intranasal and ophthalmic
administration. It is a phthalazinone derivative that has histamine H1-receptor
antagonist activity. Azelastine nasal spray is indicated for the treatment of the
symptoms of seasonal allergic rhinitis such as rhinorrhea, sneezing, and nasal
pruritus and for the treatment of the symptoms of vasomotor rhinitis, such as
rhinorrhea, nasal congestion, and postnasal drip (2). The ophthalmic
preparation is indicated for the treatment of itching of the eye associated with
allergic conjunctivitis (3).

The systemic bioavailability, after nasal administration, is 40% with peak
plasma concentrations obtained in 2–3 hours (2). In contrast, very small
amounts are absorbed after ophthalmic administration (3). The plasma
concentrations of the major active metabolite desmethylazelastine range from
20% to 50% of the parent drug concentrations (2). The elimination half-lives of
azelastine and the active metabolite are 22 and 54 hours, respectively.

Reproduction studies have been conducted in mice, rats, and rabbits. In



pregnant mice, an oral dose about 280 times the maximum recommended daily
intranasal dose in adults based on BSA (MRDID) caused embryo–fetal death,
malformations (cleft palate; short or absent tail; fused, absent, or branched
ribs), delayed ossification, and decreased fetal weight. However, the dose also
was maternally toxic (decreased weight). Neither maternal nor fetal toxicity was
noted at a dose 10 times the MRDID (2). In rats, a dose about 240 times the
MRDID was not maternally toxic but did cause fetal malformations (oligo- and
brachydactylia), and delayed and skeletal variations. A maternal toxic dose
(560 times the MRDID) resulted in embryo–fetal death and decreased fetal
weight. A dose 25 times the MRDID caused no toxicity in the mother or fetus
(2,4). In rabbits, doses greater than 500 times the MRDID caused severe
maternal toxicity and resulted in abortions, delayed ossification, and reduced
fetal weight. Neither maternal nor fetal adverse effects were observed with a
dose 5 times the MRDID (2,4). In peri- and postnatal studies with rats, doses
25–240 times the MRDID were not associated with toxicity in the pups in terms
of physical growth, reflexive behavior, activity, motor coordination, and learning
and reproductive performance (4).

No carcinogenic effects in mice and rats were observed in 2-year studies at
doses 100 and 240 times the MRDID, respectively. In addition, studies with
azelastine for genotoxicity were also negative, as were fertility tests in rats at
240 times the MRDID (2).

It is not known if azelastine crosses the human placenta. The molecular
weight (about 382 for the free base) and prolonged elimination half-life suggest
that the drug could cross to the embryo and fetus. However, the low systemic
concentrations of the parent drug and major active metabolite suggest that the
amount available at the maternal:fetal interface will be clinically insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of azelastine during human lactation have been
located. The relatively low molecular weight (about 382 for the free base) and
the prolonged elimination half-lives of the parent drug and major active
metabolite suggest that the drugs will be excreted into breast milk. However,
the systemic bioavailability after intranasal administration is only 40% and is
much lower after ocular administration. Therefore, it is doubtful if clinically
significant amounts will be excreted into milk.
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AZFICEL-T
Dermatologic Agent
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of azficel-T in human pregnancy have been
located.

Because it is an autologous product that is obtained from the patient by
skin biopsy, reproduction studies in animals have not been conducted. The
risk to an embryo or fetus appears to be nil.

FETAL RISK SUMMARY
Azficel-T is an autologous cellular product composed of dermal fibroblasts
suspended in a sterile medium. The fibroblasts are obtained from postauricular
skin biopsy tissue and sent to the manufacturer for aseptic expansion using
standard tissue culture procedures. The cells are shipped back to the clinic
when sufficient cells for three doses have been obtained and when patient
administration has been scheduled. The product is given as three intradermal
injections at 3- to 6-week intervals. Azficel-T is indicated for improvement of the
appearance of moderate-to-severe nasolabial fold wrinkles in adults (1).
Information on metabolism, plasma protein binding, and half-life is not relevant.

Studies in animals or by other means have not been conducted for
reproduction, carcinogenicity, mutagenicity, and fertility.

Because the cells are injected intradermal they should not be in the systemic
circulation. Moreover, intact cells should not cross the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of azficel-T during human lactation have been
located. Because the cells are injected intradermal they should not be in the
systemic circulation and would not be present in breast milk. Moreover, the



product is made from the patient’s own cells and would not be expected to
harm a nursing infant.
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AZILSARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of azilsartan in human pregnancy have been
located. The limited 1st-trimester experience with other agents in this class
does not suggest a risk of major anomalies. The antihypertensive
mechanisms of action of azilsartan and angiotensin converting enzyme
(ACE) inhibitors are very close. That is, the former selectively blocks the
binding of angiotensin II to AT1 receptors, whereas the latter prevents the
formation of angiotensin II itself. Therefore, use of this drug during the 2nd
and 3rd trimesters may cause teratogenicity and severe fetal and neonatal
toxicity identical to that seen with ACE inhibitors (e.g., see Captopril or
Enalapril). Fetal toxic effects may include anuria, oligohydramnios, fetal
hypocalvaria, intrauterine growth restriction, prematurity, and patent ductus
arteriosus. Anuria-associated anhydramnios/oligohydramnios may produce
fetal limb contractures, craniofacial deformation, and pulmonary hypoplasia.
Severe anuria and hypotension, resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure to
valsartan. Newborn renal function and blood pressure should be closely
monitored.

FETAL RISK SUMMARY
Azilsartan, an angiotensin II receptor blocker (ARB) given orally, is the active
form of the commercially available prodrug azilsartan medoxomil. It is indicated,
either alone or with other agents, for the treatment of hypertension. Azilsartan
is in the same class of angiotensin II receptor blockers as candesartan,
eprosartan, irbesartan, losartan, olmesartan, telmisartan, and valsartan. It is
metabolized to inactive metabolites. Plasma protein binding, primarily to



albumin, is high (>99%) and the elimination half-life is about 11 hours (1).
Animal reproduction studies have not been conducted with azilsartan. Long-

term studies for carcinogenic potential in mice and rats were negative. Assays
for mutagenicity have shown both positive and negative effects. The drug had
no effect on the fertility of male and female rats (1).

It is not known if azilsartan crosses the human placenta. The molecular
weight (about 607) and the elimination half-life suggest that the drug will cross
to the embryo–fetus, even though the high plasma protein binding should limit
the exposure. However, other agents in this class are known to cross the
placenta and the same should be expected for azilsartan.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (2). The factors that typically coexist with
hypertension in pregnancy included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of azilsartan during human lactation have been
located. The molecular weight (about 607) and the elimination half-life (about
11 hours) suggest that the drug will be excreted into breast milk, but the high
plasma protein binding should limit the amount excreted. The effect of this
exposure on a nursing infant is unknown. Diarrhea was the most common (2%)
adverse reaction in adults (1). The American Academy of Pediatrics classifies
ACE inhibitors, a closely related group of antihypertensive agents, as
compatible with breastfeeding (see Captopril or Enalapril).
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AZITHROMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The human pregnancy data do not suggest an embryo–fetal risk of
developmental toxicity from azithromycin. The antibiotic has not been
associated with an increased risk of pyloric stenosis.

FETAL RISK SUMMARY
Azithromycin, an azalide antibiotic, is derived from erythromycin. It is in the
macrolide anti-infective class that includes clarithromycin and erythromycin.

Animal studies using rats and mice treated with daily doses up to maternal
toxic levels revealed no impairment of fertility or harm to the fetus. These daily
doses were about 1 and 0.5 times, respectively, the human dose of 2 g/day
based on BSA (HD) (1).

Long-term studies for carcinogenic effects have not been conducted, but
tests for mutagenic and clastogenic effects were negative. No evidence of
impaired fertility was found in rats given daily doses up to about 0.05 times the
HD (1).

Azithromycin crosses the human placenta at term (2,3). In 20 women
scheduled for elective cesarean section, a single 1-g oral dose of azithromycin
was given 6 (N = 2), 12 (N = 7), 24 (N = 5), 72 (N = 5), or 168 (N = 1) hours
before delivery. The mean maternal concentrations at delivery for the five
groups were 311, 144, 63, 60, and <10 ng/mL, respectively, whereas the
corresponding mean cord serum levels were 19, 26, 27, 19, and <10 ng/mL,
respectively. Cerebrospinal fluid levels in the mothers (all had spinal
anesthesia) were undetectable (<16 ng/mL) in each group.

In an ex vivo experiment with term human placentas utilizing a single placental
cotyledon model, the mean transplacental transfer of three macrolide antibiotics
(azithromycin, erythromycin, and roxithromycin) were 2.6%, 3.0%, and 4.3%,
respectively (3). The percentages were calculated as the ratio between the



steady-state level in fetal venous and maternal arterial sides (3).
A number of reports (4–22) have described the use of azithromycin in human

pregnancy. A 1994 abstract reported that 16 pregnant patients with cervicitis
caused by Chlamydia had been treated with a single 1-g oral dose of the
antibiotic in a comparison trial with erythromycin (4). Fifteen of the women had
negative tests for Chlamydia after treatment. No data were given on gestational
age at the time of treatment or on the pregnancy outcomes. In a second,
similar report, also comparing efficacy with erythromycin, 15 pregnant women
with chlamydial cervicitis were treated with a single 1-g oral dose (5). All of the
women had negative cervical swabs for Chlamydia as analyzed by direct DNA
assay 14 days after the dose. Three more recent reports have also
documented the efficacy of azithromycin in the treatment of pregnant women
with Chlamydia (6–8). Of the five reports, only the last study (8) indicated the
gestational age at treatment (about 24 weeks), but none provided information
on fetal outcome. In contrast to the effectiveness of azithromycin for Chlamydia
infections, a single 1-g oral dose of the antibiotic was ineffective in reducing
lower genital colonization with ureaplasma in pregnant women between 22 and
34 weeks’ gestation with ruptured membranes or preterm labor (9). Two
women with scrub typhus (tsutsugamushi disease) in the 2nd trimester were
treated successfully with 3-day courses of azithromycin (10). Both delivered
healthy infants.

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (11). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Azithromycin was taken during the 1st
trimester in 11 pregnancies. The outcomes of these pregnancies were 1
elective abortion and 10 normal, term babies (11).

In a 2005 abstract, 145 pregnant women were exposed to a new macrolide
(38 azithromycin, 53 clarithromycin, and 54 roxithromycin), of which 103 were
exposed in the 1st trimester (12). The rates of congenital anomalies compared
with 928 exposed to a nonteratogen were similar (4.0% vs. 3.75%, p = 0.156).
In a 2006 study, comparisons were made between three groups each
containing 123 pregnancies: azithromycin (88 exposed in 1st trimester),



nonteratogenic antibiotics, and nonteratogenic agents (13). The rates of
congenital anomalies were not significantly different, 3.4%, 2.3%, and 3.4%,
respectively. The authors concluded that azithromycin was relatively safe during
pregnancy (13).

A retrospective cohort study using data from Tennessee Medicaid included
30,049 infants born in 1985–2000 was published in 2009 (14). Infants with fetal
exposures in the 1st trimester to four antibiotics recommended for potential
bioterrorism attacks (azithromycin, amoxicillin, ciprofloxacin, and doxycycline)
were compared with infants with no fetal exposure to any antibiotic.
Erythromycin was included as a positive control. In the 559 infants exposed to
azithromycin and no other antibiotics, the number of cases, risk ratios, and 95%
CI were as follows: any malformation (23, 1.37, 0.85–2.22), cardiac (7, 1.13,
0.50–2.55), musculoskeletal (8, 1.58, 0.61–4.10), genitourinary (4, 1.34, 0.44–
4.03), gastrointestinal (4, 1.57, 0.52–4.75), CNS (1, 0.81–6.27), and orofacial
(2, 4.85, 0.88–26.60). The authors concluded that the four antibiotics should
not result in a greater incidence of overall major malformations (see also
Amoxicillin, Ciprofloxacin, and Doxycycline) (14).

A 2009 case report described the use of azithromycin (500 mg/day for 6
days) for the treatment of Q fever in the 9th week of pregnancy (15). A healthy
3500-g infant was born at 40 weeks’.

A study evaluating the effects of mass treatment (cefixime, azithromycin, and
metronidazole) for AIDS prevention in Uganda was published in 1999 (16).
Compared with controls, the prevalences of trichomoniasis, bacterial vaginosis,
gonorrhea, and Chlamydia infection were significantly lower, but no difference
was observed in the incidence of HIV infection. A second study using this same
group of patients found, in addition to the lower rates of infection, reduced
rates of neonatal death, low birth weight, and preterm delivery (17). However,
in a third study involving the same Uganda women as above, children of 94
women with Trichomonas vaginalis who had been treated during pregnancy
with the three-drug combination had increased low birth weight (<2500 g) and
preterm birth rate compared with untreated controls (18). The authors
concluded that treatment of the condition during pregnancy was harmful and
that it was most likely due to metronidazole.

A prospective multicenter study published in 2008 compared pregnant
women exposed to a new macrolide (azithromycin, clarithromycin, or
roxithromycin) with two comparison groups (19). Of 161 women exposed to a
macrolide, 118 were exposed in the 1st trimester. The rate of major
malformations in the study group was 4.1% compared with 2.1% of those



exposed to other antibiotics (OR = 1.41, 95% CI 0.47–4.23). The authors
concluded that the use of the new macrolides did not represent an increased
risk of congenital defects strong enough for an elective abortion (19).

A prospective, multicenter observational 2012 study was conducted by
teratogen information services in Italy, Israel, Czech Republic, the Netherlands,
and Germany (20). Of the 608 women exposed to macrolides, 511 were
exposed in the 1st trimester. The study group was compared with 773 women
exposed to nonteratogens in the 1st trimester. The rate of major congenital
defects were similar in the groups (3.4% vs. 2.4%, p = 0.36; OR 1.42, 95% CI
0.70–2.88) or in the rate of cardiovascular defects (1.6% vs. 0.9%). The rates
for azithromycin (N = 134) were 5.2% vs. 2.4% (p = 0.09; OR 2.23, 95% CI
0.91–5.5) and 3% vs. 0.9% (p = 0.06; OR 3.59, 95% CI 0.99–12.88) (20).

Two reports, one an abstract, have examined the potential of azithromycin in
the prevention of premature birth (21,22). In the abstract, azithromycin
combined with metronidazole was compared with placebo in three different
periods: <32 weeks’, <35 weeks’, and <37 weeks’ (21). The combination did
not decrease the incidence of preterm birth. In the other report, azithromycin
was compared with placebo. The results provided no evidence that the use of
the antibiotic could prevent preterm birth (22).

In a 2003 Danish study, 188 women received a macrolide (see Breastfeeding
Summary) within 30 days of birth and none of their infants had infantile
hypertrophic pyloric stenosis (23).

BREASTFEEDING SUMMARY
Azithromycin accumulates in breast milk. A woman, in the 1st week after a term
vaginal delivery, was treated with a single 1-g oral dose of azithromycin for a
wound infection following a bilateral tubal ligation and then, because of
worsening symptoms, was given 48 hours of IV gentamicin and clindamycin
(24). She was discharged from the hospital on a 5-day course of azithromycin,
500 mg daily, but only took three doses because she wanted to resume
breastfeeding that had been stopped during azithromycin therapy. The patient
continued pumping her breasts during this time to maintain milk flow and
resumed breastfeeding 24 hours after the third dose of the antibiotic. Drug
doses and approximate time from the first dose were 1 g (0 hours), 500 mg
(59 hours), 500 mg (83 hours), and 500 mg (107 hours). Milk concentrations of
azithromycin and times from the first dose were 0.64 mcg/mL (48 hours), 1.3
mcg/mL (60 hours), and 2.8 mcg/mL (137 hours) (maternal serum
concentrations were not determined). The authors attributed the antibiotic’s milk



accumulation to its lipid solubility and ion trapping of a weak base (24).
A 2003 study investigated the association between maternal use of

macrolides and infantile hypertrophic pyloric stenosis (23). The Danish
population-based cohort study comprised 1166 women who had been a
prescribed macrolide (azithromycin, clarithromycin, erythromycin, spiramycin, or
roxithromycin) from birth to 90 days postnatally compared with up to 41,778
controls. The odds ratios (ORs) for stenosis were 2.3–3.0, depending on the
postnatal period of exposure (42, 56, 70, or 90 days), but none were
significant. When stratified by gender, the ORs for males were 1.8–3.1 and
again were not statistically significant. For females, the ORs at 70 and 90 days
post-birth were 10.3 and 7.5, respectively, but only the former was significant
(95% CI 1.2–92.3) (23).

Investigators from Israel examined the possible association between
macrolide (azithromycin, clarithromycin, erythromycin, or roxithromycin)
exposure in milk and infantile hypertrophic pyloric stenosis in a 2009 study (25).
They compared 55 infants exposed to a macrolide antibiotic with 36 infants
exposed to amoxicillin. In the macrolide group, seven (12.7%) had an adverse
reaction (rash, diarrhea, loss of appetite, or somnolence), whereas three
infants (8.3%) in the amoxicillin group had an adverse reaction (rashes or
somnolence). The rates of adverse reactions were comparable. No cases of
infantile hypertrophic pyloric stenosis were observed (25).
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AZTREONAM
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports describing the therapeutic use of aztreonam in human
pregnancy have been located. However, several studies have found that
the drug crosses the human placenta and have described the
pharmacokinetics in pregnancy. The animal reproduction data suggest low
risk, but the absence of therapeutic experience in pregnancy prevents a
more complete assessment of the embryo–fetal risk. Nevertheless, if the
drug is indicated, it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Aztreonam is a synthetic, monocyclic β-lactam antibiotic that is structurally
different from other β-lactam antibiotics, such as the penicillins and
cephalosporins. Administration of high IV doses of the drug to pregnant rats (15
times the maximum recommended human dose [MRHD]) and rabbits (5 times
the MRHD) did not produce embryotoxic, fetotoxic, or teratogenic effects
(1–5).

Single 1-g IV doses of aztreonam administered 2–8 hours before elective
termination produced detectable concentrations of the antibiotic in fetal serum
and amniotic fluid (6). In other studies, the drug was rapidly distributed into
cord serum and amniotic fluid (7–11). Six studies have described the
pharmacokinetics of aztreonam in pregnancy (7–12). No maternal or fetal
adverse effects were reported in these studies.

BREASTFEEDING SUMMARY
Aztreonam is excreted into breast milk (7,11,13). In one study, peak milk
concentrations 6 hours after a single 1-g IV dose were <0.4–1.0 mcg/mL (7).
In an earlier study, 12 lactating women received a single 1-g dose of the



antibiotic either by IM injection (N = 6) or by the IV route (N = 6) (13). Infants
were not allowed to breastfeed during the study. Milk and serum samples were
collected at scheduled intervals for 8 hours after the dose. In the IM group, the
mean peak milk concentration was estimated to be 0.3 mcg/mL, corresponding
to a milk:serum ratio of 0.007. Similar calculations for the IV group yielded a
peak value of 0.2 mcg/mL and a ratio of 0.002. The low milk concentrations
measured in the study were compatible with the acidic nature of the drug and
its very low lipid solubility. In another study, the milk concentration was 0.1–0.4
mcg/mL (11).

These data, combined with the poor oral absorption of the antibiotic, indicate
that direct systemic effects from the antibiotic in nursing infants are unlikely
(13).

The American Academy of Pediatrics classifies aztreonam as compatible
with breastfeeding (14).
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BACITRACIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible (Topical)
BREASTFEEDING RECOMMENDATION: Compatible (Topical)

PREGNANCY SUMMARY

The pregnancy information is very limited, but the risk from topical use
probably is nil. The IM formulation is not approved for use in adults and
should not be used in pregnancy.

FETAL RISK SUMMARY
No reports linking the use of bacitracin with congenital defects have been
located. The drug is primarily used topically, although the injectable form is
available. One study listed 18 patients exposed to the drug in the 1st trimester
(1). The route of administration was not specified. No association with
malformations was found.

BREASTFEEDING SUMMARY
No reports describing the use of bacitracin during human lactation have been
located. Such reports are unlikely because the drug is not approved for use in
adults.
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BACLOFEN
Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with baclofen is limited to 10 cases, 7 of
which involved intrathecal administration. This method results in plasma
concentrations 100 times less than those achieved with oral administration
(1). Late onset neonatal seizures were observed in one case in which the
mother was taking 80 mg/day, the maximum recommended daily oral dose.
No signs of toxicity were observed in the other two pregnancies in which
the mothers were taking lower oral doses. This appears to be consistent
with a dose–effect relationship, because the chemical and pharmacokinetic
characteristics of baclofen suggest that it will cross the placenta. Although
the human data are very limited, there is no evidence of developmental
toxicity from other agents in the same pharmacologic class. The animal
reproduction data have reduced relevance because, in one study, the
teratogenic dose also caused maternal toxicity and, in another, a
comparison with the human dose was not made. However, three other
studies observed no teratogenicity in mice, rats, and rabbits, so the risk
appears to be low. Taken in sum, more human data are required to assess
the risk to the embryo and/or fetus adequately. However, the intrathecal
route is probably low risk because of the expected very low systemic
exposure. If a woman requires oral baclofen, it should not be withheld
because of pregnancy, but the lowest dose possible should be used and
offspring should be monitored for late-onset seizures.

FETAL RISK SUMMARY
Baclofen, an analog of γ-aminobutyric acid, is a centrally acting skeletal muscle
relaxant. Although their specific mechanisms of action may differ, baclofen is in



the same class of centrally acting skeletal muscle relaxants as carisoprodol,
chlorzoxazone, cyclobenzaprine, metaxalone, methocarbamol, orphenadrine,
and tizanidine. Plasma protein binding is only about 30%, and 70%–80% of the
drug is excreted unchanged in the urine. The plasma elimination half-life is 3–4
hours, whereas the elimination half-life in the cerebrospinal fluid is 1–5 hours.
The maximum recommended daily oral dose is 80 mg (1,2). Because of its
specialized indication to control spasticity secondary to multiple sclerosis and
other spinal cord diseases and injuries, its use in pregnancy is anticipated to be
limited.

Reproduction studies have been conducted in pregnant rats, mice, and
rabbits. In rats, a maternal toxic (decreased food intake and weight gain) dose
approximately 3 times the maximum recommended human dose based on BSA
was associated with an increased incidence of omphalocele (ventral hernias) in
fetuses. This defect was not observed in mice and rabbits (1). Shepard
reviewed three studies involving rats, mice, and rabbits in which the drug was
administered during organogenesis and all reported negative teratogenic
findings (3). In contrast, in a 1995 study of pregnant rats that administered 30-
or 60-mg/kg doses, vertebral arch widening was observed on day 10 of
gestation at the lower dose, similar to that produced by valproic acid in rats (4).
The author concluded that baclofen could produce spina bifida or other neural
tube defects in rats. Interestingly, the 60-mg/kg dose did not produce this
effect, causing speculation that the dose caused a greater severity of neural
tube defects, and thus a greater number of unrecorded early fetal deaths (4).

It is not known if baclofen crosses the human placenta. The molecular weight
(about 214), low plasma protein binding and metabolism, and the plasma
elimination half-life suggest that the drug will cross to the embryo and fetus.

Six reports involving seven pregnancies have been published in which a
continuous intrathecal infusion of baclofen was administered via an implanted
pump in six and intrathecal bolus dose in one (5–10). The first case involved a
29-year-old woman with quadriplegia who was treated with 1000 mcg/day for
15 months to control her intractable spasticity (5). Conception occurred after
ovulation stimulation with clomiphene. The baclofen dose was gradually
increased to 1200 mcg/day to maintain control of her spasticity as the
pregnancy progressed. Because of severe symptoms of autonomic dysfunction
and loss of spasticity control (even at 1400 mcg/day), a cesarean section was
performed under epidural bupivacaine anesthesia during the 35th week of
gestation. A 2.04-kg healthy female infant was delivered with Apgar scores of 9
and 10, presumably at 1 and 5 minutes, respectively (5).



The second and third cases, both involving the same woman, were published
in 2000 (6). A 38-year-old woman became pregnant after approximately 3.5
years of continuous intrathecal baclofen infusion to control severe spasticity
resulting from a complete 5th cervical vertebra (C5)–level medullar injury. Good
control of her spasticity was obtained with 140 mcg/day throughout her
pregnancy. A healthy, 2.155-kg male infant was delivered by cesarean section
at 36 weeks’ gestation with Apgar scores of 9 and 10 at 1 and 5 minutes,
respectively. The birth weight, length (47 cm), and head circumference (33 cm)
were appropriate for gestational age. No major or minor malformations were
noted on physical and ultrasonography examinations, and the child was
developing normally at 24 months of age (6). Three months after delivery of her
first infant, the woman became pregnant a second time while receiving 140
mcg/day throughout gestation. A cesarean section was performed at 34 weeks
with delivery of a healthy, 2.24-kg male infant with Apgar scores of 8 and 10 at
1 and 5 minutes, respectively. The weight, length (46 cm), and head
circumference (32 cm) were appropriate for gestational age. No abnormalities
were noted in the infant, and he was developing normally at 12 months of age
(6).

A 17-year-old woman, 27 weeks pregnant, presented with clinical symptoms
and signs of severe tetanus (7). She was treated with intrathecal bolus doses
of baclofen for 21 days to control her muscular contractures and paroxysms.
The mean daily dose was 1350 mcg (range 250–1500 mcg).

She also received a continuous IV infusion of diazepam 20–200 mg/day.
Diazepam was stopped at about 32 weeks’ gestation, 3 days before the onset
of spontaneous labor. A healthy 1.50-kg male infant was delivered with an
Apgar score of 10 at 5 minutes. The infant had no muscular weakness or
evidence of respiratory or neurologic distress. The infant was discharged home
with his mother at 9 days of age (7).

A 23-year-old paraplegic woman at 30 weeks’ gestation was started on
intrathecal baclofen for increasing spasticity and spasticity-related pain (8). An
infusion pump was implanted under general anesthesia with an initial dose of
150 mcg/day. Over the following 6 weeks, the infusion dose required to control
her spasms increased to 375 mcg/day. Labor was induced at 37 weeks’
gestation, and she gave birth to a healthy 2.81-kg female infant. The child was
developing normally at 2 years of age (8).

A 2008 report described a 38-year-old woman with multiple sclerosis
complicated by spasticity (9). The spasticity was treated with intrathecal
baclofen 202.6 mcg/day throughout gestation. Because of spontaneous rupture



of the membranes and a transverse lie at 36 5/7 weeks, a healthy 2.68-kg
male infant was delivered by cesarean section. Apgar scores were 9 and 10,
presumably at 1 and 5 minutes, respectively. No follow-up of the infant was
reported (9). In a similar case, but in which intrathecal baclofen (dose not
reported) was used throughout gestation to control spasticity secondary to
cerebral palsy, a 28-year-old woman gave birth at 38 weeks to a healthy 3.30-
kg infant (sex not specified) (10). Apgar scores were 9 and 10 at 1 and 5
minutes, respectively. At 1-year follow-up, the infant was doing well.

A 2001 case report described a paraplegic woman who had used baclofen
80 mg/day (the maximum recommended daily oral dose), oxybutynin 9 mg/day,
and trimethoprim 100 mg/day throughout an uneventful pregnancy (11). The
fetus developed tachycardia at an unspecified gestational age and an
apparently healthy female infant was delivered (birth weight not given). Apgar
scores were 10 at 1 and 5 minutes. At 7 days of age, the infant was admitted
to the hospital for generalized seizures, but the mother had noted abnormal
movements 2 days after birth. All diagnostic test results were negative and the
seizures did not respond to phenytoin, phenobarbital, clonazepam, lidocaine, or
pyridoxine. Because seizures had been reported in adults after abrupt
withdrawal of baclofen, a dose of 1 mg/kg divided into four daily doses was
started and the seizures stopped 30 minutes after the first dose. Baclofen was
slowly tapered and then discontinued after 2 weeks. Magnetic resonance
imaging of the infant’s brain on day 17 suggested a short hypoxic ischemic
insult that was thought to have been secondary to the seizures (11).

A 41-year-old woman with stiff-limb syndrome was treated with oral baclofen
and diazepam throughout an uncomplicated pregnancy (12). The dose of
baclofen during the 1st trimester was 100 mg/day (i.e., >maximum
recommended dose), whereas the diazepam dose was 60 mg/day. She was
able to reduce the dose of the two drugs to 25 and 15 mg/day, respectively,
from the 2nd trimester onward. Despite a birth complicated by fetal distress
requiring assisted forceps delivery, the apparently healthy female infant had no
evidence of sedation or withdrawal and remained well during breastfeeding. No
other details regarding the infant were provided (12).

A 27-year-old woman was diagnosed about 2 months before pregnancy with
stiff person syndrome (Moersche-Woltman syndrome) (13). She was treated
with gabapentin (2700 mg/day), diazepam (30 mg/day), and a prednisone
taper. When pregnancy was diagnosed, diazepam was discontinued but,
without the drug, her muscle spasms increased and baclofen (30 mg/day) was
started. The patient was able to wean down her medications in the 2nd and 3rd



trimesters (specific details not provided). Labor commenced at about 40 weeks
while still on gabapentin and baclofen. A cesarean section was conducted
because of fetal repetitive late decelerations to deliver a 3230-g female infant
with Apgar scores of 5 and 8 at 1 and 5 minutes, respectively. The infant,
discharged home on day 4, was doing well (age assumed to be 6 weeks) (13).

A 2004 report described the pregnancy outcome of a 38-year-old woman
with reflex sympathetic dystrophy who was treated throughout gestation with
baclofen 20 mg/day, clonazepam 2 mg/day, and oxycodone 50 mg/day in
divided doses (14). A 3.71-kg female infant was delivered by cesarean section
at 39 2/7 weeks’ gestation because of breech presentation and maternal health
considerations. The baclofen concentration in cord blood was below the level of
quantitation (0.08 mcg/mL), but the interval between the last dose and birth
was not specified. The infant developed transient respiratory distress shortly
after birth that was attributed to retained lung fluid. Oral baclofen 0.5
mg/kg/day in four divided doses was started shortly after birth and tapered
over 9 days. Although no seizure activity was observed, phenobarbital was
started on day 2 because of narcotic withdrawal symptoms. On day 16 of life,
the infant was discharged home on low-dose phenobarbital. Neurologic
examination results were normal at discharge and at 6 weeks (14).

BREASTFEEDING SUMMARY
In an animal study, the γ-aminobutyric acid agonist, baclofen, was a potent
inhibitor of suckling-induced prolactin release from the anterior pituitary (15).
The drug had no effect on milk ejection. Because prolactin release is required
to maintain lactation, the potential for decreased milk production with chronic
use may exist. However, no human studies on this topic have been located.

Small amounts of baclofen are excreted into human milk after oral
administration. A 20-year-old woman with spastic paraplegia, who was 14 days
postpartum, was given a single 20-mg (94 microM) oral dose of baclofen (16).
No mention was made as to whether her infant was nursing. Serum samples
were drawn at 1, 3, 6, and 20 hours after the dose, and milk samples were
obtained at 2, 4, 8, 14, 20, and 26 hours. The highest serum concentration
measured, 1.419 microM/L, occurred at 3 hours, whereas the highest milk
level, 0.608 microM/L, was obtained at 4 hours. The total amount of drug
recovered from the milk during the 26-hour sampling period was 22 mcg (0.10
microM), or about 0.1% of the mother’s dose. The authors speculated that this
amount would not lead to toxic levels in a nursing infant (16).

The American Academy of Pediatrics classifies baclofen as compatible with



breastfeeding (17).
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BALSALAZIDE
Anti-inflammatory Bowel Disease Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of balsalazide in human pregnancy have been
located. Balsalazide is a prodrug that is converted in the bowel to
mesalamine (see Mesalamine). A 2002 review concluded that mesalamine
is safe to use during pregnancy (1). Therefore, the maternal benefits of
balsalazide appear to outweigh the unknown risks to the fetus.

FETAL RISK SUMMARY
The oral prodrug balsalazide is enzymatically cleaved in the colon to produce
mesalamine (5-aminosalicylic acid) (see also Mesalamine). It is indicated for
the treatment of mildly to moderately active ulcerative colitis. A very small
portion of a balsalazide dose is absorbed intact into the systemic circulation
where it is extensively (≥99%) protein bound (2).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits, doses up to 2.4 and 4.7 times the recommended human dose
based on BSA, respectively, revealed no evidence of impaired fertility or fetal
harm. In addition, studies with mesalamine in these species did not observe
fetal toxicity or teratogenicity (see Mesalamine) (2).

It is not known if balsalazide crosses the human placenta. The molecular
weight (about 437) is low enough but the very small amounts in the plasma and
extensive plasma protein binding suggest that little if any drug crosses to the
embryo–fetus. Moreover, only small amounts of mesalamine are absorbed into
the systemic circulation and then are rapidly excreted in the urine.

BREASTFEEDING SUMMARY
No reports describing the use of the prodrug balsalazide during human lactation



have been located. Only small amounts of balsalazide and its active metabolite
mesalamine are absorbed into the systemic circulation. Moreover, the parent
drug is extensively (≥99%) bound to plasma proteins. A 2002 review concluded
that mesalamine was safe to use by nursing mothers (1). However, a possible
allergic reaction (diarrhea) was observed in a nursing infant whose mother was
using mesalamine rectal suppositories. Because of this adverse effect, nursing
infants should be closely observed for changes in bowel function if the mother is
taking balsalazide.
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BASILIXIMAB
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of basiliximab in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a full assessment of the embryo–fetal risk.
A 2004 review concluded that immunosuppressive antibodies, such as
basiliximab, have little implication for pregnancy because they are used
either for induction immunosuppression or to prevent an acute rejection
episode (1). If exposure does occur during pregnancy, the risk for
developmental toxicity appears to be low, but long-term studies of exposed
offspring for functional abnormalities and other developmental toxicity are
warranted. The manufacturer recommends that women of childbearing
potential use effective contraception before and during therapy, and for 4
months afterward (2).

FETAL RISK SUMMARY
Basiliximab, an interleukin-2 (IL-2) receptor antagonist, is a chimeric
(murine/human) monoclonal antibody (IgG1k) indicated for the prophylaxis of
acute organ rejection in patients receiving renal transplantation (2). Basiliximab
is classified as a nondepleting (i.e., does not destroy T- or B-lymphocytes)
protein immunosuppressant (3). It binds only to IL-2 receptor sites expressed
on the surface of activated T-lymphocytes. This binding inhibits IL-2-mediated
activation of lymphocytes. Basiliximab is used with immunosuppressive
regimens that include cyclosporine and corticosteroids. The elimination half-life
is about 7 days (2).

Reproduction studies have been conducted in monkeys. No maternal toxicity,
embryotoxicity, or teratogenicity was observed when doses producing blood



concentrations 13 times higher than those observed in humans were given
during organogenesis. However, immunologic toxicity studies were not
performed in the offspring (2).

It is not known if basiliximab crosses the human placenta. The molecular
weight of the glycoprotein (about 144,000) may prevent transfer. However, the
prolonged elimination half-life and the fact that immunoglobulin G molecules are
known to cross the placenta, at least in the 3rd trimester, suggest that some
exposure of the embryo and/or fetus will occur.

IL-2 receptors may have an important role in the development of the immune
system, but the potential effect of basiliximab on this development was not
evaluated in monkey offspring. Moreover, while in the circulation, basiliximab
impairs the response of the immune system to antigenic challenges. It is
unknown if the ability to respond to these challenges returns to normal after
clearance of basiliximab (2).

BREASTFEEDING SUMMARY
No reports describing the use of basiliximab during human lactation have been
located. Because immunoglobulins and other large molecules are excreted into
colostrum in the first 2–3 days after birth, basiliximab is also probably excreted
during this time. It may not be possible to avoid exposure during this early
period of lactation because of the prolonged elimination half-life (about 7 days).
Excretion into mature milk also is possible. Although partial digestion of the
antibody in the gastrointestinal tract is probable, the effects, if any, on a nursing
infant from this exposure are unknown.
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BECLOMETHASONE
Respiratory Drug (Corticosteroid)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

In a position statement from a joint committee of the American College of
Obstetricians and Gynecologists (ACOG) and the American College of
Allergy, Asthma, and Immunology (ACAAI) published in 2000, either
beclomethasone or budesonide were considered the inhaled steroids of
choice for use during pregnancy (1).

FETAL RISK SUMMARY
Beclomethasone dipropionate is given by inhalation for the chronic treatment of
bronchial asthma in patients requiring corticosteroid therapy for the control of
symptoms. It is also available for intranasal use and, outside of the United
States, for topical application.

Beclomethasone was embryocidal (increased fetal resorption) and
teratogenic when administered by SC injection to mice and rabbits at
approximately 10 times the human dose (HD) (2,3). Congenital malformations
observed included cleft palate, agnathia, microstomia, absence of the tongue,
delayed ossification, and agenesis of the thymus. Similar toxic effects in both
species were observed with SC injections that were approximately one-half the
maximum recommended adult daily inhalation dose based on BSA (4). In the
rat, no embryo or fetal harm was found with inhaled (at 10 times the HD) or
oral (at 1000 times the HD) beclomethasone (2,3).

No human reports associating the use of beclomethasone with human
congenital anomalies have been found. A 1975 report briefly mentioned seven
healthy babies born from mothers who had used beclomethasone aerosol for
>6 months (5). In another report, beclomethasone was used during 45
pregnancies in 40 women (6). Dosage ranged between 4 and 16
inhalations/day (mean 9.5), with each inhalation delivering 42 mcg of drug.



Three of the 33 prospectively studied pregnancies ended in abortion that was
not thought to be caused by the maternal asthma. Forty-three living infants
resulted from the remaining 42 pregnancies. Six infants had low birth weights,
including two of the three premature newborns (<37 weeks’ gestation). There
was no evidence of neonatal adrenal insufficiency. One full-term infant had
cardiac malformations (double ventricular septal defect, patent ductus
arteriosus, and subaortic stenosis). However, the mother’s asthma was also
treated with prednisone, theophylline, and epinephrine. In addition, she had
schizophrenia and diabetes mellitus for which she took fluphenazine and insulin
(6). Cardiac malformations are known to occur with diabetes mellitus (see
Insulin).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 395 newborns had
been exposed to beclomethasone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 16 (4.1%) major birth defects were
observed (16 expected). Specific information was not available on the defects,
but no anomalies were observed in six categories (cardiovascular defects, oral
clefts, spina bifida, polydactyly, limb reduction defects, and hypospadias).
These data do not support an association between the drug and congenital
defects.

A 2004 prospective, double-blind, double placebo-controlled, randomized
study compared inhaled beclomethasone (194 women) with theophylline (191
women) for the treatment of moderate asthma during pregnancy (7). The mean
gestational age at randomization was about 20 weeks in both groups. There
was no significant difference in the rate of asthma exacerbations between the
groups, but significantly fewer discontinued beclomethasone because of
adverse effects. There also were no differences in maternal or perinatal
outcomes (7).

A 2004 study examined the effect of inhaled corticosteroids on low birth
weight, preterm births, and congenital malformations in pregnant asthmatic
patients (8). The inhaled steroids with the number of patients were
beclomethasone (N = 277), fluticasone (N = 132), triamcinolone (N = 81),
budesonide (N = 43), and flunisolide (N = 25). Compared with the general
population, the study found no increased incidence of small-for-gestational-age
infants (<10th percentile for gestational age), low birth weight (<2500 g),
preterm births, and congenital malformations (8).

A 2006 meta-analysis on the use of inhaled corticosteroids during pregnancy
was published in 2006 (9). The analysis included five agents: beclomethasone,



budesonide, flunisolide, fluticasone, and triamcinolone. The results showed that
these agents do not increase the risk of major congenital defects, preterm
delivery, low birth weight, and pregnancy-induced hypertension. Thus, they
could be used during pregnancy (9).

A 2007 report described the use of inhaled beclomethasone in 29 pregnant
women (10). No effects on fetal growth or pregnancy outcomes were
observed. Beclomethasone was metabolized by placental enzymes (10).

BREASTFEEDING SUMMARY
It is not known whether beclomethasone is excreted into breast milk. Other
corticosteroids are excreted into milk in low concentrations (see Prednisone),
and the passage of beclomethasone into milk should be expected. One report
mentioned three cases of maternal beclomethasone use during breastfeeding
(5). Effects on the nursing infants were not mentioned.
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BEDAQUILINE
Antituberculosis
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of bedaquiline in human pregnancy have
been located. The animal data suggest low risk but the absence of human
pregnancy experience prevents a full assessment of embryo–fetal risk.
Nevertheless, tuberculosis is a severe infection and, if indicated,
bedaquiline should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Bedaquiline fumarate is an oral diarylquinoline antimycobacterial drug. It is
indicated as part of combination therapy in adults (≥18 years) with pulmonary
multidrug-resistant tuberculosis. It is metabolized to an inactive metabolite
(M2). Plasma protein binding of bedaquiline is >99.9%. The mean terminal
elimination half-life of both bedaquiline and M2 is about 5.5 months, thought to
reflect the slow release from peripheral tissues (1).

Reproduction studies have been conducted in rats and rabbits. In these
studies, no evidence of fetal harm was found. The plasma exposure in rats was
twofold higher (lower in rabbits) than the human plasma exposure (1).

Bedaquiline was not mutagenic or clastogenic in several assays. The drug
had no effects on fertility in male and female rats (1).

It is not known if bedaquiline or M2 cross the human placenta. The molecular
weight of bedaquiline (about 556) and the very long elimination half-lives of the
parent compound and M2 suggest that both may cross to the embryo–fetus.
However, the high plasma protein binding might reduce the amount available to
cross the placenta.

BREASTFEEDING SUMMARY



No reports describing the use of bedaquiline during breastfeeding have been
located. The molecular weight of bedaquiline (about 556) and the very long
elimination half-lives (about 5.5 months) of the parent compound and M2
suggest that both may be excreted into breast milk, but the high plasma protein
binding might reduce the amount excreted. However, bedaquiline is
concentrated in the milk of rats with concentrations 6–12 times the maximum
maternal plasma level. If a mother chooses to nurse while receiving the drug,
her infant should be observed for nausea, arthralgia, headache, hemoptysis,
and chest pain, the most common (≥10%) adverse reactions observed in
patients.
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BELATACEPT
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk Contraindicated—1st Trimester (If Combined with
Mycophenolate)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible Contraindicated (If Combined with Mycophenolate)

PREGNANCY SUMMARY

No reports describing the use of belatacept in human pregnancy have been
located. The animal data suggest low risk but the absence of human
pregnancy experience prevents a better assessment. However, belatacept
is used in combination with basiliximab induction, mycophenolate, and
corticosteroids, and the latter two agents are known human teratogens
(see Mycophenolate and Prednisone). Nevertheless, rejection of a
transplanted organ has serious consequences for the mother and her
pregnancy. Therefore, if indicated, the drug should not be withheld because
of pregnancy but the woman should be informed of the potential risk to her
embryo–fetus. In addition, physicians are encouraged to register pregnant
patients in the National Transplant Pregnancy Registry by calling 1-877-
955-6877.

FETAL RISK SUMMARY
Belatacept, a selective T-cell costimulation blocker given as an IV infusion, is a
protein that is fused to a portion of human immunoglobulin G1 antibody. The
parent molecule, abatacept, differs from belatacept by two amino acids.
Belatacept is indicated for prophylaxis of organ rejection in adult patients
receiving a kidney transplant and is used in combination with basiliximab
induction, mycophenolate mofetil, and corticosteroids. Although information on
the metabolism of belatacept was not provided by the manufacturer, the
terminal half-life was about 8–10 days depending on the dose (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, no teratogenicity was observed at exposures that were 16 and 19



times the maximum recommended human dose during the first month of
treatment based on AUC (MRHD). In rats, daily belatacept during gestation and
throughout the lactation period was associated with maternal toxicity
(infections) in a small percentage of dams at doses that were ≥3 times the
MRHD. This toxicity resulted in increased pup mortality (up to 100% in some
dams), but there were no abnormalities or malformations in surviving pups. The
in vitro data indicate that belatacept has lower potency in rodents than in
humans, but the in vivo difference in potency is unknown. Thus, the relevance of
the rat toxicities to humans and the significance of the magnitude of the relative
exposures to humans are unknown (1).

Carcinogenicity studies have not been conducted with belatacept but have
been with abatacept, the more active analog in rodents. Weekly SC injections
of abatacept in mice were associated with increases in the incidences of
malignant lymphomas and mammary gland tumors (in females). The clinical
significance of these findings is unknown because the mice were infected with
endogenous murine leukemia and mouse mammary tumor viruses which are
associated with an increased incidence of lymphomas and mammary gland
tumors, respectively. However, cases of posttransplant lymphoproliferative
disorder (a premalignant or malignant proliferation of B lymphocytes) have been
reported in clinical trials. Genotoxicity studies have not been conducted with
belatacept because they are not required for protein therapeutics. No effects
on male or female fertility were observed (1).

It is not known if belatacept crosses the human placenta. The protein is
known to cross the placenta of animals. The molecular weight (about 90,000)
suggests that transfer of the agent across the placenta will be limited, but the
elimination half-life will place it at the maternal–fetal interface for a prolonged
period. Moreover, the parent molecule, abatacept crosses the placenta. In
addition, immunoglobulin G crosses the placenta, especially in the latter portion
of pregnancy and belatacept is an immunoglobulin G antibody. Therefore,
exposure of the embryo and/or fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of belatacept during human lactation have been
located. The molecular weight (about 90,000) suggests that excretion of the
agent into breast milk will be limited, but the terminal half-life is very long (8–10
days). Immunoglobulin G is excreted into colostrum and belatacept is an
immunoglobulin G antibody. Moreover, belatacept is used in combination with
basiliximab induction, mycophenolate mofetil, and corticosteroids. Basiliximab



and corticosteroids appear to be compatible with breastfeeding (see
Basiliximab and Prednisone), but mycophenolate is contraindicated (see
Mycophenolate). Thus, although belatacept alone is probably compatible, if
taken with mycophenolate breastfeeding should be avoided.
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BELIMUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of belimumab in human pregnancy have been
located. Teratogenicity was not observed in cynomolgus monkeys. This
species was chosen because belimumab binds cynomolgus monkey and
human B-lymphocyte stimulator protein with equal affinity. Compared with
controls, an increased risk of fetal death was observed at the lowest but
not the highest dose. An increased risk of infant death compared with
controls also was observed with both doses. A dose relationship was not
apparent in either outcome and the rates were consistent with historical
control data for macaques. No other forms of developmental toxicity were
observed in the offspring. If belimumab is used in pregnancy, patients
should be informed of the lack of human pregnancy experience.

FETAL RISK SUMMARY
Belimumab is a human immune globulin G1 lambda (IgG1λ) monoclonal
antibody that is a specific inhibitor of soluble human B-lymphocyte stimulator
protein. It is indicated for the treatment of adult patients with active,
autoantibody-positive, systemic lupus erythematosus who are receiving
standard therapy. The terminal half-life is 19.4 days (1).

Reproduction studies have been conducted in pregnant cynomolgus monkeys
with IV infusion doses of 0 (controls), 5, and 150 mg/kg (the highest dose was
about 9 times the anticipated maximum human exposure based on AUC) given
every 2 weeks from gestation day 20 to 150. The antibody was not associated
with direct or indirect teratogenicity. Skeletal and cardiac variations were
observed but the rates were within historical control rates. Fetal deaths were
observed in 14%, 24%, and 15%, respectively, and infant deaths were



observed in 0%, 8%, and 5%, respectively. The cause of the deaths was not
known, but the incidences were considered incidental as they were comparable
with historical control data for macaques. After cessation of treatment, B-cell
numbers recovered about 1 year postpartum in adult monkeys and by 3 months
of age in offspring (1,2).

Neither the carcinogenic potential nor the mutagenic potential has been
evaluated. The effects on male and female fertility in animals have not been
studied (1).

Although the molecular weight is high (about 147,000), belimumab crossed
the placenta late in gestation in cynomolgus monkeys as expected for an
immune globulin antibody (2). Because the human and monkey placentas are
similar, exposure of the human fetus probably occurs.

BREASTFEEDING SUMMARY
No reports describing the use belimumab during human lactation have been
located. Although the molecular weight is high (about 147,000), belimumab was
excreted into the milk of cynomolgus monkeys (1). In addition, because
maternal antibodies are excreted into breast milk, the presence of belimumab in
milk should be expected. The effect of this exposure on a nursing infant is
unknown.
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BELLADONNA
Parasympatholytic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited pregnancy experience showing teratogenicity requires
confirmation. In general, however, anticholinergics appear to be low risk in
pregnancy. (See Atropine.)

FETAL RISK SUMMARY
Belladonna is an anticholinergic agent. The Collaborative Perinatal Project
monitored 50,282 mother–child pairs, 554 of whom used belladonna in the 1st
trimester (1, pp. 346–353). Belladonna was found to be associated with
malformations in general and with minor malformations. Specifically, increased
risks (standardized relative risk >1.5) were observed for respiratory tract
anomalies, hypospadias, and eye and ear malformations. The association
between belladonna and eye and ear malformations was statistically significant.
Interpretation of these data is difficult, however, because the authors of the
study emphasized that even though some agents had elevated risks and
significant associations did occur, a cause-and-effect relationship could not be
inferred. For use anytime during pregnancy, 1355 exposures were recorded (1,
p. 439). No association was found in this group.

A 1994 case report described the use of belladonna alkaloid (4 times daily
for 5 days) in two women with hyperemesis and excessive salivation (2). A
phenothiazine (specific agent not mentioned) antiemetic also was given. One
woman gave birth to a normal female infant at term, whereas the other gave
birth to twins at 30 weeks. All three infants had normal examinations (2).

BREASTFEEDING SUMMARY
No reports describing the use of belladonna during lactation have been located.



In general, however, agents in this class are probably compatible with
breastfeeding. (See Atropine.)
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BENAZEPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY
The fetal toxicity of benazepril in the 2nd and 3rd trimesters is similar to
other angiotensin-converting enzyme (ACE) inhibitors. The use of this drug
during the 2nd and 3rd trimesters may cause teratogenicity and severe
fetal and neonatal toxicity. Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction (IUGR),
prematurity, and patent ductus arteriosus. Stillbirth or neonatal death may
occur. Anuria-associated oligohydramnios may produce fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, which is resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure.
Newborn renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Benazepril is an ACE inhibitor. It is indicated for the treatment of hypertension.
It is metabolized to benazeprilat, a more potent active metabolite. The effective
half-life of accumulation of benazeprilat is 10–11 hours (1).

Reproduction studies have been conducted in mice, rats, and rabbits. No
teratogenic effects were observed at doses that were 9, 60, and >0.8 times,
respectively, the maximum recommended human dose based on BSA
(assuming a 50-kg woman) (1).

Benazepril crosses the human placenta (1). This is consistent with the
molecular weight (about 425 for the free base of the parent drug) and suggests
that its active metabolite also will cross.

A 1997 report described the use of benazepril (40 mg/day) in a 35-year-old
woman with chronic hypertension (2). Treatment began several years before



conception. Anhydramnios was noted at 27 weeks’ gestation and the drug was
discontinued. Twelve days later, complete resolution of the severe
oligohydramnios was documented and the woman eventually delivered a
healthy 2600-g (10th percentile) male infant at 38 weeks’ gestation. No signs or
symptoms of impaired renal function were observed in the healthy infant (2).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants born between 1985 and 2000 who had
1st trimester exposure to ACE inhibitors (3). Infants of mothers with evidence
of diabetes, either before or during pregnancy, were excluded, as were those
exposed to angiotensin-receptor antagonists (ARBs), ACE inhibitors, or other
antihypertensives beyond the 1st trimester, and known teratogens. The subject
group (N=209) was compared with two groups, other antihypertensives
(N=202) and no antihypertensives (N=29,096). The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were atrial septal
defect (N = 6) (includes three with pulmonic stenosis and/or three with patent
ductus arteriosus [PDA]), renal dysplasia (N = 2), PDA alone (N = 2), and one
each of ventricular septal defect, spina bifida, microcephaly with eye anomaly,
coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung disease,
and diaphragmatic hernia (3). In an accompanying editorial, it was noted that
neither previous reports of 1st trimester exposure to ACE inhibitors nor the
animal studies had observed an increased risk of birth defects (4). It also was
noted that no mechanism for ACE inhibitor-induced teratogenicity was known. A
subsequent communication raising concerns about the validity of the study in
terms of adequate exclusion of diabetes, charting and coding errors in busy
medical practices, and the effects of maternal obesity (5) was addressed by
the investigators (6).

Benazepril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.



Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(7,8). IUGR, prematurity, and severe neonatal hypotension may also be
observed.

Two reviews of fetal and newborn renal function indicated that both renal
perfusion and glomerular plasma flow are low during gestation and that high
levels of angiotensin II may be physiologically necessary to maintain glomerular
filtration at low perfusion pressures (9,10). Benazepril prevents the conversion
of angiotensin I to angiotensin II and, thus, may lead to in utero renal failure.
Since the primary means of removal of the drug is renal, the impairment of this
system in the newborn prevents elimination of the drug resulting in prolonged
hypotension. Newborn renal function and blood pressure should be closely
monitored. If oligohydramnios occurs, stopping benazepril may resolve the
problem but may not improve infant outcome because of irreversible fetal
damage (7).

In those cases in which benazepril must be used to treat the mother’s
disease, the lowest possible dose should be used combined with close
monitoring of amniotic fluid levels and fetal well-being. Guidelines for counseling
exposed pregnant patients have been published and should be of benefit to
health professionals faced with this task (7,11). However, the observation in
Tennessee Medicaid data of an increased risk of major congenital defects after
1st trimester exposure to ACE inhibitors raises concerns about teratogenicity
that have not been seen in other studies (4). Medicaid data are a valuable tool
for identifying early signals of teratogenicity, but are subject to a number of
shortcomings and their findings must be considered hypotheses until confirmed
by independent studies.

In a 2002 case report, a woman with chronic hypertension presented at
about 24 weeks’ gestation with severe oligohydramnios (amniotic fluid index <2)
(12). Her medications included benazepril, carvedilol, amiodarone, and
furosemide. The fetus had a misshapen cranium with overlapping sutures,
pericardial effusion, small bladder, echogenic focus in the heart, echogenic
bowel, and normal-appearing kidneys. All the drugs except carvedilol were
discontinued. An examination 18 days later revealed normal amniotic fluid
volume and normal cranial anatomy. At about 37 weeks, she gave birth to a
2060-g (<3rd percentile) female infant with Apgar scores of 7 and 9 at 1 and 5
minutes, respectively. The infant’s initial physical examination was normal.
Except for bilious vomiting on day 1, that resolved by day 2, the infant’s hospital
course was normal. At 1 year of age, the infant was healthy and weighed 18 lb



(5th percentile) (12).
A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester

concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (13). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
Benazepril and benazeprilat are excreted into human breast milk (14). Nine
women were given benazepril 20 mg/day for 3 days. At 1 hour after a dose,
peak milk concentrations of benazepril were 0.9 mcg/L, whereas the peak level
of benazeprilat was 2 mcg/L at 1.5 hours postdose. The estimated infant dose
as a percentage of the mother’s weight-adjusted dose was <0.14% (14).
These results are consistent with the data from other ACE inhibitors (see
Captopril and Enalapril) that have found low amounts in milk and no adverse
effects in nursing infants.

References
1. Product information. Benazepril Hydrochloride. Andrx Pharmaceuticals, 2005.
2. Chisholm CA, Chescheir NC, Kennedy M. Reversible oligohydramnios in a pregnancy with angiotensin-

converting enzyme inhibitor exposure. Am J Perinatol 1997;14:511–3.
3. Cooper WO, Hernandez-Diaz S, Arbogast PG, Dudley JA, Dyer S, Gideon PS, Hall K, Ray WA. Major

congenital malformations after first-trimester exposure to ACE inhibitors. N Engl J Med 2006;354:2443–
51.

4. Friedman JM. ACE inhibitors and congenital anomalies. N Engl J Med 2006;354:2498–500.
5. Scialli AR, Lione A. ACE inhibitors and major congenital malformations. N Engl J Med 2006;355:1280.
6. Cooper WO, Ray WA. Reply—ACE inhibitors and major congenital malformations. N Engl J Med

2006;355:1281.
7. Barr M Jr. Teratogen update: angiotensin-converting enzyme inhibitors. Teratology 1994;50:399–409.
8. Shotan A, Widerhorn J, Hurst A, Elkayam U. Risks of angiotensin-converting enzyme inhibition during

pregnancy: experimental and clinical evidence, potential mechanisms, and recommendations for use.
Am J Med 1994;96:451–6.

9. Robillard JE, Nakamura KT, Matherne GP, Jose PA. Renal hemodynamics and functional adjustments
to postnatal life. Semin Perinatol 1988;12:143–50.

10. Guignard J-P, Gouyon J-B. Adverse effects of drugs on the immature kidney. Biol Neonate
1988;53:243–52.

11. Brent RL, Beckman DA. Angiotensin-converting enzyme inhibitors, an embryopathic class of drugs with
unique properties: information for clinical teratology counselors. Teratology 1991;43:543–6.

12. Muller PR, James A. Pregnancy with prolonged fetal exposure to an angiotensin-converting enzyme
inhibitor. J Perinatol 2002;22:582–4.

13. Polifka JE. Is there an embryopathy associated with first-trimester exposure to angiotensin-converting
enzyme inhibitors and angiotensin receptor antagonists? A critical review of the evidence. Birth Defects
Res (Part A) 2012;94:576–98.

14. Kaiser G, Ackerman R, Dieterle W, Fleiss PM. Benazepril and benazeprilat in human plasma and
breast milk (abstract). Eur J Clin Pharmacol 1989;36(Suppl):A303. As cited by National Library of
Medicine LactMed database, September 7, 2013.



BENDAMUSTINE
Antineoplastic (Alkylating Agent)
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of the alkylating antineoplastic agent
bendamustine in human pregnancy have been located. Other agents in this
class (see below) are known to cause human teratogenicity and, combined
with the animal data strongly suggest that bendamustine should not be
given in the 1st trimester. If a woman is inadvertently exposed to the drug
during the 1st trimester, she should be informed of the potential risk.

FETAL RISK SUMMARY
Bendamustine is an alkylating antineoplastic agent that is a bifunctional
mechlorethamine derivative given by IV infusion. It is in the same subclass of
antineoplastics as busulfan, chlorambucil, cyclophosphamide, carmustine,
dacarbazine, ifosfamide, mechlorethamine, melphalan, and streptozocin.
Bendamustine is indicated for the treatment of patients with chronic lymphocytic
leukemia. It also is indicated for indolent B-cell non-Hodgkin’s lymphoma that
has progressed during or within 6 months of treatment with rituximab or a
rituximab-containing regimen. Bendamustine is metabolized to two minor active
metabolites (M3 and M4) that have low plasma concentrations (10% and 1% of
the parent compound concentrations, respectively). Plasma protein binding of
bendamustine is 94%–96%. The elimination half-lives of the parent compound
and the two active metabolites are about 40 minutes, 3 hours, and 30 minutes,
respectively (1).

Reproduction studies have been conducted in mice and rats. In mice, an
intraperitoneal dose about 2.1 times the recommended human dose based on
BSA (RHD) given during organogenesis caused an increase in resorptions,
decreased fetal body weights, and skeletal and visceral malformations
(exencephaly, cleft palates, accessory rib, and spinal deformities). The dose
did not cause apparent maternal toxicity. Repeat intraperitoneal dosing on



gestational days 7–11 resulted in increased resorptions and similar
malformations. In rats, intraperitoneal doses about 1.2 times the RHD given
5 times during gestational days 4–13 caused embryo and fetal death. A
significant increase also was observed in external (effect on tail, head, and
herniation of external organs [exomphalos]) and internal (hydronephrosis and
hydrocephalus) malformations (1).

Bendamustine was carcinogenic in mice, producing peritoneal sarcomas in
females after 4 days of intraperitoneal injections and mammary carcinomas and
pulmonary adenomas after 4 days of oral dosing. The drug also was mutagenic
and clastogenic in several assays. In human males, impaired spermatogenesis,
azoospermia, and total germinal aplasia have been reported after treatment
with other alkylating agents and might occur with bendamustine (1).

Although it is apparent that bendamustine crosses the placenta in animals, it
is not known if it or the active metabolites cross the human placenta. The
molecular weight of the parent compound (about 359 for the free base) is low
enough for passage, but the short elimination half-life combined with high
plasma protein binding should reduce the amount transferred to the embryo or
fetus. A similar conclusion can be reached for M4, which has a shorter half-life
and a serum concentration that is only 1% of the parent compound’s
concentration. M3 has a longer half-life and its serum concentration is 10% of
the parent compound’s concentration.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide. (See Cyclophosphamide.)

BREASTFEEDING SUMMARY
No reports describing the use of bendamustine during human lactation have
been located. The molecular weight of the parent compound (about 359 for the
free base) and the presence of two active metabolites suggest that excretion
into breast milk will occur. Because of the potential for serious toxicity in a
nursing infant, breastfeeding should be discontinued while the mother is
receiving therapy. Pumping and discarding the milk for at least 24 hours after a
dose should prevent exposure of the nursling.

Reference
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BENDROFLUMETHIAZIDE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The available pregnancy experience with bendroflumethiazide is limited.
Nevertheless, the published experience with 1st trimester use of thiazides
and related diuretics does not indicate these agents are teratogenic. One
large study (the Collaborative Perinatal Project) did find an increased risk
of defects when diuretics were used during the 1st trimester in women with
cardiovascular disorders, but causal relationships cannot be inferred from
these data without independent confirmation. (See Chlorothiazide.)
Diuretics are not recommended for the treatment of gestational
hypertension because of the maternal hypovolemia characteristic of this
disease. Other risks to the fetus or newborn include hypoglycemia,
thrombocytopenia, hyponatremia, hypokalemia, and death from maternal
complications. Moreover, thiazide diuretics may have a direct effect on
smooth muscle and inhibit labor.

FETAL RISK SUMMARY
Bendroflumethiazide is a thiazide diuretic. Animal reproduction studies during
the period of organogenesis have not been conducted with this agent.

In a study reported in 1964, 1011 women received bendroflumethiazide, 5
mg/day, from 30 weeks’ gestation until delivery in an attempt to prevent
preeclampsia and eclampsia (1). No fetal adverse effects were noted.

See Chlorothiazide for other reports of the clinical use of thiazide diuretics in
pregnancy and the potential fetal and newborn toxicity of these agents.

BREASTFEEDING SUMMARY
Bendroflumethiazide has been used to suppress lactation (see Chlorothiazide)



(2). The American Academy of Pediatrics classifies bendroflumethiazide as
compatible with breastfeeding (3).
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BENZOCAINE
Local Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Only one source has described the use of benzocaine in human pregnancy
and there are no animal reproduction studies. Systemic absorption may
occur from mucous membranes or from damaged skin with the amount
absorbed dependent on the administered dose. There are about 50 over-
the-counter (OTC) products that contain benzocaine, a number suggesting
wide use of this anesthetic. There is no evidence that topical use of this
drug class is associated with any aspect of developmental toxicity.
Nevertheless, the best course is to avoid use of benzocaine on mucous
membranes or damaged skin during pregnancy.

FETAL RISK SUMMARY
Benzocaine (ethyl aminobenzoate) is a topical local anesthetic that is indicated
for various purposes such as pruritic dermatoses, pruritus, minor burns, insect
bites, toothache, and minor sore throat pain. Systemic absorption is poor from
intact skin but it is well absorbed from mucous membranes and traumatized
skin. It is metabolized, primarily by cholinesterase in plasma, to inactive
metabolites. The agent is available OTC in formulations for oral and topical
sprays, solutions, lozenges, creams, and gels (1).

Reproduction studies in animals have not been conducted.
It is not known if benzocaine crosses the human placenta. The molecular

weight (about 165) is low enough that exposure of the embryo or fetus, if
absorption has occurred, should be expected. However, appropriate clinical use
should minimize any exposure.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 47
of whom had exposure to benzocaine during the 1st trimester (2, pp. 357–363).



No evidence of an association with large classes of malformations was found.
For use anytime during pregnancy, 238 exposures were recorded (2, p. 440).
From these data, no evidence of an association with large categories of major
or minor malformations or to individual defects was found. These results were
also cited in a 1988 review of anesthetic agents (3).

BREASTFEEDING SUMMARY
No reports describing the use of benzocaine during breastfeeding have been
located. Although the molecular weight (about 165) is low enough for excretion
into breast milk, systemic absorption is poor from intact skin. However, the
anesthetic is well absorbed from mucous membranes and traumatized skin and
use of agent on these surfaces should be avoided or kept to minimum during
breastfeeding.
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BENZPHETAMINE
Anorexiant
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of benzphetamine in human pregnancy have
been located. There are no animal reproductive data, but because of its
close relationship to amphetamines, the manufacturer classes the drug as
contraindicated during pregnancy. Although this drug should not be used in
pregnancy, inadvertent exposure to benzphetamine does not appear to
represent a significant risk to the embryo or fetus (see Amphetamines).

FETAL RISK SUMMARY
The sympathomimetic amine, benzphetamine, is chemically and
pharmacologically related to the amphetamines. The primary pharmacologic
actions include CNS stimulation and elevation of blood pressure. The drug is
contraindicated in patients with moderate to severe hypertension and several
other conditions. Benzphetamine is indicated in the management of obesity in
combination with a regimen of weight reduction based on caloric restriction. As
with all agents in this class, tolerance and tachyphylaxis may develop. Animal
reproduction studies have not been conducted (1).

It is not known if benzphetamine crosses the human placenta to the fetus.
The relatively low molecular weight (about 276), however, suggests that
exposure of the embryo–fetus will occur.

BREASTFEEDING SUMMARY
No reports describing the use of benzphetamine during lactation have been
located. The relatively low molecular weight (about 276) suggests that the drug
will be excreted in breast milk. The effects on a nursing infant from exposure
via the milk are unknown, but there is potential for severe toxicity.
Benzphetamine is chemically and pharmacologically related to the
amphetamines. As such, it is contraindicated during nursing. (See



Amphetamines.)

Reference
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BENZTHIAZIDE
Diuretic

See Chlorothiazide.



BENZTROPINE
Parasympatholytic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One surveillance study found a possible association between benztropine
and cardiovascular defects, but confirmation is required. Exposure near
term has been associated with paralytic ileus in the newborn.

FETAL RISK SUMMARY
Benztropine is an anticholinergic agent structurally related to atropine (see also
Atropine). It also has antihistaminic activity. In a large prospective study, 2323
patients were exposed to this class of drugs during the 1st trimester, 4 of
whom took benztropine (1). A possible association was found in the total group
with minor, but not major, malformations.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 84 newborns had
been exposed to benztropine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (4.8%) major birth defects were observed
(three expected), three of which were cardiovascular defects (one expected).
No anomalies were observed in five other categories of defects (oral clefts,
spina bifida, polydactyly, limb reduction defects, and hypospadias) for which
specific data were available. Based on a small number of exposures, a
possible association is suggested with cardiovascular defects.

Paralytic ileus has been observed in two newborns exposed to
chlorpromazine and benztropine at term (2). In one of these infants, other
anticholinergic drugs may have contributed to the effect (see Doxepin). The
small left colon syndrome was characterized by decreased intestinal motility,
abdominal distention, vomiting, and failure to pass meconium. The condition
cleared rapidly in both infants after a Gastrografin enema.



A 2008 case report described a 25-year-old pregnant woman who was
under treatment for bipolar disorder with lithium carbonate (500 mg twice
daily), haloperidol (5 mg twice daily), and benzotropine (2 mg twice daily) (3).
Her pregnancy was normal until the last 2 weeks when she began to lose
weight and developed hypertension. At 39 weeks, a cesarean section delivered
a 2.500-kg male infant with Apgar scores of 9 and 10 at 1 and 5 minutes,
respectively. Both the infant and placental weights were below the mean for the
population. In addition, the maternal plasma concentrations of
phosphatidylcholine and free choline were also below the population means in
the 3rd trimester. Because these nutrients are important in pregnancy, the
authors speculated that one of her drugs, most likely lithium, was the cause of
the low birth and placenta weights (3).

BREASTFEEDING SUMMARY
No reports describing the use of benztropine during human lactation have been
located. In general, however, agents in this class are probably compatible with
breastfeeding. (See Atropine.)
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BENZYL ALCOHOL
Pediculicide/Anti-infective
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible (Topical) Contraindicated (Injectable)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible (Topical) Contraindicated (Injectable)

PREGNANCY SUMMARY

Benzyl alcohol is used topically for head lice and as a bacteriostatic
preservative in injectable solutions and other drug formulations. The animal
reproduction data suggest low risk, but there is only one report describing
its use as a preservative in a drug during human pregnancy and none as a
pediculicide. Although a dose–response relationship has not been
established, it is doubtful if sufficient benzyl alcohol would be absorbed
from topical application to cause embryo–fetal toxicity. Thus, the embryo–
fetal risk from topical use appears to be low, if it exists at all. The embryo–
fetal risk from benzyl alcohol-preserved injectable products given to a
pregnant woman is unknown. However, the plasma concentrations of the
agent will be much higher than that obtained from topical use, so the safest
course is to avoid injectable products, especially IV fluids, containing benzyl
alcohol during pregnancy.

FETAL RISK SUMMARY
Benzyl alcohol is a pediculicide that is available as a 5% lotion. It is also used
as a preservative in some injectable fluids and in multidose vials. As a lotion, it
is indicated for the topical treatment of head lice infestation in patients
6 months of age and older. Treatment is repeated in 7 days. Small amounts of
the drug were absorbed in 4 of 19 subjects when an exaggerated exposure
period (3 times the normal exposure period) was used. Plasma concentrations
in three subjects (6 months–3 years age group) at 0.5 hour posttreatment were
1.97–2.99 mcg/mL, whereas one subject in the 4–11 year age group 1 hour
after treatment had a concentration of 1.63 mcg/mL (1). Benzyl alcohol is
rapidly oxidized to benzoic acid and then conjugated in the liver with glycine to



form hippuric acid (2). No information on the plasma protein binding, pKa, or
elimination half-life has been located.

Comparisons between animal and human exposures could not be conducted
because of the low systemic exposures in humans. Consequently, SC injections
were given to pregnant rats and rabbits in doses that were 100–500 and 100–
400 mg/kg, respectively. No teratogenic effects were noted in either species,
but maternal toxicity was observed at the highest doses.

The carcinogenic potential of the lotion in animals has not been evaluated.
However, no evidence of carcinogenic activity was observed in oral 2-year high
dose studies in rats and mice. Mutagenic studies have revealed positive and
negative findings. Fertility studies have not been conducted (1).

It is not known if benzyl alcohol crosses the human placenta. The molecular
weight (about 108) is low enough, but the plasma concentrations are very low
even after a higher than normal exposure period with the lotion.

A 1977 report described a postpartum woman with severe flaccid paraplegia
that was thought to be due to benzyl alcohol. One hour after delivery, normal
saline (40 mL) containing 1.5% benzyl alcohol as a preservative had been
inadvertently injected into an epidural catheter. The neurologic symptoms
gradually improved over the next 16 months (3).

Beginning in pregnancy, a 22-year-old woman who was homozygous for
factor V Leiden was treated with dalteparin injections from a multidose vial that
contained benzyl alcohol (4). In the fifth month of pregnancy, the physician
became aware of the exposure and changed to a dalteparin formulation without
the preservative. No toxicity was observed and 4 months later the woman gave
birth to a healthy infant (no other details provided) (4).

BREASTFEEDING SUMMARY
No reports describing exposure to benzyl alcohol during lactation have been
located. The molecular weight (about 108) is low enough for excretion into milk,
but the plasma concentrations after topical use of the lotion are very low, if at
all. Higher plasma concentrations should be expected if the mother has an IV
catheter requiring flushes with benzyl alcohol preserved fluids or is receiving
injections from multidose vials containing the preservative. Premature infants
and term neonates typically have immature liver function and may not be able to
conjugate benzoic acid, the initial metabolite, to hippuric acid, resulting in
metabolic acidosis (2). However, although a dose–response relationship has
not been determined, it appears unlikely that a nursing infant’s exposure to
benzyl alcohol from breast milk would be high enough to cause toxicity.
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BEPOTASTINE
Ophthalmic (Antihistamine)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of bepotastine in human pregnancy have
been located. The animal data suggest low risk. The systemic
bioavailability is very low from ocular use; in addition, H1-receptor
antihistamines are considered low risk in pregnancy. Although human
pregnancy experience is needed, the drug probably is compatible in
pregnancy.

FETAL RISK SUMMARY
Bepotastine is a histamine H1-receptor antagonist and inhibitor of the release of
histamine from mast cells. It is indicated for the treatment of itching associated
with allergic conjunctivitis. The product is available as a 1.5% solution with each
milliliter containing 15 mg of bepotastine besilate (equivalent to 10.7 mg of
bepotastine). The systemic absorption is minimal. In healthy adults, one drop of
solution in both eyes 4 times daily for 7 days produced a peak plasma
concentration of 7.3 ng/mL 1–2 hours after instillation. The elimination half-life
apparently has not been determined, but plasma levels were below the
quantifiable limit (2 ng/mL) at 24 hours. Metabolism also is minimal as about
75%–90% is excreted unchanged in the urine. Plasma protein binding is
moderate (about 55%) (1).

Reproduction studies have been conducted with oral doses in rats and
rabbits. During organogenesis and fetal development in rats, doses up to about
3300 times the systemic concentrations anticipated for topical ocular use in
humans (SCH) were not teratogenic. At a dose 5 times higher, there was
potential for causing skeletal abnormalities. When this higher dose was given
during the perinatal and lactation periods, an increase in stillbirths and



decreased growth and development were observed in rat pups. The no-
observed-effect level was about 1650 times the SCH. In rabbits during
organogenesis and fetal development, doses >13,000 times the human dose
based on body weight were not teratogenic (1).

Bepotastine did not significantly induce neoplasms in mice or rats in long-
term studies. There also was no evidence of genotoxicity in multiple assays.
There was a slight reduction in fertility index and surviving fetuses when a dose
much higher than 3300 times the SCH was given to male and female rats.
Infertility was not seen when the dose was lowered to 3300 times the SCH (1).

It is not known if bepotastine crosses the human placenta. The molecular
weight (about 389 for free acid) and moderate plasma protein binding suggest
that the drug will cross to the embryo–fetus. However, the minimal systemic
bioavailability suggests that the exposure will be clinically insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of bepotastine during human lactation have been
located. The molecular weight (about 389 for free acid) and moderate plasma
protein binding suggest that the drug will be excreted into breast milk. However,
the minimal systemic bioavailability suggests that any exposure of a nursing
infant will be clinically insignificant.
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BEPRIDIL

[Withdrawn from the market. See 9th edition.]



BESIFLOXACIN
Ophthalmic (Anti-infective)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of besifloxacin in human pregnancy have
been located. The animal data suggest low risk. Because the systemic
bioavailability of the antibiotic is very low, the risk to the embryo or fetus
also appears to be low.

FETAL RISK SUMMARY
Besifloxacin ophthalmic suspension is a quinolone antimicrobial that is indicated
for the treatment of bacterial conjunctivitis caused by susceptible bacteria.
Besifloxacin is in the same subclass of ophthalmic antibiotics as ciprofloxacin,
gatifloxacin, levofloxacin, moxifloxacin, norfloxacin, and ofloxacin. Systemic
absorption is minimal. Maximum plasma concentrations after bilateral dosing 3
times daily for 16 doses were <1.3 ng/mL (mean 0.43 ng/mL). The average
elimination half-life in plasma was about 7 hours (1).

Reproduction studies using oral besifloxacin have been conducted in rats. No
skeletal or visceral malformations were observed in fetuses with doses
producing maternal plasma concentrations that were >45,000 times the mean
plasma concentrations measured in humans (PCH). Increased postimplantation
loss, decreased fetal weights, and decreased fetal ossification were noted, but
these doses also produced maternal toxicity (reduced body weight gain and
food consumption) and mortality. The no-observed-effect level (NOEL) was
>11,000 times the PCH. The NOEL also was the same in a prenatal and
postnatal development study in rats (1).

Long-term studies in animals for carcinogenicity have not been conducted.
The drug was not mutagenic in one test but, similar to other quinolones, was
mutagenic in another test. The drug also induced chromosomal aberrations. No



impairment of fertility in male and female rats was observed with oral doses
that were >10,000 times the daily human ophthalmic dose (1).

It is not known if besifloxacin crosses the human placenta. The molecular
weight (about 394 for the free base) and long plasma elimination half-life
suggest that the drug will cross to the embryo–fetus. However, the minimal
plasma concentrations suggest that the exposure will not be clinically
significant.

BREASTFEEDING SUMMARY
No reports describing the use of besifloxacin during human lactation have been
located. The molecular weight (about 394 for the free base) and long plasma
elimination half-life (7 hours) suggest the drug will be excreted into breast milk.
However, the maximum plasma concentrations (<1.3 ng/mL) suggest that
exposure of a nursing infant will be clinically insignificant.

Reference
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β-CAROTENE
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

There is no known embryo–fetal risk from the use of this vitamin in
pregnancy.

FETAL RISK SUMMARY
β-Carotene, a natural precursor to vitamin A found in green and yellow
vegetables as well as being commercially available, is partially converted in the
small intestine to vitamin A (1). Even with therapeutic doses of the drug, serum
levels of vitamin A do not rise above normal. Studies in animals have failed to
show a teratogenic effect (see also Vitamin A) (2).

A single case describing the therapeutic use of this vitamin in human
pregnancy has been located. A 35-year-old woman at 6.5 weeks’ gestation
was seen because of her daily intake of 180 mg (300,000 IU) of β-carotene for
the past year for the treatment of skin lesions of porphyria (3). She had
stopped taking the vitamin at 4.5 weeks’ gestation because of the pregnancy,
but her skin still had a yellow-orange tinge. Serum levels of β-carotene and
retinol (vitamin A) were determined 2 weeks after her last dose. The β-
carotene level was markedly elevated (0.403 mg/dL; normal 0.05–0.2 mg/dL)
whereas the retinol concentration was low normal (0.069 mg/dL; normal 0.05–
0.2 mg/dL) (3). At 18 weeks’ gestation, her β-carotene level had fallen to 0.22
mg/dL. She delivered a healthy, normal-appearing, 3910-g male infant without
skin discoloration at term. The infant was developing normally at 6 weeks of
age.

BREASTFEEDING SUMMARY
Although there are no reports describing the use of β-carotene during human
lactation, this vitamin is considered to be compatible with breastfeeding (see
also Vitamin A).
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BETAMETHASONE
Corticosteroid
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no reports linking the use of betamethasone with birth defects
have been located, four large epidemiologic studies have associated the
use of corticosteroids during the 1st trimester with orofacial clefts.
Betamethasone was not specifically identified in these studies, but only one
study listed the corticosteroids used (see Hydrocortisone for details).

FETAL RISK SUMMARY
Betamethasone is often used in patients with premature labor at about 26–34
weeks’ gestation to stimulate fetal lung maturation (1–15). The benefits of this
therapy are as follows:

Reduction in incidence of respiratory distress syndrome (RDS)
Decreased severity of RDS if it occurs
Decreased incidence of, and mortality from, intracranial hemorrhage
Increased survival of premature infants

Betamethasone crosses the placenta to the fetus (16). The drug is partially
metabolized (47%) by the perfused placenta to its inactive 11-ketosteroid
derivative but less so than other corticosteroids, although the differences are
not statistically significant (17).

In patients with premature rupture of the membranes (PROM), administration
of betamethasone to the mother does not always reduce the frequency of RDS
or perinatal mortality (18–22). An increased risk of maternal infection has also
been observed in patients with PROM treated with corticosteroids (19,20). In a
study comparing betamethasone therapy with nonsteroidal management of
women with PROM, neonatal sepsis was observed in 23% (5 of 22) of steroid-



exposed newborns vs. only 2% (1 of 46) of the non–steroid-exposed group
(21). A 1985 study also found increased neonatal sepsis in exposed newborns
who were delivered >48 hours after PROM, 18.6% (14 of 75) vs. 7.4% (4 of
54) of nonexposed controls (22). In addition, moderate to severe respiratory
morbidity was increased over that in controls, 21.3% vs. 11.1%, as well as
overall mortality, 8% vs. 1.8% (22). Other reports, however, have noted
beneficial effects of betamethasone administration to patients with PROM with
no increase in infectious morbidity (15,23,24). In women colonized with group B
streptococci, the combined use of betamethasone and ampicillin improved the
outcome of preterm pregnancies with PROM (25).

Betamethasone therapy is less effective in decreasing the incidence of RDS
in male infants than in female infants (23,26,27). The reasons for this difference
have not been discovered. Slower lung maturation in male fetuses has been
cited as a major contributing factor to the sex differential noted in neonatal
mortality (28). Therapy is also less effective in multiple pregnancies (27,29),
even when doses have been doubled (27). In twins, only the first-born seems to
benefit from antenatal steroid therapy (27).

An increased incidence of hypoglycemia in newborns exposed in utero to
betamethasone has been reported (30). Although other investigators have not
observed this effect, maternal betamethasone-induced hyperglycemia is a
possible explanation if the drug was given shortly before delivery.

In the initial study examining the effect of betamethasone on RDS,
investigators reported an increased risk of fetal death in patients with severe
preeclampsia (1). They proposed that the corticosteroid had an adverse effect
on placentas already damaged by vascular disease. A second study did not
confirm these findings (7).

A case of suspected betamethasone-induced leukemoid reaction was
observed in an 880-g female infant at 30 weeks’ gestation whose mother
received 12 mg of betamethasone 4 hours prior to delivery (31). A second
case, in a female infant born at 25–26 weeks 71 hours after betamethasone,
was published in 1997 (32). Within about 7–10 days, the white blood cell count
had returned to normal in both infants. A 1984 study examined the effect of
betamethasone on leukocyte counts in mothers with PROM or premature labor
(33). No effect, as compared with untreated controls, was found in either
group.

A case of acute, life-threatening exacerbation of muscular weakness
requiring intubation and mechanical ventilation was reported in a 24-year-old
woman who was treated with betamethasone, 12 mg IM, to enhance fetal lung



maturity at 32 weeks’ gestation (34). The onset of symptoms occurred
30 minutes after the corticosteroid dose. The authors attributed the crisis to
betamethasone (adrenocorticosteroids are known to aggravate myasthenia)
after other potential causes were ruled out. The infant was delivered by
emergency cesarean section and, except for the typical problems related to
prematurity, he had a normal hospital course.

Hypertensive crisis associated with the use of ritodrine and betamethasone
has been reported (35). Systolic blood pressure was >300 mmHg with a
diastolic pressure of 120 mmHg. Although the hypertension was probably
caused by ritodrine, it is not known whether the corticosteroid was a
contributing factor.

The effect of betamethasone administration on patent ductus arteriosus
(PDA) was investigated in premature infants with a birth weight <2000 g (36).
Infants of nontreated mothers had a PDA incidence of 44% vs. 6.5% for infants
of treated mothers (p <0.01). This reduction in the incidence of PDA after
betamethasone therapy has also been observed in other studies (25). A study
published in 1989 indicated that betamethasone caused transient, mild
constriction of the ductus arteriosus (37). Eleven women with placenta previa
with a mean gestational age of 31.7 weeks (range 27.3–37.3 weeks) were
given two 12-mg IM doses of the drug, 24 hours apart, to promote fetal lung
maturation. Fetal Doppler echocardiography of the ductus arteriosus was
conducted just before the first dose then at 5 and 30 hours after the dose. Two
of the fetuses showed mild constriction of the ductus 4–5 hours after the first
injection, but the tests were normal when performed at 30 hours. No evidence
of tricuspid regurgitation was observed (37). The authors concluded that the
changes were probably not clinically significant.

A 1984 article discussed the potential benefits of combining thyroid hormones
with corticosteroids to produce an additive or synergistic effect on fetal lung
phosphatidylcholine synthesis (38). The therapy may offer advantages over
corticosteroid therapy alone, but it is presently not possible because of the lack
of commercially available thyroid stimulators that cross the placenta. The
thyroid hormones, T4 and T3, are poorly transported across the placenta and
thus would not be effective.

Five premature infants (three males and two females), exposed in utero to
two 8-mg IM doses of betamethasone administered to the mother 48 and 24
hours before birth, were evaluated to determine the effect of the drug on
endogenous progesterone, mineralocorticoid, and glucocorticoid activity (39).
Plasma levels of the mineralocorticoids, aldosterone and 11-



deoxycorticosterone, were not significantly decreased in the newborns at birth
or during the next few days. Glucocorticoid activity in the newborns, as
measured by levels of corticosterone, cortisol, cortisone, and 11-deoxycortisol,
was significantly depressed at birth but rebounded above normal values when
the subjects were 2 hours of age, then returned to normal ranges shortly after
this time. Progesterone and 17-hydroxyprogesterone levels in the fetuses and
neonates were not affected by betamethasone.

A 1994 case report described a pregnancy in which seven weekly courses
(two 12.5-mg IM doses every 12 hours) of betamethasone were given between
24 weeks’ gestation and delivery at 34.5 weeks (40). The 2625-g male infant
had a “moon facies” appearance and a “buffalo hump” of apparent excess
adipose deposition in the upper back. Tests in the mother and infant shortly
after delivery were consistent with hypothalamic–pituitary–adrenal axis
suppression with low basal serum cortisol levels (40). At 10 months of age, the
infant’s motor development and cognitive function were normal for age, length
and head circumference were at the 20th percentile, and weight was slightly
less than the 5th percentile. The cushingoid features had completely resolved
(40). Two more recent reports have also described adrenal suppression in
women secondary to multiple antenatal betamethasone courses (41,42), and in
newborns exposed to ≥3 courses (43). A 1999 study, however, did not observe
adrenal suppression in nine infants whose mothers had received a mean of 4.8
treatment courses of betamethasone (44).

Although human studies have usually shown a benefit, the use of
corticosteroids in animals has been associated with several toxic effects
(45,46):

Reduced fetal head circumference
Reduced fetal adrenal weight
Increased fetal liver weight
Reduced fetal thymus weight
Reduced placental weight

None of these effects has been observed in human investigations with single
courses of betamethasone. However, multiple courses of betamethasone have
been associated with lower birth weights and reduced head circumference at
birth (43,47,48).

In children born of mothers treated with betamethasone for premature labor,
studies conducted at 4 and 6 years of age have found no differences from
controls in cognitive and psychosocial development (49,50). Two studies



published in 1990 evaluated children at 10–12 years of age who had been
exposed in utero to betamethasone in a randomized, double-blind, placebo-
controlled trial of the effects of the corticosteroid on fetal lung maturity (51,52).
No differences were found between the exposed and placebo groups in terms
of intellectual and motor development, school achievement, and social-
emotional functioning (51). Concerning physical development, no differences
between the groups were measured in terms of physical growth, neurologic
and ophthalmologic development, and lung function (52). However, during the
first few years of life the corticoid-exposed group had significantly more
hospital admissions relating to infections than did those in the placebo group
(52).

Studies conducted on very-low-birth-weight infants (500–1500 g) at 2 years
of age indicated that, compared with nonexposed controls, exposed infants
received antenatal betamethasone therapy that was associated with a
significant improvement in survival, improved growth, and a decrease in early
respiratory morbidity (53). Further study of the children at 5 years of age, but
limited to those with birth weights of 500–999 g, found significantly improved
survival but without significantly improved growth or decrease in early
respiratory morbidity (54).

A study published in 1999 (55), with an accompanying editorial (54), reported
a decrease in the incidence of cystic periventricular leukomalacia (PL) with
prenatal betamethasone, but not with dexamethasone. Among 883 liveborn
infants, with gestational ages ranging from 24 to 31 weeks, the rates of cystic
PL in infants of mothers given betamethasone (N = 361), dexamethasone (N =
165), or no prenatal corticosteroids (N = 357) were 4.4%, 11.0%, and 8.4%,
respectively. Cystic PL (necrosis of the white matter adjacent to the lateral
ventricles resulting in the formation of cysts (56)) is the most frequent cause of
cerebral palsy in premature infants (55).

A 1999 study reported a modest reduction in the risk of cerebral white
matter damage (echolucency) and intraventricular hemorrhage (IVH) but a
significant reduction in ventriculomegaly in premature infants weighing 500 to
1500 g (57). Significant reductions in the risk for echolucency and
ventriculomegaly were seen in the gestationally youngest infants and in those
with IVH, hypothyroxinemia, or vasculitis of the umbilical cord or chorionic plate
of the placenta (57). In addition to this study, three other reports have also
shown that the risk of IVH is reduced in preterm infants by the administration of
antenatal betamethasone (58–60).

Another study on the reduction of PL with betamethasone appeared in 2001



(61). In 1161 neonates born at gestational ages of 24–34 weeks, 400 were
exposed to antenatal betamethasone and 761 were not exposed (controls).
The effects of antenatal betamethasone compared with controls were PL or
IVH 23% vs. 31%, p = 0.005; PL with IVH 5% vs. 11%, p = 0.001; and isolated
PL 3% vs. 7%, p = 0.009. The investigators concluded that antenatal
betamethasone therapy was associated with a greater than 50% decrease in
PL in preterm infants (61).

Among miscellaneous effects of antenatal betamethasone, decreased fetal
heart rate variability has been demonstrated (62,63). In addition, a 1999 report
described three newborns who developed various degrees of transient
hypertrophic cardiomyopathy after multiple courses of antenatal
betamethasone (64).

BREASTFEEDING SUMMARY
No reports describing the use of betamethasone during human lactation have
been located. However, the molecular weights (about 435 for the acetate salt
and about 517 for the sodium phosphate salt) are low enough that excretion
into milk should be expected.
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BETAXOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

In one study, betaxolol was started in the 3rd trimester and no fetal harm
was observed. Some β-blockers may cause intrauterine growth restriction
(IUGR) and reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Treatment beginning
early in the 2nd trimester results in the greatest weight reductions, whereas
treatment restricted to the 3rd trimester primarily affects only placental
weight. Betaxolol does not possess ISA. However, IUGR and reduced
placental weight may potentially occur with all agents within this class.
Although growth restriction is a serious concern, the benefits of maternal
therapy with β-blockers, in some cases, might outweigh the risks to the
fetus and must be judged on a case-by-case basis. If used near delivery,
the newborn infant should be closely monitored for 24–48 hours for signs
and symptoms of β-blockade. Long-term effects of in utero exposure to β-
blockers have not been studied but warrant evaluation.

FETAL RISK SUMMARY
Betaxolol is a cardioselective β1-adrenergic blocking agent used in the
treatment of hypertension and topically in the therapy of glaucoma. Betaxolol is
teratogenic in rats producing skeletal and visceral anomalies at maternally toxic
doses (600 times the maximum recommended human dose [MRHD]) (1). At
this dose, postimplantation loss and reduced litter size and weight were also
noted. At doses 6 and 60 times the MRHD, a possible increased incidence of
incomplete descent of testes and sternebral reductions were observed (1). No
teratogenic effects were observed in rabbits, but an increase in
postimplantation loss occurred at the highest dose tested (54 times the MRHD)



(1).
Betaxolol rapidly crosses the human placenta (2–4). The mean fetal:maternal

ratio at birth was 0.93. The half-life in newborns was 14.8–38.5 hours
compared with that in the mothers of 15.6–22.1 hours (mean 19 hours) (2,3).

A 1990 report from France described the pregnancy outcomes of 22 women
treated with betaxolol (10–40 mg/day) for mild to moderate hypertension (4).
Treatment was begun at a mean of 30.7 weeks. The mean gestational age at
birth was 37.2 weeks and the mean birth weight of the 23 neonates (1 set of
twins) was 2.6 kg. One of the newborns was growth restricted (onset before
betaxolol therapy) and five were premature. All were doing well at 9 months
(4).

BREASTFEEDING SUMMARY
Betaxolol is excreted into human milk in quantities sufficient to produce β-
blockade in a nursing infant (1). Although no reports have been located that
describe the use of this agent during nursing, one study measured betaxolol
concentrations in the milk of three mothers who had been treated with drug
during pregnancy in the first 3 postpartum days (3). The last maternal dose had
been taken 3–26 hours before delivery. The milk concentrations ranged from 3
to 48 ng/mL and the milk:plasma ratios ranged from 2.0 to 11.6, with the
highest ratios occurring in one mother 48 and 72 hours after delivery. No
mention was made if the mothers breastfed their infants

If betaxolol is used during nursing, the infant should be closely observed for
hypotension, bradycardia, and other signs or symptoms of β-blockade. Long-
term effects of exposure to β-blockers from milk have not been studied but
warrant evaluation.
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BETHANECHOL
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Human pregnancy experience is too limited to assess the embryo–fetal
risk.

FETAL RISK SUMMARY
Bethanechol is indicated for the treatment of nonobstructive urinary retention
and neurogenic atony of the urinary bladder with retention. Reproduction
studies in animals have not been conducted (1).

The use of bethanechol in human pregnancy has been reported, but too little
data are available to analyze (2).

BREASTFEEDING SUMMARY
Specific data on the excretion of bethanechol into breast milk are lacking. The
molecular weight (about 197) is low enough, however, that excretion into milk
should be expected. One author cautioned that mothers receiving regular
therapy with this drug should not breastfeed (3). Abdominal pain and diarrhea
have been reported in a nursing infant exposed to bethanechol in milk (4).
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BEVACIZUMAB
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Six reports describing the use of bevacizumab in human pregnancy have
been located. All of these reports involved intravitreal injections. Three of
the exposures involved unknown pregnancies. The outcomes of the
pregnancies were two spontaneous abortions and seven healthy, term
infants. The animal reproduction data, although involving only one species,
suggest risk. Angiogenesis is critical to fetal development (1), so the drug
is best avoided in pregnancy (2). Because of the very long elimination half-
life, it could take as long as 100 days (range 55–250 days) to eliminate
97% of the drug from the plasma. If a pregnant woman requires treatment
with bevacizumab, she should be advised of the potential risks to the
embryo–fetus that include growth restriction, structural anomalies, and
death.

FETAL RISK SUMMARY
Bevacizumab is a recombinant humanized monoclonal IgG1 antibody. It is
indicated, in combination with IV 5-fluorouracil-based chemotherapy, as first- or
second-line treatment of patients with metastatic carcinoma of the colon or
rectum. Bevacizumab binds and inhibits the histologic activity of human vascular
endothelial growth factor (VEGF). This effect prevents the formation of new
blood vessels (angiogenesis). The drug is given as an IV infusion every 2
weeks. The estimated elimination half-life is about 20 days (range 11–50 days)
(1). No information is available on metabolism.

Reproduction studies have been conducted in rabbits. Doses that
approximated the human dose based on body weight were associated with
developmental toxicity, including reduced maternal and fetal body weights, an



increased number of fetal resorptions, and an increased incidence of specific
gross and fetal skeletal alterations. Adverse fetal outcomes were observed at
all doses tested (1).

Carcinogenic and mutagenic studies have not been conducted with
bevacizumab. Bevacizumab may impair fertility. Female cynomolgus monkeys
were given doses that were equal to or 5 times the human 10 mg/kg dose for
13 or 26 weeks. Following recovery, dose-related decreases in ovarian and
uterine weights, endometrial proliferation, number of menstrual cycles, and
arrested follicular development or absent corpora lutea were observed (1).

It is not known if bevacizumab crosses the human placenta. Although
antibodies are large molecules, the molecular weight of bevacizumab is about
149,000, some immune globulins are transported across the placenta to the
embryo–fetus (e.g., see Immune Globulin Intravenous).

A brief 2009 report described the use of bevacizumab and verteporfin in a
pregnant woman treated for choroidal neovascularization (CNV) secondary to
punctate inner choroidopathy (3). She received photodynamic therapy with IV
verteporfin about 1–2 weeks postconception. At 3-months postconception, she
underwent intravitreal injection of 1.25 mg bevacizumab. The patient delivered a
healthy infant at term with no evidence of congenital anomalies at birth or at 3-
months of age (3).

A 2009 report described the use of intravitreal 1.25 mg bevacizumab in two
early pregnancies, one at about 4 weeks in a 29-year-old and the other at
about 3 weeks in a 25-year-old (4). Both pregnancies were spontaneously
aborted 7 and 10 days, respectively, after the intravitreal injection. The authors
cited a website stating that a 1.25-mg bevacizumab intravitreal injection
achieves high systemic concentrations (100’s ng/mL) and that blood levels have
been detected for up to a month after injection (5). The authors speculated that
the abortions resulted from the VEGF action of the drug (4).

In a 2010 case report, a woman with CNV received bevacizumab 1.25-mg
intravitreal injection in both eyes, performed 1 week apart, and 6 weeks later,
received a second 1.25-mg dose in the left eye (total dose 3.75 mg) (6). Three
weeks later, she was diagnosed with a 5-week pregnancy. After an uneventful
pregnancy, she gave birth at term to a healthy 3.17-kg female infant. No
developmental abnormalities were observed in the infant who was doing well at
12 months of age (6).

Four pregnant women were treated with bevacizumab for CNV in a 2010
report (7). The women received a mean 2.6 injections (range 1–6) during
pregnancy. All delivered healthy full-term infants who remained healthy with



normal growth and development during infancy (7).
A 2012 report described the pregnancy outcome of a 35-year-old woman

with CNV who was treated with bevacizumab (dose not specified) in her 7th
gestational week (8). She delivered vaginally a healthy 3.75-kg male infant at
term with Apgar scores of 10 and 10. The infant had no congenital anomalies
and had normal visual behavior. His growth and development were normal in his
first 12 months (8).

BREASTFEEDING SUMMARY
No reports describing the use of bevacizumab during human lactation have
been located. Although antibodies are large molecules (the molecular weight of
bevacizumab is about 149,000), some immune globulins are excreted into
breast milk. Of importance, human IgG is excreted into milk (1). Therefore, the
excretion into milk of the closely related bevacizumab should be expected. The
effects of this exposure on a nursing infant are unknown, but the toxicity could
be severe. Thus, the best course is to not breastfeed if the woman is receiving
bevacizumab therapy.
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BEXAROTENE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Bexarotene is contraindicated in pregnancy. No reports describing its use
during human pregnancy have been located. Pregnancy should be excluded
and the use of effective contraception (two reliable forms used
simultaneously) confirmed before bexarotene therapy is started in women
of childbearing age. If these criteria are met, therapy should be initiated on
the 2nd or 3rd day of a normal menstrual cycle. The contraceptive methods
should be used for 1 month before therapy, during therapy, and for 1 month
after stopping therapy. The manufacturer also recommends that pregnancy
tests be repeated monthly during treatment (1). In addition, male patients
with sexual partners who are pregnant, possibly pregnant, or who could
become pregnant, should use condoms during sexual intercourse during
therapy and for 1 month after therapy has been stopped (1).

FETAL RISK SUMMARY
Bexarotene is a member of a subclass of retinoids that selectively binds and
activates retinoid X receptor subtypes (RXRα, RXRβ, and RXRγ). These
subtypes then interact with various receptor partners to function as
transcription factors that regulate the expression of genes that control cellular
differentiation and proliferation. Bexarotene is indicated for the treatment of
refractory cutaneous manifestations of cutaneous T-cell lymphoma. Four active
metabolites have been identified (1).

In reproduction studies with pregnant rats during organogenesis, an oral
dose approximately one-third of the AUC in humans at the recommended dose
(RHD) caused incomplete ossification (1). When a dose about 1.33 times the
RHD was given, cleft palate, depressed eye bulge/microphthalmia, and small
ears were observed. Doses higher than about 0.8 times the RHD caused



embryo and fetal death. The no-effect dose was one-sixth the RHD (1). Studies
on fertility and carcinogenicity have not been conducted, but tests for
mutagenicity or clastogenicity were negative (1).

It is not known if bexarotene crosses the human placenta. The molecular
weight (about 348) is low enough that transfer to the fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of bexarotene in human lactation have been
located. The molecular weight (about 348) is low enough that excretion into
breast milk should be expected. Because of the unknown amounts present in
milk and the potential for serious adverse effects in a nursing infant, women
receiving bexarotene should probably not breastfeed.
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BIMATOPROST
Ophthalmic (Prostaglandin Agonist)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of bimatoprost in human pregnancy have
been located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. However, clinically significant exposure of the embryo–
fetus is unlikely and use of the drug in pregnancy is probably compatible.

FETAL RISK SUMMARY
Bimatoprost is a synthetic structural analog of prostaglandin with ocular
hypotensive activity. It is given as one drop in the affected eye(s) once daily. It
is in the same class of prostaglandin agonists as latanoprost, tafluprost, and
travoprost. Bimatoprost is indicated for the reduction of elevated intraocular
pressure in patients with open angle glaucoma or ocular hypertension. In
healthy adults given one drop daily in each eye for 2 weeks, blood
concentrations peaked (mean 0.08–0.09 ng/mL) at 10 minutes and were below
the limit of detection (0.025 ng/mL) in most subjects at 1.5 hours after dosing.
The drug is metabolized to apparently inactive metabolites. Plasma protein
binding is about 88% and the elimination half-life, after an IV dose, was about
45 minutes (1). A similar elimination half-life appears to reflect the blood levels
after ocular administration.

Reproduction studies have been conducted in mice and rats. In these
species, abortion occurred at oral doses that were about 33 or 97 times,
respectively, the maximum intended human exposure based on blood AUC
(MIHE). At doses at least 41 times the MIHE, the gestation length was
reduced, and the incidence of dead fetuses, late resorptions, perinatal and
postnatal pup mortality was increased. In addition, pup body weights were



decreased (1).
Carcinogenicity studies were negative in mice or rats given oral doses of

bimatoprost. The drug was not mutagenic or clastogenic in multiple assays. No
impairment of fertility was observed in male and female rats given oral doses
up to about 103 times MIHE (1).

It is not known if bimatoprost crosses the human placenta. The molecular
weight (about 416) and moderate plasma protein binding suggest that the drug
will cross to the embryo–fetus. However, the short elimination half-life and the
very low blood concentrations probably indicate that any exposure will not be
clinically significant.

Prostaglandin F2a has been used for pregnancy termination in humans via
intrauterine extra-amniotic infusion to treat missed abortion or intrauterine
death. However, there is no evidence that at doses given to reduce elevated
ophthalmic pressure, an increased risk for uterine contractions would be seen
(see Latanoprost).

BREASTFEEDING SUMMARY
No reports describing the use of bimatoprost during human lactation have been
located. The molecular weight (about 416) and moderate plasma protein
binding (about 88%) suggest that the drug will be excreted into breast milk.
However, the short elimination half-life (about 45 minutes) and the very low
blood concentrations suggest that clinically significant exposure will not occur.
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BIPERIDEN

[Withdrawn from the market. See 9th edition.]



BISACODYL
Gastrointestinal Agent (Laxative)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of bisacodyl in animal or human pregnancy
have been located. A 1984 reference found no reports of adverse effects in
pregnancy (1). In addition, a 1985 review considered stimulant laxatives,
such as bisacodyl, to be safe in pregnancy, but regular or chronic use
should be avoided (2). Because only small amounts are in the systemic
circulation, the direct embryo–fetal risk probably is nil.

FETAL RISK SUMMARY
Bisacodyl is a diphenylmethane stimulant laxative that is indicated for the
treatment of constipation and for the evacuation of the bowel before diagnostic
procedures or surgery (3). It is structurally and pharmacologically related to
phenolphthalein (4). (See also Phenolphthalein.) Bisacodyl is available as oral
tablets and suppositories. Bisacodyl is converted to its active metabolite in the
gastrointestinal tract and acts primarily in the large intestine (3). Only minimal
amounts (about 5%) are absorbed into the systemic circulation (3,4).

Animal reproduction studies with bisacodyl have not been located.
It is not known if bisacodyl crosses the human placenta. The molecular

weight (about 361) is low enough for passive diffusion across the placenta, but
the minimal amounts in the circulation suggest that neither the embryo nor fetus
will have clinically significant exposure to the drug.

BREASTFEEDING SUMMARY
No reports describing the use of bisacodyl during human lactation have been
located. Although the molecular weight (about 361) is low enough for excretion
into milk, only minimal amounts (about 5%) are absorbed into the maternal



circulation. The effects of this exposure on a nursing infant are unknown but
appear to be negligible. Others have previously arrived at the same conclusion
(5,6).
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BISMUTH SUBSALICYLATE
Antidiarrheal
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Inorganic bismuth salts, formed from metabolism of bismuth subsalicylate in
the gastrointestinal tract, apparently present little or no risk to the fetus
from normal therapeutic doses, but the data available for bismuth in
pregnancy are poor and the actual fetal risk cannot be determined (1). On
the other hand, the potential actions of salicylates on the fetus are
complex. Although the risk for toxicity may be small, significant fetal
adverse effects have resulted from chronic exposure to salicylates.
Because of this, the use of bismuth subsalicylate during gestation should be
restricted to the first half of pregnancy, and then only in amounts that do
not exceed the recommended doses.

FETAL RISK SUMMARY
Bismuth subsalicylate (bismuth salicylate) is hydrolyzed in the gastrointestinal
tract to bismuth salts and sodium salicylate (2,3). Two tablets or 30 mL
suspension of the compound yields 204 mg and 258 mg, respectively, of
salicylate. Inorganic bismuth salts, in contrast to organic complexes of bismuth,
are relatively water-insoluble and poorly absorbed systemically, but significant
absorption of salicylate does occur (2,3). A brief 1992 study found minimal
absorption of bismuth (exact serum concentrations not specified) from bismuth
subsalicylate in 12 healthy subjects as opposed to a peak serum level of 0.050
mcg/mL after a dose of 216 mg of colloidal bismuth subcitrate in a single
patient (4). Some bismuth absorption was documented across the normal
gastric mucosa, but the primary absorption occurred from the duodenum.
Others believe, however, that the design of the study produced the observed
results, and that bismuth absorption occurs only in the gastric antrum, not in the
gastric body or duodenum (5).



Although absorption of inorganic bismuth salts is negligible, in a study of
chronic administration of bismuth tartrate, 5 mg/kg/day, one of four lambs born
of treated ewes was stunted, hairless, and exophthalmic, and a second was
aborted (6). Moreover, in one case report, the use of an extemporaneously
compounded antidiarrheal mixture containing bismuth subsalicylate was
associated with bismuth encephalopathy in a 60-year-old man who took an
unknown amount of the preparation for a period of 1 month (7).
Encephalopathy was diagnosed by an electroencephalogram characteristic of
bismuth toxicity and a blood bismuth level of 72 ng/mL (upper limit of normal is
5 ng/mL).

No reports of adverse fetal outcome after the use of commercially available
bismuth subsalicylate have been located for humans. The Collaborative
Perinatal Project recorded 15 1st trimester exposures to bismuth salts (bismuth
subgallate N = 13, bismuth subcarbonate N = 1, and milk of bismuth N = 1), but
none to bismuth subsalicylate (8, pp. 384–387). These numbers are small, but
no evidence was found to suggest any association with congenital
abnormalities. For use anytime during pregnancy, 144 mother–child pairs were
exposed to bismuth subgallate and 5 of the in utero–exposed infants had
inguinal hernia, a hospital standardized relative risk of 2.6 (8, pp. 442, 497). A
causal relationship, however, cannot be determined from these data.

In contrast to bismuth, salicylate is rapidly absorbed with >90% of the dose
recovered in the urine. Data on the use of salicylates in human pregnancy,
primarily acetylsalicylic acid (aspirin), are extensive. The main concerns from
exposure to this drug during pregnancy include congenital defects, increased
perinatal mortality from premature closure of the ductus arteriosus in utero,
intrauterine growth restriction, and salicylate intoxication (see Aspirin). An
increased risk of intracranial hemorrhage in premature or low-birth-weight
infants is a potential complication of aspirin exposure near delivery, but other
salicylates, including sodium salicylate, probably do not present a risk because
the presence of the acetyl moiety seems to be required to suppress platelet
function (9–11).

BREASTFEEDING SUMMARY
The excretion of significant amounts of bismuth obtained from bismuth
subsalicylate into breast milk is not expected because of the poor absorption of
bismuth into the systemic circulation. Salicylates, however, are excreted in milk
and are eliminated more slowly from milk than from plasma with milk:plasma
ratios rising from 0.03 to 0.08 at 3 hours to 0.34 at 12 hours (12). Because of



the potential for adverse effects in the nursing infant, the American Academy of
Pediatrics recommends that salicylates should be used cautiously during
breastfeeding (13). A review stated that bismuth subsalicylate should be
avoided during lactation because of systemic salicylate absorption (14).
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BISOPROLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Some β-blockers may cause intrauterine growth restriction (IUGR) and
reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Treatment beginning
early in the 2nd trimester results in the greatest weight reductions, whereas
treatment restricted to the 3rd trimester primarily affects only placental
weight. However, IUGR and reduced placental weight may potentially occur
with all agents within this class. Although growth restriction is a serious
concern, the benefits of maternal therapy with β-blockers, in some cases,
might outweigh the risks to the fetus and must be judged on a case-by-
case basis.

Newborn infants of mothers consuming the drug near delivery should be
closely observed for 24–48 hours for signs and symptoms of β-blockade.
Long-term effects of in utero exposure to β-blockers have not been studied
but warrant evaluation.

FETAL RISK SUMMARY
Bisoprolol is a cardioselective β1-adrenergic blocking agent used in the
management of hypertension. In animal reproduction studies, bisoprolol was
not teratogenic in rats at doses up to 375 and 77 times the maximum
recommended human dose (MRHD) based on weight and BSA, respectively,
but fetotoxicity (increased late resorptions) was observed (1). No teratogenic
effects were observed in rabbits at doses up to 31 and 12 times the MRHD
based on body weight and BSA, respectively (1). Embryo lethality (increased
early resorptions) was observed in rabbits.

A 2004 case report described a 24-year-old woman who took bisoprolol (5



mg/day), naproxen (550 mg about twice a week), and sumatriptan (100 mg
about once a week) for migraine headaches during the first 5 weeks of
pregnancy (2). An elective cesarean section was performed at 37 weeks for
breech presentation to deliver a 3125-g male infant. The infant had a wide
bilateral cleft lip/palate, marked hypertelorism, a broad nose, and bilateral but
asymmetric toe abnormalities (missing and hypoplastic phalanges) (2).

BREASTFEEDING SUMMARY
No reports describing the use of bisoprolol in lactating women have been
located. Nursing infants of mothers consuming bisoprolol should be closely
observed for hypotension, bradycardia, and other signs or symptoms of β-
blockade. Long-term effects of exposure to β-blockers from milk have not been
studied but warrant evaluation.
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BIVALIRUDIN
Thrombin Inhibitor
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of bivalirudin in human pregnancy have been
located. The animal data suggest low risk. The absence of human data
prevents an assessment of the embryo–fetal risk. However, the
manufacturer recommends that bivalirudin should always be used with
aspirin (300–325 mg/day) and aspirin may cause developmental toxicity
(see Aspirin). In addition, maternal bleeding secondary to both agents is a
potential complication, especially in the 3rd trimester, and in the newborn if
exposure has occurred within a week of delivery. If indicated, however, the
maternal benefit appears to outweigh the potential, but unknown embryo–
fetal risk.

FETAL RISK SUMMARY
The reversible direct thrombin inhibitor bivalirudin is a synthetic 20-amino acid
peptide. It is indicated, in combination with aspirin, for use as an IV
anticoagulant in patients undergoing percutaneous transluminal coronary
angioplasty. In patients with normal renal function, bivalirudin has a very short
half-life (25 minutes) but may be as long as 3.5 hours for dialysis-dependent
patients. Bivalirudin is not bound to plasma proteins (other than thrombin) or to
red blood cells (1).

Reproduction studies have been conducted in rats and rabbits. In rats, SC
doses up to 1.6 times the maximum recommended human dose based on BSA
(MRHD) revealed no evidence of impaired fertility or fetal harm. Similar findings
were observed in rabbits with SC doses up to 3.2 times the MRHD (1).

It is not known if bivalirudin crosses the human placenta. The molecular
weight (about 2180 for the anhydrous free base) and the very short elimination



half-life in patients with normal renal function suggest that little, if any, of the
peptide will cross the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of bivalirudin during human lactation have been
located. The molecular weight (about 2180 for the anhydrous free base) and
short elimination half-life (25 minutes in patients with normal renal function)
suggest that little, if any, drug will be excreted into milk. The indication for the
drug suggests that women should not breastfeed while receiving bivalirudin.
Waiting 3 hours or longer for patients with impaired renal function after the last
dose would assure that the exposure of a nursing infant was minimal or nil. In
addition, bivalirudin is a peptide that should be digested in the nursing infant’s
gastrointestinal tract.
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BLACK SEED/KALANJI
Herb
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

There are no animal or human pregnancy data for the seeds of Nigella
sativa (black seed/kalanji) or its active ingredients. However, one animal
study did show a protective effect of thymoquinone in pregnant diabetic
mice. Hepatotoxicity has been observed in some animal tests and the oil
can cause contact dermatitis. Because of its use since antiquity, it is
unlikely that black seed/kalanji causes teratogenicity. However, its use to
stimulate menstruation and its potential contraceptive properties suggests
that the product should be avoided in pregnancy.

FETAL RISK SUMMARY
The seeds of the annual plant N. sativa, commonly known as black seed or
kalanji, have been used as a medicine and food or spice for several thousand
years in the Middle East, Europe, Africa, and India. The seeds contain a large
number of compounds, including fixed oils, proteins, alkaloids, saponin, fatty
acids, vitamin C, minerals, and essential oil. The main active constituents are
thymoquinone, dithymoquinone, thymohydroquinone, and thymol (1,2).

The seeds and/or their active constituents have been used for numerous
diseases and conditions and are thought to have beneficial effects on the
respiratory, immune, and gastrointestinal systems. They also are claimed to
have anticancer effects and have been used for their antioxidant, antidiabetic,
anti-inflammatory, analgesic, antihypertensive, broad-spectrum antimicrobial,
and anthelmintic properties. However, there are few clinical studies of these
uses, and information on the doses taken is lacking. In women, the seeds have
been used to stimulate menstruation and increase milk flow (1,2).

Animal reproduction tests with the seeds or its active compounds have not



been conducted. However, in a study of pregnant mice with streptozotocin-
induced diabetes, thymoquinone (10 mg/kg/day) was shown to reduce the rate
of malformations (3). Moreover, studies in rats and guinea pigs with the volatile
oil of N. sativa have shown anti-oxytocic potential by inhibiting spontaneous
uterine contractions and to have a potential contraceptive effect (1,2,4).

It is not known if any of the active constituents or other compounds found in
the seeds of N. sativa cross the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of black seed/kalanji during breastfeeding have
been located. The seeds of N. sativa have been used for thousands of years
and it is unlikely that they cause significant toxicity in a nursing infant. The
product has been used to increase milk flow but, apparently, there are no
clinical studies to support this claim (1,2).
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BLACK WIDOW SPIDER ANTIVENIN
Antidote
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Only three reports describing the use of black widow spider antivenin in
pregnancy have been located. In each case, the maternal symptoms did
not respond to other therapies but did within 1 hour to the antivenin. No
fetal harm was observed in these cases. Although there is a risk of
immediate hypersensitivity reaction, the risk can be reduced by sensitivity
testing before administration (1). Because the maternal symptoms can be
severe and do not always respond to other therapies, the antivenin should
not be withheld because of pregnancy if the test for sensitivity is negative
(2).

FETAL RISK SUMMARY
Black widow spider antivenin is used to treat patients with symptoms due to
bites by the black widow spider (Latrodectus mactans). It is a sterile,
nonpyrogenic preparation of specific venom-neutralizing globulins obtained from
the blood serum of healthy horses immunized against the venom, a neurotoxin,
of black widow spiders. It is given either IM or IV. A skin or conjunctival test
should be preformed before administration of the antivenin to rule out sensitivity
to horse serum (3).

Reproduction studies in animals have not been conducted, nor have studies
for carcinogenesis, mutagenesis, and impairment of fertility (3).

It is not known if the globulins cross the human placenta. However, globulins
are a family of proteins with high molecular weight. As such, it is doubtful if
clinically significant amounts will cross to the embryo–fetus, although exposure
in the 3rd trimester might occur.

The first published case of a black widow spider bite in pregnancy was in



1979 (4). A 20-year-old woman in her 16th week of pregnancy was bitten
below the right breast. She experienced severe pain accompanied by
abdominal and generalized muscle cramps. There was no cervical dilation,
vaginal bleeding, or evidence of active labor. Fetal heart tones were 144
beats/minute. After skin testing, she was given an IV dose of antivenin and
within 20 minutes was almost asymptomatic. She was discharged home the
next day. About 18 weeks later, she gave birth by cesarean section to a
healthy 3.7-kg male infant (4).

A 1994 case report described the pregnancy outcome of a 36-year-old
woman at 22 weeks’ gestation who was bitten by a black widow spider (5).
There was no vaginal bleeding and her cervix was long and closed. She
experienced restlessness, pain, and muscle cramping and was treated with
calcium gluconate, diazepam, and morphine. She had some relief but her
symptoms soon returned. After a negative skin test, one 2.5-mL vial of the
antivenin was administered IV over 15 minutes. Within 1 hour her symptoms
resolved and she was discharged home the following day. No further details on
her pregnancy were provided (5).

In a 2000 case report, a 27-year-old woman at 38 1/7 weeks was bitten by
a black widow spider (6). Her symptoms included anxiety and severe
abdominal, chest, and back pain. She had irregular uterine contractions and her
cervix was dilated 1 cm, 50% effaced. She was initially treated with calcium
gluconate, morphine, diazepam, and midazolam, but these agents were not
effective in relieving her symptoms. After a negative conjunctival test, she was
given the antivenin (dose and route not specified) and within 1 hour her
symptoms had markedly decreased. She still had uterine contractions and her
cervix was now 2 cm, 75% effaced. However, she was discharged home the
next day after her contractions stopped and with no further changes in her
cervix. One week later, she had a spontaneous vaginal birth of a healthy male
infant (6).

BREASTFEEDING SUMMARY
No reports describing the use of black widow spider antivenin during
breastfeeding have been located. It is doubtful if such reports will appear
because the symptoms of the bites can be quite severe and would probably
hinder any attempt to breastfeed. In addition, the antivenin is composed of
globulins (i.e., proteins). Even if they were excreted into breast milk, they would
probably be digested in the nursing infant’s gut. Thus, the limited data suggest
that administration of the antivenin to the mother is compatible with



breastfeeding.
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BLEOMYCIN
Antineoplastic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Bleomycin caused developmental toxicity (teratogenicity or death) in two
animal species, but there are no reports describing the use of the drug
during the 1st trimester in humans. When the drug was used later in
pregnancy, it was combined with other antineoplastic agents. Although no
reports of toxicity in offspring that were attributable to bleomycin were
observed, the most frequent adverse effects in adults involve the skin and
mucous membranes.

FETAL RISK SUMMARY
Bleomycin is an antineoplastic agent whose mechanism of action is thought to
be inhibition of DNA synthesis and lesser inhibition of RNA and protein
synthesis. It is in the same antineoplastic subclass of antibiotics as
dactinomycin and mitomycin.

The drug is teratogenic in rats. Skeletal malformations, shortened innominate
artery, and hydroureter were observed at an intraperitoneal dose about 1.6
times the recommended human dose based on BSA (RHD) given on days 6–15
of gestation. An IV dose about 2.4 times the RHD administered to rabbits on
gestational days 6–18 resulted in abortions, but there were no teratogenic
effects (1).

No reports linking the use of bleomycin with congenital defects in humans
have been located. Chromosomal aberrations in human marrow cells have been
reported, but the significance to the fetus is unknown (2). Two separate cases
of non-Hodgkin’s lymphoma in pregnancy were treated during the 2nd and 3rd
trimesters with bleomycin and other antineoplastic agents (3,4). Normal infants
without anomalies or chromosomal changes were delivered. In another case, a
21-year-old woman with a Ewing’s sarcoma of the pelvis was treated with



bleomycin and four other antineoplastic agents at approximately 25 weeks’
gestation (5). Nine weeks later, recurrence of tumor growth necessitated
delivery of the normal infant by cesarean section to allow for more definitive
treatment of the tumor. The child was reported to be developing normally at 4
years of age.

A 1989 case report described the effect of maternal chemotherapy on a
premature newborn delivered at approximately 27 weeks’ gestation (6). The
mother was treated with bleomycin (30 mg), etoposide (165 mg), and cisplatin
(55 mg) (all given daily for 3 days), 1 week before delivery, for an unknown
primary cancer with metastases to the eye and liver. The mother developed
profound neutropenia just before delivery. On the 3rd day after delivery, the
1190-g female infant also developed a profound leukopenia with neutropenia,
10 days after in utero exposure to the antineoplastic agents. The condition
resolved after 10 days. At 10 days of age, the infant began losing her scalp
hair and experienced a rapid loss of lanugo. Etoposide was thought to be the
most likely cause of the neutropenia and the alopecia. By 12 weeks of age,
substantial hair regrowth had occurred, and at 1 year follow-up, the child was
developing normally except for moderate bilateral hearing loss. The
investigators could not determine whether the sensorineural deafness was
caused by the maternal and/or neonatal gentamicin therapy, or by the maternal
cisplatin chemotherapy (6).

A 25-year-old woman underwent surgery at 25 weeks’ gestation for an
endodermal sinus tumor of the ovary (7). A chemotherapy cycle consisting of
bleomycin (50 mg), cisplatin (75 mg/m2), and vinblastine (0.25 mg/kg) was
started 9 days later. Approximately 3 weeks later she received a second cycle
of therapy. A normal, healthy 1900-g male infant was delivered by scheduled
cesarean section at 32 weeks’ gestation. The infant was alive and growing
normally at the time of the report (7).

Combination chemotherapy with bleomycin was used for teratoma of the
testis in two men (8). In both cases, recovery of spermatogenesis with
apparently successful fertilization occurred but the possibility of alternate
paternity could not be excluded.

The long-term effects of combination chemotherapy on menstrual and
reproductive function were described in a 1988 report (9). Only 7 of 40 women
treated for malignant ovarian germ cell tumors received bleomycin. The results
of this study are discussed in the monograph for cyclophosphamide (see
Cyclophosphamide).

Occupational exposure of the mother to antineoplastic agents during



pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of bleomycin during human lactation have been
located. It is not known if the drug is excreted into breast milk. Because of the
risk of serious toxicity to a nursing infant, the safest course is to not breastfeed
if the antineoplastic is being administered.
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BLUE COHOSH
Herb
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Blue cohosh is an herbal product that has uterine stimulant properties.
Some of its constituents have been shown to be teratogenic and toxic in
various animal species. The herb should be avoided in the 1st trimester
because of the animal teratogenicity data and its estrogenic effect
demonstrated in humans (1). It is used in human pregnancy to induce labor,
but the potential fetal and newborn toxicity appears to outweigh any
medical benefit (2,3). In addition, preparations of blue cohosh are not
standardized as to content or purity.

FETAL RISK SUMMARY
Blue cohosh (Caulophyllum thalictroides Michx.; family Berberidaceae
[barberries]) is found throughout damp woodlands of the eastern part of North
America, especially in the Allegheny Mountains (1,2). It is an early spring, leafy
perennial herb with yellowish-green flowers that mature into bitter, bright blue
seeds. The medicinal parts, collected in the autumn, are the matted, knotty
rootstock (rhizomes) (1,2) . Caulophyllum robustum Maxim, a species found in
Asia, is also used for medicine (2).

Blue cohosh is often used to stimulate labor. In a survey of nurse-midwives,
blue cohosh was the most frequently used herbal preparation for this purpose
(65% of respondents), usually administered prior to or instead of oxytocin (4).
Native Americans used blue cohosh for menstrual cramps and suppression of
profuse menstruation (2). It has also been used as an emmenagogue,
antispasmodic, antirheumatic, laxative, or for colic, sore throat, hiccups,
epilepsy, hysterics, and uterine inflammation (2,3). The roasted seeds have
been used as a coffee substitute (3).

The chemical composition of blue cohosh has been investigated since 1863



(5). Because early Native Americans used the herb to facilitate childbirth,
researchers in 1954 described a technique to isolate a crystalline glycoside
from blue cohosh rhizome and roots that demonstrated marked activity as a
smooth muscle stimulant. Increased tone and rate of contraction were
observed in rat, rabbit, and guinea pig uteruses, as well as in other smooth
muscle preparations (5).

A number of chemical constituents have been isolated from blue cohosh
rhizomes. These include anagyrine, baptifoline, 5,6-dehydro-α-islupanine, α-
isolupanine, lupanine, sparteine, and N-methylcytisine (all are quinolizidine
alkaloids), magnoflorine and taspine (aporphine alkaloids), caulophyllosaponin
(also known as caulosaponin, a triterpene saponin), and caulosapogenin
(1,2,6). In addition, a novel alkaloid, thalictroidine, has been recently found (6).
N-Methylcytisine (also known as caulophylline) is a nicotinic agonist in animals
(1,2).

Citing previously published data, a 1999 study listed the concentrations of the
quinolizidine alkaloids found in some blue-cohosh-containing dietary
supplements: N-methylcytisine 5–850 ppm, anagyrine 2–390 ppm, and
baptifoline 9–900 ppm (the lower concentrations were found in liquid-extract
products) (6). In contrast, the level of magnoflorine in the C. thalictroides
rhizomes was 11,000 ppm (6).

N-Methylcytisine was teratogenic in a rat embryo culture, but thalictroidine,
anagyrine, and α-isolupanine were not teratogenic in this system at the
concentrations tested (6). Marked embryo toxicity, without evidence of
teratogenicity, was shown for taspine (6).

In an animal reproduction test, pregnant rats were administered either a low
or high potency of Caulophyllum extract (homeopathic concentrations) on days
1–5 of pregnancy (7). The lower potency prevented implantation by disrupting
the site of implantation. In contrast, the high-potency preparation caused no
adverse effect compared with controls, but did increase the average number of
young per litter (8 vs. 5 for controls) (7).

Anagyrine is teratogenic in ruminants, such as cattle, causing “crooked calf
syndrome” (8–13). The severity of the malformations has been shown to be
dose-related (11,12). Malformations include bowed or twisted limbs, spinal or
neck curvature, and cleft palate. The defects may result from decreased
normal fetal movements, which are required for normal skeletal development,
secondary to the action of the alkaloid on fetal muscarinic and nicotinic
receptors.

In an experiment with rats, a low-potency extract of blue cohosh



(homeopathic concentration) administered between estrus cycles, immediately
before estrus, and during estrus was shown to be an effective inhibitor of
ovulation and also inhibited physiologic changes in the uterus (14). A high-
potency extract (also homeopathic concentration) had no effect on ovulation or
uterine changes.

No studies describing the placental crossing of any constituent of blue cohosh
have been located. Based on the animal studies above, however, some or all of
the alkaloids and other chemicals isolated from the herb probably cross the
placenta.

A brief 1996 case report described an adverse newborn outcome after a
woman with an uneventful pregnancy was given a combination of black and blue
cohosh (dosage not specified) for labor induction (15). After a normal labor, a
3840-g female infant was born with Apgar scores of 1, 4, and 5 at 1, 5, and 10
minutes, respectively. No spontaneous breathing was observed, but
resuscitation efforts were successful with the onset of breathing noted at 30
minutes. Mechanical ventilation was required during the hospital course, which
was complicated by seizures and acute tubular necrosis. Computed
tomography revealed basal ganglia and parasagittal hypoxic injury. Lower limb
spasticity was apparent at 3 months of age, and the infant required nasogastric
tube feeding. Although the cause of the neurologic toxicity in the newborn was
unknown, the authors could not rule out a possible role for the herbal
preparation. Citing published data, they speculated that black cohosh may have
caused peripheral vasodilation and hypotension, whereas blue cohosh may
have caused increased uterine activity. The combination of these actions may
have led to a reduction of placental perfusion and caused hypoxia in the infant
(15). The accuracy of this assessment has been challenged (16), but the case
report below lends credibility to the concept that the use of blue cohosh in
pregnancy may cause toxicity (17,18).

A 1998 case report described profound neonatal congestive heart failure in a
newborn that was thought to have been caused by the mother’s use of blue
cohosh to promote uterine contractions (19). The 36-year-old woman had
hypothyroidism but was euthyroid on replacement therapy. Except for this one
condition, she had an uncomplicated pregnancy. One month before term, she
was instructed by a midwife to take one tablet prepared from blue cohosh
daily. Instead, for the next 5 weeks, the woman took one tablet 3 times daily.
During this period, she reported increased uterine contractions and a decrease
in fetal movements. A precipitous delivery occurred 1 hour after the onset of
spontaneous labor, 15 minutes after spontaneous rupture of membranes. There



was slight meconium-stained amniotic fluid. The 3.66-kg male infant had Apgar
scores of 6 and 9 presumably at 1 and 5 minutes, respectively, but cyanosis
and poor perfusion developed within minutes of birth that required intubation
and mechanical ventilation. At 1 hour of age, on 100% oxygen, umbilical arterial
blood pH was 7.07, PCO2 40 mmHg, and PO2 38 mmHg. A chest X-ray
revealed cardiomegaly and pulmonary edema and an electrocardiogram
showed acute myocardial infarction. Hepatomegaly was present in addition to
the cardiac abnormalities. The infant’s condition gradually improved and he was
discharged home after 31 days. At 2 years of age, the child was progressing
well with normal growth and development and good exercise tolerance, but
continued to receive digoxin therapy. There was persistent cardiomegaly and
his left ventricular function remained mildly reduced. The authors attributed the
toxicity to blue cohosh because it contains vasoactive glycosides and it is
known to cause toxic effects on the heart of animals (19).

A 2004 case report described a stroke in a female, full-term infant (birth
weight 3860 g) 26 hours after birth (20). The mother, on advice of her
physician, had consumed a tea made from blue cohosh to induce labor. A
cesarean section was performed because of a failed attempt at vaginal
delivery. Focal motor seizures of the right arm began at 26 hours of age. At 2
days of age, a computed tomographic scan revealed an evolving infarct in the
distribution of the left middle cerebral artery. Laboratory tests in the infant for
thrombophilia were normal and a family history for clotting disorders was
negative. A cocaine metabolite, benzoylecgonine, was detected in the urine,
meconium, the mother’s bottle of blue cohosh, and the contents of a sealed
bottle of a different preparation of the herb. Although cocaine contamination of
the products could not be excluded, a blue cohosh preparation (Inca Tea)
contains coca leaves and can cause a positive test for cocaine exposure (20).
In addition, among the natural constituents of blue cohosh, caulophyllosaponin
can cause uterine contraction and coronary-artery constriction in animals (20),
and methylcytisine is a nicotine agonist. In subsequent correspondence
regarding the presence of benzoylecgonine, a chemical not related to blue
cohosh, there was speculation that the mother may have taken cocaine or,
more likely, it involved detection of a cross-reacting substance by an insensitive
assay (21–23).

BREASTFEEDING SUMMARY
No reports describing the use of blue cohosh during lactation have been
located. It is not known if the constituents of the herb are excreted into breast



milk. Depending on the maternal serum concentration of the various chemicals,
however, some excretion should be expected. The effects of this exposure on a
nursing infant are unknown, but the potential toxicity and estrogenic effects are
substantial reasons to avoid blue cohosh ingestion during breastfeeding. At
least one source states that its use during this period is likely unsafe (3).
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BOCEPREVIR
Antiviral Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk (Contraindicated 3-Drug Combination)
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (3-Drug Combination)

PREGNANCY SUMMARY

No reports describing the use of boceprevir in human pregnancy have been
located. The animal data suggest low risk. However, the indication for
boceprevir involves the combined use with ribavirin and peginterferon alfa.
Although peginterferon alfa is probably compatible with pregnancy (see
Interferon Alfa), ribavirin is contraindicated because it has caused
developmental toxicity in all animal species tested (see Ribavirin). The
three-drug combination should be avoided in pregnancy.

FETAL RISK SUMMARY
Boceprevir, a mixture of two diastereomers administered orally, is an inhibitor
of the hepatitis C virus protein serine protease. It is indicated, in combination
with peginterferon alfa and ribavirin, for the treatment of chronic hepatitis C
genotype 1 infection in adults with compensated liver disease, including
cirrhosis, who are previously untreated or who have failed previous interferon
and ribavirin therapy. It is metabolized by the liver to inactive metabolites.
Plasma protein binding is about 75% and the mean elimination plasma half-life
is about 3.4 hours (1).

Reproduction studies with boceprevir alone have been conducted in rats and
rabbits. AUC exposures in these species that were 11.8 and 2.0 times,
respectively, the human exposure at the recommended dose of 800 mg 3 times
daily produced no effects on fetal development. However, ribavirin causes
dose-related teratogenicity or embryolethality in animals (see Ribavirin) and
peginterferon alfa causes dose-related abortions in animals (see Interferon
Alfa) (1).

Two-year carcinogenicity studies in rats and mice with boceprevir were



negative. Similar studies in these species with ribavirin also were negative.
Boceprevir was not genotoxic, but ribavirin was, in multiple assays. Ribavirin
induced reversible testicular toxicity in animals and interferon alfa impaired
fertility in females. Boceprevir caused reversible effects on fertility and early
embryonic development in female rats, as well as dose-related testicular
degeneration in male rats. This latter effect was not observed in mice and
monkeys, and limited clinical monitoring has revealed no evidence of testicular
toxicity in humans (1).

It is not known if boceprevir crosses the human placenta. The molecular
weight (about 520), moderate plasma protein binding and elimination half-life
suggest that the agent will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
Studies describing the use of boceprevir during human lactation have not been
located. The molecular weight (about 520), moderate plasma protein binding
(about 75%) and elimination half-life suggest that the agent will be excreted into
breast milk. The effects of this exposure on a nursing infant are unknown.
However, boceprevir is always combined with ribavirin and peginterferon alfa
(see Ribavirin and Interferon Alfa). The latter agent is known to be excreted
into breast milk and ribavirin is probably excreted. If a woman taking this
therapy is breastfeeding, her nursing infant could be exposed to all three
agents. Thus, the best course of action is to not breastfeed.
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BORTEZOMIB
Antineoplastic (Proteasome Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of bortezomib in human pregnancy have been
located. The drug caused developmental toxicity (growth restriction and
death) at a dose one-half of the human clinical dose of 1.3 mg/m2 based on
body surface area (HCD) in one of two species. Because the
recommended dose is given over several weeks, use during pregnancy
could result in multiple exposures of the embryo and/or fetus to a cytotoxic
agent. The manufacturer recommends that women should be advised to
use effective contraceptive measures to prevent pregnancy (1). Until human
pregnancy data are available, the best course is to avoid the drug during
pregnancy. However, if treatment is required during gestation, the decision
to use bortezomib should be made on a case-by-case basis, but the
woman should be advised of the potential risk to her embryo–fetus.

FETAL RISK SUMMARY
Bortezomib is a cytotoxic antineoplastic that is given as an IV bolus injection. It
is the same class as carfilzomib. Bortezomib is indicated for the treatment of
multiple myeloma patients who have received at least one prior therapy. The
mean elimination half-life after first dose has ranged 9–15 hours, but has not
been fully characterized in multiple myeloma patients. Plasma protein binding is
moderate (about 83%). Bortezomib undergoes some metabolism to inactive
metabolites, but plasma levels of metabolites at 10 and 30 minutes after a
dose were low compared with the parent compound (1).

Reproductive studies have been conducted in rats and rabbits. No
teratogenicity was observed at the highest doses tested during organogenesis
in rats and rabbits that were about 0.5 times the HCD. However, in rabbits
given the highest dose during organogenesis, there was significant
postimplantation loss and decreased number of live fetuses, as well as



significant decreases in the weight of live fetuses (1).
Carcinogenic studies have not been conducted with bortezomib. The agent

was not genotoxic in various tests, but did demonstrate clastogenic activity in
one test. Although fertility studies have not been conducted, 6-month studies
conducted for general toxicity in rats revealed degenerative changes in the
ovaries and testes at doses that were approximately one-fourth and equivalent,
respectively, to the HCD (1).

It is not known if bortezomib crosses the human placenta. The molecular
weight (about 384), the long elimination half-life, the moderate plasma protein
binding, and lack of rapid metabolism all suggest that the drug will cross to the
embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of bortezomib during human lactation have been
located. It is not known if bortezomib is excreted into breast milk. The
molecular weight (about 384), the long elimination half-life, the moderate
plasma protein binding, and lack of rapid metabolism all suggest that the drug
will be excreted in milk. Bortezomib is given as IV bolus injections over several
weeks. The effects of this exposure on a nursing infant are unknown, as is the
oral bioavailability. However, because the drug is cytotoxic, the best course is
to not breastfeed during treatment.
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BOSENTAN
Vasodilator
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Three reports have described the use of bosentan in human pregnancy. No
embryo–fetal harm was observed. Based only on the animal data, the
manufacturer states that pregnancy must be excluded and that reliable
contraceptive methods should be used before the drug is prescribed. It
also recommends monthly pregnancy tests during treatment (1). Pregnant
women should not take this drug unless the severity of pulmonary arterial
hypertension warrants the risk.

FETAL RISK SUMMARY
The endothelin receptor antagonist bosentan is indicated for the treatment of
pulmonary arterial hypertension. It is a neurohormone that binds specifically to
endothelin receptor types ETA and ETB. After oral administration, bosentan has
one active (contributes 10%–20% of the total activity) and two inactive
metabolites. Bosentan is highly (98%) bound to plasma albumin (1). It has an
elimination half-life of about 5 hours (1,2).

Reproduction studies have been conducted in rats and rabbits. In rats, daily
doses equal to or greater than 2 times the maximum recommended human
daily dose based on BSA (MRHDD) showed dose-related teratogenicity
(defects of the head, mouth, face, and large blood vessels). Increased
stillbirths and pup mortality were observed at doses 2 times the MRHDD or
higher. Birth defects were not observed in rabbits given doses up to 1500
mg/kg/day (relationship to MRHDD not specified), but plasma concentrations
were lower than those obtained in rats. The malformations observed in rats
were similar to those observed in animals with other endothelin receptor
antagonists and were thought to represent a class effect of these drugs (1).



Bosentan showed dose-related carcinogenicity in mice and rats given the
agent over a 2-year period but no mutagenic or clastogenic activity. Short-
duration studies showed no effect on fertility in male or female rats (1).

In near-term rats, closure of the fetal ductus arteriosus by indomethacin, N-
nitro-L-arginine monomethyl ester (L-name), or dexamethasone was prevented
by the simultaneous administration of bosentan (3). An investigational selective
endothelin receptor (ETA) blocker (CI-1020) also was effective in preventing
ductus closure (3).

The effects of bosentan on uteroplacental and maternal renal blood flow in
pregnant rats were described in a 2002 report (4). On gestational day 19 (term
23 days), bosentan increased uteroplacental blood flow significantly higher than
the normal physiologic increase but had no effect on renal blood flow. On
gestational days 20–21, bosentan had no effect on uteroplacental blood flow
but decreased renal blood flow by 20% (4).

It is not known if bosentan or its active metabolite crosses the human
placenta. The molecular weight (about 570) and long elimination half-life
suggest that the drug, and possibly the active metabolite, will cross the
placenta, but the high plasma protein binding should limit the exposure of the
embryo–fetus.

A 2005 case report described the use of bosentan throughout pregnancy in a
woman with Eisenmenger’s syndrome due to pulmonary hypertension (5).
Sildenafil was added at 27 weeks’ gestation. At 30 weeks, a planned cesarean
section gave birth to a 1.41-kg healthy female infant. Postoperatively, the
mother was treated with bosentan, sildenafil, and warfarin. Her infant was
nursed in the hospital for 11 weeks without problems, but died at 26 weeks of
age from a respiratory infection (5).

A second 2005 report described a woman with pulmonary arterial
hypertension who received bosentan and warfarin until 8 weeks when her
therapy was changed to inhaled iloprost (6). The woman suffered a
cardiorespiratory arrest at about 25 weeks but was successful resuscitated
after about 1 minute and was converted to IV iloprost for 5 days. At that time,
a cesarean section delivered a 0.65-kg male infant with Apgar scores of 8 and
9. No congenital anomalies were observed in the infant. The child was
progressing well at 16 months of age (6).

Bosentan (250/day), sildenafil (150 mg/day), hydroxychloroquine (200
mg/day), azathioprine (100 mg/day), and phenprocoumon were used up to 5
weeks’ gestation in a 29-year-old woman with systemic lupus erythematosus-
associated pulmonary arterial hypertension (7). At that time, bosentan and



phenprocoumon were discontinued and the other three agents were continued
along with low-molecular-weight heparin. At 35 weeks, inhaled iloprost was
added. At 37 weeks, a planned cesarean section gave birth to a healthy 2.760-
kg female infant with Apgar scores of 8, 9, and 10 at 1, 5, and 10 minutes,
respectively. Breastfeeding was declined. At the time of the report, the child
was doing well (7).

Bosentan is an isoenzymes-inducer and is metabolized by the isoenzymes
CYP2C9 and CYP3A4. Because many hormonal contraceptives are
metabolized by CYP3A4, treatment with bosentan could cause decreased
plasma concentrations and failure of these agents. Therefore, women should
not rely on hormonal contraceptives alone (oral, injectable, or implantable) for
contraception (1,2).

BREASTFEEDING SUMMARY
One report described the use of bosentan during breastfeeding (see reference
5), but milk concentrations were not determined. The molecular weight (about
570) and long elimination half-life (about 5 hours) suggest that the drug, and
possibly the active metabolite, will be excreted into breast milk. However, the
high plasma protein binding (98%) should limit the amount of drug in milk.
Although the effect of this exposure on a nursing infant is unknown, no adverse
effects were mentioned in the above case, but there is a potential for toxicity.
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BOSUTINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of bosutinib in pregnancy have been located.
The animal data cannot be interpreted because in one species inadequate
doses were used and, in the other, fetal toxicity occurred with maternal
toxic doses. Nevertheless, the manufacturer warns that the drug can cause
fetal harm based on the drug’s mechanism of action (1). Thus, use of
bosutinib should be avoided in pregnancy, especially during the 1st
trimester.

FETAL RISK SUMMARY
Bosutinib is an oral tyrosine kinase inhibitor. There are several other agents in
this subclass (see Appendix). Bosutinib is indicated for the treatment of adult
patients with chronic, accelerated, or blast phase Philadelphia chromosome-
positive chronic myelogenous leukemia with resistance or intolerance of prior
therapy. It is metabolized to inactive metabolites and is highly (96%) bound to
plasma protein. The mean terminal phase elimination half-life is 22.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. Rats were
given daily oral doses during organogenesis that resulted in exposures that
were about <3 times the human exposure at 500 mg/day based on AUC (HE).
However, the study did not expose the rats to sufficient drug to fully evaluate
adverse outcomes. In rabbits given daily doses during organogenesis, a
maternal toxic dose that resulted in exposures that were about 4 times the HE,
fetal anomalies (fused sternebrae and various visceral anomalies), and an
approximate 6% decrease in fetal body weight were observed (1).

A 2-year carcinogenicity study in male and female rats was negative, as
were tests and assays for mutagenic and clastogenic effects. Reduced fertility
was observed in male rats given high doses of the drug that resulted in
exposures about equal to the HE. Although fertility (number of pregnancies)



was not affected in female rats, doses resulting in exposures less than the HE
were associated with increased resorptions and decreased implantations and
number of viable embryos (1).

It is not known if bosutinib crosses the human placenta. The molecular weight
(about 530 for the anhydrous form) and long elimination half-life suggest that
the drug will cross to the embryo–fetus. However, the high plasma protein
binding might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of bosutinib during human lactation have been
located. The molecular weight (about 530 for the anhydrous form) and long
elimination half-life (22.5 hours) suggest that the drug will be excreted into
breast milk, but the high plasma protein binding (96%) might limit the amount in
milk. The effect on a nursing infant from this exposure is unknown. If a woman
receiving the drug chooses to nurse, her infant should be closely monitored for
the most common adverse effects observed in adults (diarrhea, nausea,
vomiting, thrombocytopenia, abdominal pain, rash, anemia, pyrexia, and
fatigue).
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BOTULINUM TOXIN TYPE A
Central Nervous System Agent (Physical Adjunct)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of commercially prepared botulinum toxin
type A in human pregnancy have been located. The animal data are
suggestive of low risk, but the absence of human pregnancy experience
prevents a full assessment of the embryo–fetal risk. However, the
commercially prepared and wild toxins should be identical. Moreover, the
case reports above suggest that the wild toxins do not cross the human
placenta in the last half of pregnancy. In addition, the appearance in the
systemic circulation of botulinum toxin type A is not expected after IM
injections. Therefore, although the safety of use of the commercial toxin in
pregnancy is unknown (1,2), the risk of embryo or fetal harm appears to
very low or nonexistent.

FETAL RISK SUMMARY
Botulinum toxin type A is produced by fermentation of the anaerobic bacterium
Clostridium botulinum type A. One unit (U) of the commercial preparation
corresponds to the calculated median intraperitoneal lethal dose (LD50) in mice.
Botulinum toxin type A causes paralysis by binding to acceptor sites on motor
nerve terminals, entering the nerve terminals, and inhibiting the release of
acetylcholine (3). The toxin is not expected to enter the systemic circulation
following IM injection. Botox is indicated for the treatment of cervical dystonia
to decrease the severity of abnormal head position and neck associated with
the disorder. It is also indicated for the treatment of strabismus and
blepharospasm associated with dystonia, including benign essential
blepharospasm or seventh nerve disorders (3). Botox Cosmetic is indicated for
the temporary improvement in the appearance of moderate to severe glabellar



lines associated with corrugator or procerus muscle activity (4).
Reproduction studies have been conducted in mice, rats, and rabbits. In mice

and rats given IM injections during organogenesis, the developmental no-
observed-effect level (NOEL) was 4 U/kg. Doses of 8 or 16 U/kg were
associated with decreased fetal body weights and/or delayed ossification.
Doses >8 U/kg impaired fertility in female rats by altering the estrous cycle. In
rabbits, IM doses of 0.125 U/kg/day (gestational days 6–18) or 2 U/kg/day
(gestational days 6 and 13) resulted in severe maternal toxicity, abortions, and
fetal malformations. Higher doses caused maternal death (3). Interestingly, a
1965 study provided indirect evidence that botulinum toxin type A crossed the
placentas of pregnant mice, even though the toxin has a very high molecular
weight (5).

It is not known if botulinum toxin type A crosses the human placenta. It is a
large protein with a very high molecular weight. In addition, it is not expected to
enter the systemic circulation and, therefore, would not be present at the
maternal–fetal interface. Moreover, the case reports below provide indirect
evidence that botulinum toxins do not cross to the fetus in clinically significant
amounts.

The first reported case of botulism in a pregnant woman appeared in 1975
(6). The case report involved a 32-year-old woman at 34 weeks’ gestation who
developed botulism and required assisted ventilation. Botulinum toxin type A
was detected in her serum and she was treated with trivalent botulism antitoxin,
but with limited success. Fetal heart tones were 140–160 beats per minute. On
the 5th day of illness, she precipitously delivered a 1538-g male infant who was
cyanotic with shallow respirations. No botulinum toxin was detected in the
infant’s serum obtained within 4 hours of birth. The infant’s hospital 42-day
course included aspiration pneumonia, anemia, seizures, and a probable
intraventricular hemorrhage. The infant developed hydrocephalus several
months after discharge but the condition resolved spontaneously. At 20 months
of age, he was nearly totally blind (probable optic atrophy) and developmentally
slow. The infant’s condition was attributed to hypoxia, a precipitous delivery,
and intraventricular hemorrhage (6).

A 30-year-old woman at about 27 weeks’ gestation was admitted to a
hospital with signs and symptoms of botulism (7). She had been “skin popping”
black tar heroin and had developed multiple abscesses on her left leg. Because
botulism was suspected, she received two vials of antitoxin. The abscesses
were excised and culture revealed C. botulinum type A. Ten days before she
was discharged from the hospital, at 34 weeks’ gestation, her baby was



delivered by cesarean section. No details regarding the infant were provided
other than the fact that the infant remained in intensive care at 24 days of age
(7).

A 1996 case report described a 37-year-old woman at 23 weeks’ gestation
who developed botulism from home-produced green beans (8). She eventually
required assisted ventilation because of near-complete paralysis. At the peak
of the disease, fetal movement was the visible motion. Although she was
treated with botulism antitoxin, she required tracheotomy and ventilation for 2
months. Throughout the woman’s 3-month hospitalization, repeated surveillance
revealed normal fetal development. Four months after the onset of the
poisoning, a normal infant was delivered spontaneously (sex and other details
of the infant not provided) (8).

A second 1996 case report involved a 24-year-old Alaskan native at 16
weeks’ gestation that was poisoned by consumption of fermented whitefish (9).
Both C. botulinum types A and E were cultured from her stool and type E
organisms and toxin were detected in the whitefish. Ultrasonography revealed a
fetus with normal breathing and movements. The woman was treated with
trivalent botulinum antitoxin and rapidly recovered. At 42 weeks’ gestation, she
spontaneously delivered a healthy 4300-g male infant. The child’s growth and
development during the 1st year were normal (9).

In an in vitro study, botulinum toxin type A has been demonstrated to inhibit
or completely arrest myometrial activity (10). The investigators thought that the
toxin might eventually have application in the prevention of preterm labor after
fetal surgery. Moreover, the effects were potentially reversible (10).

BREASTFEEDING SUMMARY
No reports describing the use of botulinum toxin type A during human lactation
have been located. Because the toxin is not expected to appear in the systemic
circulation, it would not be available for excretion into breast milk. Therefore,
the risk to a nursing infant is probably nil.
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BRENTUXIMAB VEDOTIN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of brentuximab in human pregnancy have
been located. The animal data in the only species studied suggest risk.
Moreover, the mechanism of action suggests that the drug can cause fetal
harm. If the drug must be used in pregnancy, avoiding the 1st trimester
should be considered. In addition, the patient should be informed of the
potential risk to her fetus.

FETAL RISK SUMMARY
Brentuximab is an IgG1 antibody specific for human CD30 combined with a
microtubule disrupting agent (MMAE) and a protease-cleavable linker. It is
given as an IV infusion every 3 weeks. Brentuximab is indicated for the
treatment of patients with Hodgkin lymphoma after failure of autologous stem
cell transplant (ASCT) or after failure of at least two prior multiagent
chemotherapy regimens in patients who are not ASCT candidates. It also is
indicated for treatment of patients with systemic anaplastic large cell lymphoma
after failure of at least one prior multiagent chemotherapy regimen. The
antibody–drug conjugate undergoes minimal metabolism and the terminal half-
life is about 4–6 days (1).

Reproduction studies have been conducted in rats. During organogenesis,
embryo–fetal toxicities were observed in rats given IV doses of brentuximab
that resulted in systemic exposures that were approximately the same as the
human exposure. The drug-induced toxicities were increased early resorption
(≥99%), postimplantation loss (≥99%), decreased number of live fetuses, and
external malformations (umbilical hernias and malrotated hind limbs) (1).

Carcinogenicity studies with brentuximab have not been conducted.



Consistent with its mechanism of action, MMAE was genotoxic in the rat bone
marrow micronucleus study, but it was not mutagenic in two assays. Fertility
studies have not been conducted. However, impairment of male reproductive
function and fertility was observed in repeat-dose toxicity studies in rats (1).

It is not known if brentuximab crosses the human placenta. The molecular
weight (about 153,000) and minimal metabolism suggest that exposure of the
embryo–fetus will be limited. However, immune globulin crosses the placenta,
especially late in gestation (see Immune Globulin Intravenous) and the animal
data (see above) suggest that the agent crosses the placenta in rats.

BREASTFEEDING SUMMARY
No reports describing the use of brentuximab during human lactation have been
located. The molecular weight (about 153,000) and minimal metabolism
suggest that exposure of a nursing infant will be limited, if it occurs at all.
However, immune globulin is excreted into colostrum during the first few days
after birth and brentuximab is an IgG1 antibody-drug conjugate. Nevertheless,
the amount of the drug in colostrum or breast milk should be low and the
potential for harm of a nursing infant appears to be low.
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BRETYLIUM

[Withdrawn from the market. See 9th edition.]



BROMFENAC
Ophthalmic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of bromfenac in human pregnancy have been
located. The animal reproduction data suggest low risk. Although the lack
of human pregnancy experience does not allow a more complete
assessment, the very small amounts, if any, of the drug in the systemic
circulation suggest that it represents no risk to the embryo or fetus.

FETAL RISK SUMMARY
Bromfenac is a nonsteroidal anti-inflammatory drug (NSAID) that is used
topically as a 0.09% solution on the eye. It is indicated for the treatment of
postoperative inflammation and the reduction of ocular pain in patients who
have undergone cataract extraction. The maximum recommended dose is one
drop (0.09 mg) in each eye 2 times daily. It is not known if the drug is absorbed
into the systemic circulation, but based on the dose, the amount in the systemic
circulation is estimated to be below the limit of quantification (50 ng/mL) (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits, oral doses up to 540 and 4500 times, respectively, the
recommended human ophthalmic dose revealed no evidence of teratogenicity.
However, the highest dose in rats was associated with embryo, fetal, and
neonatal death, and reduced postnatal growth. The highest dose in rabbits
caused increased postimplantation loss (1).

It is not known if bromfenac crosses the human placenta. The molecular
weight (about 254 for the nonhydrated free acid) is low enough, but only very
small amounts, if any, are present in the systemic circulation. Thus, clinically
significant exposure of the embryo or fetus is unlikely.



BREASTFEEDING SUMMARY
No reports describing the use of bromfenac during human lactation have been
located. The molecular weight (about 254 for the nonhydrated free acid) is low
enough for excretion into breast milk, but only very small amounts, if any, are
present in the systemic circulation. Moreover, other NSAIDs are compatible
with breastfeeding, even when given orally (e.g., see Ibuprofen). Therefore, the
use bromfenac should also be compatible.
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BROMIDES
Anticonvulsant/Sedative
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Chronic ingestion of drugs containing bromides is a risk for development
toxicity. Exposure near delivery has been reported to cause neonatal
bromism.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 986
of whom had 1st trimester exposure to bromides (1, pp. 402–406). For use
anytime during pregnancy, 2610 exposures were recorded (1, p. 444). In
neither group was evidence found to suggest a relationship to large categories
of major or minor malformations. Four possible associations with individual
malformations were found, but independent confirmation is required:
polydactyly (14 cases), gastrointestinal anomalies (10 cases), clubfoot (7
cases), and congenital dislocation of hip (use anytime) (92 cases).

Two infants with intrauterine growth restriction from a mother who chronically
ingested a proprietary product containing bromides (Bromo-Seltzer) have been
described (2). Both male infants were microcephalic (one at the 2nd percentile
and one at less than the 2nd percentile) and one had congenital heart disease
(atrial septal defect with possible pulmonary insufficiency). The mother did not
use the product in three other pregnancies, two before and one after the
affected children, and all three of these children were of normal height. In a
similar case, a woman chronically ingested tablets containing bromides
throughout gestation and eventually gave birth to a female infant who was
growth restricted (all parameters below the 10th percentile) (3). Follow-up of
the infant at 2.5 years of age indicated persistent developmental delay.

Neonatal bromide intoxication from transplacental accumulation has been
described in four infants (4–7). In each case, the mother had either taken



bromide-containing medications (three cases) or was exposed from
employment in a photographic laboratory (one case). Bromide concentrations in
three of the four infants were 3650, 2000, and 2420 mcg/mL on days 6, 5, and
5, respectively (4–6). In the fourth case, a serum sample, not obtained until 18
days after birth, contained 150 mcg/mL (7). All four infants exhibited symptoms
of neonatal bromism consisting of poor suck, weak cry, diminished Moro reflex,
lethargy, and hypotonia. One of the infants also had cyanosis and a large head
with dysmorphic face (7). Subsequent examinations of three of the above
infants revealed normal growth and development after several months (4–6).
One infant, however, had mild residual hypotonia of the neck muscles persisting
at 6 and 9.5 months (7).

Cord serum bromide levels were determined on 1267 newborn infants born in
Rochester, New York, during the first half of 1984 ( 8). Mean bromide
concentrations were 8.6 mcg/mL (range 3.1–28.5 mcg/mL), which is well below
the serum bromide level (>720 mcg/mL) that is considered toxic (8). The
measured concentrations were not related to Apgar scores, neonatal condition,
or congenital abnormalities. None of the mothers was taking bromide-containing
drugs (most of which have been removed from the market), and the
concentrations in cord blood were thought to have resulted from occupational
exposure to photographic chemicals or from the low levels encountered in food
and water.

BREASTFEEDING SUMMARY
The excretion of bromides into breast milk has been known since at least 1907
(9). A 1938 report reviewed this topic and demonstrated the presence of
bromides in milk in an additional 10 mothers (9). A 1935 report measured milk
concentrations of 1666 mcg/mL in two patients treated with 5 g daily for 1
month (10). Rash and sedation of varying degrees in several nursing infants
have been reported as a result of maternal consumption of bromides during
lactation (9–11). Although bromide-containing medications are no longer
available in the United States, these drugs may be available in other countries.
In addition, high maternal serum levels may be obtained from close, frequent
exposure to chemicals used in photographic developing. Women who are
breastfeeding and are exposed to such chemicals should be alert for symptoms
of sedation or drowsiness and unexplained rashes in their infants. Monitoring of
bromide levels in these women may be beneficial. Nursing is not recommended
for women receiving bromide-containing medications, although the American
Academy of Pediatrics classifies bromides as compatible with breastfeeding



(12).
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BROMOCRIPTINE
Endocrine/Metabolic Agent (Miscellaneous)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Bromocriptine apparently does not pose a significant risk to the fetus. The
pattern and incidence of anomalies are similar to those expected in a
nonexposed population.

FETAL RISK SUMMARY
Bromocriptine has been used during all stages of pregnancy. In 1982, Turkalj et
al. (1) reviewed the results of 1410 pregnancies in 1335 women exposed to
bromocriptine during gestation. The drug, used for the treatment of infertility as
a result of hyperprolactinemia or pituitary tumors including acromegaly, was
usually discontinued as soon as pregnancy was diagnosed. The mean duration
of exposure after conception was 21 days. The review included all reported
cases from 1973 (the year bromocriptine was introduced) through 1980. Since
then, 11 other studies have reported the results of treatment in 121 women
with 145 pregnancies (2–12). The results of the pregnancies in the combined
studies are as follows:

Total patients/pregnancies 1456/1555
Liveborn infants 1369 (88%)
Stillborn infants 5 (0.3%)
Multiple pregnancies (30 twins/3 triplets) 33*(2.1%)
Spontaneous abortions 66 (10.7%)
Elective abortions 26 (1.7%)
Extrauterine pregnancies 12 (0.8%)
Hydatidiform moles (2 patients) 3 (0.2%)
Pregnant at time of report-outcome unknown 10

A total of 48 (3.5%) of the 1374 liveborn and stillborn infants had detectable
anomalies at birth (1–12). This incidence is similar to the expected rate of



congenital defects found in the general population. In the review by Turkalj et
al. (1), the mean duration of fetal exposure to bromocriptine was similar
between children with congenital abnormalities and normal children. No
distinguishable pattern of anomalies was found. The malformations detected at
birth are shown below (number of infants indicated in parentheses):

Down’s syndrome (2)
Hydrocephalus and multiple atresia of esophagus and intestine (1)
Microcephalus/encephalopathy (1)
Omphalocele/talipes (1)
Pulmonary artery atresia (1)
Reduction deformities (4)
Renal agenesis (1)
Pierre Robin syndrome (1)
Bat ear and plagiocephalous (1)
Cleft palate (1)
Ear lobe deformity (1)
Head posture constrained (1)
Hip dislocation (aplasia of cup) (9)
Hydrocele (3)
Hydrocele/omphalocele (1)
Hypospadias (1)
Inguinal hernia (2)
Skull soft and open fontanella (1)
Single palmar crease (1)
Single umbilical artery (1)
Syndactyly (2)
Talipes (5)
Umbilical hernia (1)
Cutaneous hemangioma (4)
Testicular ectopia (1) (spontaneous correction at age 7 months)

Long-term studies on 213 children followed up to 6 years of age have shown
normal mental and physical development (1,2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 50 newborns had
been exposed to bromocriptine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (6%) major birth defects were observed
(two expected). Specific information was not available on the malformations,



but no anomalies were observed in six categories of defects (cardiovascular
defects, oral clefts, spina bifida, polydactyly, limb reduction defects, and
hypospadias) for which data were available. Based on a small number of
exposures, the data do not support an association between the drug and
congenital defects.

BREASTFEEDING SUMMARY
Since bromocriptine is indicated for the prevention of physiologic lactation,
breastfeeding is not possible during therapy (13,14). However, in one report, a
mother taking 5 mg/day for a pituitary tumor was able to breastfeed her infant
successfully (3). No effects on the infant were mentioned. Because
bromocriptine suppresses lactation, the American Academy of Pediatrics
classifies bromocriptine as a drug that should be given to nursing women with
caution (15).

*Two women with twins were also treated with clomiphene or gonadotropin.

References
1. Turkalj I, Braun P, Krupp P. Surveillance of bromocriptine in pregnancy. JAMA 1982;247:1589–91.
2. Konopka P, Raymond JP, Merceron RE, Seneze J. Continuous administration of bromocriptine in the

prevention of neurological complications in pregnant women with prolactinomas. Am J Obstet Gynecol
1983;146:935–8.

3. Canales ES, Garcia IC, Ruiz JE, Zarate A. Bromocriptine as prophylactic therapy in prolactinoma during
pregnancy. Fertil Steril 1981;36:524–6.

4. Bergh T, Nillius SJ, Larsson SG, Wide L. Effects of bromocriptine-induced pregnancy on prolactin-
secreting pituitary tumors. Acta Endocrinol 1981;98:333.

5. Yuen BH, Cannon W, Sy L, Booth J, Burch P. Regression of pituitary microadenoma during and
following bromocriptine therapy: persistent defect in prolactin regulation before and throughout
pregnancy. Am J Obstet Gynecol 1982;142:634–9.

6. Maeda T, Ushiroyama T, Okuda K, Fujimoto A, Ueki M, Sugimoto O. Effective bromocriptine treatment
of a pituitary macroadenoma during pregnancy. Obstet Gynecol 1983;61:117–21.

7. Hammond CB, Haney AF, Land MR, van der Merwe JV, Ory SJ, Wiebe RH. The outcome of pregnancy
in patients with treated and untreated prolactin-secreting pituitary tumors. Am J Obstet Gynecol
1983;147:148–57.

8. Cundy T, Grundy EN, Melville H, Sheldon J. Bromocriptine treatment of acromegaly following
spontaneous conception. Fertil Steril 1984;42:134–6.

9. Randall S, Laing I, Chapman AJ, Shalet SM, Beardwell CG, Kelly WF, Davies D. Pregnancies in
women with hyperprolactinaemia: obstetric and endocrinological management of 50 pregnancies in 37
women. Br J Obstet Gynaecol 1982;89:20–33.

10. Andersen AN, Starup J, Tabor A, Jensen HK, Westergaard JG. The possible prognostic value of serum
prolactin increment during pregnancy in hyperprolactinaemic patients. Acta Endocrinol 1983;102:1–5.

11. Van Roon E, van der Vijver JCM, Gerretsen G, Hekster REM, Wattendorff RA. Rapid regression of a
suprasellar extending prolactinoma after bromocriptine treatment during pregnancy. Fertil Steril
1981;36:173–77.

12. Crosignani P, Ferrari C, Mattei AM. Visual field defects and reduced visual acuity during pregnancy in
two patients with prolactinoma: rapid regression of symptoms under bromocriptine. Case reports. Br J



Obstet Gynaecol 1984;91:821–3.
13. Product information. Parlodel. Sandoz Pharmaceuticals, 1985.
14. Thorbert G, Akerlund M. Inhibition of lactation by cyclofenil and bromocriptine. Br J Obstet Gynaecol

1983;90:739–42.
15. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



BROMODIPHENHYDRAMINE
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BROMPHENIRAMINE
Antihistamine
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

In general, antihistamines are considered low risk in pregnancy. However,
exposure near birth of premature infants has been associated with an
increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 65 of
whom had 1st trimester exposure to brompheniramine (1, pp. 322–325). Based
on 10 malformed infants, a statistically significant association ( p <0.01) was
found between this drug and congenital defects. This relationship was not found
with other antihistamines. For use anytime during pregnancy, 412 exposures
were recorded (1, p. 437). In this group, no evidence was found for an
association with malformations.

The use of antihistamines in general (specific agents and dose not given)
during the last 2 weeks of pregnancy has been associated with an increased
risk of retrolental fibroplasia in premature infants (2). Infants weighing <1750 g,
who had no detectable congenital anomalies and who survived for at least 24
hours after birth, were enrolled in the multicenter National Collaborative Study
on Patent Ductus Arteriosus in Premature Infants conducted between 1979 and
1981 (2). After exclusions, 3026 infants were available for study. Exposures to
antihistamines and other drugs were determined by interview and maternal
record review. The incidence of retrolental fibroplasia in infants exposed to
antihistamines during the last 2 weeks of gestation was 22% (19 of 86)
vs. 11% (324 of 2940) in infants not exposed during this interval. Adjustment for
severity of disease did not change the estimated rate ratio.



BREASTFEEDING SUMMARY
A single case report has been located describing adverse effects in a 3-month-
old nursing infant of a mother consuming a long-acting preparation containing 6
mg of dexbrompheniramine and 120 mg of d-isoephedrine (3). The mother
began taking the preparation on a twice-daily schedule about 1 or 2 days
before the onset of symptoms in the infant. Symptoms consisted of irritability,
excessive crying, and disturbed sleeping patterns, which resolved
spontaneously within 12 hours when breastfeeding was stopped. One
manufacturer considers the drug to be contraindicated for nursing mothers (4).
The American Academy of Pediatrics noted the above adverse effects
observed with dexbrompheniramine plus d-isoephedrine, but classified the
combination as usually compatible with breastfeeding (5).
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BUDESONIDE
Respiratory Drug (Corticosteroid)
PREGNANCY RECOMMENDATION: Compatible (Inhaled/Nasal), No Human
Data—Animal Data Suggest Risk (Oral)
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Inhaled budesonide does not appear to represent a significant risk for
congenital defects in humans, but a small risk may exist between nasal
budesonide and cardiac defects. A small, but statistically significant,
increased risk for cleft lip with or without cleft palate has been reported for
corticosteroids (see Hydrocortisone). A similar risk for orofacial clefts was
observed with inhaled budesonide, but the number of exposed infants was
too small for statistical significance. The data from the manufacturer’s
postmarketing surveillance do not show a clustering of defects and thus, in
themselves, cannot be used as evidence of an increased risk for birth
defects. Surveillance reports of this type are important for detecting early
signals of major teratogens, but they have several difficulties. The primary
problems with these voluntary reports are their retrospective nature
(reported after the outcome is known), their selection bias (mainly adverse
outcomes are reported), and their lack of sufficient details on the mother,
her family history, her disease, and her pregnancy. Moreover, these data
cannot be used to determine true rates of outcomes.

During pregnancy, the benefits of treating allergic rhinitis with any
product, including budesonide, must be carefully weighed against the
potential risks of therapy. Consideration should be given to limiting
corticosteroid exposure, especially during the 1st trimester. In contrast,
poorly controlled asthma may result in adverse maternal, fetal, and
neonatal outcomes (1). Maternal complications include an increased risk of
preeclampsia, pregnancy-induced hypertension, hyperemesis gravidarum,
vaginal hemorrhage, and induced and difficult labors. Fetal and neonatal
adverse effects may be an increased risk of perinatal mortality, intrauterine
growth restriction (IUGR), prematurity, lower birth weight, and neonatal



hypoxia. Because controlling maternal asthma can ameliorate or prevent all
of these complications (1), the benefits of therapy outweigh the potential
risks of drug-induced teratogenicity or toxicity. Therefore, pregnant women
who require an inhaled corticosteroid, such as budesonide, for control of
their asthma should be counseled as to the risks and benefits of therapy,
but treatment should not be withheld because of their pregnancy.

FETAL RISK SUMMARY
Budesonide is an anti-inflammatory corticosteroid used in the maintenance
treatment of asthma as prophylactic therapy (Pulmicort Turbuhaler) or for the
management of symptoms of allergic rhinitis (Rhinocort Nasal Inhaler).
Pulmicort Turbuhaler delivers approximately 160 mcg of micronized budesonide
per actuation, whereas Rhinocort Nasal Inhaler delivers approximately 32 mcg
of micronized budesonide per actuation (2,3). The latter dose is suspended in a
mixture of propellants (dichlorodifluoromethane, trichloromonofluoromethane,
and dichlorotetrafluoroethane) and sorbitan trioleate.

Budesonide has potent glucocorticoid but weak mineralocorticoid activity.
Compared with hydrocortisone (cortisol), budesonide is 40 times more potent
when administered SC and 25 times more potent when given orally.
Approximately 34% of the delivered dose of Pulmicort and 21% of Rhinocort
are absorbed systemically (2,3).

Similar to other glucocorticoid agents, budesonide is administered to
pregnant rabbits at a SC dose about 0.33 times the maximum recommended
human daily inhalation dose based on BSA (MRHD) produced fetal loss, IUGR,
and skeletal anomalies (mostly delayed ossification of the vertebra and skull)
(2–4). In pregnant rats, a SC dose about 3 times the MRHD resulted in similar
outcomes. No teratogenic or embryocidal effects were observed in pregnant
rats administered inhalation doses up to about 2 times the MRHD (2,3).

No reports describing the placental transfer of budesonide have been
located. The relatively low molecular weight (about 431 for the butyraldehyde
formulation) and high lipid solubility suggest substantial placental transfer. The
actual amount of active budesonide reaching the fetus, however, may be small
because of the low systemic bioavailability after inhaled or nasal administration
(see above).

Data from the Swedish Medical Birth Registry involving 2014 infants whose
mothers had inhaled budesonide for asthma during early pregnancy were
reported in 1999 (5). Drug exposures were identified prospectively, before the



pregnancy outcomes were known. Among the mothers of the 2014 infants,
1675 also used β2-adrenergic agonists, 16 used other inhaled corticosteroids in
addition to budesonide, and 316 used no other antiasthmatic drug. A total of 76
infants (3.8%) in the exposed group had a congenital malformation, compared
with 3.5% for all infants born in 1995–1997. Major structural defects were
observed in 41 of the infants, whereas 35 infants had minor and/or variable
conditions. Five of the major defects were chromosomal anomalies. It is
unlikely that these were due to drug therapy (4). Four (expected 3.3) of the
major anomaly group had an orofacial cleft (median cleft palate [N = 2],
unilateral cleft lip [N = 1], and unilateral cleft lip and palate [N = 1]) (relative risk
1.2, 95% confidence interval [CI] 0.3–3.1) (4). Among the major and minor
defects, 18 (expected 17–18) involved the heart, including 2 premature infants
with patent ductus arteriosus (both categorized as minor defects). The other
cardiac malformations were as follows: ventricular septal defects (VSD) with or
without other anomalies (N = 11); atrial septal defects with or without other
anomalies (N = 4); and unspecified cardiac defect (N = 1). Only two of the
cases with VSD, one with transposition of the great vessels and another with
tricuspidal atresia (both successfully repaired), were reported to the Swedish
Child Cardiology Registry (expected number 5.6). Because the other 16 cases
were not reported, the authors concluded that the defects were mild and of
little clinical significance (5).

The above Registry was updated in 2003 (6). There were now 2968 mothers
who had used inhaled budesonide in early pregnancy and gave birth to infants
with normal gestational age, birth weight, and length. There also was no
increase in rate of stillbirths. The study was not designed to detect birth
defects (6).

Twenty-one pregnancies in which the woman received an active drug were
reported to the manufacturer during clinical trials of Pulmicort Turbuhaler (A.
Marants, personal communication, Astra Pharmaceuticals, 1999). Two of the
pregnancies were terminated voluntarily, 1 woman had a miscarriage, 3 had
unknown outcomes, 13 delivered normal infants, and 2 delivered infants with
congenital malformations. In one case, the 27-year-old mother was receiving
budesonide 1600 mcg/day at conception. She was also taking prednisone 10
mg/day and a combination oral contraceptive (levonorgestrel + ethinyl
estradiol). Although the reason for early delivery was not specified, a female
infant with coarctation of the aorta was delivered by cesarean section at 30
weeks’ gestation. The infant was scheduled for surgical repair of the defect. In
the second case, a 41-year-old mother used budesonide inhaler for 22 days



(dosage unknown) before discontinuing it because of her pregnancy. Seven
months later, she delivered a female infant with double-sided maxillary clefts,
double digits of the left hand, and persistent fetal circulation (i.e., patent ductus
arteriosus). The infant died at 8 days of age.

The infant outcomes of five asthmatic women who used budesonide during
pregnancy were described in retrospective postmarketing reports to the
manufacturer (A. Marants, personal communication, Astra Pharmaceuticals,
1999). Only limited data were available for each pregnancy. The first case
involved a 36-year-old woman, treated with an unknown dose of budesonide
combined with a β2-adrenergic agonist (albuterol), who delivered an
anencephalic infant. In the second case, a 32-year-old woman administering
budesonide 1600 mcg/day gave birth to a healthy 2.65-kg baby. A 33-year-old
woman was treated with four antiasthmatic agents during gestation, including
budesonide 1600 mcg/day, an oral corticosteroid (name not specified), a β2-
adrenergic agonist (not specified), and theophylline. She gave birth to a female
infant with agenesis of the left foot who was otherwise healthy. Another 33-
year-old woman being treated with budesonide 1600 mcg/day, phenobarbital,
and terbutaline (a β2-adrenergic agonist) delivered an infant with cleft palate,
an unspecified cardiac defect, and hydrocephalus. Finally, IUGR and
oligohydramnios were noted in a pregnancy of a 36-year-old woman who was
being treated with budesonide 400 mcg/day, salmeterol (an inhaled β2-
adrenergic agonist), and terfenadine (an antihistamine). She gave birth to a
growth-restricted infant (2.0 kg) who had multiple malformations, including a
diaphragmatic hernia, renal hypoplasia, and a VSD. The infant died on the day
of birth.

A 2003 case–control study, using data from three Swedish health registers,
was conducted to identify drug use in early pregnancy that was associated with
cardiac defects (7). Cases of cardiovascular defects without known
chromosome anomalies (N = 5015) were compared with controls consisting of
all infants born in Sweden (1995–2001) (N = 577,730). Associations were
identified for several drugs, some of which were probably due to confounding
from the underlying disease or complaint or multiple testing, but some were
thought to be true drug effects. For all inhaled corticosteroids, there were 66
cases in 7404 exposures (odds ratio [OR] 1.05, 95% CI 0.82–1.34). For
inhaled budesonide, there were 16 cases in 6557 exposures (OR 1.12, 95% CI
0.87–1.44). For all nasal corticosteroids, there were 31 cases among 2872
exposures (1.24, 95% CI 0.87–1.78), but 28 of the cases involved nasal
budesonide (2230 exposures) (1.45, 95% CI 0.99–2.10). Restricting the



analysis of nasal budesonide to less severe defects increased the probability of
an association (OR 1.58, 95% CI 1.02–2.46), as also was seen with
unspecified cardiovascular defects (OR 2.39, 95% CI 0.96–4.92). The risk for
ventricular and atrial septum defects were 1.67 (95% CI 0.99–2.81) and 2.18
(95% CI 0.71–5.08), respectively (7).

A 2004 study examined the effect of inhaled corticosteroids on low birth
weight, preterm births, and congenital malformations in pregnant asthmatic
patients (8). The inhaled steroids and the number of patients were
beclomethasone (N = 277), fluticasone (N = 132), triamcinolone (N = 81),
budesonide (N = 43), and flunisolide (N = 25). Compared with the general
population, the study found no increased incidence of small-for-gestational-age
infants (<10th percentile for gestational age), low birth weight (<2500 g),
preterm births, and congenital malformations (8).

A 2006 meta-analysis on the use of inhaled corticosteroids during pregnancy
was published in 2006 (9). The analysis included five agents: beclomethasone,
budesonide, flunisolide, fluticasone, and triamcinolone. The results showed that
these agents do not increase the risk of major congenital defects, preterm
delivery, low birth weight, and pregnancy-induced hypertension. Thus, they
could be used during pregnancy (9).

A 2007 report described the use of inhaled budesonide in 42 pregnant
women (10). No effects on fetal growth or pregnancy outcomes were observed
in these patients. Although most synthetic corticosteroids are partially
metabolized by placental enzymes, budesonide was not (10).

BREASTFEEDING SUMMARY
The relatively low molecular weight (about 431 for the butyraldehyde
formulation) and the high lipid solubility predict excretion of systemic
budesonide into milk. However, the systemic bioavailability of budesonide
following inhalation therapy is relatively low (see section above), thus, the
actual amount in milk also may be low. The results of the below study are
consistent with this assessment.

In a 2007 study, milk and plasma budesonide concentrations were measured
in eight mothers receiving maintenance treatment with Pulmicort Turbuhaler
(200 or 400 mcg twice daily) (11). Plasma concentrations also were measured
in their breastfeeding infants. The mean milk:plasma ratio was 0.46. For both
dose levels, the estimated daily infant dose was 0.3% of the daily maternal
dose. The average plasma concentrations in nursing infants was estimated to
be 1/600th of the maternal concentration (all infant levels were less than the



limit of quantification), assuming 100% bioavailability in the infants. The authors
concluded that their data supported continued use of inhaled budesonide during
breastfeeding (11).
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BUMETANIDE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No published reports on the use of bumetanide in human pregnancy have
been located, but the diuretic has been recommended for the treatment of
the nephrotic syndrome occurring during pregnancy (1). Diuretics are not
recommended for the treatment of gestational hypertension because of the
maternal hypovolemia characteristic of this disease.

FETAL RISK SUMMARY
Bumetanide is a potent loop diuretic that is similar in action to furosemide; it
shares the same indications and precautions for use during gestation as this
latter diuretic (see also Furosemide).

The drug is not teratogenic in rats, mice, hamsters, or rabbits (2,3). In rats,
doses 3400 times the maximum therapeutic human dose (MTHD) had a slight
embryocidal effect, produced fetal growth restriction, and increased the
incidence of delayed ossification of sternebrae (3). In rabbits, which are more
sensitive to the effects of bumetanide than other test species, doses 3.4 times
the MTHD were slightly embryocidal. At doses 10 times the MTHD, an
increased embryocidal effect was observed, as well as an increased incidence
of delayed ossification of sternebrae (3).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 44 newborns had
been exposed to bumetanide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (4.5%) major birth defects were observed
(two expected), both of which were cardiovascular defects (0.4 expected).

BREASTFEEDING SUMMARY



No reports describing the use of bumetanide during human lactation have been
located. Bumetanide probably is compatible with breastfeeding but, in general,
diuretics should be used cautiously during nursing because they may suppress
lactation.
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BUPRENORPHINE
Narcotic Agonist-Antagonist Analgesic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Buprenorphine is a potent narcotic agonist and antagonist that has been
used during human pregnancy for analgesia immediately prior to delivery in
a small number of cases. One pregnancy case has been located in which
the drug was given as a narcotic substitute for heroin dependency.
Neonatal withdrawal was observed, but the symptoms were less than that
expected with methadone. Animal studies have demonstrated dose-related
maternal, embryo, and fetal toxicity and dose-related behavioral changes in
offspring, but no congenital malformations. Although the lack of congenital
anomalies is reassuring, the behavioral changes in animals combined with
the absence of published early human pregnancy experience prevent an
assessment of the risk that this drug presents to the embryo or fetus.
Because there is substantially more published human pregnancy experience
for other narcotic analgesics, they are preferred to buprenorphine,
especially during early gestation. Buprenorphine may have a role as
substitution therapy for maternal heroin addiction, but additional reports are
needed to define its pregnancy safety profile before this use can be
recommended.

FETAL RISK SUMMARY
Buprenorphine, an analgesic that possesses both narcotic agonist and
antagonist activity, is approximately 33 times more potent than morphine (0.3-
mg buprenorphine is equivalent to 10-mg morphine in analgesic and respiratory
depressant effects). Although a sublingual formulation is available in other
countries, only parenteral buprenorphine has been approved for general use in
the United States. The human adult dose is 0.3–0.6 mg IM or IV repeated up to



every 6 hours (0.017–0.034 mg/kg/day for a 70-kg person).
Buprenorphine is currently under investigation as an alternative to methadone

maintenance treatment of narcotic dependence (1–3). The drug has also been
studied as an alternative to cocaine, but it is apparently not effective for this
use (2). Although these trials have not yet included pregnant women, the
advantages of buprenorphine over methadone during gestation may include less
respiratory depression at high doses, less toxicity from overdose, less severe
withdrawal after abrupt discontinuance of the drug, and potentially less abuse
liability (1,2). Of interest, however, abuse of buprenorphine, often concurrently
with opiates, has been reported outside of the United States (4,5). One of
these latter citations reported frequent abuse of buprenorphine by pregnant
women but provided no outcome data (4).

Reproduction studies in rats and rabbits have been conducted (6–12). No
fetal adverse effects were observed in rats and rabbits when their mothers
were administered doses up to 5 mg/kg IM during organogenesis (6). Shepard
(7) cited a study in which fetal growth restriction, but not congenital defects,
was observed in rats exposed to maternal doses of >0.05–5 mg/kg/day (about
3–300 times the recommended human dose [RHD]) given after implantation
through delivery. Rat fetuses exposed to 5 mg/kg/day in the last week of
pregnancy had a reduced survival rate after delivery (7). As reported by the
manufacturer, no major congenital malformations were observed in rats given
doses of 10–1000 times (SC or IM) or 160 times (IV) the RHD, but significant
increases in postimplantation losses and early fetal deaths were noted with IM
doses of 10 and 100 times the RHD (8). A slight increase in postimplantation
losses was also observed with IV doses of 40 and 160 times the RHD. In
rabbits, IM doses produced a dose-related increase in extra rib formation that
was statistically significant at 1000 times the RHD (8). Rats pups exposed in
utero throughout gestation to maternal doses of buprenorphine, 1 and 2
mg/kg/day SC, had reduced survival. Minimal effects were observed on the
endogenous opioid system, however, as determined by a comparison of the
brain enkephalin levels of buprenorphine-exposed pups to those in methadone-
exposed pups (9).

In a study involving pregnant rats, buprenorphine was administered by a
continuous infusion in doses of 0.3, 1.0, and 3.0 mg/kg/day from day 8 of
gestation through parturition (10). At these doses, no evidence of significant
maternal toxicity was observed, nor were there any significant effects on the
offspring in terms of morbidity and mortality, birth weight, and postnatal growth
(up to 60 days) (10). In a second publication by these researchers, using the



same drug-administration technique and animal type described above, no
disruption in the rest–activity cycle was observed in the exposed offspring at 22
and 30 days of age (11).

The long-term effects on sexual differentiation in rats exposed in utero to
maternal injections of buprenorphine, 0.3 or 0.6 mg/kg every 48 hours from day
6 to day 20 of gestation, were described in a study published in 1997 (12).
Compared with controls and the lower-dose group, spontaneous parental
behavior (at 23–28 days of age) and the expected sex difference in the
consumption of a 0.25% saccharin solution (at 42–55 days of age) were
impaired in the 0.6-mg/kg-exposed offspring. The authors concluded that the
higher dose of buprenorphine produced long-term adverse effects on behavior
(12).

As suggested by the molecular weight of the free base (about 468),
buprenorphine crosses the placenta to the fetus. In a 1997 case report, a 24-
year-old woman was treated with buprenorphine 4 mg/day for heroin addiction,
starting in the 4th month of pregnancy (13). Frequent tests during the
remainder of the pregnancy and at delivery confirmed her rapid withdrawal
from heroin. Except for buprenorphine, all tests were negative for opiates,
cocaine, cannabis, and amphetamines. An apparently normal female infant
(birth weight not specified) was delivered at 39 weeks’ gestation. Apgar scores
were 10 and 10 at 1 and 10 minutes, respectively. High levels of buprenorphine
and its metabolite were measured in the newborn approximately 20 hours after
birth. Maternal trough serum concentrations of buprenorphine and the
metabolite, norbuprenorphine, obtained a few days before delivery were 0.3
and 2.3 ng/mL, respectively. Parent drug and metabolite concentrations in the
meconium were 107 and 295 ng/g, respectively. Levels of drug and metabolite
were, respectively, 1.9 and 1.7 ng/mL in the newborn’s serum and 36.8 and
61.1 ng/mL in the newborn’s urine. The estimated cord:maternal serum ratio
was 6.3, whereas the ratio for the metabolite was 0.7. A weak withdrawal
syndrome was observed at 48 hours of age with an adapted Finnegan score
(used to evaluate the intensity of withdrawal syndromes; range 0–40) of 12
(13). Symptoms, which resolved without therapy, consisted of agitation, sleep
disturbance, tremor, yawning, noisy breathing, and a slight fever (13). The
Finnegan score fell to 8 at 3 days of age and was normal by 6 days of age.

The effect of epidural buprenorphine combined with bupivacaine has been
compared with epidural combinations of bupivacaine and morphine, fentanyl,
sufentanil, and oxymorphone for analgesia during and after cesarean section
(14–17). The analgesic effects of the narcotic agents were similar, but



buprenorphine caused a significant increase in maternal vomiting (14–16). No
adverse neonatal effects were observed in the two studies that used
buprenorphine before delivery (14,17).

The use of sublingual buprenorphine for labor pain in 34 primigravida women
was described in a 1992 report (18). Each patient received a single 6-mcg/kg
dose during the first stage of labor. No effects were observed on the
progression of labor and none of the women had nausea or vomiting. Similarly,
no changes in fetal heart rate (range 138–150 beats/minute) were observed.
Buprenorphine produced no neonatal depression as evidenced by the average
Apgar scores (range not specified) at 1 and 5 minutes of 9.71 and 9.94,
respectively.

BREASTFEEDING SUMMARY
Buprenorphine is excreted into human milk. In a 1997 case report (see above),
a 24-year-old former heroin addict on buprenorphine maintenance therapy (4
mg/day) gave birth to an apparently normal female infant at 39 weeks’
gestation (13). She continued taking buprenorphine while nursing her infant. At
4 weeks of age, buprenorphine and its metabolite, norbuprenorphine, were
determined in her milk at each feeding over a 24-hour period. The volume of
milk drunk was estimated by weighing the infant before and after the feedings.
Although the specific milk concentrations were not provided, the authors
estimated that the total doses of drug and metabolite ingested by the infant
over the 24-hour period were 3.28 and 0.33 mcg, respectively. No withdrawal
symptoms in the infant were observed when lactation was abruptly interrupted
at 8 weeks of age.

A study published in 1997 described the effects of continuous extradural
bupivacaine and buprenorphine on analgesia and breastfeeding in 20 healthy
women who had undergone a cesarean section at term (19). The study group
(N = 10) received a 5-mL bolus of bupivacaine 0.25% with 200 mcg of
buprenorphine extradurally at cord clamping, followed by a continuous
extradural infusion of bupivacaine (0.25%) and buprenorphine (12 mcg/mL)
infused at 0.7 mL/hour for 3 days. The control group (N = 10) received the
same bolus and continuous infusion, but without the buprenorphine. There were
no significant differences in visual analog pain scores between the groups at 2
hours, 1 day, and 2 days, but the controls received significantly more
supplemental diclofenac (a nonsteroidal anti-inflammatory agent) during the 2-
day period (mean 25 vs. 5 mg, p <0.05). The weight of breast milk ingested at
each feeding was estimated by weighing the infant before and after each



feeding. Compared with the control group, the buprenorphine group ingested
significantly less milk each day (starting at day 3), and the infant’s daily weight
as a percentage of birth weight was significantly less starting at day 7. In both
effects, the significant differences continued up to 11 days, near the time of
discharge from the hospital. The investigators speculated that the differences
between the two groups might be due to CNS depression in the mother and
infant. Although one author thought the stress of the prolonged hospital stay
may have depressed the breastfeeding (20), the investigators responded that
long hospital stays are normal in Japan and, if stress is a factor, would have
affected both groups similarly (19).

Because buprenorphine is excreted into milk and because depression of the
nursing infant resulting in lower weight gain is a possibility, mothers receiving
buprenorphine should probably not breastfeed. If breastfeeding is undertaken,
the mother should be advised of the potential risk to her infant.
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BUPROPION
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data Suggest Low
Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal and most of the human data suggest low risk. Although
increased rates of heart defects were reported in two studies, this
outcome has not been confirmed by other studies. One study found a
strong association between bupropion use in pregnancy and attention
deficit/hyperactivity disorder (ADHD) in offspring, but cigarette smoking
was a potential confounder. Additional research is required to clarify this
risk. If a woman requires bupropion, she should be informed of the
potential risks, but the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Bupropion is a unique antidepressant of the aminoketone class that differs from
other antidepressants in that it does not inhibit monoamine oxidase and does
not alter the reuptake of norepinephrine or serotonin. Anticholinergic effects are
much less frequent and less severe than those observed with other
antidepressants. The drug is extensively metabolized with three active
metabolites, but the antidepressant activity has not been fully characterized.
Plasma protein binding of bupropion and one metabolite is 84%, whereas the
binding of a second active metabolite is about half that of bupropion. The
elimination half-lives of the three active metabolites range from 20 to 37 hours
(1).

Reproduction studies in rats and rabbits at doses up to about 7–11 times the
maximum recommended human dose based on BSA (MRHD) revealed no clear
evidence of impaired fertility or fetal harm. However, in rabbits, a slight
increase in the incidence of fetal malformations and a reduction in fetal weight
was observed at doses ≥MRHD (2).



Bupropion caused an increase in nodular proliferative lesions of the liver in
rats, but not mice, in lifetime carcinogenicity studies. No increase in malignant
tumors of the liver or other organs was observed in either species. Bupropion
was mutagenic in one test. In rats, a dose about 11 times the MRHD caused
chromosomal aberrations (2).

Consistent with its molecular weight (about 240 for the free base), bupropion
crosses the human placenta. In a 2010 report, healthy term placentas were
used to determine the transplacental transfer and metabolism of bupropion (3).
Following a 4-hour infusion, the amounts of bupropion in the maternal and fetal
circulations and in the placenta were 32%, 20%, and 48%, respectively. The
amount retained by the placenta was metabolized to threohydrobupropion, one
of the active metabolites. The ratio of metabolite to parent compound in the
three sites was 0.08, 0.07, and 0.06, respectively (3). In a second report from
these investigators, it was found that the placenta metabolized bupropion to all
three active metabolites (4). Human placental 11β-hydroxysteroid
dehydrogenase was the primary enzyme involved, but CYP2B6 also had
activity. Significantly higher amounts of the three active metabolites were
measured in the placentas of women who smoked ≥20 cigarettes/day
compared with those who smoked ≤10 cigarettes/day and nonsmokers (4).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, three newborns
had been exposed to bupropion during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (none
expected).

A prospective comparative study in 136 women exposed to bupropion (for
depression or smoking cessation) was published in 2005 (5). The pregnancy
outcomes of 105 live births included no major malformations, mean birth weight
of 3450 g, mean gestational age of 40 weeks, 20 spontaneous abortions
(SABs), 10 elective abortions (EABs), and 1 stillbirth. There also was one
neonatal death after delivery at 22 weeks because of abruptio placenta.
Compared with nonteratogen-exposed controls, only the number of SABs
(14.7% vs. 4.5%; p = 0.009) and EABs (7.4% vs. 0.75%; p = 0.015) were
significantly increased. In a subanalysis, there were no significant differences
when women taking bupropion for depression (N = 91) were compared with a
group using other antidepressants and a nonteratogen exposed group (5).

A 2005 meta-analysis of seven prospective comparative cohort studies
involving 1774 patients was conducted to quantify the relationship between
seven newer antidepressants and major malformations (6). The



antidepressants were bupropion, fluoxetine, fluvoxamine, nefazodone,
paroxetine, sertraline, and trazodone. There was no statistical increase in the
risk of major birth defects above the baseline of 1%–3% in the general
population for the individual or combined studies (6).

The final report of the Bupropion Pregnancy Registry, covering the period
September 1, 1997, through March 31, 2008, was issued in August 2008 (7).
The Registry was closed to new enrollments on November 1, 2007. The
Registry prospectively (before the pregnancy outcome was known) enrolled
1597 pregnancies exposed to bupropion. Among these cases, 31 were still
pregnant, 572 were lost to follow-up, and there were 1005 known outcomes
(includes 9 sets of twins and 1 set of triplets). The number of outcomes
involving earliest exposure in the 1st, 2nd, or 3rd trimester were 806, 147, and
52, respectively. The outcomes of those with earliest exposure in the 1st
trimester included 651 live births without defects, 96 SABs, 33 EABs, and 2
fetal deaths, and outcomes with defects included 18 live births, 5 EABs, and 1
fetal death. For earliest exposure in the 2nd trimester, outcomes without
reported defects were 142 live births, 1 SAB, and 1 EAB, and outcomes with
defects 3 live births. Among exposures in the 3rd trimester, there were no
defects in 51 live births and 1 fetal death. After excluding EABs and fetal
deaths without known defects and all SABs, the proportion of birth defects with
earliest exposure in the 1st trimester was 3.6% (95% confidence interval [CI]
2.3–5.3). The proportion of birth defects with earliest exposure in the 2nd
trimester was 2.1% (95% CI 0.5–6.4) (7).

There were 28 outcomes, 25 with earliest exposure in the 1st trimester, with
birth defects reported retrospectively (after the pregnancy outcome was
known) (7). Although retrospective reports are usually biased, reporting
adverse outcomes and not normal infants, nine of the defects involved the heart
and great vessels. The Registry has noted the increased number of cardiac
defects in the prospective and retrospective groups. However, the relatively
small sample size, the potential bias from the large percentage of cases lost to
follow-up, and the incomplete descriptions of the defects prevented determining
if the data reflect a potential drug effect on the developing cardiovascular
system (7).

Required statement: Committee consensus. After reviewing the 1005
prospectively reported pregnancy outcomes, the Bupropion Pregnancy
Registry Advisory Committee concludes the Registry has successfully met its
primary purpose which was to exclude a major teratogenic effect in



pregnancies inadvertently or intentionally exposed to any formulation of
bupropion. The Registry was not designed to exclude an increase in the risk
of specific defects (5).

A study published in 2007 was conducted to determine if bupropion exposure
in the 1st trimester was associated with congenital malformations (8). Using
data collected in 1995–2004, the prevalence of structural defects in 1213
infants exposed to bupropion in the 1st trimester was compared with 4743
infants exposed to other antidepressants and to 1049 infants exposed to
bupropion after the 1st trimester. For all congenital anomalies, the prevalence
in the 1st trimester bupropion group was 23.1/1000 infants, adjusted odds ratio
(AOR) 0.95 (95% CI 0.62–1.45) and 1.00 (95% CI 0.57–1.73) in comparison
to other antidepressants (prevalence 23.2/1000) and bupropion exposure after
the 1st trimester (prevalence 21.9/1000), respectively. For cardiovascular
anomalies, the prevalence for 1st trimester bupropion exposure was 10.7/1000,
AOR 0.97 (95% CI 0.52–1.80) and 1.07 (95% CI 0.48–2.40) compared with
other antidepressants (prevalence 10.8/1000) and bupropion exposure after the
1st trimester (prevalence 9.5/1000), respectively. The results did not support a
hypothesis of a teratogenic effect of 1st trimester exposure to bupropion (8).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (9). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 113 bupropion cases,
the other cases were 184 citalopram, 21 escitalopram, 61 fluoxetine, 52
fluvoxamine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio [OR]
0.9, 95% CI 0.5–1.61). There were no major defects in the pregnancies
exposed to bupropion, escitalopram, or trazodone (9).

A National Birth Defects Prevention Study to determine if bupropion was
associated with congenital heart defects was published in 2010 (10). The
retrospective case–control study compared 6853 infants with major heart
defects with 5869 control infants. Bupropion exposure was defined as any
reported use between 1 month before and 3 months after conception. Case
infants were more likely to have left outflow tract defects than control infants
(OR 2.6, 95% CI 1.2–5.7). The authors noted that additional studies were



required to confirm their results (10).
Another study published in 2010 found a significant association between

bupropion use in pregnancy and ADHD in offspring (11). A claims-based
dataset was used to identify 431 (1.13%) children, from 38,074 families, who
had a diagnosis or treatment for ADHD at or before 5 years of age. The
average maternal age at delivery was 31 years. Maternal age was not
associated with ADHD in offspring, but male children were more likely to have
ADHD (OR 2.79, p <0.001). Significant associations were found between the
presence of ADHD in children and a diagnosis of ADHD in the mother (OR
4.15, p <0.001) or father (OR 3.54, p <0.001). This finding was consistent with
the known strong inheritance of the disorder. Significant associations with
ADHD in offspring were also found for the mother, but not the father, for
diagnosis of bipolar disorder (OR 5.08, p <0.001), psychotic disorder (OR
4.05, p = 0.02), or depression (OR 2.58, p <0.001). Exposure to bupropion,
especially in the 2nd trimester (OR 14.66, p <0.001) was associated with
ADHD in children, but selective serotonin reuptake inhibitors (SSRIs) were not
(OR 0.91, p = 0.74). Because cigarette smoking during pregnancy has been
related to ADHD (see also Cigarette Smoking) and bupropion is used in
smoking cessation programs, the author noted that this was a potential
confounder. Women taking bupropion before or after pregnancy did not have a
higher risk for having children with ADHD (11).

BREASTFEEDING SUMMARY
Bupropion is excreted into breast milk. A 37-year-old lactating woman was
treated with 100 mg of bupropion 3 times daily (12). She was nursing her 14-
month-old infant twice daily at times corresponding to 9.5 and 7.5 hours after a
dose. Peak milk concentrations of bupropion occurred 2 hours after a 100-mg
dose with a value of 0.189 mcg/mL, but the peak plasma level measured,
0.072 mcg/mL, occurred at 1 hour. The milk:plasma (M:P) ratios at 0, 1, 2, 4,
and 6 hours after a dose were 7.37, 2.49, 4.31, 8.72, and 6.24, respectively.
Two metabolites, hydroxybupropion and threohydrobupropion, were also
measured with peak concentrations of both occurring at 2 hours in milk and
plasma. The milk concentration ranges for the two metabolites were milk levels
0.093–0.132 and 0.366–0.443 mcg/mL, respectively, whereas the M:P ratios
were 0.09–0.11 and 1.23–1.57, respectively. The levels of a third metabolite,
erythrohydrobupropion, were too low to be measured in breast milk (test
sensitivity 0.02 mcg/mL). No adverse effects were observed in the infant nor
was any drug or metabolite found in his plasma, an indication that accumulation



had not occurred (12).
Two breastfeeding mothers, one at 15 weeks after birth and the other at 29

weeks, were being treated with bupropion, 75 mg twice daily and sustained
release (SR) 150 mg daily, respectively (13). The drug was at steady state in
both mothers. Neither bupropion nor its metabolite (hydroxybupropion) was
detectable in the infants. No adverse effects were observed in the infants (13).

A 2004 report described the excretion of bupropion and its three active
metabolites into breast milk in 10 mothers an average 12.5 months after birth
(14). The average weight of the mothers was 59.4 kg. All had stopped
breastfeeding and none had taken bupropion before the study. The dose during
the study was SR 150 mg/day for 3 days, then SR 300 mg/day for 4 days, and
samples were collected on day 7. Milk samples were collected with an electric
breast pump. The calculated average bupropion dose in milk, based on
150 mL/kg/day, was 6.75 mcg/kg/day or 0.14% of the mother’s weight-
adjusted dose. The average M:P ratios of bupropion and the three active
metabolites (hydroxybupropion, erythrohydrobupropion, and
threohydrobupropion) were 2.8, 0.1, 0.9, and 1.2, respectively. The estimated
daily infant doses of the metabolites were 15.75, 10.80, and 68.85
mcg/kg/day, respectively (14).

Seizures were reported in a 6-month-old breastfeeding infant whose mother
had just started SR bupropion 150 mg/day (15). The 31-year-old mother, a
pediatrician, had taken the agent for depression before pregnancy but had
discontinued it before conception. She continued off the drug throughout
pregnancy and while nursing her female infant. At 6 months postpartum, she
restarted bupropion because of increasing depression. She had taken two
doses, about 36 hours apart, when about 72 hours after the first dose she
observed the infant arching her back, rolling her eyes, and smacking her lips for
about 10–15 seconds. The mother thought the infant was having a seizure.
Following this event, the mother observed a 5–10 minute postictal state that
included staring and nonresponsiveness. Later examination of the infant at a
specialty pediatric seizure clinic revealed a normal physical examination and
laboratory tests, as well as an unremarkable electroencephalogram. Neither
infant nor maternal bupropion levels were obtained. The mother stopped the
drug and continued to nurse with no further seizure activity noted over the next
6 weeks. Because rare seizures have occurred in adults taking the
antidepressant, the seizures were attributed to the drug (15).

A 2009 report described bupropion concentrations, but not of metabolites, in
the breast milk, serum, and urine of four nursing mothers taking SR 150–300



mg/day at steady state (16). The samples were collected a mean 13 days
after birth. The mean peak and trough milk concentrations were 64.1 and 9.2
ng/mL, respectively, whereas the mean M:P ratio was 1.3. Infant serum levels
were not checked. In two infants, urine levels of bupropion were not detected
(<10 ng/mL) but, in a third infant, born 5.5 weeks prematurely, the bupropion
concentration was 41.0 ng/mL. The mean infant dose as a percentage of the
mother’s weight-adjusted dose was 5.7% (16).

The elevated (>1) M:P ratios for bupropion in the three studies above are
consistent with the accumulation in milk observed with weak bases (i.e., ion-
trapping). A 1996 review of antidepressant treatment during breastfeeding
found no information that bupropion exposure during nursing resulted in
quantifiable amounts in an infant or that the exposure caused adverse effects
(17). The case above that observed seizures may or may not have been
related to bupropion. The reported experience in breastfeeding mothers taking
bupropion is too limited to determine the relationship. Nevertheless, nursing
mothers and their caregivers should be aware of this possible complication.
The American Academy of Pediatrics classifies bupropion as a drug whose
effect on the nursing infant is unknown but may be of concern (18).
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BUSPIRONE
Sedative
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although no drug-induced congenital malformations have been observed
after 1st trimester exposure to buspirone, the data are too limited to
assess the safety of the drug in human pregnancy. The cause of the
intrauterine death cited below is unknown. Moreover, that study lacked the
sensitivity to identify minor anomalies because of the absence of
standardized examinations. Late-appearing major defects, including
neurobehavior effects, may also have been missed due to the timing of the
questionnaires.

FETAL RISK SUMMARY
Buspirone is an antianxiety agent that is unrelated chemically and
pharmacologically to other sedative and anxiolytic drugs. Reproduction studies
in rats and rabbits at doses approximately 30 times the maximum
recommended human dose revealed no fertility impairment or fetal adverse
effects (1).

A 1993 report described the use of buspirone, in combination with four other
agents, all started before conception, in a pregnant woman with major
depression, a coexisting panic disorder, and migraine headaches (2). The
pregnancy was electively terminated after 12 weeks, resulting in the delivery of
a male fetus with normal organ formation and a normal placenta. No
dysmorphology was observed during the complete macroscopic and
microscopic examination, including a normal 46,XY karyotype.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 42 newborns had
been exposed to buspirone during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). One (2.4%) major birth defect was observed (two
expected). The anomaly was not included in six defect categories for which
specific data were available (cardiovascular defects, oral clefts, spina bifida,
polydactyly, limb reduction defects, and hypospadias).

A 1998 non-interventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (3). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Buspirone was taken during the 1st
trimester in 16 pregnancies. The outcomes of these pregnancies included 2
elective abortions, 1 intrauterine death, 12 normal term babies, and 1 newborn
with a genetic defect (cystic fibrosis) (3).

In a 1998 case report, a 32-year-old woman with bipolar disorder took
buspirone, fluoxetine, and carbamazepine (see Breastfeeding Summary for
doses and further details) throughout gestation (4). At 42 weeks’ gestation she
gave birth to a healthy, normally developed 3940-g female infant. The mother
continued her medications for 3 weeks while exclusively breastfeeding the
infant. She reported seizure-like activity in her infant at 3 weeks, 4 months, and
5.5 months of age (4).

BREASTFEEDING SUMMARY
One report has investigated the excretion of buspirone into human milk. In this
1998 case report, a 32-year-old woman with bipolar disorder took buspirone
(45 mg/day), fluoxetine (20 mg/day), and carbamazepine (600 mg/day)
throughout pregnancy and during the first 3 weeks postpartum (4). She
reported seizure-like activity in the infant at 3 weeks, 4 months, and 5.5 months
of age. Breast milk, maternal serum, and infant serum were evaluated for
buspirone on postpartum day 13, but the drug was not detected in any of the
samples (test sensitivity not reported). Similar evaluations were conducted for
fluoxetine, norfluoxetine, and carbamazepine on days 13 and 21 postpartum
(see Fluoxetine and Carbamazepine for results). A neurologic examination of
the infant, which included electroencephalography, was within normal limits. The
authors were unable to determine the cause of the seizure-like activity, if it had
indeed occurred (none of the episodes had been observed by medical



personnel) (4).
Although buspirone was not detected in breast milk or maternal and infant

serum in the above case, the timing of the samples in relation to the mother’s
ingestion of the drug and the test sensitivity were not specified. Therefore,
because other agents in this pharmacologic class are excreted into milk (e.g.,
see Diazepam), the excretion of buspirone, at least to some degree, should still
be expected.

Because of the potential for CNS impairment in a nursing infant, maternal use
of the drug, especially for prolonged periods, should be undertaken cautiously,
if at all. The American Academy of Pediatrics classifies other antianxiety agents
as drugs whose effects on the nursing infant are unknown, but may be of
concern because effects on the developing brain may not be apparent until later
in life (5).
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BUSULFAN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Busulfan is a human teratogen when used during organogenesis.

FETAL RISK SUMMARY
Busulfan is an alkylating antineoplastic agent. Reproductive studies in pregnant
rats revealed that the drug produced sterility in both male and female offspring
due to the absence of germinal cells in testes and ovaries (1).

The use of busulfan has been reported in at least 49 human pregnancies, of
which 31 were treated in the 1st trimester (2–10). One of these references
reviewed eight earlier cases that are included in the above totals (9).
Malformations in six infants were: unspecified malformations, aborted at 20
weeks; anomalous deviation of left lobe liver, bilobar spleen, pulmonary
atelectasis; pyloric stenosis; cleft palate, microphthalmia, cytomegaly,
hypoplasia of ovaries and thyroid gland, corneal opacity, intrauterine growth
restriction (IUGR); myeloschisis, aborted at 6 weeks; IUGR, left
hydronephrosis and hydroureter, absent right kidney and ureter, hepatic
subcapsular calcifications (2,4–6).

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (2). This finding was not related to the timing of
the exposure. One mother with chronic granulocytic leukemia was treated with
busulfan and allopurinol beginning at 20 weeks’ gestation (8). A growth-
restricted infant was delivered at 39 weeks with absence of the right kidney,
hydronephrosis of the left kidney, and hepatic subcapsular calcifications. The
kidney and liver defects predated the onset of drug therapy, but their cause
was unknown. The growth restriction, however, was thought to be caused by
busulfan.

Long-term studies of growth and mental development in offspring exposed to
busulfan during the 2nd trimester, the period of neuroblast multiplication, have



not been conducted (11). However, a few infants have been studied for periods
of up to 10 years without evidence of adverse outcome (3,9,10). Moreover, a
1994 review concluded that although there were insufficient data to assess the
fetal risk from busulfan, use after the 1st trimester would reduce the risk of
birth defects (12).

Chromosomal damage has been associated with busulfan therapy, but the
clinical significance of this to the fetus is unknown (13). Irregular menses and
amenorrhea, with the latter at times permanent, have been reported in women
receiving busulfan (14,15). Reversible ovarian failure with delivery of a normal
infant has also been reported after busulfan therapy (16).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No studies describing the use of busulfan during human lactation or measuring
the amount, if any, excreted into milk have been located. Because of the
potential for serious toxicity in a nursing infant, the use of the drug during
lactation should be considered contraindicated.
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BUTALBITAL
Sedative
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The limited evidence suggests that butalbital is not a major human
teratogen. However, similar to all barbiturates, chronic exposure in the
second half of gestation or high doses near term can cause neonatal
withdrawal.

FETAL RISK SUMMARY
Butalbital is a short-acting barbiturate that is contained in a number of analgesic
mixtures. In a large prospective study, 112 patients were exposed to this drug
during the 1st trimester (1). No association with malformations was found.
Severe neonatal withdrawal was described in a male infant whose mother took
150 mg of butalbital daily during the last 2 months of pregnancy in the form of a
proprietary headache mixture (Esgic-butalbital 50 mg, caffeine 40 mg, and
acetaminophen 325 mg/dose) (2). The infant was also exposed to oxycodone,
pentazocine, and acetaminophen during the 1st trimester, but apparently these
had been discontinued before the start of the butalbital product. Onset of
withdrawal occurred within 2 days of birth.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1124 newborns
had been exposed to butalbital during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 53 (4.7%) major birth defects were
observed (45 expected). Specific data were available for six defect categories,
including (observed/expected) 10/11 cardiovascular defects, 1/2 oral clefts,
0/0.5 spina bifida, 1/3 polydactyly, 2/2 limb reduction defects, and 2/3
hypospadias. These data do not support an association between the drug and
congenital defects.



BREASTFEEDING SUMMARY
No reports describing the use of butalbital during human lactation have been
located. The drug probably is excreted into breast milk and sedation of a
nursing infant is a potential effect.
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BUTAPERAZINE
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BUTENAFINE
Antifungal (Topical)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of butenafine in human pregnancy have been
located. The animal data suggest low risk, as does the very low systemic
concentrations. Although a more complete assessment of the embryo–fetal
risk cannot be made, the topical use of this agent appears to low risk in
human pregnancy.

FETAL RISK SUMMARY
Butenafine, a synthetic antifungal, is a benzylamine derivative with a mechanism
of action similar to the allylamine class of antifungal agents. The agent is
available as a cream to be applied to the skin. Butenafine is indicated for the
topical treatment of the dermatologic infection, tinea (pityriasis) versicolor due
t o Malassezia furfur (formerly Pityrosporum orbiculare). Small amounts of
butenafine are absorbed into the systemic circulation. After the application 6
and 20 g/day for 14 days, the mean peak plasma concentrations were 1.4 and
5.0 ng/mL, respectively. The biphasic plasma elimination half-lives were
estimated to be 35 and >150 hours, respectively. The antifungal agent is
metabolized (1).

Reproduction studies have been conducted in rats and rabbits. In rats during
organogenesis, daily SC doses up to 0.5 times the maximum recommended
human dose for tinea versicolor based on BSA (MRHD) were not teratogenic.
In a peri- and postnatal study with rats, daily oral doses up to 2.5 times the
MRHD caused no treatment-related effects on postnatal survival, development
of the F1 generation, or their subsequent maturation and fertility. In rabbits
during organogenesis, daily oral doses up to 16 times the MRHD revealed no
evidence of treatment-related fetal harm (1).



Studies for carcinogenic effects have not been conducted with butenafine,
but assays for mutagenic and clastogenic effects were negative. No adverse
effects on male and female rat fertility were observed with daily SC doses up
to 0.5 times the MRHD (1).

It is not known if butenafine crosses the placenta. The molecular weight
(about 318 for the free base) and long plasma elimination half-life suggest that
the drug will cross to the embryo and fetus, but the very small amounts in the
systemic circulation suggest that the exposure will be clinically insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of butenafine during human lactation have been
located. The molecular weight (about 318 for the free base) and long plasma
elimination half-life suggest that the drug will be excreted into breast milk, but
the very small amounts in the systemic circulation suggest that the effects on a
nursing infant from this exposure will be clinically insignificant.
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BUTOCONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience suggests that butoconazole is low
risk.

FETAL RISK SUMMARY
Butoconazole is available as a topical cream for the treatment of vaginal fungal
infections. It is in the same antifungal class of imidazole derivatives as
clotrimazole, econazole, ketoconazole, miconazole, oxiconazole, sertaconazole,
sulconazole, and tioconazole.

Butoconazole is teratogenic in some animal species, but only when large oral
doses are administered (1).

An average 5.5% of a vaginal dose is absorbed systemically with peak
plasma levels appearing at about 24 hours (1). No data are available on the
placental transfer of this agent, but the low molecular weight (about 475)
indicates that transfer to the fetus probably occurs.

No published reports of butoconazole use in the 1st trimester have been
located. However, butoconazole is one of several agents that have been
approved for 2nd and 3rd trimester use in the treatment of vulvovaginal mycotic
infections (2–4). Therapy for 6 days is recommended if this antifungal is used.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 444 newborns had
been exposed to vaginal butoconazole during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). A total of 16 (3.6%) major birth defects
were observed (17 expected). Specific data were available for six defect
categories, including (observed/expected) 4/4 cardiovascular defects, 0/1 oral
clefts, 1/0 spina bifida, 0/0.5 polydactyly, 0/1 limb reduction defects, and 0/1



hypospadias. These data do not support an association between the vaginal
use of the drug and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of butoconazole during human lactation have
been located. The low systemic bioavailability from topical application suggests
that there is little risk to a nursing infant.
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BUTORPHANOL
Narcotic Agonist-Antagonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the human pregnancy experience is very limited, and there is no
data during the 1st trimester, agents in this class appear to be low risk.
Use during labor, however, may cause a sinusoidal fetal heart rate pattern
and transient neonatal depression.

FETAL RISK SUMMARY
No reports linking the use of butorphanol with congenital defects have been
located. Because it has both narcotic agonist and antagonist properties,
prolonged use during gestation may result in fetal addiction with subsequent
withdrawal in the newborn (see also Pentazocine). The drug is commercially
available as injection and nasal spray formulations.

No teratogenic effects were observed in reproduction studies in rats and
rabbits administered butorphanol during organogenesis (1). An increased
frequency of stillbirth was observed in rats given 1 mg/kg (5.9 mg/m2) SC and
in rabbits dosed orally with 30 mg/kg (360 mg/m2) and 60 mg/kg (720 mg/m2).

At term, butorphanol rapidly crosses the placenta, producing cord serum
levels averaging 84% of maternal concentrations (2,3). Depressant effects on
the newborn from in utero exposure during labor are similar to those seen with
meperidine (2–4).

The use of 1 mg of butorphanol combined with 25 mg of promethazine
administered IV to a woman in active labor was associated with a sinusoidal
fetal heart rate pattern (5). Onset of the pattern occurred 6 minutes after drug
injection and persisted for approximately 58 minutes. The newborn infant
showed no effects from the abnormal heart pattern. A subsequent study to
determine the incidence of sinusoidal fetal heart rate pattern after butorphanol



administration was published in 1986 (6). Fifty-one women in labor who
received butorphanol, 1 mg IV, were compared with a control group of 55
women who did not receive narcotic analgesia. A sinusoidal fetal heart rate
pattern was observed in 75% (38 of 51) of the treated women vs. 13% (7 of
55) of controls ( p <0.001). The mean time of onset of the abnormal tracing
was 12.74 minutes after butorphanol with a duration of 31.26 minutes. This
duration was significantly longer than that observed in the nontreated controls
(13.86 minutes; p <0.02). Because no short-term maternal or neonatal adverse
effects were observed, the investigators concluded that, in the absence of
other signs, the abnormal heart rate pattern was not indicative of fetal hypoxia
(6).

A study comparing the effects of maternal analgesics on neonatal
neurobehavior was conducted in 135 patients during their 1st day of life (7).
Maternal analgesia consisted of 1 mg of butorphanol (N = 68) or 40 mg of
meperidine (N = 67). No difference between the drugs was observed.

BREASTFEEDING SUMMARY
Butorphanol passes into breast milk in concentrations paralleling levels in
maternal serum (3). Milk:plasma ratios after IM (12 mg) or oral (8 mg) doses
were 0.7 and 1.9, respectively. Using 2 mg IM or 8 mg orally 4 times per day
would result in 4 mcg excreted in the full daily milk output (1000 mL). Although it
has not been studied, this amount is probably insignificant. The American
Academy of Pediatrics classifies butorphanol as compatible with breastfeeding
(8).
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CABAZITAXEL
Antineoplastic (Antimitotic Taxoid)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of cabazitaxel in human pregnancy have been
located. Animal data in two species suggest risk at exposures much less
than human exposures, but the absence of human pregnancy experience
prevents a better assessment of the embryo–fetal risk. Such experience is
unlikely because the drug is indicated for the treatment of prostate cancer.
However, it might be used off-label for other neoplasms.

FETAL RISK SUMMARY
Cabazitaxel, given as 1-hour IV infusion every 3 weeks, is an antimitotic agent
that is in the same subclass of taxoids as docetaxel and paclitaxel. It is
indicated in combination with prednisone for treatment of patients with
hormone-refractory metastatic prostate cancer previously treated with a
docetaxel-containing treatment regimen. Cabazitaxel is prepared by semi-
synthesis with a precursor extracted from yew needles. The drug is extensively
metabolized to about 20 metabolites, 3 of which are active. Human serum
binding is 89%–92%, most of which is to albumin (82%) and lipoproteins. It is
equally distributed between blood and plasma. The elimination half-life is 95
hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, a
once-daily dose during organogenesis that was about 0.02–0.06 times the
peak concentration in patients with cancer at the recommended human dose



(RHD) caused embryo–fetal toxicity consisting of postimplantation loss, embryo
and fetal deaths. Decreased mean fetal birth weight associated with delays in
skeletal ossification was observed at about 0.02 times the RHD. Fetal
abnormalities were not observed in rats or rabbits at exposure levels
significantly lower than the expected human exposures. Although specific
details were not provided, similar effects (embryo and fetal toxicity and
abortions) were observed in pregnant rabbits (1).

Long-term animal studies for carcinogenic effects have not been conducted.
The drug was clastogenic in one assay and both positive and negative is other
mutagenicity assays. Although cabazitaxel had no effect on mating behavior or
the ability to become pregnant in female rats, the agent did cause an increase
in preimplantation loss and early resorptions. Multi-cycle studies caused
atrophy of the uterus and necrosis of the corpora lutea in female rats. In male
rats, no effect on mating performance or fertility were observed, but, in higher
dose multi-cycle studies, degeneration of seminal vesicle and seminiferous
tubule atrophy in the testis were observed. In dogs, minimal testicular
degeneration (minimal epithelial single cell necrosis in epididymis) was
observed (1).

It is not known if cabazitaxel or its active metabolites cross the human
placenta. The molecular weight (about 836 for the solvent-free form), moderate
serum binding, and long elimination half-life suggest that the drug will cross to
the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of cabazitaxel during human lactation have been
located. The molecular weight (about 836 for the solvent-free form), moderate
serum binding (89%–92%), and long elimination half-life (95 hours) suggest that
the drug will be excreted into breast milk. The effect of this exposure on a
nursing infant is unknown. In adults, the agent can cause severe toxicity that
affects many body systems. Although cabazitaxel is indicated for the treatment
of prostate cancer, it might be used off-label for other neoplasms. Thus, if a
woman is given this drug, the safest course is to not breastfeed.
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CABERGOLINE
Endocrine/Metabolic Agent (Miscellaneous)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Cabergoline does not exhibit direct embryo or fetal toxicity or teratogenicity
in animals. Because it inhibits prolactin release, the agent can prevent or
abort pregnancies in mice and rats, but this has no human relevance
because human egg nidation is not regulated by prolactin. A 2002 review
stated that cabergoline was the current treatment of choice for most
patients with hyperprolactinemia (1). In addition, the review recommended
that once ovulatory cycles were established, women should stop treatment
1 month before they intended to conceive. Hyperprolactinemia is a frequent
cause of infertility (2). In many of these women, the partial or complete
resolution of this condition will result in conception (2). When pregnancy is
diagnosed, cabergoline should be discontinued. However, no evidence
indicates that exposure to cabergoline in pregnancy is harmful.

FETAL RISK SUMMARY
Cabergoline is a synthetic ergot derivative that is a long-acting dopamine
receptor (D2) agonist with low affinity for other dopamine (D1), adrenergic (α1
and α2), and serotonin (5-HT1 and 5-HT2) receptors. The drug has a direct
inhibitory effect on prolactin secretion from the anterior pituitary gland.
Cabergoline is indicated for the treatment of hyperprolactinemic disorders,
either idiopathic or due to pituitary adenomas (3).

Animal reproduction studies have been conducted in mice, rats, and rabbits
with daily oral doses (comparisons to human doses are made with the total
weekly animal dose and the maximum recommended weekly human dose for a
50-kg human [MRHD], both based on BSA). In mice, doses up to about 55
times the MRHD caused maternal toxicity but no teratogenic effects in the
offspring. In rats, a dose about 1/7th the MRHD caused an increase in
postimplantation embryo and fetal losses, an effect that was thought to be due



to the prolactin inhibitory effects of cabergoline. Conception in female rats was
inhibited at a dose 1/28th the MRHD given 2 weeks before mating and
throughout the mating period. A similar dose given to pregnant rats from 6 days
before delivery throughout the lactation period caused growth restriction and
death in offspring because of decreased milk secretion. In rabbits, a dose
approximately 19 times the MRHD during organogenesis caused maternal
toxicity (decreased food consumption and weight loss). An increased
occurrence of various malformations was observed in one rabbit study using a
dose 150 times the MRHD, but no increase in defects was observed in a
second study at 300 times the MRHD (3).

A 1996 reproduction study in mice, rats, and rabbits concluded that
cabergoline did not impair male rat fertility, was not teratogenic in mice and
rabbits, had no effects on the latter phase of gestation or parturition in rats,
and caused no toxicity in neonatal rats (4). The study also found that
cabergoline could inhibit egg nidation in mice and rats and prevent conception.
However, this effect has no relevance to humans because egg nidation in these
species, but not in humans, is regulated by prolactin through a luteotrophic
effect. A 1997 study in rats demonstrated that cabergoline-inhibited prolactin
release resulted in the inhibition of ovarian progesterone biosynthesis, thereby
preventing implantation and terminating pregnancy (5).

No reports describing the placental crossing of cabergoline in humans have
been located. The molecular weight (about 452) is low enough; however, that
exposure of the embryo and/or fetus should be expected.

In a group of 56 women with amenorrhea secondary to hyperprolactinemia
(serum prolactin levels >20 mcg/L), 17 (81% of pregnancy-seeking women)
became pregnant while under treatment with cabergoline (6). Women were
instructed to discontinue cabergoline immediately after a positive pregnancy
test. Of the 17 pregnancies, there was 1 spontaneous abortion, 10 normal-term
outcomes, and 6 outcomes pending. All 10 children have had normal physical
and mental development (6).

A 1994 case report described the outcome of a pregnancy exposed to
cabergoline (7). A 38-year-old woman with a microadenoma of the pituitary
gland was treated for hyperprolactinemia with a stable cabergoline dose of 0.5
mg twice weekly. She had a 17-year history of infertility and was intolerant to
bromocriptine therapy. The prolactin level 2 days after a dose was 1133 mU/L
(normal range 60–550 mU/L). After return of her menstrual cycles, she became
pregnant but had a spontaneous abortion at 17 weeks’ gestation (not
mentioned if cabergoline was stopped when pregnancy was diagnosed).



Approximately 5 months later (2 months after restarting cabergoline), she again
became pregnant and cabergoline was stopped (gestational age not specified).
Labor was induced at 38 weeks’ gestation for intrauterine growth restriction. A
2.26-kg male infant without malformations was delivered with Apgar scores of
3 and 8 at 1 and 5 minutes, respectively. The placenta weight was 370 g. He
was discharged home with his mother at 6 days of age (7).

A multinational French study published in 1996 described the outcomes of
226 pregnancies (all singletons) in 205 women who had been receiving
cabergoline treatment (0.125–4.0 mg/week) before gestation (2). The women
were from a group of 1650 premenopausal hyperprolactinemic women who had
been treated with the drug. In seven cases, pregnancy occurred during the first
cycle after discontinuation of cabergoline. The time of exposure could not be
determined in 18 other cases. In the remaining 201 pregnancies, embryo–fetal
exposure to cabergoline was thought to have ranged between 1 and 144 days.
The 226 outcomes included early pregnancy loss (N = 56), live births (N = 148),
ongoing pregnancies (N = 16), and lost to follow-up (N = 6). Among the 56
early pregnancy losses, there were 28 elective abortions (EABs), 23
spontaneous abortions (SABs), 1 intrauterine death (a cord accident at 25
weeks), 1 tubal pregnancy, and 3 EABs for major anomalies (dose and time of
exposure shown in parentheses): Down’s syndrome, maternal age 42 years,
woman later conceived on another cycle and gave birth to a normal infant (0.5
mg/week; exposure for 2 weeks after conception); limb-body wall defect—
large abdominal wall defect, deformed left leg, and proximal phocomelia of right
lower limb (0.5 mg/week; exposure for 2 weeks after conception); and
hydrocephalus, cerebral atrophy, and facial dysmorphic (0.5 mg/week;
exposure for 7 weeks after conception) (2).

Among the 148 live births, 17 were preterm, and 2 cases had an unknown
length of gestation (2). Birth weights ranged from 1600 to 4350 g, with 10
infants below 2500 g (6.8%, 95% confidence intervals [CI] 3%–12%). In
addition to the three cases above, seven infants had birth defects, but only two
of them were major defects. The major defects were (dose and exposure times
not specified) left megaureter as well as craniosynostosis and scaphocephaly.
Thus, there were 5 infants with major malformations among 151 outcomes
(3.3%, 95% CI 1.0%–7.6%). The postnatal development of 148 infants was
known for various periods after birth, of which 107 were followed up for 1 to 72
months. All the infants showed normal physical and mental development (2).

In a 1997 report, 9 women became pregnant (from a group of 47) against
medical advice after a mean of 12.4 months (range 1–37 months) of



cabergoline therapy for hyperprolactinemia (8). The doses ranged from 0.25 to
3.5 mg/week. Cabergoline was discontinued as soon as pregnancy was
diagnosed. One pregnancy aborted spontaneously, and one woman underwent
elective abortion at 8 weeks’ gestation. In the remaining cases, all the
pregnancies were brought to term without complication. The infants were
healthy at birth and all had normal development during long-term follow-up (8
years) that was still ongoing (8).

A 2002 study reported the outcomes of 61 pregnancies in 50 women who
had been treated with cabergoline for hyperprolactinemia (9). Pregnancy began
during treatment in 60 cases and immediately after stopping treatment in
1 case. The median duration of treatment before pregnancy was 42.5 weeks
(range 1–236 weeks) and the mean dose was 1.1 mg/week (range 0.25–7.0
mg/week). The pregnancy outcomes were 5 EABs (1 for a suspected
malformation; specific details not available), 6 SABs, 1 hydatidiform mole, and
49 livebirths. Among the livebirths, there was one minor defect and one major
defect (trisomy 18) (9).

In a 2005 report, a woman with Parkinson’s disease took
levodopa/carbidopa 330 mg/day and cabergoline 1 mg/day throughout an
uncomplicated pregnancy and gave birth at term to a healthy baby girl (10). A
few years later, now at age 34 and receiving levodopa/carbidopa 625 mg/day
and cabergoline 4 mg/day, she became pregnant again. At 32 weeks, she
underwent a cesarean section because of placenta abruption. The baby girl
was doing well (10).

A 2010 review cited evidence from nearly 600 pregnancies that cabergoline
exposure during gestation does not cause teratogenic effects (11). The review
included three reports published in 2008–2010 that found no increased risk for
SABs, stillbirths, low birth weight, or congenital malformations (12–14).

A 2013 case report described a 29-year-old woman with Cushing disease
and noncurative transsphenoidal pituitary surgery who was treated with
cabergoline throughout pregnancy (15). The woman had received the drug for
about 1 year before she conceived. The cumulative dose during pregnancy was
300 mg. Spontaneous labor occurred at 38 weeks and she gave birth to a
healthy, 3350-g female infant with Apgar scores of 7 and 9 at 1 and 5 minutes,
respectively. The infant had no signs of congenital defects or hypoglycemia and
was doing well at 6 weeks of age. Breastfeeding was unsuccessful because
the drug (4.5 mg twice weekly) caused poor milk production (15).

BREASTFEEDING SUMMARY



Although it is not an approved indication, cabergoline suppresses lactation
because of its inhibition of prolactin release from the anterior pituitary gland.
This action is similar to that of bromocriptine, another prolactin-inhibiting agent.
A number of studies have examined this effect (16–21). The oral doses ranged
from 0.4 mg to 1 mg, usually given as a single dose within 24 hours of delivery,
but sometimes given as a divided dose over 2 days. The 1-mg dose appeared
to be the most effective for long-term suppression of lactation.

The manufacturer states that cabergoline should not be used to suppress
physiologic lactation because of the known toxicities associated with
bromocriptine, when used for this purpose (3). These toxicities include
hypertension, stroke, and seizures.
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CABOZANTINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of cabozantinib during human pregnancy
have been located. The animal data suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. However, based on the mechanism of action, embryo–
fetal harm may occur. If a woman is pregnant or conceives during
treatment, she should be informed of the potential risk to her embryo
and/or fetus.

FETAL RISK SUMMARY
Cabozantinib, a substrate of CYP3A4 in vitro, is an oral inhibitor of tyrosine
kinase activity. There are several other agents in this subclass (see Appendix).
Cabozantinib is indicated for the treatment of patients with progressive,
metastatic medullary thyroid cancer. The drug is metabolized to apparently
inactive metabolites. Plasma protein binding is high (>99.7%) and the effective
half-life is about 55 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats that
were given the drug daily during organogenesis, embryo–fetal death was
observed at doses that were <1% of the human exposure by AUC at the
recommended dose (HE). The findings included delayed ossifications and
skeletal variations at doses that were about ≥0.03% of the HE. In rabbits
administered the drug daily during organogenesis, visceral malformations and
variations including reduced spleen size and missing lung lobe were observed at
a dose that was about 11% of the HE (1).

Studies evaluating the carcinogenic potential of cabozantinib have not been
conducted. The drug was not mutagenic or clastogenic in various assays.
Fertility was impaired in male rats (decrease in sperm counts and reproductive
organ weights) and female rats (decrease in live embryos and increase in pre-



and postimplantation losses, and ovarian necrosis). Impairment of fertility also
was observed in male (hypospermia) and female (absence of corpora lutea)
dogs (1).

It is not known if cabozantinib crosses the human placenta. The molecular
weight (about 636 for the malate salt) and the long effective half-life suggest
that the drug will cross to the embryo–fetus, but the high plasma protein binding
might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of cabozantinib during human lactation have been
located. The molecular weight (about 636 for the malate salt) and the long
effective half-life (about 55 hours) suggest that the drug will be excreted into
breast milk, but the high plasma protein binding (≥99.7%) might limit the
exposure. The effect of this exposure on a nursing infant is unknown. However,
because the drug commonly (≥25%) causes toxicity in adults, such as diarrhea,
stomatitis, decreased appetite and weight, nausea, fatigue, and oral and
abdominal pain, the best course is to not use cabozantinib during
breastfeeding.

Reference
1. Product information. Cometriq. Exelixis, 2012.



CAFFEINE
Central Stimulant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the amount of caffeine in commonly used beverages varies
widely, caffeine consumption in pregnancy in moderate amounts apparently
does not pose a measurable risk to the fetus. When used in moderation, no
association with congenital malformations, spontaneous abortions (SABs),
preterm birth, and low birth weight has been proved.

FETAL RISK SUMMARY
Caffeine is one of the most popular drugs in the world (1). It is frequently used
in combination products containing aspirin, phenacetin, and codeine and is
present in a number of commonly consumed beverages, such as coffee, teas,
and colas, as well as many food items. The mean caffeine content in the usual
servings of some common beverages was reported as caffeinated coffee (66–
146 mg), nonherbal tea (20–46 mg), and caffeinated soft drinks (47 mg) (2),
but these amounts may vary widely. (For example, see also reference 26 in
which it is reported that the average caffeine content in two cups of regular
coffee totaled 454 mg, and the average content in a similar amount of
decaffeinated coffee totaled 12 mg.)

Caffeine crosses the placenta, and fetal blood and tissue levels similar to
maternal concentrations are achieved (1,3–5). Cord blood levels of 1–1.6
mcg/mL have been measured (3). Caffeine has also been found in newborns
exposed to theophylline in utero (6).

The mutagenicity and carcinogenicity of caffeine have been evaluated in more
than 50 studies involving laboratory animals, human and animal cell tissue
cultures, and human lymphocytes in vivo (1,3). The significance of mutagenic
and carcinogenic effects found in nonmammalian systems has not been
established in man. The drug is an animal teratogen only when doses high
enough to cause toxicity in the mother have been given (1).



The Collaborative Perinatal Project (CPP) monitored 50,282 mother–child
pairs, 5378 of whom had 1st trimester exposure to caffeine (7, pp. 366–370).
No evidence of a relationship to congenital defects was found. For use anytime
during pregnancy, 12,696 exposures were recorded (7, pp. 493–494). In this
group, slightly increased relative risks were found for musculoskeletal defects,
hydronephrosis, adrenal anomalies, and hemangiomas or granulomas, but the
results are not interpretable without independent confirmation (7, pp. 493–494).
A follow-up analysis by the CPP on 2030 malformed infants and maternal use
of caffeine-containing beverages did not support caffeine as a teratogen (8).
Other reports have also found no association between the use of caffeine
during pregnancy and congenital malformations (9–12).

Several authors have associated high caffeine consumption (six to eight cups
of coffee/day) with decreased fertility, increased incidence of SAB, and low
birth weights (3,13–17). However, a few of these studies have isolated the
effects of caffeine from cigarette or alcohol use, both of which are positively
associated with caffeine consumption (3). One German study has observed
that high coffee use alone is associated with low birth weights (18). In an
American study of more than 12,400 women, low birth weights and short
gestations occurred more often among offspring of women who drank four or
more cups of coffee/day and who smoked (12). No relationship between low
birth weights or short gestation and caffeine was found after controlling for
smoking, alcohol intake, and demographic characteristics. However, other
investigators have questioned whether this study has accurately assessed the
total caffeine intake of the women (19,20). A Canadian study retrospectively
investigated 913 newborn infants for the effects of caffeine and cigarette
smoking on birth weight and placental weight (21). Significant caffeine–
cigarette interactions were found when daily consumption of caffeine was ≥300
mg. Compared with nonsmokers, cigarette smoking significantly lowered mean
birth weight. When caffeine use was considered, daily consumption of ≥300 mg
combined with smoking ≥15 cigarettes caused an additional significant
reduction in weight. Head circumference and body length were not affected by
any level of caffeine consumption. Placental weight, which normally increases
with cigarette smoking, an effect hypothesized to be due to compensatory
hypertrophy induced by chronic fetal hypoxia, was found to decrease
significantly in women smoking ≥15 cigarettes/day and ingesting ≥300 mg of
caffeine/day (21).

A prospective cohort study examined the relationship between caffeine intake
and the incidence of late SAB in 3135 predominantly white, educated,



professional women (22). A total of 2483 (79%) of this population used caffeine
during pregnancy. Caffeine consumption was calculated based on the intake of
coffee (107 mg/serving), tea (34 mg/serving), colas (47 mg/serving), and
drugs. Moderate-to-heavy consumption, defined as ≥151 mg of caffeine/day,
occurred in 28% (879) and was associated with a twofold increased risk of late
1st and 2nd trimester SAB (relative risk 1.95, p = 0.07). Consumption of >200
mg/day did not increase this risk. In women who had an SAB in their last
pregnancy, light use of caffeine (0–150 mg/day) was associated with a fourfold
increase in late pregnancy loss (relative risk 4.18, p = 0.04). The data were
adjusted for factors such as demographic characteristics, obstetric and medical
histories, contraceptive use, smoking, and alcohol exposure. The investigators
cautioned, however, that other independent epidemiologic studies were
required to confirm their findings because SAB is of multifactorial etiology
(22,23).

No increased risk for SAB, intrauterine growth restriction, or microcephaly
was found in a study that was able to identify all abortions that occurred 21 or
more days after conception (24). The mean 1st trimester caffeine consumption
was statistically similar in those who aborted compared with those who
delivered liveborn infants, 125.9 vs. 111.6 mg. After adjustment for other risk
factors, notably smoking, the adjusted odds ratios for growth restriction and
microcephaly were 1.11 (95% confidence interval [CI] 0.88–1.40) and 1.09
(95% CI 0.86–1.37), respectively (24).

A publication, evaluating studies published between 1981 and 1986, reviewed
the effects of caffeine consumption on human pregnancies in terms of
congenital malformations, low birth weight, preterm birth, SABs, and behavior in
in utero exposed children (25). Based on this evaluation of the literature, the
author concluded that moderate intake of caffeine was not related to any
adverse pregnancy outcome. A second article (120 references) reviewed the
effect of caffeine on pregnancy outcome in both animals and humans (26). This
author also concluded that modest amounts of caffeine present no proven risk
to the fetus, but that limitation of daily amounts to <300 mg/day may lessen the
possibility of growth restriction.

Research on the effects of caffeine consumption on human fecundability (i.e.,
the probability of becoming clinically pregnant in a given menstrual cycle) was
reported in 1988 (27). Drawing from women they had enrolled in a study of
very early pregnancy loss, the investigators chose 104 women who had not
become pregnant in the first 3 months. Data were recorded daily by the women
on menstrual bleeding, intercourse, and caffeine and other substance



exposures. Caffeine consumption was calculated by assuming that brewed
coffee contained 100 mg, instant coffee 65 mg, tea 50 mg, and soft drinks 40
mg. The subjects were primarily white, college educated, and in their late 20s
or early 30s. Caffeinated beverages were consumed by 93% (97 of 104) of the
women. The women were grouped into lower caffeine consumers
(<3150 mg/month, or about one cup of brewed coffee/day) and higher
consumers (>3150 mg/month). Based on this division, the higher consumers
were consistently less likely to become pregnant than the lower consumers,
with a weighted mean of fecundability ratios across 13 menstrual cycles of
0.59. (The fecundability ratio was determined in each cycle by dividing the
number of women who became pregnant by the total number of woman cycles
at risk and then by dividing the fraction obtained in the higher caffeine
consumption group by the fraction obtained for the lower consumption group.)
The ratio was less than 1.0 in every cycle. For cycles occurring after 6 months,
the ratio was 0.53, indicating a slightly stronger association between higher
caffeine consumption and the inability to become pregnant (27). Statistical
adjustment of the data for age, frequency of intercourse, age at menarche,
cigarette smoking, vitamin and analgesic intake, alcohol and marijuana use, and
the mother’s weight and height did not significantly change these findings.
Moreover, when caffeine consumption was further subdivided, a partial dose–
response relationship was observed, with a ratio of 0.26 for women consuming
>7000 mg/month (i.e., >70 cups of coffee/month). Unadjusted data on infertility
(defined as women who failed to achieve pregnancy after 1 year) indicated that
only 6% of the lower consumption group met this definition compared with 28%
of the higher consumption group, an estimated relative risk of 4.7 (p <0.005)
(27). Evidence was also found to suggest that the effects of caffeine on fertility
were short acting because recent consumption was far more important than
previous consumption. Although the study attempted to include all related
factors, the investigators cautioned that they could not exclude the possibility
that some unknown factor or condition might have accounted for these results
and that independent confirmation was required (27,28). Partial confirmation of
this study was reported in 1989 (29). In a retrospective analysis of data
collected from 1959 to 1967 on 6303 pregnancies, a dose–response
relationship was found between caffeine consumption and difficulty in becoming
pregnant. Using data adjusted for ethnicity (white, black), parity (0,1), and
smoking, the relative risk of decreased fertility for <1 cup of coffee/day was
1.00, 1-3 cups/day 1.20, 4-6 cups/day 1.88, and >7 cups/day 1.96 (29).

Some investigators have expressed concern over the altering of



catecholamine levels in the fetus by caffeine (30). Two cups of regular coffee
containing a total of 454 mg of caffeine have been shown to increase maternal
epinephrine levels significantly but not norepinephrine or dopamine
concentrations (31). Decaffeinated coffee (12 mg of caffeine in two cups) did
not affect these catecholamine levels.

A 1989 single-blind, crossover study of eight women at 32–36 weeks of
gestation investigated the effects of 2 cups of caffeinated (regular) or
decaffeinated coffee on fetal breathing movements and heart rate (31).
Administration of the test beverages, containing a total of 454 mg and 12 mg of
caffeine, respectively, were separated by 1 week, and in each case, were
consumed over a 15-minute period. Fetal breathing movements increased
significantly during the 3rd hour after regular coffee, rising from 144
breaths/hour to 614 breaths/hour (p <0.01). Fetal heart rate fell 9% (p <0.05)
at 1–1.5 hours after the regular coffee and then slowly rose toward control
levels at 2 and 4 hours. However, the mean number, amplitude, and duration of
fetal heart rate accelerations did not differ statistically from the control period.
Decaffeinated coffee also caused a significant increase in fetal breathing
movements, rising to 505 breaths/hour during the 2nd hour, but this beverage
caused only a slight, nonsignificant lowering of the fetal heart rate. In an earlier
study using 200-mg tablets of caffeine, no increase in fetal breathing rates was
observed (32). The differences between the two studies may have been
related to the lower dose and/or the dosage form of caffeine.

Cardiac arrhythmias and other symptoms in newborn infants were associated
with maternal caffeine consumption of >500 mg/day (N =16) in comparison with
the offspring of women who used less than 250 mg/day (N = 56) of caffeine
(33). The percentages of observed symptoms in the infants of the high and low
caffeine groups were tachyarrhythmias (supraventricular tachycardia and atrial
flutter) 25% vs. 1.7% (p <0.01), premature atrial contraction 12.5% vs.
0 (p <0.01), fine tremors 100% vs. 10.7% (p <0.001), and tachypnea (resting
respiratory rate >60 respirations/minute) 25% vs. 3.5% (p <0.01), respectively.
The authors attributed the symptoms to caffeine withdrawal after birth (33).

Two reports have described adverse fetal outcomes, including teratogenic
effects, in the offspring of two mothers taking migraine preparations consisting
of ergotamine and caffeine (34,35). Complete details of these cases are
provided under Ergotamine.

A 1993 reference compared the effects of maternal caffeine consumption
greater than 500 mg/day with those of less than 200 mg/day on fetal behavior
in the 3rd trimester (36). Long-term consumption of high amounts of caffeine



apparently modulated fetal behavior in terms of quiet sleep (infrequent body
movements, regular breathing patterns, and little variability in fetal heart rate
[FHR]), active sleep (rapid eye movements [REM], increased body activity,
irregular breathing, and increased FHR variability), and arousal (REM, frequent
body movements, highly irregular FHR baseline, and breathing activity).
Fetuses of mothers in the high caffeine group spent less mean time in active
sleep, similar mean time in quiet sleep, and much greater mean time in arousal
than did low caffeine-exposed fetuses. It could not be determined if the
modulation of behavior had any clinical significance to the newborn or in later
life (36).

A 2001 review concluded that, in those who do not smoke or drink alcohol,
moderate caffeine consumption (<5–6 mg/kg/day spread throughout the day)
did not increase any reproductive risks (37). Use of high doses may be
associated with SABs, difficulty in becoming pregnant, and infertility. A dose–
response relationship may exist for the latter two problems. However,
confirmation of these findings is needed before any firm conclusions can be
drawn. The consumption of high caffeine doses with cigarette smoking may
increase the risk for delivery of infants with lower birth weight than that induced
by smoking alone. Moreover, consumption of large amounts of caffeine may be
associated with becoming a smoker and excessive alcohol drinking (37).

BREASTFEEDING SUMMARY
Caffeine is excreted into breast milk (38–45). Milk:plasma ratios of 0.5 and
0.76 have been reported (39,40). Following ingestion of coffee or tea
containing known amounts of caffeine (36–335 mg), peak milk levels of 2.09–
7.17 mcg/mL occurred within 1 hour (41). An infant consuming 90 mL of milk
every 3 hours would ingest 0.01–1.64 mg of caffeine over 24 hours after the
mother drank a single cup of caffeinated beverage (41). In another study, peak
milk levels after a 100-mg dose were 3.0 mcg/mL at 1 hour (40). In this and an
earlier study, the authors estimated a nursing infant would receive 1.5–3.1 mg
of caffeine after a single cup of coffee (39,40).

Nine breastfeeding mothers consumed a measured amount of caffeine (750
mg/day) added to decaffeinated coffee for 5 days, then abstained from all
caffeine ingestion for the next 4 days (44). In six women, 24-hour pooled
aliquots of milk samples from each feeding were collected on days 5 and 9. In
another mother, pooled aliquots were collected daily for 9 days. The average
milk caffeine concentrations from these seven mothers on day 5 were 4.3
mcg/mL (range <0.25–15.7 mcg/mL). Caffeine was not detected (i.e.,



<0.25 mcg/mL) in any of the seven samples on day 9. Serum levels in the
infants of these seven mothers on day 5 averaged 1.4 mcg/mL (range 0.8–2.8
mcg/mL in five infants, not detectable in two). On day 9, caffeine was
detectable in the sera of only two infants, decreasing from 0.8 mcg/mL on day
5 to 0.6 mcg/mL on day 9 in one, and decreasing from 2.8 to 2.4 mcg/mL in the
other. The remaining two mothers collected milk samples with each feeding for
the entire 9 days of the study but did not pool the samples. These mothers
were breastfeeding infants aged 79 and 127 days, and their mean daily milk
caffeine levels on days 1–5 ranged from 4.0 to 28.6 mcg/mL. Caffeine could
not be detected in any of the milk samples after 5 days. The two infants’ sera
contained <0.25 mcg/mL (mother’s milk 13.4 mcg/mL) and 3.2 mcg/mL
(mother’s milk 28.6 mcg/mL) on day 5, and both were <0.25 mcg/mL on day 9.
The wide variance in milk concentrations of caffeine was attributed to the
mother’s ability to metabolize caffeine (44). Based on the average level of
4.3 mcg/mL, and assuming an infant consumed 150–180 mL/kg/day, the author
calculated the infant would receive 0.6–0.8 mg/kg/day of caffeine (44).

In an extension of the above study, the effect of 500 mg of caffeine
consumption/day on infant heart rate and sleep time was evaluated in 11
mother–infant pairs (45). Mothers consumed decaffeinated coffee daily for 5
days and then decaffeinated coffee with added caffeine for another 5-day
period. Milk caffeine levels on the last day of the caffeine period ranged from
1.6 to 6.2 mcg/mL, providing an estimated 0.3–1.0 mg/kg/day of caffeine to the
infants. No significant difference in 24-hour heart rate or sleep time was
observed between the two phases of the study.

The elimination half-life of caffeine is approximately 80 hours in term
newborns and 97.5 hours in premature babies (42). A 1987 study investigated
the metabolism of caffeine in breast- and formula-fed infants given oral doses
of caffeine citrate (46). The serum half-lives of caffeine were greater than three
times as long in the breast-fed infants as compared with the formula-fed infants
(76 vs. 21 hours at 47–50 weeks postconceptional age; 54 vs. 16 hours at 51–
54 weeks postconceptional age). The investigators attributed the findings to
inhibition or suppression of caffeine metabolism by the hepatic cytochrome
P450 system by some element of breast milk (46).

The amounts of caffeine in breast milk after maternal ingestion of caffeinated
beverages are probably too low to be clinically significant. However,
accumulation may occur in infants when mothers consume moderate-to-heavy
amounts of caffeinated beverages. Irritability and poor sleeping patterns have
been observed in nursing infants during periods of heavy maternal use of



caffeine (43). The American Academy of Pediatrics classifies usual amounts of
caffeinated beverages as compatible with breastfeeding (47).

References
1. Soyka LF. Effects of methylxanthines on the fetus. Clin Perinatol 1979;6:37–51.
2. Bunker ML, McWilliams M. Caffeine content of common beverages. J Am Diet Assoc 1979;74:28–32.
3. Soyka LF. Caffeine ingestion during pregnancy: in utero exposure and possible effects. Semin Perinatol

1981;5:305–9.
4. Goldstein A, Warren R. Passage of caffeine into human gonadal and fetal tissue. Biochem Pharmacol

1962;17:166–8.
5. Parsons WD, Aranda JV, Neims AH. Elimination of transplacentally acquired caffeine in full term

neonates. Pediatr Res 1976;10:333.
6. Brazier JL, Salle B. Conversion of theophylline to caffeine by the human fetus. Semin Perinatol

1981;5:315–20.
7. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing

Sciences Group, 1977.
8. Rosenberg L, Mitchell AA, Shapiro S, Slone D. Selected birth defects in relation to caffeine-containing

beverages. JAMA 1982;247:1429–32.
9. Van’t Hoff W. Caffeine in pregnancy. Lancet 1982;1:1020.

10. Kurppa K, Holmberg PC, Kuosma E, Saxen L. Coffee consumption during pregnancy. N Engl J Med
1982;306:1548.

11. Curatolo PW, Robertson D. The health consequences of caffeine. Ann Intern Med 1983;98(Part 1):641–
53.

12. Linn S, Schoenbaum SC, Monson RR, Rosner B, Stubblefield PG, Ryan KJ. No association between
coffee consumption and adverse outcomes of pregnancy. N Engl J Med 1982;306:141–5.

13. Weathersbee PS, Olsen LK, Lodge JR. Caffeine and pregnancy. Postgrad Med 1977;62:64–9.
14. Anonymous. Caffeine and birth defects—another negative study. Pediatr Alert 1982;7:23–4.
15. Hogue CJ. Coffee in pregnancy. Lancet 1981;2:554.
16. Weathersbee PS, Lodge JR, Caffeine: its direct and indirect influence on reproduction. J Reprod Med

1977;19:55–63.
17. Lechat MF, Borlee I, Bouckaert A, Misson C. Caffeine study. Science 1980;207:1296–7.
18. Mau G, Netter P. Kaffee- und alkoholkonsum-riskofaktoren in der schwangerschaft? Geburtshilfe

Frauenheilkd 1974;34:1018–22.
19. Bracken MB, Bryce-Buchanan C, Silten R, Srisuphan W. Coffee consumption during pregnancy. N Engl

J Med 1982;306:1548–9.
20. Luke B. Coffee consumption during pregnancy. N Engl J Med 1982; 306:1549.
21. Beaulac-Baillargeon L, Desrosiers C. Caffeine–cigarette interaction on fetal growth. Am J Obstet

Gynecol 1987;157:1236–40.
22. Srisuphan W, Bracken MB. Caffeine consumption during pregnancy and association with late

spontaneous abortion. Am J Obstet Gynecol 1986;154:14–20.
23. Bracken MB. Caffeine consumption during pregnancy and association with late spontaneous abortion:

reply. Am J Obstet Gynecol 1986;155:1147.
24. Mills JL, Holmes LB, Aarons JH, Simpson JL, Brown ZA, Jovanovic-Peterson LG, Conley MR, Graubard

BI, Knopp RH, Metzger BE. Moderate caffeine use and the risk of spontaneous abortion and intrauterine
growth retardation. JAMA 1993;269:593–7.

25. Leviton A. Caffeine consumption and the risk of reproductive hazards. J Reprod Med 1988;33:175–8.
26. Berger A. Effects of caffeine consumption on pregnancy outcome: a review. J Reprod Med

1988;33:945–56.
27. Wilcox A, Weinberg C, Baird D. Caffeinated beverages and decreased fertility. Lancet 1988;2:1453–6.
28. Wilcox AJ. Caffeinated beverages and decreased fertility. Lancet 1989;1:840.
29. Christianson RE, Oechsli FW, van den Berg BJ. Caffeinated beverages and decreased fertility. Lancet

1989;1:378.
30. Bellet S, Roman L, DeCastro O, Kim KE, Kershbaum A. Effect of coffee ingestion on catecholamine



release. Metabolism 1969;18:288–91.
31. Salvador HS, Koos BJ. Effects of regular and decaffeinated coffee on fetal breathing and heart rate. Am

J Obstet Gynecol 1989;160:1043–7.
32. McGowan J, Devoe LD, Searle N, Altman R. The effects of long- and short-term maternal caffeine

ingestion on human fetal breathing and body movements in term gestations. Am J Obstet Gynecol
1987;157:726–9.

33. Hadeed A, Siegel S. Newborn cardiac arrhythmias associated with maternal caffeine use during
pregnancy. Clin Pediatr 1993;32:45–7.

34. Graham JM Jr, Marin-Padilla M, Hoefnagel D. Jejunal atresia associated with Cafergot® ingestion during
pregnancy. Clin Pediatr 1983;22:226–8.

35. Hughes HE, Goldstein DA. Birth defects following maternal exposure to ergotamine, beta blockers, and
caffeine. J Med Genet 1988;25:396–9.

36. Devoe LD, Murray C, Youssif A, Arnaud M. Maternal caffeine consumption and fetal behavior in normal
third-trimester pregnancy. Am J Obstet Gynecol 1993;168:1105–12.

37. Christian MS, Brent RL. Teratogen update: evaluation of the reproductive and developmental risks of
caffeine. Teratology 2001;64:51–78.

38. Jobe PC. Psychoactive substances and antiepileptic drugs. In: Wilson JT, ed. Drugs in Breast Milk.
Balgowlah, Australia: ADIS Press, 1981:40.

39. Tyrala EE, Dodson WE. Caffeine secretion into breast milk. Arch Dis Child 1979;54:787–800.
40. Sargraves R, Bradley JM, Delgado MJM, Wagner D, Sharpe GL, Stavchansky S. Pharmacokinetics of

caffeine in human breast milk after a single oral dose of caffeine (abstract). Drug Intell Clin Pharm
1984;18:507.

41. Berlin CM Jr, Denson HM, Daniel CH, Ward RM. Disposition of dietary caffeine in milk, saliva, and
plasma of lactating women. Pediatrics 1984;73:59–63.

42. Berlin CM Jr. Excretion of the methylxanthines in human milk. Semin Perinatol 1981;5:389–94.
43. Hill RM, Craig JP, Chaney MD, Tennyson LM, McCulley LB. Utilization of over-the-counter drugs during

pregnancy. Clin Obstet Gynecol 1977;20:381–94.
44. Ryu JE. Caffeine in human milk and in serum of breast-fed infants. Dev Pharmacol Ther 1985;8:329–

37.
45. Ryu JE. Effect of maternal caffeine consumption on heart rate and sleep time of breast-fed infants. Dev

Pharmacol Ther 1985;8:355–63.
46. Le Guennec J-C, Billon B. Delay in caffeine elimination in breast-fed infants. Pediatrics 1987;79:264–8.
47. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



CALCIFEDIOL
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

FETAL RISK SUMMARY
Calcifediol is converted in the kidneys to calcitriol, one of the active forms
of vitamin D. See Vitamin D.

BREASTFEEDING SUMMARY
See Vitamin D.



CALCIPOTRIENE
Dermatologic Agent (Anti-Psoriatic)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of calcipotriene in human pregnancy have
been located. The animal data suggest moderate risk, but there is no
evidence that vitamin D derivatives cause human developmental toxicity.
Only low amounts of the drug are absorbed into the systemic circulation
and the embryo–fetal risk is probably similar to calcitriol, a vitamin
considered compatible with pregnancy (see Calcitriol). Two reviews
discussing the treatment of psoriasis, one in 2002 (1) and the other in 2005
(2), considered the topical use of calcipotriene to be safe in pregnancy.
Mild hypercalcemia has been observed in a newborn exposed in utero to
calcitriol and is a potential complication with calcipotriene.

FETAL RISK SUMMARY
Calcipotriene, a synthetic derivative of vitamin D3 (calcitriol), is available in
cream, ointment, and solution preparations. It is indicated for the treatment of
plaque psoriasis in adults. Clinical studies with the ointment found that about
6% and 5% of the applied dose is absorbed systemically when applied to
psoriasis plaques and normal skin, respectively. Much of the absorbed drug is
converted to inactive metabolites within 24 hours of application. Metabolism is
thought to be similar to calcitriol (3,4). Systemic absorption of the cream or
solution has not been studied (3).

Reproduction studies have been conducted in rats and rabbits with oral
calcipotriene where the expected bioavailability of the dose was about 40%–
60%. The maternal and fetal calculated no-effect exposures in the rat and
rabbit studies were about equal to the expected human systemic exposure level
from dermal application based on BSA (HSEL). In rats, oral doses about 7.4



times the HSEL resulted in a significantly higher incidence of skeletal
abnormalities consisting primarily of enlarged fontanelles (thought to be due to
the drug’s effect on calcium metabolism) and extra ribs. In rabbits, increased
maternal and fetal toxicity was noted at about 7.5 times the HSEL. Doses that
were about 17.5 times the HSEL resulted in fetuses with a significant increase
in the incidences of pubic bones, forelimb phalanges, and incomplete bone
ossification (3,4).

Long-term carcinogenesis studies in mice with topical calcipotriene, without
exposure to ultraviolet radiation (UVR), caused no significant changes in tumor
incidence. However, when mice also were exposed to UVR, the results
suggested that the drug enhanced the effect of UVR to induce skin tumors.
Calcipotriene was not mutagenic in multiple assays and, at oral doses up to
about 7.5 times the HSEL, did not impair the fertility or reproductive
performance in rats (3,4).

It is not known if calcipotriene crosses the human placenta. However, the
systemic disposition of calcipotriene is expected to be similar to that of the
naturally occurring calcitriol that does enter the fetal circulation (4).

BREASTFEEDING SUMMARY
No reports describing the use of calcipotriene during human lactation have been
located. Only small amounts are absorbed into the systemic circulation and
probably are excreted into breast milk. However, calcipotriene is a synthetic
derivative of calcitriol, an active form of vitamin D. Vitamin D is compatible with
breastfeeding (see Vitamin D), and the topical use of calcipotriene probably
can be classified similarly.
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CALCITONIN-SALMON
Calcium Regulation Hormone
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of calcitonin-salmon with congenital defects have
been located. Marked increases of calcitonin concentrations in fetal serum
greater than maternal levels have been demonstrated at term (1). The
significance of this finding is unknown.

FETAL RISK SUMMARY
Calcitonin-salmon is a synthetic polypeptide of 32 amino acids in the same
linear sequence that is found in the hormone from salmon. The hormone does
not cross the placenta (2).

A decrease in fetal birth weights in rabbits has been observed when
calcitonin-salmon was administered in doses 14–56 times the recommended
human dose. The fetal weight reduction may have been due to metabolic
effects on the mother (2).

In a 1990 case, a 28-year-old woman at 30 weeks with a history of a renal
transplant was treated for 3 weeks with an IV infusion of calcitonin-salmon for
hypercalcemia (3). A cesarean section was performed at 33 weeks for
preeclampsia to deliver a normal 1600 g female infant.

BREASTFEEDING SUMMARY
No reports describing the use of calcitonin-salmon during lactation have been
located. Because it is a polypeptide, excretion into milk would not be expected.
Moreover, calcitonin-salmon has been shown to inhibit lactation in animals (4).
Mothers wishing to breastfeed should be informed of this potential complication
(2).



References
1. Kovarik J, Woloszczuk W, Linkesch W, Pavelka R. Calcitonin in pregnancy. Lancet 1980;1:199–200.
2. Product information. Miacalcin. Novartis Pharmaceuticals, 2000.
3. Fromm GA, Labarrere CA, Ramirez J, Mautalen CA, Plantalech L, Althabe O, Casco C, Ferraris J.

Hypercalcaemia in pregnancy in a renal transplant recipient with secondary hyperparathyroidism—case
report. Br J Obstet Gynaecol 1990;97:1049–53.

4. Tohei A, VandeGarde B, Arbogast LA, Voogt JL. Calcitonin inhibition of prolactin secretion in lactating
rats: mechanism of action. Neuroendocrinology 2000;71:327–32.



CALCITRIOL
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The near absence of human pregnancy experience prevents a complete
assessment of the risk for the embryo and fetus. However, there is no
evidence that recommended doses of vitamin D during pregnancy are
harmful.

FETAL RISK SUMMARY
Calcitriol is one of three physiologically active forms of vitamin D (see Vitamin
D). Calcitriol is teratogenic in rabbits given daily doses that were about two and
six times the maximum recommended human dose based on BSA (MRHD) (1).
Defects observed included external and skeletal malformations. The high dose
given on gestation days 7–18 also increased maternal mortality, decreased
mean fetal body weight, and reduced the number of newborn surviving to 24
hours. No teratogenic effects were observed in rats treated with daily doses up
to about five times the MRHD (1). However, hypercalcemia was measured in
the offspring of rats given doses that were about one and three times the
MRHD (1).

The manufacturer cites a case of mild hypercalcemia during the first 2 days
of life in an infant who was exposed to a maternal dose of 17–36 mcg/day
(approximately 17–36 times the maximum recommended dose) during
pregnancy (1). The hypercalcemia resolved by the third day.

BREASTFEEDING SUMMARY
See Vitamin D.
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CALCIUM CARBONATE
Nutrient/Antacid
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Sufficient maternal calcium intake is important to ensure adequate
mineralization of the fetal skeleton (1). The recommended dietary
allowance (RDA) for calcium during pregnancy is based on age: 1300
mg/day for 14–18 years and 1000 mg/day for 19–50 years (2). The
primary source of calcium in pregnancy is diet, but antacids and
supplements containing calcium carbonate, and prenatal vitamins, also
contribute. Recommended doses of calcium carbonate for heartburn relief
are safe in pregnancy, but very high doses have caused milk-alkali
syndrome and other toxicity. Calcium supplements, such as 1000–2000
mg/day of calcium carbonate, offer few if any benefits for pregnant women
if they have adequate dietary calcium intake. However, there may be some
benefits for women with low (<600 mg/day) dietary calcium intake.

FETAL RISK SUMMARY
Calcium carbonate is commonly used as a source of calcium either alone or as
a component of vitamins products. It also is used as an antacid, either alone or
in combination with other antacids, to neutralize stomach acid.

Calcium crosses the human placenta by active transport. The fetal
concentration of calcium is related to fetal weight so that most accumulation of
calcium takes place in the 3rd trimester (3).

A number of studies have evaluated calcium supplementation with calcium
carbonate to prevent or reduce the risk of hypertensive disorders in pregnancy
(gestational hypertension and preeclampsia), preterm birth, maternal
hemodynamic dysfunction, and long-term effects on the blood pressure of
offspring (4–15). Although many of these studies reported a reduction in
hypertensive disorders, a large 1997 study conducted by the National Institutes
of Health (NIH) did not find this outcome (16). In this study, 4589 healthy



nulliparous women at 13–21 weeks’ gestation were randomized to receive daily
treatment throughout their pregnancy with either 2 g of calcium carbonate or
placebo. In the calcium group (N = 2295), preeclampsia occurred in 158
(6.9%), whereas in the placebo group (N = 2294), 168 (7.3%) developed
preeclampsia (relative risk 0.94, 95% confidence interval 0.76–1.16). There
also was no significant difference between the groups for pregnancy-
associated hypertension without preeclampsia (15.3% vs. 17.3%) or all
hypertensive disorders (22.2% vs. 24.6%). The mean systolic and diastolic
blood pressures during pregnancy were similar in the groups. Moreover,
calcium supplementation did not reduce the number of preterm births (<37
weeks; 10.8% vs. 10.0%), small-for-gestational-age infants (5.8% vs. 4.9%),
or fetal and neonatal deaths (27 vs. 25 cases). In addition, calcium
supplementation did not increase urolithiasis (3 vs. 4 cases) (16).

In an editorial accompanying the aforementioned NIH study, the author
pointed out that whereas the investigators involved diet in the NIH study, this
may not have been done in previous studies and might account for the different
outcomes (17). The author also cautioned that although the NIH study clearly
demonstrates that supplemental calcium 2 g/day offers no benefit for low-risk
women if the desired outcome is reduced preeclampsia or improved fetal or
neonatal outcome, it did not indicate that adequate or extra dietary calcium was
not important (17).

A 1999 randomized, double-blind, placebo-controlled study examined the
effect of calcium carbonate supplementation (≥2 g/day) during the 2nd and 3rd
trimesters on fetal bone mineralization (18). A total of 256 infants (128 per
group) were studied. The supplementation did increase fetal bone
mineralization in women with low dietary calcium intake (<600 mg/day)
compared with placebo, but in women with adequate dietary calcium intake,
supplementation did not result in major improvement in this outcome (18).

The results of a multicenter, randomized, placebo- controlled, double-blind
trial of calcium supplementation in low-calcium-intake pregnant women were
published in 2006 (19). The trial found that calcium carbonate supplementation
(1.5 g/day) did not prevent preeclampsia but did reduce its severity. Also noted
was a slight, nonsignificant lowering of preterm (<37 weeks) birth (9.8% vs.
10.8%) and a significant decrease in early (<32 weeks) preterm birth (2.6% vs.
3.2%). Maternal morbidity and mortality and neonatal mortality were reduced
by supplementation, but two other outcomes, low birth weight in term
pregnancies and admission to intensive care units, were similar between the
two groups (19).



Using data collected for the aforementioned trial, a 2010 study in Argentina
evaluated the effect of calcium supplements on fetal growth in pregnant women
with low calcium intake (average calcium intake <600 mg/day) (20). The
women, at about 13 weeks’ gestation, were randomized to either calcium
carbonate 1500 mg/day (N = 231) or placebo (N = 230). No differences
between the two groups were found in serial fetal biometric measurements
taken five times from 20 to 36 weeks’ gestation. Moreover, neonatal
characteristics and anthropometric measurements at birth were comparable in
both groups. The investigators concluded that calcium supplementation of 1500
mg/day in pregnant women with low calcium intake did not improve fetal
somatic or skeletal growth (20).

Excessive consumption of calcium carbonate throughout pregnancy was
suspected to be the cause of neonatal hypocalcemia, resulting in seizures (21).
The mother, a healthy 24-year-old, had heartburn, which she treated with 10 to
14 extra-strength Tums daily (750 mg calcium carbonate/tablet) starting
midway through the 1st trimester and continuing until the onset of labor at 39
weeks. The normal-appearing infant weighed about 3.5 kg at birth and was
sent home on the second day. Generalized seizures developed at 8 days of
age. Laboratory tests were normal, except for a total calcium level of 6.3
mg/dL that decreased to 6.1 mg/dL the next day (normal: 8.5–11.0 mg/dL) and
a high phosphorus level (8.2 mg/dL; normal 4.0–7.0 mg/dL). The infant was
treated with phenobarbital and IV calcium gluconate, and at 12 days of age, the
total calcium was within the normal range, but the phosphorus level did not
return to a normal range until 29 days of age. One possible mechanism
proposed by the author was that the excessive maternal calcium intake had
suppressed fetal parathyroid function. At 3 months of age, the infant was
healthy and doing well (21).

Ingestion of calcium carbonate has been associated with three published
cases of milk-alkali syndrome in pregnancy (22–24). The first case involved a
34-year-old woman in her second pregnancy (22). She had excessive vomiting
and took large quantities (amount not specified) of calcium carbonate, milk, and
cheese. She was admitted to the hospital at 23 weeks’ gestation with
dehydration and a 3-day history of abdominal pain, nausea, vomiting, and
diarrhea. Laboratory tests revealed hypercalcemia (14.3 mg/dL), and acute
renal insufficiency (serum creatinine 2.1 mg/dL; blood urea nitrogen 52 mg/dL).
The hypercalcemia was caused by the milk-alkali syndrome and resulted in
pancreatitis and azotemia. Aggressive IV hydration, 5 L of isotonic saline over
12 hours, resulted in a normal calcium level and renal function and her



abdominal pain resolved in 4 days. She was discharged home in good health.
At 37 weeks, she gave birth to a stillborn fetus. The fetus had short limbs and
low-set ears but a normal chromosome analysis. An autopsy revealed no
evidence of tissue calcification (22).

A 31-year-old woman at 36 weeks’ gestation presented with a 3-day history
of disorientation, ataxia, nausea, and vomiting (23). Over the previous 2 weeks
she had daily ingested 5 glasses of milk and about 30 antacid tablets, each
containing 500 mg calcium carbonate. Her total calcium level was 22.5 mg/mL.
Because acute severe hypercalcemia (≥15 mg/dL) can be life-threatening and
may result in intractable nausea, vomiting, polyuria, dehydration, coma, cardiac
arrhythmias, and circulatory arrest, she was aggressively treated with IV
therapy and furosemide, followed by hemodialysis. The fetal condition was
normal with external monitoring. An ultrasound examination revealed normal
amniotic fluid volume but no fetal breathing, body motion, or tone. Four weeks
later, the woman gave birth to a 2950-g normal male infant who was doing well
at 1 year of age (23).

A third case of the milk-alkali syndrome in pregnancy secondary to excessive
ingestion of calcium carbonate was reported in 2004 (24). A 32-year-old
woman at 16 weeks’ gestation, who had taken an antacid (Tums; 6–10
tablets/day) for gastroesophageal reflux, presented with severe hypercalcemia
(total and ionized calcium 22 mg/dL and 12.16 mg/ dL, respectively), alkalosis,
and acute renal insufficiency. The normal ranges for total and ionized calcium
were 8.5–10.5 and 4.65–5.20 mg/dL, respectively. At admission, she was
treated with IV isotonic saline, furosemide, and a 600-mg dose of IV
etidronate. On day 5, symptoms of bisphosphonate-induced hypocalcemia
were noted (tingling of the extremities and a positive Chvostek sign). Her
symptoms were relieved with IV calcium gluconate and she was started on
calcium carbonate. Her low concentrations of total and ionized calcium (7.4–8.0
and 4.00–4.56 mg/dL, respectively) normalized in about 2 weeks. No
information was provided on the eventual pregnancy outcome (24).

BREASTFEEDING SUMMARY
The RDA for calcium during lactation is based on age: 1300 mg/day for 14–18
years and 1000 mg/day for 19–50 years (2).

In a small 1994 study, the calcium needed for milk production appeared to be
met by decreased urinary excretion and increased bone resorption and not by
increased absorption (25). A 1995 study found that calcium carbonate
supplements (1000 mg) 5 days each week in Gambian women consuming a



low-calcium diet had no effect on breast milk calcium concentration or on
maternal bone mineral content. The investigators concluded that physiologic
mechanisms worked to furnish calcium for breast milk production (26).

In a 2006 study, pregnant women in Gambia were randomized to calcium
carbonate supplementation (1500 mg/day) (N = 61) or placebo (N = 62) from
20 weeks’ gestation to delivery (27). Breast milk levels of calcium were
analyzed at 2, 13, and 52 weeks after delivery. No differences between
subjects and controls in the calcium or phosphorus concentrations in breast milk
were noted. Moreover, calcium supplementation had no effect on infant birth
weight, growth, or bone mineral status (27).

In Mexican lactating women with high lead levels (mean blood lead 8.5
mcg/mL), a 2003 study measured the effect of calcium carbonate
supplementation (1200 mg/day) compared with placebo (28). The supplements
resulted in a small decline (0.29 mcg/dL) of blood lead levels. A greater
reduction (1.16 mcg/dL) was observed in women who were compliant with
supplement use and had high bone lead levels (patella bone lead ≥5 mcg/g
bone) (28).

A 1997 study evaluated the effect of calcium carbonate supplementation (1
g/day) compared with placebo on the bone density of the maternal lumbar
spine (29). In lactating women, the lumbar spine bone density decreased by
4.2% in the supplement group compared with a 4.9% decrease in the placebo
group. In nonlactating women, calcium supplements increased lumbar spine
bone density by 2.2% vs. 0.4% with placebo. There was no effect of lactation
or supplementation on bone density in the forearm and supplementation did not
increase the calcium concentration in breast milk (29). An accompanying
editorial supported the findings of the study. The author noted that nursing
mothers provide an average of 200–250 mg/day of calcium to their infants and
recommended that they increase their calcium intake by 400–800 mg/day (30).
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CAMPHOR
Antipruritic/Local Anesthetic
PREGNANCY RECOMMENDATION: Compatible (Topical)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Limited data suggest that the topical use of camphor during gestation is of
low risk.

FETAL RISK SUMMARY
Camphor is a natural product obtained from the subtropical tree Cinnamomum
camphora in the form of D-camphor; it is also produced synthetically in the
optically inactive racemic form. In reproductive studies in rats and rabbits with
oral doses, no evidence of embryotoxicity or teratogenicity was observed even
at maternally toxic doses (1).

No reports linking the use of topically applied camphor with congenital
defects have been located. Camphor is toxic and potentially a fatal poison if
taken orally in sufficient quantities. Four cases of fetal exposure after
accidental ingestion, including a case of fetal death and neonatal respiratory
failure, have been reported (2–5). The drug crosses the placenta (3). A 1997
case report described a 16-year-old girl at 6 weeks’ gestation who ingested 30
g of camphor dissolved in 250 mL of wine in an unsuccessful attempt to induce
abortion (6). After successful treatment of the symptoms of camphor poisoning,
her pregnancy was electively terminated a few weeks later. An autopsy of the
embryo was not done.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 168
of whom had 1st trimester exposure to topical camphor (7, pp. 410–412). No
association was found with congenital malformations. For use anytime during
pregnancy, 763 exposures were recorded and, again, no relationship to defects
was noted (7, pp. 444, 499).

BREASTFEEDING SUMMARY



Although there are no reports describing the use of topical camphor during
lactation, its use probably is harmless for a nursing infant.
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CANAKINUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of canakinumab in human pregnancy have
been located. The animal data in two species suggest low risk, but a no-
observed-effect-level (NOEL) for the incomplete fetal skeletal development
observed in the species was not reported. The absence of human
pregnancy experience prevents an assessment of this and other risks for
the human embryo–fetus. If treatment with this antibody is required in
pregnancy, the woman should be informed of the absence of human
pregnancy data and potential risk.

FETAL RISK SUMMARY
Canakinumab is a recombinant human antihuman interleukin-1 beta (IL-1β)
monoclonal antibody that belongs to the IgG1/k isotype subclass. Canakinumab
is indicated for the treatment of cryopyrin-associated periodic syndrome, in
adults and children 4 years of age and older, including familial cold
autoinflammatory syndrome and Muckle–Wells syndrome. The
immunomodulator binds to serum IL-1β. The mean terminal half-life is 26 days
(1).

Reproduction studies have been conducted in monkeys and mice. In
monkeys, SC doses, given twice weekly during gestation days 23–109 that
were 23–230 times the human dose based on plasma AUC comparison at the
maximum recommended human dose (MRHD-AUC) revealed no evidence of
embryotoxicity or fetal malformations. However, increases in the incidence of
incomplete fetal skeletal development were observed at all dose levels.
Because canakinumab does not cross-react with mouse IL-1, mice were given
SC doses of a murine analog of canakinumab on gestation days 6, 11, and 17.



A comparison with the human exposure was not given, but the three doses
used were identical on a body-weight basis to those given to monkeys.
Incomplete fetal skeletal development was increased in a dose-dependent
manner at all dose levels tested (1). The NOEL was not reported in either
species.

Studies for carcinogenic or mutagenic potential have not been conducted.
Fertility studies, using a murine analog of canakinumab, were conducted in
male and female mice. SC doses of the analog, identical on a body-weight
basis to those given to monkeys, were given before and after mating and had
no effect on male or female fertility parameters (1).

It is not known if canakinumab crosses the human placenta. The molecular
weight (145,157) suggests that passive transfer will not occur, but the long
circulation half-life will place the protein at the maternal: fetal interface for a
prolonged period. Moreover, other proteins (e.g., see Immune Globulin
Intravenous) cross the placenta. If the delayed skeletal development observed
in the two animal species were direct effects (i.e., effects on the embryo
and/or fetus and not caused by maternal effects), this would be evidence that
the antibody can cross hemochorial placentas.

BREASTFEEDING SUMMARY
No reports describing the use of canakinumab during human lactation have
been located. The high molecular weight of this antibody (145,157) and the long
circulation half-life (26 days) suggest that excretion into mature breast milk will
be inhibited. Because immunoglobulins and other high-molecular-weight
substances are excreted into colostrum, exposure of the nursing infant to
canakinumab might occur during the first few days after birth. The effect, if any,
of this exposure on a nursing infant is unknown. However, an increase in
serious infections is a potential complication due to interference with the
immune response. Other adverse effects observed in patients treated with this
drug include nasopharyngitis, diarrhea, rhinitis, nausea, headache, bronchitis,
and gastroenteritis (1). Nursing infants of women receiving the drug should be
closely monitored for these effects.
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CANDESARTAN CILEXETIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The antihypertensive mechanisms of action of candesartan and
angiotensin-converting enzyme (ACE) inhibitors are very close. That is, the
former selectively blocks the binding of angiotensin II to AT1 receptors,
whereas the latter prevents the formation of angiotensin II itself. Therefore,
use of this drug during the 2nd and 3rd trimesters may cause teratogenicity
and severe fetal and neonatal toxicity that is identical to that seen with ACE
inhibitors (e.g., see Captopril or Enalapril). Fetal toxic effects may include
anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
prematurity, and patent ductus arteriosus. Stillbirth or neonatal death may
occur. Anuria-associated oligohydramnios may produce fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, which is resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure to
candesartan cilexetil. Newborn renal function and blood pressure should be
closely monitored.

FETAL RISK SUMMARY
The prodrug, candesartan cilexetil, is hydrolyzed to the active drug,
candesartan, during absorption from the gastrointestinal tract. Candesartan is a
selective angiotensin II receptor blocker (ARB) that is used, either alone or in
combination with other antihypertensive agents, for the treatment of
hypertension. It blocks the vasoconstrictor and aldosterone-secreting effects of
angiotensin II by preventing angiotensin II from binding to AT1 receptors (1).

Reproduction studies have been conducted with candesartan cilexetil in mice,
rats, and rabbits at oral doses up to approximately 138, 2.8, and 1.7 times the



maximum recommended human dose of 32 mg based on BSA (MRHD),
respectively (1). Rat offspring, exposed to the drug during late gestation and
through lactation, had decreased survival and an increased incidence of
hydronephrosis, whereas no maternal toxicity or fetal harm was observed in
pregnant mice. In pregnant rabbits, maternal toxicity (decreased body weight
and death) was noted, but, in the offspring of surviving dams, no adverse
effects were seen on fetal survival, fetal weight, or on external, visceral, or
skeletal development (1). No effects on fertility or reproductive performance
were observed in male and female rats given oral doses up to 83 times the
MRHD (1).

It is not known if candesartan crosses the human placenta to the fetus. The
molecular weight of candesartan (about 440 after hydrolysis of the prodrug,
candesartan cilexetil) is low enough such that passage to the fetus should be
expected.

In a 2001 case report, candesartan (7 mg/day) was used for mild
hypertension throughout gestation (2). Amniotic fluid was reduced at term. The
female infant (birth weight not given) had left-sided facial palsy, plexus paresis,
and was anuric. On ultrasound, the kidneys were hyperechogenic with poor
corticomedullary differentiation. Urine production started at 5 days of age and
the sonographic appearance of the kidneys normalized during the following
month. At 8 months of age, the infant was developing normally and only a
discrete facial and plexus palsy remained (2).

A 41-year-old woman was treated with candesartan throughout a 32-week
gestation (3). Because of anhydramnios, she was delivered of a 1120-g (0.4th
percentile) male infant in poor condition. The infant had defective ossification of
the roof of the calvarium, joint contractures, mild hypospadias, rocker bottom
feet, a large abdominal left kidney and absent right kidney. He developed
intractable hypotension, unresponsive to hydration, and remained anuric until he
died (3).

In a 2003 report, the outcomes of 42 pregnancies exposed to ARAs were
described (4). The outcomes of 37 pregnancies (1 set of twins) exposed in the
1st trimester were 3 spontaneous abortions (drugs not specified), 4 elective
abortions (one for exencephaly; candesartan until 4 3/7 weeks, carbimazole,
hydrochlorothiazide, maternal obesity), 1 stillbirth (no anomalies; valsartan until
week 4, cigarette smoking, other antihypertensives), 1 minor malformation
(undescended testicles; drug not specified), and 28 healthy newborns. There
was one major malformation (cleft palate, patent ductus arteriosus, modest
coarctation of the aorta, growth restriction; valsartan until week 13,



hydrochlorothiazide, metoprolol, cigarette smoking). Five cases involved late
exposure to ARAs and their outcomes involved one or more of the following:
oligohydramnios/anhydramnios, anuria, hypoplastic skull bones, limb
contractions, lung hypoplasia, and neonatal death (4).

A 2005 article reviewed the mechanism of ARA-induced fetal toxicity (5). This
toxicity, observed in 15 case reports, was similar to that observed with
angiotensin-converting enzyme (ACE) inhibitors. The primary effect is
suppression of the fetal renin–angiotensin system that results in disruption of
the fetal vascular perfusion and renal dysfunction (5).

A 38-year-old pregnant woman with chronic hypertension was treated with
candesartan (16 mg/day) and propranolol (160 mg/day) (6). Oligohydramnios
was diagnosed at 23 weeks and candesartan was stopped and methyldopa
was started. At 26 weeks, no amniotic fluid was noted, the fetal kidneys were
small and the bladder was empty. An elective abortion delivered a 860-g male
fetus with deformities of the extremities and face due to oligohydramnios. The
kidneys had severe tubular dysgenesis with a reduced number and poor
differentiation of proximal tubules (6).

A 2007 review cited 64 published cases of pregnancies exposed to ARAs,
42.2% of which had unfavorable outcomes (7). The duration of ARA exposure
was longer in the cases with poor outcomes compared with those with good
outcomes, 26.3 ± 10.5 vs. 17.3 ± 11.6 weeks.

A 2010 case report described the outcome of an unplanned pregnancy that
was exposed to aspirin 75 mg/day, metoprolol 25 mg/day, and candesartan 4
mg/day in the first 22 weeks (8). At that time, ultrasound revealed edematous
fetal kidneys and reduced levels of amniotic fluid, and candesartan was
discontinued. Five weeks later, normal amniotic fluid and a visible fetal bladder
were noted, but the kidneys remained enlarged. At 31 weeks, she gave birth to
a 2200-g male infant with Apgar scores of 9 and 9. Renal function studies in the
1-day-old infant were within normal limits. However, at 1 and 2 weeks,
ultrasound of the kidneys showed bilateral marked calices, small cysts, and
parenchymal increased echogenety. There was complete sonographic
normalization of the kidneys at 6 weeks of age. At 6 months of age, a urine
analysis was normal. The infant had a systolic murmur related to a patent
ductus arteriosus. Based on experimental evidence, concern was expressed for
renal dysfunction and arterial hypertension in adulthood (8).

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (9). The factors that typically coexist with



hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of candesartan cilexetil during human lactation
have been located. Because the molecular weight of the active drug,
candesartan, is about 440, excretion into human breast milk should be
expected. The effects of this exposure on a nursing infant are unknown. The
American Academy of Pediatrics, however, classifies ACE inhibitors, a closely
related group of antihypertensive agents, as compatible with breastfeeding
(see Captopril or Enalapril).
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CAPECITABINE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of capecitabine during human pregnancy
have been located. Studies have observed developmental toxicity in mice
(structural anomalies and death) and rabbits (death) at systemic exposures
less than those observed with the maximum recommended dose in humans.
The drug is converted intracellularly to the active metabolite 5-FU. Although
there are no human pregnancy data, capecitabine should be avoided in
pregnancy. If it must be used for the mother’s benefit, consideration should
be given to avoiding the period of organogenesis.

FETAL RISK SUMMARY
Capecitabine, a fluoropyrimidine carbamate, is an oral prodrug that, upon
absorption from the gut, is converted in the liver to a precursor (5′-DFUR) of 5-
fluorouracil (5-FU). The final metabolic step to 5-FU, the active agent, occurs in
tumor and normal cells. (See also Fluorouracil.) Capecitabine is classified as an
antimetabolite in the subclass of pyrimidine analogs. In addition to fluorouracil,
other antineoplastic agents in the subclass are cytarabine, floxuridine, and
gemcitabine. Capecitabine is indicated for adjuvant treatment in patients with
Dukes’ C colon cancer who have undergone complete resection of the primary
tumor, as first-line treatment of patients with metastatic colorectal carcinoma,
and, either alone or in combination (see Ixabepilone) in some cases of breast
cancer. Plasma protein binding of capecitabine and its metabolites is low
(<60%). The elimination half-life of capecitabine and 5-FU is very short (about
0.75 hours) (1).

Reproduction studies have been conducted in mice and monkeys. During
organogenesis in mice, a dose that resulted in systemic exposures of 5′-DFUR
AUC that were about 0.2 times the human exposure from the recommended



daily dose (HERDD) produced cleft palate, anophthalmia, microphthalmia,
oligodactyly, polydactyly, syndactyly, kinky tail, and dilation of cerebral
ventricles. In monkeys, during organogenesis, a dose that resulted in systemic
exposures of 5′-DFUR AUC that were about 0.6 times HERDD caused fetal
death (1).

The carcinogenic potential of capecitabine has not been evaluated. The drug
was not mutagenic in two assays but was clastogenic in one test. However, 5-
FU causes mutations in bacteria and yeast and chromosomal abnormalities in
mice. In mice, a capecitabine dose resulting in exposures that were about 0.7
times the HERDD caused a reversible decrease in fertility in females and
degenerative changes in the testes of males. No fetuses survived this dose in
mice that became pregnant (1).

It is not known if capecitabine or the precursor 5′-DFUR crosses the human
placenta. The molecular weight of capecitabine (about 359) and the low plasma
protein binding suggest that the drug will cross to the embryo–fetus, but the
very short elimination half-life should limit the exposure. The molecular weight of
5′-DFUR was not specified, but if it or the parent drug were to cross the
placenta, intracellular metabolism in normal tissues could expose the embryo–
fetus to 5-FU.

BREASTFEEDING SUMMARY
No reports describing the use of capecitabine during human lactation have been
located. The molecular weight of capecitabine (about 359) and the low plasma
protein binding (<60%) of capecitabine and 5′-DFUR (molecular weight not
specified) suggest that the drugs will be excreted into breast milk, but the very
short elimination half-life of capecitabine (about 0.75 hours; unspecified for 5′-
DFUR) should limit the exposure. The effects of this exposure on a nursing
infant are unknown. However, metabolism of the parent drug and the precursor
would expose the infant to 5-FU. The mother should not breastfeed if she is
being treated.
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CAPREOMYCIN
Antibiotic (Antituberculosis)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of capreomycin during human pregnancy
have been located. A 1992 review of tuberculosis and pregnancy stated
that the safety of capreomycin in pregnancy was not established, but cited
no references of its use (1). Two other sources, one published in 1995 and
the other in 1996, concluded that capreomycin should be avoided, if
possible, because of the potential for ototoxicity and deafness (2,3).
Neither source cited pregnancy data involving capreomycin.

FETAL RISK SUMMARY
Capreomycin is a polypeptide antibiotic isolated from Streptomyces capreolus.
The antibiotic is a mixture of four active components consisting of capreomycin
IA and IB (a combined total of at least 90% of the product) and capreomycin
IIA and IIB. Capreomycin is given by IM injection. Less than 1% is absorbed
orally. It is indicated, in combination with other antituberculosis agents, as an
alternate drug when the primary agents are ineffective or cannot be used
because of toxicity. Because the toxicity of capreomycin is similar to
aminoglycosides (e.g., cranial nerve VIII and renal), it should not be used with
these agents (4).

Capreomycin caused a low incidence of wavy ribs in rats given doses 3.5
times the human dose (1). No studies have been conducted on the effects of
the antibiotic on fertility, carcinogenicity, or mutagenicity (4).

It is not known if capreomycin crosses the human placenta. The molecular
weight (about 653–669) suggests that the drug will cross to the embryo–fetus.

A 2003 report described the use of capreomycin in a pregnant woman with
multidrug-resistant tuberculosis (5). A 22-year-old woman was diagnosed with



the infection at 23 weeks’ gestation and daily treatment was initiated with
rifampin (600 mg), isoniazid (300 mg), and ethambutol (700 mg). Because of
lack of response, her therapy was changed after 3 weeks to capreomycin (IV
1000 mg 5 days/week), cycloserine (750 mg/day), levofloxacin (1000 mg/day),
para-aminosalicylic acid (12 g/day), and pyrazinamide (1500 mg/day). After
spontaneous rupture of the membrane, she gave birth at 35 weeks’ gestation to
a healthy, 2003-g infant. The results of a tuberculin skin test and three
nasogastric aspiration cultures were negative, as were a neurologic
examination and electrophysiology hearing studies. The infant was kept
separated from the mother (5).

A 2003 study reported the outcomes of seven pregnancies treated for
multidrug-resistant tuberculosis (6). The seven women received multiple anti-
infective agents. Three patients (one throughout, one in 1st trimester, and one
postpartum) were treated with IV capreomycin. In 2005, the same group
reported the long-term follow-up of six of the offspring; a seventh child, not
exposed to capreomycin, was lost to follow-up (7). The average age of the
children was 3.7 years and each underwent a comprehensive clinical
evaluation. None had hearing loss and all had normal vision and neurologic
analysis. Of the three exposed to capreomycin (current age and time of
exposure), one had mild speech delay (4.6 years; throughout and postpartum),
one was hyperactive (5.1 years; postpartum only), and one had no
abnormalities (1.25 years; 1st trimester only). All three were breastfed (7).
Neither of the two conditions appears to be related to capreomycin.

BREASTFEEDING SUMMARY
No studies reporting the excretion of capreomycin into breast milk have been
located. One report mentioned that two infants whose mothers were receiving
IV capreomycin and other antituberculosis agents were breastfed (7). No other
details were available, but the long-term follow-up revealed no evidence of
capreomycin-induced toxicity (see above).

The molecular weight (about 653–669) suggests that the drug will be
excreted into breast milk.

The effect on a nursing infant from this exposure is unknown. Although the
systemic absorption of capreomycin in a neonate has not been studied, <1% of
an oral dose is absorbed by adults, so the risk, if any, to a nursing infant
appears to be minimal.
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CAPTOPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The fetal toxicity of captopril in the 2nd and 3rd trimesters is similar to
other angiotensin-converting enzyme (ACE) inhibitors. The use of this drug
during the 2nd and 3rd trimesters may cause teratogenicity and severe
fetal and neonatal toxicity. Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
prematurity, and patent ductus arteriosus. Stillbirth or neonatal death may
occur. Anuria-associated oligohydramnios may produce fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, which is resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure.
Newborn renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Captopril, an ACE inhibitor, is used for the treatment of hypertension and in the
management of heart failure. The drug is embryocidal in animals and has been
shown to cause an increase in stillbirths in some species (1–3). In pregnant
sheep and rabbits, the use of captopril was associated with a decrease in
placental blood flow and oxygen delivery to the fetus (4,5).

Because of the toxicity identified in early animal studies, a committee of the
National Institutes of Health recommended in 1984 that captopril be avoided
during pregnancy (6). A 1985 review on the treatment of hypertension in
pregnancy also stated that captopril should not be used in pregnancy because
of the animal toxicity (7). However, use of captopril limited to the 1st trimester
does not appear to present a significant risk to the fetus. Fetal exposure after
this time has been associated with teratogenicity and severe toxicity in the fetus
and newborn, including death.



A number of reports have described the use of captopril, usually in
combination with other antihypertensive agents and often after the failure of
other medications, for the treatment of resistant hypertension during human
pregnancy (8–28). Included among these is a 1991 review that summarized
those cases of captopril-exposed pregnancies published before January 1,
1990 (28). Some of these reports are reviewed below.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 86 newborns had
been exposed to captopril during the 1st trimester (Franz Rosa, personal
communication, FDA, 1993). Four (4.7%) major birth defects were observed
(three expected). Specific data were available for six defect categories,
including (observed/expected) 1/1 cardiovascular defects, 0/0 oral clefts, 0/0
spina bifida, 1/0 polydactyly, 1/0 limb reduction defects, and 1/0 hypospadias.
These data do not support an association between 1st trimester use of
captopril and congenital defects.

One pregnancy treated with captopril was reported in a 1997 study of 19
pregnancies exposed to ACE inhibitors (8). Captopril therapy was stopped at 8
weeks’ gestation. No congenital anomalies or renal dysfunction was noted in
the newborn (8).

A malformed fetus was discovered after voluntary abortion in a patient with
renovascular hypertension (9). The patient had been treated during the 1st
trimester with captopril, propranolol, and amiloride. The left leg ended at
midthigh without distal development, and no obvious skull formation was noted
above the brain tissue. However, because of the very small size of the fetus
(1.5 cm), the pathologist could not be certain that the defects were not a result
of the abortion (10).

A mother with a history of renal artery stenosis and malignant hypertension
was treated throughout gestation with captopril, minoxidil, and propranolol (11).
Three of her four previous pregnancies had ended in midgestation stillbirths.
The most recent stillbirth, her fourth pregnancy, involved a 500-g male infant
with low-set ears but no gross anomalies. The mother had been treated with
the above regimen plus furosemide. In her second pregnancy, she had been
treated only with hydrochlorothiazide and she had delivered a normal-term
infant. No information was available on the first and third pregnancies, both of
which ended in stillbirths. In her latest pregnancy, daily doses of the three
drugs were 50 mg, 10 mg, and 160 mg, respectively. The infant, delivered by
cesarean section at 38 weeks, had multiple abnormalities, including an
omphalocele (repaired on the 2nd day), pronounced hypertrichosis of the back



and extremities, depressed nasal bridge, low-set ears, micrognathia, bilateral
fifth finger clinodactyly, undescended testes, a circumferential midphallic
constriction, a large ventriculoseptal defect, and a brain defect consisting of
slightly prominent sulci, especially the basal cisterns and interhemispheric
fissure. Growth restriction was not evident, but the weight (3170 g, 60th
percentile), length (46 cm, 15th percentile), and head circumference (32.5 cm,
25th percentile) were disproportionate. Neurologic examinations, as well as
examinations of the skeleton and kidneys, were normal. Marked hypotension
(30–50 mmHg systolic) was present, which resolved after 24 hours. Heart rate,
blood glucose, and renal function were normal. The infant’s hospital course was
marked by failure to thrive, congestive heart failure, prolonged physiologic
jaundice, and eight episodes of hyperthermia (>38.5°C without apparent cause)
between 2 and 6 weeks of age. The hypertrichosis, which was much less
prominent at 2 months of age, is a known adverse effect of minoxidil therapy in
both children and adults, and the condition in this infant was thought to be
caused by that drug. The cause of the other defects could not be determined,
but a chromosomal abnormality was excluded based on a normal male
karyotype (46,XY), determined after a midgestation amniocentesis (11).

One case involved a mother with polyarteritis nodosa treated throughout
gestation with captopril, hydralazine, and furosemide (12). The pregnancy was
electively terminated at approximately 31 weeks’ gestation because of
worsening maternal disease. A normal, non-growth-restricted infant was
delivered who did well in the neonatal period (12).

Oligohydramnios developed after 3 weeks of therapy with captopril in a
woman who was treated at 25 weeks’ gestation (13). Cesarean section at 29
weeks’ gestation produced a 1040-g infant with dehydration, marked peripheral
vasodilation, severe hypotension, respiratory distress, and anuria.
Epidermolysis of the trunk and extremities appeared after birth. Diagnostic
studies indicated a normal bladder, but neither kidney was perfused. ACE
activity was reported as very low. The infant died on day 8 as a result of
persistent anuria. At autopsy, hemorrhagic foci were discovered in the renal
cortex and medulla, but nephrogenesis was adequate for the gestational age.

A woman was treated at 27 weeks’ gestation with daily doses of captopril
(200 mg), labetalol (1600 mg), and furosemide (80 mg) (14). Fourteen days
after treatment was begun, signs of fetal distress, attributed to the maternal
hypertension, appeared and the infant was delivered by cesarean section. No
adverse effects of the drug treatment were observed in the infant (14).

Captopril and acebutolol were used throughout pregnancy to treat a woman



with nephrotic syndrome and arterial hypertension (15). Intrauterine growth
restriction (IUGR), most probably because of the severe maternal disease
(although a contribution from drug therapy could not be excluded), was
identified early in the 2nd trimester and became progressively worse. The
growth-restricted male infant was delivered prematurely at 34 weeks by
cesarean section. Captopril was found in the cord blood, with levels in the
mother and fetus less than 100 ng/mL, 4 hours after the last dose. ACE activity
was below normal limits in both the mother and the newborn. Neonatal
respiratory arrest occurred 15 minutes after delivery with varying degrees of
hypotension persisting over the first 10 days. A patent ductus arteriosus was
also present (15).

A woman with hypertension secondary to bilateral renal artery stenosis was
treated with captopril, 150 mg/day, beginning 6 weeks before conception (16).
Daily drug therapy during pregnancy consisted of captopril (600 mg),
methyldopa (750 mg), and furosemide (80 mg). Oligohydramnios and IUGR
were diagnosed at 35 weeks’ gestation, at which time a cesarean section was
performed to deliver the 2120-g male infant. Some of the abnormalities in the
infant, such as pulmonary hypoplasia, small skull circumference (28.5 cm, <3rd
percentile), hypoplastic skull bones with wide sutures, and contractures of the
extremities, were probably caused by captopril-induced oligohydramnios and
fetal hypotension. The severe neonatal hypotension (27/20 mmHg), which
slowly resolved over 5 days despite volume expansion and pressor agents, and
the anuria were also most likely caused by captopril. The infant was anuric for
7 days, then oliguric with 7–10 mL/day output for the next 12 days. All
diagnostic tests during the first 10 days after birth indicated apparently normal
kidneys. Peritoneal dialysis was commenced on the 20th day, but the infant
died at 1 month of age (16).

A 1985 case report described a woman with twins treated throughout
pregnancy with captopril (75–100 mg/day), hydralazine (75 mg/day),
metoprolol (200 mg/day), and chlorthalidone (25 mg/day; stopped after 3
months) (17). Three previous pregnancies complicated by severe hypertension
had ended with one term, mentally subnormal infant and two spontaneous
abortions, one at 5 months and one at 7 months. Two weeks before term the
dose of captopril was reduced to 37.5 mg/day. Other than their small size
(weight and length of both were <10th percentile), both infants were normal
and had normal mental and physical growth at 10 months (17).

In another case report, a woman who had had a renal transplant was treated
throughout gestation with daily doses of captopril (75 mg), cyclosporine (200



mg), atenolol (200 mg), cimetidine, and amoxicillin (18). Oligohydramnios was
diagnosed at 18 weeks’ gestation and IUGR with gross oligohydramnios was
discovered at 26 weeks. Ultrasound scanning at 27 weeks indicated renal
dysplasia. Intrauterine fetal death occurred at 29 weeks. No congenital
anomalies were found at autopsy. The kidneys appeared normal, but no urine
was found in the ureters or bladder. The authors attributed the renal
dysgenesis to the captopril therapy (18).

An 18-year-old woman with severe chronic hypertension became pregnant
while taking captopril, hydralazine, and propranolol (19). Captopril and
hydralazine were discontinued on presentation at 10 weeks’ gestation. Because
her subsequent blood pressure control was poor, her therapy was changed at
20 weeks’ gestation to captopril (37.5–75 mg/day), atenolol (100 mg/day), and
nifedipine (40 mg/day). IUGR was identified by serial scanning. A healthy,
1590-g female infant was delivered by cesarean section at 30 weeks’
gestation. No other additional information was provided, except that the infant
survived (19).

Two abstracts described two pregnancies terminating with newborns
exhibiting characteristic patterns of captopril-induced fetotoxicity and
malformations (24,25). The fetopathy consisted of fetal hypotension, severe
anuria and oligohydramnios, IUGR, hypocalvaria, renal tubular dysplasia, and
pulmonary hypoplasia. Both infants died.

The result of a survey on the use of captopril during pregnancy was
published in 1988 (26). The outcomes of therapy in the 37 pregnancies (38
fetuses, 1 set of twins) were 3 stillbirths, 11 premature births, 4 small-for-
gestational-age infants, 4 cases of patent ductus arteriosus, and 2 neonatal
deaths secondary to anuria (26).

A 1992 reference described the effects of ACE inhibitors on pregnancy
outcome (27). Among 106,813 women enrolled in the Tennessee Medicaid
program who delivered either a liveborn or stillborn infant, 19 had taken either
captopril, enalapril, or lisinopril during gestation. One premature newborn,
exposed in utero to captopril, had microcephaly, a large occipital
encephalocele, and was probably blind (27).

Investigators at the FDA summarized some of the known cases of captopril-
induced neonatal anuria in a 1989 report (29). These cases have been
described above (13,15,16). The FDA authors cautioned that if captopril was
used during pregnancy, then preparations should be made for neonatal
hypotension and renal failure (29). Of interest, a 1991 review concluded that
fetal and neonatal renal dysfunction was more common after maternal use of



enalapril than with captopril (28).
A 1991 report presented two cases of fetopathy and hypocalvaria in

newborns exposed in utero to ACE inhibitors, including one case in which
captopril, prednisone, atenolol, and furosemide were used throughout
pregnancy (same case as described in reference 24) and one case caused by
lisinopril (30). Twelve other cases of hypocalvaria or acalvaria were reviewed,
three of which were thought to be caused by captopril (N = 2) or enalapril (N =
1) and nine others with causes that were either not drug-related or unknown.
The authors speculated that the underlying pathogenetic mechanism in these
cases was fetal hypotension (30).

In a 1991 article examining the teratogenesis of ACE inhibitors, the authors
cited evidence linking fetal calvarial hypoplasia with the use of these agents
after the 1st trimester (31). They speculated that the mechanism was related
to drug-induced oligohydramnios that allowed the uterine musculature to exert
direct pressure on the fetal skull. This mechanical insult, combined with drug-
induced fetal hypotension, could inhibit peripheral perfusion and ossification of
the calvaria (31).

Investigators in a study published in 1992 examined microscopically the
kidneys of nine fetuses exposed to ACE inhibitors, one of which was enalapril
(32). The researchers concluded that the renal defects associated with ACE
inhibitors were caused by decreased renal perfusion and are similar to the
defects seen in other conditions related to reduced fetal renal blood flow (32).

In a retrospective 2000 study, the outcomes of 10 pregnant women treated
with low-dose captopril (12.5–25 mg/day) for severe, unresponsive
vasoconstricted hypertension were reviewed (33). Maternal hemodynamics
improved without fetal or neonatal complications. Assuming an expected
complication rate of 5%–10%, however, the number of exposed pregnancies
may have been too small to identify adverse effects (33).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, who
had 1st trimester exposure to ACE inhibitors (34). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors, or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives (N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no antihypertensives group, exposure to ACE



inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively (RR 3.72, 95% CI 1.89–
7.30), and with central nervous system defects, 3, 0, and 80, respectively (RR
4.39, 95% CI 1.37–14.02). The major defects observed in the subject group
were as follows: atrial septal defect (N = 6) (includes three with pulmonic
stenosis and/or three with patent ductus arteriosus (PDA)), renal dysplasia (N
= 2), PDA alone (N = 2), and one each of ventricular septal defect, spina bifida,
microcephaly with eye anomaly, coloboma, hypospadias, intestinal and choanal
atresia, Hirschsprung disease, and diaphragmatic hernia (34). In an
accompanying editorial, it was noted that neither previous reports of 1st
trimester exposure to ACE inhibitors nor the animal studies had observed an
increased risk of birth defects (35). It also was noted that no mechanism for
ACE inhibitor–induced teratogenicity was known. A subsequent communication
raising concerns about the validity of the study in terms of adequate exclusion
of diabetes, charting and coding errors in busy medical practices, and the
effects of maternal obesity (36) was addressed by the investigators (37).

Captopril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent patent ductus arteriosus, craniofacial deformation, and
neonatal death (38,39). IUGR, prematurity, and severe neonatal hypotension
may also be observed. Two reviews of fetal and newborn renal function
indicated that both renal perfusion and glomerular plasma flow are low during
gestation and that high levels of angiotensin II may be physiologically necessary
to maintain glomerular filtration at low perfusion pressures (40,41). Captopril
prevents the conversion of angiotensin I to angiotensin II and, thus, may lead to
in utero renal failure. Newborn renal function and blood pressure should be
closely monitored. If oligohydramnios occurs, stopping captopril may resolve
the problem but may not improve infant outcome because of irreversible fetal
damage (38). In those cases in which captopril must be used to treat the
mother’s disease, the lowest possible dose should be used combined with
close monitoring of amniotic fluid levels and fetal well-being. Guidelines for
counseling exposed pregnant patients have been published and should be of



benefit to health professionals faced with this task (31,38).
The observation in Tennessee Medicaid data of an increased risk of major

congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies (35).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings, and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (42). The factors, which typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
Captopril is excreted into breast milk in low concentrations. In 12 mothers given
100 mg three times/day, average peak milk levels were 4.7 ng/mL at 3.8 hours
after their last dose (43,44). This represented an average milk:plasma ratio of
0.012. No differences were found in captopril levels in milk before and after the
drug. No effects on the nursing infants were observed. The American Academy
of Pediatrics classifies captopril as compatible with breastfeeding (45).
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CARBACHOL
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although there are no human reports, carbachol probably is compatible in
pregnancy.

FETAL RISK SUMMARY
Carbachol is used in the eye. No reports of its use in pregnancy have been
located. As a quaternary ammonium compound, it is ionized at physiologic pH
and transplacental passage in significant amounts would not be expected.

BREASTFEEDING SUMMARY
No reports describing the use of carbachol during human lactation have been
located. Because clinical significant concentrations are unlikely, the drug should
be compatible with breastfeeding.



CARBAMAZEPINE
Anticonvulsant
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Carbamazepine use in pregnancy is associated with an increased incidence
of major and minor malformations, including neural tube defects (NTDs),
cardiovascular and urinary tract defects, and cleft palate. A fetal
carbamazepine syndrome has been proposed, consisting of minor
craniofacial defects, fingernail hypoplasia, and developmental delay. The
latter abnormality, however, is controversial; some studies have found mild
mental retardation and some have not. Although pregnant women should be
advised of these potential adverse outcomes, if the drug is required during
pregnancy it should not be withheld because the benefits of preventing
seizures outweigh the potential fetal harm.

FETAL RISK SUMMARY
Carbamazepine, a tricyclic anticonvulsant, has been in clinical use since 1962.
The drug is teratogenic in rats at doses 10–25 times the maximum human daily
dose [MHDD] of 1200 mg/day or 1.5–4 times the MHDD based on BSA (1).
Anomalies observed included kinked ribs, cleft palate, talipes, and
anophthalmos.

The drug crosses the placenta, with highest concentrations found in fetal liver
and kidneys (2–4). Fetal levels are approximately 50%–80% of maternal serum
levels (4).

Placental function in women taking carbamazepine has been evaluated (5).
No effect was detected from carbamazepine as measured by serum human
placental lactogen, 24-hour urinary total estriol excretion, placental weight, and
birth weight.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 172 newborns had



been exposed to carbamazepine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 13 (7.6%) major birth defects were
observed (7 expected), including 4 cardiovascular defects (2 expected), and 1
spina bifida (none expected). No anomalies were observed in four other
categories of defects (oral clefts, polydactyly, limb reduction defects, and
hypospadias) for which specific data were available. Although the above data
have not yet been analyzed to distinguish between combination and
monotherapy (F. Rosa, personal communication, FDA, 1993), the total number
of malformations suggests an association between the drug and congenital
defects (see also discussion of reference 25 below).

Additional reports to the FDA involved five cases of holoprosencephaly in
which carbamazepine was used either alone (two cases) or in combination with
valproic acid and phenytoin (one case), phenytoin and primidone (one case), or
gabapentin (one case) (6). Because of the lack of family histories, an
association with familial holoprosencephaly or maternal neurologic problems
could not be excluded (6).

A number of reports have described the use of carbamazepine during the 1st
trimester (5,7,23,27,33–40). Multiple anomalies were found in one stillborn
infant in whom carbamazepine was the only anticonvulsant used by the mother
(15). These included closely set eyes, flat nose with single nasopharynx,
polydactylia, atrial septal defect, patent ductus arteriosus, absent gallbladder
and thyroid, and collapsed fontanel. Individual defects observed in this and
other cases include talipes, meningomyelocele, anal atresia, ambiguous
genitalia, congenital heart disease, hypertelorism, hypoplasia of the nose, cleft
lip, congenital hip dislocation, inguinal hernia, hypoplasia of the nails, and
torticollis (7–18). One infant, also exposed to lithium during the 1st trimester,
had hydrocephalus and meningomyelocele (18). Decreased head
circumference (7 mm less than controls) has been observed in infants exposed
only to carbamazepine during gestation (19). The head size was still small by
18 months of age with no catch-up growth evident. Dysmorphic facial features,
combined with physical and mental retardation, were described in an infant girl
exposed during gestation to 500–1700 mg/day of carbamazepine monotherapy
(23). Maternal carbamazepine serum levels had been monitored frequently
during gestation and all were reported to be in the therapeutic range (23).

In a 1982 review, Janz stated that nearly all possible malformations had been
observed in epileptic patients (24). Minor malformations, such as those seen in
the fetal hydantoin syndrome (FHS) (see Phenytoin), have also been observed
with carbamazepine monotherapy, causing Janz to conclude that the term FHS



was misleading (24). Because carbamazepine was thought to present a lower
risk to the fetus, the drug has been recommended as the treatment of choice
for women who may become pregnant and who require anticonvulsant therapy
for the first time (25). However, a 1989 report has indicated that
carbamazepine is also probably a human teratogen (22).

Eight children were identified retrospectively after in utero exposure to
carbamazepine either alone (N = 4), or in combination with other
anticonvulsants (phenobarbital N = 2, primidone N = 1, or phenobarbital and
clonazepam N = 1) (22). In six mothers, daily carbamazepine doses ranged
from 600 to 1600 mg (dosage unknown in two). The following defects were
noted in the children: intrauterine growth restriction (two cases), poor neonatal
performance (three cases), postnatal growth deficiency (three cases, not
determined in four), developmental delay (three cases, not determined in four),
microcephaly (three cases, not determined in four), upslanting palpebral
fissures (two cases), short nose with long philtrum (two cases), hypoplastic
nails (four cases), and cardiac defect (two cases).

Concurrently with the above evaluations, a prospective study involving 72
women treated with carbamazepine in early pregnancy was conducted (22).
Fifty-four liveborn children were evaluated from the 72 mothers, with the
remaining 18 excluded for various reasons (seven spontaneous abortions, five
therapeutic abortions, and six lost to follow-up before delivery). A control group
of 73 pregnant women was prospectively selected for comparison.
Anticonvulsant drug therapy in the study group consisted of carbamazepine
either alone (N = 50) or in combination with phenobarbital (N = 12),
phenobarbital and valproic acid (N = 4), primidone (N = 3), valproic acid (N =
1), ethosuximide (N = 1), and primidone and ethosuximide (N = 1).
Carbamazepine dosage varied from 200 to 1200 mg/day. Seizures occurred at
least once during pregnancy in 59% of the women, but they did not correlate
with either malformations or developmental delay in the offspring (22). Of the
54 liveborn children, 48 were examined by the study investigators. Five (10%)
of these children had major anomalies consisting of lumbosacral
meningomyelocele (N = 1), multiple ventricular septal defects (N = 1), indirect
inguinal hernia (N = 1) (all three exposed to carbamazepine alone), and cleft
uvula (N = 2) (exposed to carbamazepine and phenobarbital). Five (7%) of the
control infants also had major anomalies. The incidence of children with two
minor malformations was statistically similar for the study and control groups,
23% (11 of 48) vs. 13% (9 of 70), respectively. Those presenting with three or
more minor anomalies, however, were more frequent in the exposed group



(38%, 18 of 48) than in controls (6%, 4 of 70) (p = 0.001). Based on the
combined results from the retrospective and prospective studies, the
investigators concluded that carbamazepine exposure was associated with a
pattern of congenital malformations whose principal features consisted of minor
craniofacial defects, fingernail hypoplasia, and developmental delay. Because
these defects were similar to those observed with the fetal hydantoin
syndrome, and because both carbamazepine and phenytoin are metabolized
through the arene oxide pathway, a mechanism was proposed that attributed
the teratogenicity to the epoxide intermediates rather than to the specific drugs
themselves (22).

In a later correspondence concerning the above study, the investigators cited
unofficial data obtained from the FDA involving 1307 pregnancies in which the
maternal use of carbamazepine was not confounded by the concomitant use of
valproic acid (26). Eight infants with spina bifida were identified in the offspring
of these mothers. The incidence of 0.6% (1 in 163) represented a ninefold
relative risk for the neural tube defect (26).

A 1991 report cited data accumulated by the FDA on 237 infants with spina
bifida born to women taking antiepileptic drugs during gestation (27).
Carbamazepine was part of the anticonvulsant regimen in at least 64 of the
women, 36 without valproic acid and 28 with valproic acid. The author noted
that substantial underreporting was likely in these data, and an accurate
assessment of the risk of spina bifida with carbamazepine could not be
determined from voluntarily reported cases (27). To overcome these and other
biases, the pregnancy outcomes of all Medicaid recipients in Michigan who
gave birth in the period from 1980 through 1988, and who took anticonvulsants
during the 1st trimester, were examined. Four cases of spina bifida were
identified from 1490 women, including 107 who had taken carbamazepine.
Three of the infants with spina bifida had been exposed to carbamazepine in
utero, one of whom was also exposed to valproic acid, and two of whom were
also exposed to phenytoin, barbiturates, or primidone alone or in combination.
Combined with other published studies, the author concluded that in utero
exposure to carbamazepine during the 1st trimester, without concurrent
exposure to valproic acid, results in a 1% risk of spina bifida (27). The relative
risk (RR) was estimated to be about 13.7 (95% confidence interval [CI], 5.6–
33.7) times the expected rate.

The above study generated several published comments involving the risk of
spina bifida after 1st -trimester exposure to carbamazepine (28–32). The last
reference described an infant with closed spina bifida resulting from a



pregnancy in which the mother took 600 mg of carbamazepine alone throughout
gestation (32). The 3400-g female infant, delivered at 36 weeks’ gestation, had
a lumbosacral myelomeningocele covered with skin and no sensory loss. The
authors of this report commented on four other cases of spina bifida after
exposure to carbamazepine, either alone or in combination with valproic acid
(32).

The effects of exposure (at any time during the 2nd or 3rd month after the
last menstrual period) to folic acid antagonists on embryo–fetal development
were evaluated in a large, multicenter, case–control surveillance study
published in 2000 (33). The report was based on data collected between 1976
and 1998 from 80 maternity or tertiary care hospitals. Mothers were
interviewed within 6 months of delivery about their use of drugs during
pregnancy. Folic acid antagonists were categorized into two groups: group 1—
dihydrofolate reductase inhibitors (aminopterin, methotrexate, sulfasalazine,
pyrimethamine, triamterene, and trimethoprim); group 2—agents that affect
other enzymes in folate metabolism, impair the absorption of folate, or increase
the metabolic breakdown of folate (carbamazepine, phenytoin, primidone, and
phenobarbital). The case subjects were 3870 infants with cardiovascular
defects, 1962 with oral clefts, and 1100 with urinary tract malformations.
Infants with defects associated with a syndrome were excluded as were infants
with coexisting NTDs; known to be reduced by maternal folic acid
supplementation. Too few infants with limb-reduction defects were identified to
be analyzed. Controls (N = 8387) were infants with malformations other than
oral clefts and cardiovascular, urinary tract, limb reduction, and NTDs, but
included infants with chromosomal and genetic defects. The risk of
malformations in control infants would not have been reduced by vitamin
supplementation, and none of the controls used folic acid antagonists. For
group 1 cases, the RRs of cardiovascular defects and oral clefts were 3.4
(95% CI 1.8–6.4) and 2.6 (95% CI 1.1–6.1), respectively. For group II cases,
the RRs of cardiovascular, urinary tract defects, and oral clefts were 2.2 (95%
CI 1.4–3.5), 2.5 (95% CI 1.2–5.0), and 2.5 (95% CI 1.5–4.2), respectively.
Maternal use of multivitamin supplements with folic acid (typically 0.4 mg)
reduced the risks in group 1 cases, but not in group 2 cases (33).

A 2001 case–control study, using the same database as in the above study,
compared 1242 infants with NTDs (spina bifida, anencephaly, and
encephalocele) with a control group of 6660 infants with congenital defects not
related to vitamin supplements (34). Based on six exposed cases, the adjusted
odds ratio (OR) for carbamazepine was 6.9%, 95% CI 1.9–25.7. For all folic



acid antagonists (carbamazepine, phenobarbital, phenytoin, primidone,
sulfasalazine, triamterene, and trimethoprim), based on 27 cases, the adjusted
OR was 2.9, 95% CI 1.7–4.6 (34).

A 1996 study described typical dysmorphic facial features in 6 of 47 children
(aged 6 months to 6 years) who had been exposed to carbamazepine
monotherapy during pregnancy (35). Moreover, the average cognitive score for
the 47 children was significantly lower than a control group. The authors
concluded that the facial features and mild mental retardation were consistent
with a carbamazepine syndrome that had been described earlier (see
references 22 and 35).

In a 2000 study, a group of 100 Swedish children who had been exposed to
antiepileptic drugs (carbamazepine most frequently) in utero was compared
with 100 matched controls at 9 months of age (36). Exposed children had a
significant increase in the number of minor anomalies, 31 vs. 18, and, after
carbamazepine exposure, an increased number of facial anomalies, 11 vs. 6. A
blinded assessment of psychomotor development using Griffiths’ test (gross
motor function, personal and social behavior, hearing and speech, eye and
hand coordination, and performance), however, found that antiepileptic drug
exposure did not influence the results (36).

The effect of in utero exposure to antiepileptic drugs on fetal growth was
described for 977 newborns in another 2000 Swedish study (37). Birth data
were collected from 1973 to 1997, during which time the frequency of
antiepileptic monotherapy increased from 46% to 88%. As expected, the most
marked effects on body weight, length, and head circumference were found
with polytherapy. For monotherapy, however, only carbamazepine had a
negative influence on these measurements (37).

A 1997 study, using the General Practice Research Database in the United
Kingdom, reported an increased prevalence of major malformations in infants of
epileptic mothers treated with antiepileptic drugs (3.4%, 10 of 297) compared
with matched controls (1.0%, 6 of 594), RR 3.3, 95% CI 1.2–9.2 (38). Eight of
the ten congenital anomalies involved carbamazepine (seven with
monotherapy): ventricular septal defect; pulmonary stenosis; cleft palate, hare
lip; Pierre Robin syndrome with cleft palate (also alcohol abuse); sensorineural
deafness; congenital megaureter, hydronephrosis syndrome; vesicoureteric
reflux; and Marcus Gunn ptosis (combined with sodium valproate) (38).

A 2000 study, using data from the MADRE (an acronym for MAlformation
and DRug Exposure) surveillance project, assessed the human teratogenicity of
anticonvulsants (39). Among 8005 malformed infants, cases were defined as



infants with a specific malformation, whereas controls were infants with other
anomalies. Of the total group, 299 were exposed in the 1st trimester to
anticonvulsants. Among these, exposure to monotherapy occurred in the
following: phenobarbital (N = 65), methobarbital (N = 10), carbamazepine (N =
46), valproic acid (N = 80), phenytoin (N = 24), and other agents (N = 16). A
statistically significant association was found between carbamazepine
monotherapy and spina bifida (N = 4). When all 1st trimester exposures (mono-
and polytherapy) were evaluated, a significant association was found between
carbamazepine and hypertelorism with localized skull defects (N = 3). Although
the study confirmed some previously known associations, several new
associations with anticonvulsants were discovered and require independent
confirmation (see Mephobarbital, Phenobarbital, Phenytoin, and Valproic Acid)
(39).

A prospective study published in 1999 described the outcomes of 517
pregnancies of epileptic mothers identified at one Italian center from 1977 (40).
Excluding genetic and chromosomal defects, malformations were classified as
severe structural defects, mild structural defects, and deformations. Minor
anomalies were not considered. Spontaneous (N = 38) and early (N = 20)
voluntary abortions were excluded from the analysis, as were seven
pregnancies that delivered at other hospitals. Of the remaining 452 outcomes,
427 were exposed to anticonvulsants; of which 313 involved monotherapy:
carbamazepine (N = 113), phenobarbital (N = 83), valproate (N = 44),
primidone (N = 35), phenytoin (N = 31), clonazepam (N = 6), and other (N = 1).
There were no defects in the 25 pregnancies not exposed to anticonvulsants.
Of the 42 (9.3%) outcomes with malformations, 24 (5.3%) were severe, 10
(2.2%) were mild, and 8 (1.8%) were deformities. There were 12
malformations with carbamazepine monotherapy: 7 (6.2%) were severe (spina
bifida, hydrocephalus, diaphragmatic hernia, esophagus atresia, pyloric
stenosis, omphalocele, renal dysplasia, and hydronephrosis), 1 (0.9%) was
mild (inguinal hernia and valgus/varus foot), and 4 (3.5%) were deformations
(club foot and hip dislocation). The investigators concluded that the
anticonvulsants were the primary risk factor for an increased incidence of
congenital malformations (see Clonazepam, Phenobarbital, Phenytoin,
Primidone, and Valproic Acid) (40).

A 2001 prospective cohort study, conducted from 1986 to 1993 at five
maternity hospitals, was designed to determine if anticonvulsant agents or
other factors (e.g., genetic) were responsible for the constellation of
abnormalities seen in infants of mothers treated with anticonvulsants during



pregnancy (41). A total of 128,049 pregnant women were screened at delivery
for exposure to anticonvulsant drugs. Three groups of singleton infants were
identified: (a) exposed to anticonvulsant drugs, (b) not exposed to
anticonvulsant drugs but with a maternal history of seizures, and (c) not
exposed to anticonvulsant drugs and with no maternal history of seizures
(control group). After applying exclusion criteria, including exposure to other
teratogens, 316, 98, and 508 infants, respectively, were analyzed.
Anticonvulsant monotherapy occurred in 223 women: phenytoin (N = 87),
phenobarbital (N = 64), carbamazepine (N = 58), and too few cases for
analysis with valproic acid, clonazepam, diazepam, and lorazepam. Ninety-
three infants were exposed to two or more anticonvulsant drugs. All infants
were examined systematically (blinded as to group in 93% of the cases) for
embryopathy associated with anticonvulsant exposure (major malformations,
hypoplasia of the midface and fingers, microcephaly, and intrauterine growth
restriction). Compared with controls, significant associations between
anticonvulsants and anticonvulsant embryopathy were phenytoin monotherapy
20.7% (18/87), phenobarbital monotherapy 26.6% (17/64), any monotherapy
20.6% (46/223), exposure to two or more anticonvulsants 28.0% (26/93), and
all infants exposed to anticonvulsants (mono- and polytherapy) 22.8% (72/316).
Nonsignificant associations were found for carbamazepine monotherapy 13.8%
(8/58), nonexposed infants with a maternal history of seizures 6.1% (6/98), and
controls 8.5% (43/508). The investigators concluded that the distinctive pattern
of physical abnormalities observed in infants exposed to anticonvulsants during
gestation was due to the drugs, rather than to epilepsy itself (41).

A study published in 2009 examined the effect of AEDs on the head
circumference in newborns (42). Significant reductions in mean birth-weight-
adjusted mean head circumference (bw-adj-HC) was noted for monotherapy
with carbamazepine and valproic acid. No effect on bw-adj-HC was observed
with gabapentin, phenytoin, clonazepam, and lamotrigine. A significant increase
in the occurrence of microcephaly (bw-adj-HC smaller than 2 standard
deviations below the mean) was noted after any AED polytherapy but not after
any monotherapy, including carbamazepine and valproic acid (42).

In a study designed to evaluate the effect of in utero exposure to
anticonvulsants on intelligence, 148 Finnish children of epileptic mothers were
compared with 105 controls (22). Previous studies had shown intellectual
impairment from either this exposure or no effect. Of the 148 children of
epileptic mothers, 129 were exposed to anticonvulsant therapy during the first
20 weeks of pregnancy, 2 were only exposed after 20 weeks, and 17 were not



exposed. In those mothers treated during pregnancy, 42 received
carbamazepine (monotherapy in 9 cases) during the first 20 weeks, and 1
received the drug after 20 weeks. The children were evaluated at 5.5 years of
age for both verbal and nonverbal measures of intelligence. A child was
considered mentally deficient if the results of both tests were less than 71. Two
of the 148 children of epileptic mothers were diagnosed as mentally deficient
and 2 others had borderline intelligence (the mother of one of these latter
children had not been treated with anticonvulsant medication). None of the
controls was considered mentally deficient. One child with profound mental
retardation had been exposed in utero to carbamazepine monotherapy, but the
condition was compatible with dominant inheritance and was not thought to be
caused by drug exposure. Both verbal and nonverbal intelligence scores were
significantly lower in the study group children than in controls. In both groups,
intelligence scores were significantly lower when seven or more minor
anomalies were present. However, the presence of hypertelorism and digital
hypoplasia, two minor anomalies considered typical of exposure to some
anticonvulsants (e.g., phenytoin), was not predictive of low intelligence (21).

A prospective, controlled, blinded, observational 1994 study compared the
global IQ and language development of children exposed in utero with either
carbamazepine (N = 34) or phenytoin (N = 36) monotherapy to their respective
matched controls (43). The cognitive tests were administered to the children
between the ages of 18 and 36 months. The maternal IQ scores and
socioeconomic status in the carbamazepine subjects and their controls were
similar, 96.5 vs. 96.0, and 44.7 vs. 46.1, respectively, as they were in the
phenytoin subjects and controls, 90.0 vs. 93.9, and 40.8 vs. 40.9, respectively.
Compared with controls, no significant differences were measured in either IQ
or language development scores between carbamazepine-exposed children
and their matched controls. In contrast, phenytoin-exposed children had both
lower mean global IQ and language development scores than their matched
controls (see Phenytoin). No correlation between the daily dose (mg/kg) of
either anticonvulsant and global IQ was found. Major malformations were
observed in two carbamazepine-exposed children (missing last joint of right
index finger and nail hypoplasia; hypospadias), one carbamazepine control
(pulmonary atresia), and two phenytoin-exposed children (42). In subsequent
correspondence relating to the above study (44,45), various perceived
problems were cited and were addressed in a reply (46).

A 2013 study reported dose-dependent associations with reduced cognitive
abilities across a range of domains at 6 years of age after fetal valproate



exposure (47). Analysis showed that IQ was significantly lower for valproate
(mean 97, 95% CI 94–101) than to carbamazepine (mean 105, 95% CI 102–
108; p = 0.0015), lamotrigine (mean 108, 95% CI 105–110; p = 0.0003), or
phenytoin (mean 108, 95% CI 104–112; p = 0.0006). Mean IQs were higher in
children whose mother’s had taken folic acid (mean 108, 95% CI 106–111)
compared with children whose mothers had not taken the vitamin (mean 101,
95% CI 98–104; p = 0.0009) (47).

A 2001 prospective study compared the outcomes of 210 pregnancies
exposed to carbamazepine in the 1st trimester with controls (48). The rate of
major defects in exposed subjects was significantly increased compared with
controls, RR 2.24, 95% CI 1.1–4.56. There was no specific pattern of defects
(48).

A 2002 meta-analysis evaluated pooled data from 21 prospective studies
involving 1255 offspring to determine the teratogenic risk of exposure to
carbamazepine (49). Of infants, 85 (6.7%) had major defects compared with
88 (2.34%) of 3756 controls (p <0.05). Among 182 untreated women with
epilepsy, 5 (2.75%) had major defects. The defects with the greatest increased
rate were NTDs, cardiovascular and urinary tract defects, and cleft palate. The
drug also may cause a significant, but very small (0.18 weeks) reduction in the
mean gestational age at delivery. Combination therapy was more teratogenic
than monotherapy (49).

A possible teratogenic mechanism for carbamazepine in combination with
other anticonvulsants was proposed in 1984 to account for the higher than
expected adverse pregnancy outcome that is observed with combination
therapy (50). Accumulation of the toxic oxidative metabolite, carbamazepine-
10,11-epoxide, was shown when the drug was combined with other
antiepileptic agents, such as phenobarbital, valproic acid, and phenytoin. These
last two agents are also known to produce toxic epoxide metabolites that can
bind covalently to macromolecules and may produce mutagenic or teratogenic
effects (see Phenytoin) (50). However, a 2002 reference pointed out that
carbamazepine-10,11-epoxide, while detected in high concentrations in the
serum, is stable and nonreactive and is a potent anticonvulsant itself. Moreover,
the metabolite was not embryotoxic in animals (51).

A case of attempted suicide with carbamazepine, possibly resulting in a
neural tube defect, has been reported (52). A 44-year-old nonepileptic woman
at 3–4 weeks after conception (i.e., during the period of neural tube closure)
ingested approximately 4.8 g of the drug as a single dose. Her serum
carbamazepine levels for 2 days after the ingestion were more than twice the



recommended maximum therapeutic level. Subsequently, a large thoracolumbar
spinal defect was observed on sonographic examination and her pregnancy
was terminated at 20 weeks’ gestation. Fetal autopsy of the male infant
revealed an open myeloschisis and a hypoplastic left cerebral hemisphere, the
latter defect thought to be the result of focal necrosis (52).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (53). The final report was
published in July 2010. The Registry is now closed. Among 183 prospectively
enrolled pregnancies exposed to carbamazepine and lamotrigine, with or
without other anticonvulsants, 180 were exposed in the 1st trimester resulting in
157 live births without defects, 10 SABs, 9 EABs, 1 fetal death, and 3 birth
defects. There were three exposures in the 2nd/3rd trimesters resulting in live
births without defects (53).

A case of neuroblastoma was described in a developmentally normal 2.5-
year-old male infant who had been exposed throughout gestation to
carbamazepine and phenytoin (54). The tumor was attributed to phenytoin
exposure.

The effect of carbamazepine on maternal and fetal vitamin D metabolism was
examined in a 1984 study (55). In comparison with normal controls, several
significant differences were found in the level of various vitamin D compounds
and in serum calcium, but the values were still within normal limits. No
alterations were found in alkaline phosphatase and phosphate concentrations.
The observed differences were not thought to be of major clinical significance
(55).

BREASTFEEDING SUMMARY
Carbamazepine is excreted into breast milk, producing milk:plasma ratios of
0.24–0.69 (2,4,9,14,56–58). The amount of carbamazepine measured in infant
serum is low, with typical levels around 0.4 mcg/mL, but levels may be as high
as 0.5–1.8 mcg/mL (2,57). In one case, infant serum levels were 15% and
20% of the maternal total and free carbamazepine concentrations, respectively
(56). Accumulation does not seem to occur.

In a 1998 case report, seizures were reported by the mother in a nursing
infant (58). The mother had bipolar disorder that was being treated with
fluoxetine (20 mg/day), buspirone (45 mg/day), and carbamazepine (600
mg/day) (see Fluoxetine and Buspirone). Carbamazepine was detected in
breast milk and the infant’s serum (both 0.5 ng/mL). A neurologic examination
of the infant, which included electroencephalography, was within normal limits.



The cause of the seizure-like activity could not be determined, if indeed it had
occurred (none of the episodes had been observed by medical personnel) (58).

In a 2010 study, 199 children who had been breastfed while their mothers
were taking a single antiepileptic drug (carbamazepine, lamotrigine, phenytoin,
or valproate) were evaluated at 3 years of age cognitive outcome (59). Mean
adjusted IQ scores for exposed children were 99 (95% CI 96–103), whereas
the mean adjusted IQ scores of non-breastfed infants were 98 (95% CI 95–
101).

The American Academy of Pediatrics classifies carbamazepine as
compatible with breastfeeding (60).
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CARBARSONE

[Withdrawn from the market. See 8th edition.]



CARBENICILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the reported pregnancy experience with carbenicillin is limited, all
penicillins are considered low risk in pregnancy.

FETAL RISK SUMMARY
Carbenicillin is a penicillin antibiotic (see also Penicillin G). Reproduction studies
conducted in mice (200 mg/kg), rats (500 or 1000 mg/kg), and monkeys (500
mg/kg) observed no fetal harm (1).

The drug crosses the placenta and distributes to most fetal tissues (2,3).
After a 4-g IM dose, mean peak concentrations in cord and maternal serums at
2 hours were similar. Amniotic fluid levels averaged 7%–11% of maternal peak
concentrations.

No published reports linking the use of carbenicillin with congenital defects
have been located. The Collaborative Perinatal Project monitored 50,282
mother–child pairs, 3546 of whom had documented 1st trimester exposure to
penicillin derivatives (4, pp. 297–313). For use anytime during pregnancy, 7171
exposures were recorded (4, p. 435). In neither group was evidence found to
suggest a relationship to large categories of major or minor malformations or to
individual defects.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 31 newborns had
been exposed to carbenicillin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of five (16.1%) major birth defects were
observed (one expected), one of which was a cardiovascular defect (0.5
expected). No anomalies were observed in five other categories of defects
(oral clefts, spina bifida, polydactyly, limb reduction defects, and hypospadias)
for which specific data were available. The number of exposures is too small to
draw any conclusions.



BREASTFEEDING SUMMARY
No reports describing the use of carbenicillin during lactation have been
located. Low amounts of the drug were measured in a 1984 study (5). At 5–7
days postpartum in 70 women, the highest mean concentration after a single
1000-mg IM dose was 0.24 mcg/mL at 4 hours. Although adverse effects from
other penicillins in breast milk are rare, three potential problems exist for the
nursing infant: modification of bowel flora, direct effects on the infant (e.g.,
allergic response), and interference with the interpretation of culture results if a
fever workup is required.
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CARBIDOPA
Antiparkinson Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

As expected, a limited number of reports describe the use of carbidopa (in
combination with levodopa) during human pregnancy. The indication for this
drug in women of childbearing age is relatively rare. Limited studies have
not found teratogenicity in animals with carbidopa, except when combined
with levodopa, an outcome that may have been related to the latter drug.
However, carbidopa did cause fetal deaths in one animal species. The
cause of the two miscarriages described above is unknown, but requires
further study. Brown fat hemorrhage observed in newborn rats treated
during the 1st week of gestation was dose-related, and the toxicity has not
been reported in humans. Moreover, the placental passage of carbidopa in
animals and humans is limited. Based on the above data and the fact that
lower doses of levodopa can be used if carbidopa is added to the mother’s
regimen, therapy with carbidopa, if indicated, should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
This antiparkinson agent has no pharmacologic effect when given alone and is
almost always used in conjunction with levodopa (see also Levodopa).
Carbidopa (α-methyldopa hydrazine; MK-486) inhibits decarboxylation of
extracerebral levodopa. When used in combination with this latter agent, lower
doses of levodopa can be administered, resulting in fewer adverse effects, and
more levodopa is available for passage to the brain and eventual conversion in
that organ to the active metabolite, dopamine.

Combinations of carbidopa and levodopa, as well as levodopa alone, have
caused visceral and skeletal malformations in rabbits (1,2). The carbidopa



doses were 10–20 times the maximum recommended human dose (MRHD) (2).
A dose about two times the MRHD caused a decrease in the number of live
pups delivered by rats (2). Carbidopa, 10 or 100 mg/kg/day given orally to rats
from day 1 through day 21 of gestation, did not have a teratogenic effect but
did cause a significant dose-related increase in brown fat (interscapular brown
adipose tissue) hemorrhage and vasodilation in the newborn pups (3). The
hemorrhage, 4.6% and 12.1%, respectively, for the two doses, was thought to
be related to dopamine. Combining carbidopa and levodopa resulted in a lower
incidence of hemorrhage. No teratogenic effects were observed in mice given
carbidopa doses up to 10 times the MRHD (2).

A study published in 1978 examined the effect of carbidopa (20 mg/kg SC
every 12 hours for 7 days) and levodopa plus carbidopa (200/20 mg/kg SC
every 12 hours for 7 days) on the length of gestation in pregnant rats (4). Only
the combination had a statistically significant effect on pregnancy duration,
causing a delay in parturition of 12 hours. The results were thought to be
consistent with dopamine inhibition of oxytocin release (4).

In pregnant rats, small amounts of carbidopa cross the placenta and can be
detected in amniotic fluid and fetal tissue (5). Carbidopa concentrations were
measured at 1, 2, and 4 hours after a 20-mg/kg IV dose administered near the
end of gestation (19th day). The highest levels in the maternal plasma,
placenta, amniotic fluid, and fetus (time of maximum concentration shown in
parentheses) were 9.9 mcg/mL (1 hour), 2.35 mcg/g (1 hour), 0.32 mcg/mL (2
and 4 hours), and 0.65 mcg/g (2 hours), respectively (5).

Human placental transfer of carbidopa, although the amounts were very
small, was documented in a study published in 1995 (6). A 34-year-old woman
with juvenile Parkinson’s disease was treated with carbidopa/levodopa
(200/800 mg/day) during two pregnancies (see also Levodopa). Both
pregnancies were electively terminated, one at 8 weeks’ gestation and the
other at 10 weeks. Mean concentrations of carbidopa (expressed as ng/mg
protein) in the maternal serum, placental tissue (including umbilical cord), fetal
peripheral organs (heart, kidney, muscle), and fetal neural tissue (brain and
spinal cord) were 2.05, 8.0, 0.14, and <0.15, respectively. The low
concentrations of carbidopa in the fetus, compared with those in the mother
and placenta, were interpreted as evidence for an effective placental barrier to
the transport of carbidopa (6).

Because Parkinson’s disease is relatively uncommon in women of
childbearing age, only a few reports have been located that describes the use
of carbidopa, always in combination with levodopa, in human pregnancy (7–11).



A woman with at least a 7-year history of parkinsonism conceived while being
treated with carbidopa/levodopa (five 25/250-mg tablets/day) and amantadine
(100 mg twice/day) (7). She had delivered a normal male infant approximately
6 years earlier, but no medical treatment had been given during that pregnancy.
Amantadine was immediately discontinued when the current pregnancy was
diagnosed. Other than slight vaginal bleeding in the 1st trimester, there were no
maternal or fetal complications. She gave birth to a normal-term infant (sex and
weight not specified) who was doing well at 1.5 years of age (7).

A 1987 retrospective report described the use of carbidopa/levodopa,
starting before conception in five women during seven pregnancies, one of
which was electively terminated during the 1st trimester (8). All of the other
pregnancies went to term (newborn weights and sexes not specified). Maternal
complications in three pregnancies included slight 1st trimester vaginal
bleeding, nausea and vomiting during the 8th and 9th months (only one patient
reported nausea and vomiting after the 1st trimester), and depression that
resolved postpartum, and preeclampsia. One infant, whose mother took
amantadine and carbidopa/levodopa and whose pregnancy was complicated by
preeclampsia, had an inguinal hernia. No adverse effects or congenital
anomalies were noted in the other five newborns, and all remained healthy at
follow-up (approximately 1–5 years of age) (8).

A 27-year-old woman with a history of chemotherapy and radiotherapy for
non-Hodgkin’s lymphoma occurring approximately 4 years earlier had
developed a progressive parkinsonism syndrome that was treated with a
proprietary preparation of carbidopa/levodopa (co-careldopa; Sinemet Plus;
375 mg/day) (9). She conceived 5 months after treatment began and eventually
delivered a healthy, 3540-g male infant at term. Apgar scores were 9 at both 1
and 10 minutes, respectively. Co-careldopa was continued throughout her
pregnancy (9).

A brief case report, published in 1997, described a normal outcome in the
third pregnancy of a woman with levodopa-responsive dystonia (Segawa
disease) who was treated throughout gestation with 500 mg/day of levodopa
alone (10). The male infant weighed 2350 g at birth and was developing
normally at the time of the report. Two previous pregnancies had occurred
while the woman was being treated with daily doses of levodopa (100 mg) and
carbidopa (10 mg). Spontaneous abortions had occurred in both pregnancies:
one at 6 weeks and the other at 12 weeks. An investigation failed to find any
cause for the miscarriages (10).

A successful pregnancy in a 27-year-old woman with Segawa disease was



reported in 2009 (11). The woman was treated throughout gestation with
levodopa (1250 mg/day) and, at 36 weeks’ gestation, gave birth to a healthy,
2298-g male infant with an Apgar score of 9 at 5 minutes. The infant was doing
well at 6 months of age. The authors cited eight other cases of the disease in
five pregnant women. Five of the pregnancies were treated with levodopa
monotherapy and ended in healthy newborns. In one of those patients, her first
two pregnancies were treated with carbidopa/levodopa and both ended in
abortions (see reference 10 above). The ninth pregnancy was not treated with
any agent and the severely asphyxiated newborn died after birth (11).

A woman with a 12-year history of Parkinson’s disease was treated
throughout gestation with levodopa, carbidopa, entacapone, and bromocriptine
(12). She gave birth at term to a 3175-g female infant, without deformities, with
Apgar scores of 9, 10, and 10. Generalized seizures occurred in the infant 1
hour after birth followed by repeated episodes of shivering throughout the first
day that responded to diazepam. Slowly improving hypotonia also was
observed during the first week. Pneumonia was diagnosed but an extensive
workup for the cause of seizures was negative. The child was developing
normally at 1 year of age and has not had any other seizures (12).

BREASTFEEDING SUMMARY
No reports describing the use of carbidopa during human lactation have been
located. The molecular weight (about 244) suggests that the drug probably will
be excreted into breast milk, but the amounts should be low. In at least two
cases, breastfeeding was held because of concerns with other drug therapy
(levodopa or amantadine) that the mother was taking with carbidopa (7,9).
Small amounts are excreted in the milk of lactating rats (5).
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CARBIMAZOLE
Antithyroid

Carbimazole is converted in vivo to methimazole. See Methimazole.



CARBINOXAMINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of carbinoxamine in human pregnancy have
been located. The antihistamine is in the same subclass of ethanolamines
such as clemastine and diphenhydramine. As such, it is probably
compatible in pregnancy. However, these agents have marked sedative
effects that should be considered if consumed by a pregnant woman.

FETAL RISK SUMMARY
Carbinoxamine is a first-generation (H1) antihistamine with anticholinergic and
sedative properties. Animal reproduction studies have not been conducted with
carbinoxamine. Long-term studies for carcinogenesis, mutagenesis, and fertility
also have not been conducted (1).

It is not known if carbinoxamine crosses the human placenta. The molecular
weight of carbinoxamine maleate (about 407) suggests that the drug will cross
to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of carbinoxamine during human lactation have
been located. The molecular weigh of carbinoxamine maleate (about 407)
suggests that the drug will be excreted into breast milk. If the drug is used by a
mother while nursing, the infant should be monitored for sedation. Although
there are no data, the manufacturer considers the drug contraindicated in
nursing mothers (1). The reason given for this is the increased sensitivity of
newborn or premature infants to antihistamines.
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CARBOPLATIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Carboplatin exhibits dose-related embryo toxicity and teratogenicity in one
animal species. Treatment during human gestation has been reported in a
number of cases, all of which were treated well after organogenesis.
Moreover, there also are a large number of women who were treated with
carboplatin several years before pregnancy. In both of these time periods,
no fetal or neonatal toxicity due to carboplatin was noted. However, the
absence of human exposures during organogenesis prevents an
assessment of the actual teratogenic risk but, based on the animal data
and the pharmacology of the drug, the risk appears to be high. Therefore,
pregnant women should not be treated with this agent during the 1st
trimester. Moreover, carboplatin is mutagenic and probably carcinogenic in
experimental systems, but these effects have not been studied in human
pregnancy.

FETAL RISK SUMMARY
The antineoplastic agent, carboplatin, is indicated for the treatment of ovarian
cancer. It is closely related to cisplatin, another cancer chemotherapeutic
agent. Carboplatin and cisplatin share the same cell-cycle nonspecific
mechanism of action, producing inter-strand DNA cross-links. Carboplatin is not
protein bound (1).

Carboplatin is mutagenic both in vitro and in vivo. Its carcinogenic potential
has not been studied, but drugs with similar mechanisms of action are
carcinogenic. Carboplatin is embryotoxic and teratogenic in rats given the drug
during organogenesis (dose not specified) (1).

A 1989 study reported dose-related embryolethality and teratogenicity in rats
treated in the early phase of organogenesis (2). Previous work by these
researchers had found no teratogenicity at a dose of 4 mg/kg/day (relationship



to human dose not stated). In their current study, however, a dose of
6 mg/kg/day produced a significant increase in embryo deaths and multiple
malformations (e.g., gastroschisis, dilation of cerebral ventricles, cleft sternum,
fused ribs, and malformed thoracic vertebrae) (2).

It is not known if carboplatin crosses the placenta early in pregnancy. The
molecular weight (about 371) is low enough that passage to the fetal
compartment should be expected. A 2002 review of cancer chemotherapy
stated that carboplatin was widely distributed throughout all body tissues,
including, presumably, the amniotic fluid (3).

A number of reports have described the use of carboplatin in human
pregnancy (4–18). In a 1994 study, a 41-year-old primigravid woman at 14
weeks’ gestation had surgery for ovarian cancer (4). Beginning at 22 weeks,
she received carboplatin every 4 weeks for three cycles. Nine weeks after the
last dose, a cesarean section at 37 weeks gave birth to a normal-appearing
3245-g male infant with Apgar scores of 9 and 9. The neonate had normal renal
function and no evidence of myelosuppression. Platinum–DNA adducts were
found in maternal and cord blood lymphocytes, indicating that the drug crossed
the placenta (4).

A 40-year-old woman was treated for ovarian cancer at 20 weeks’ gestation
with cisplatin and cyclophosphamide (5). A second course of these agents was
given a few weeks later. Further cisplatin doses were discontinued because the
woman developed ototoxicity. At 30 weeks’ gestation carboplatin and
cyclophosphamide were given. A normal-appearing 3600-g male infant was
delivered by cesarean section 7 weeks later. Apgar scores were 9 and 9 at 1
and 5 minutes, respectively. The infant was developing normally, including
normal audiograms and neurologic findings, at 12 months of age (5).

In a follow-up report to the above case, researchers used a modified
cisplatin–DNA enzyme-linked immunosorbent assay (ELISA) test to determine if
platinum–DNA adducts could be detected in amniotic fluid obtained at 36 weeks
or in cord blood at 37 weeks (6). Platinum–DNA adducts were not detected in
either sample, but insufficient DNA was extracted from the samples to assay at
the limit of ELISA sensitivity. A less-sensitive assay (atomic absorbance
spectrometry [AAS]) also failed to detect platinum drug binding to DNA in
amniotic fluid or cord blood. In contrast, DNA from the placenta was positive for
platinum–DNA adducts in both the ELISA and AAS assays (6).

A 2003 report described the pregnancy outcome of a 30-year-old woman
treated with carboplatin and paclitaxel during the 2nd and 3rd trimesters (7).
She was diagnosed with an advanced stage of serous papillary



adenocarcinoma of the ovary in the 1st trimester. The woman underwent an
exploratory laparotomy at 7.5 weeks’ gestation and then consented to
chemotherapy beginning at 16–17 weeks. She received six cycles of
carboplatin and paclitaxel, and was delivered by cesarean hysterectomy 3
weeks after the last cycle at 35.5 weeks. The newborn (sex not specified) had
Apgar scores of 9, 9, and 9 at 1, 5, and 10 minutes, respectively. Birth weight
was 2500 g (44th percentile), and the physical examination and laboratory tests
were normal. In addition, the placenta appeared grossly normal. The infant was
doing well at 15 months of age with no evidence of neurologic, renal, growth, or
hematologic effects from the exposure (7).

A 28-year-old woman delivered a normal 3.88-kg male infant 4 years after
treatment of a bilateral ovarian dysgerminoma (8). Treatment consisted of a
laparotomy to remove the right tube and ovary and carboplatin (dose 735 mg).
A 29-year-old woman conceived with the assistance of a donated ovum that
had been fertilized in vitro, followed by embryo transfer (9). Five years earlier,
both ovaries had been removed for stage III borderline ovarian
adenocarcinoma. Her last course of carboplatin chemotherapy was given
approximately 4 years before the pregnancy (9). In a retrospective study, the
postsurgical reproductive histories of 50 women with ovarian cancer treated
with unilateral oophorectomy from 1965 to 2000 were analyzed (10). Twenty-
four women had attempted pregnancy and 17 (71%) had conceived
32 pregnancies. Six of the 17 had received prior chemotherapy (carboplatin or
cisplatin plus paclitaxel in three; cisplatin plus cyclophosphamide in two;
melphalan in one). The pregnancy outcomes were 1 on-going pregnancy, 5
spontaneous abortions (SABs), and 26 term gestations. There were no
congenital anomalies in any of the offspring (10).

A large cohort study published in 2000 compared the pregnancy outcomes in
survivors of various childhood cancers based on the type of treatment received
(11). Among the total group of women, 340 had 594 pregnancies. The
pregnancies were divided into five groups: 165 (nonsterilizing surgery or no
treatment), 113 (chemotherapy with various agents, including an unknown
number treated with carboplatin and cisplatin), 97 (abdominal–pelvic radiation),
53 (chemotherapy plus abdominal–pelvic radiation), and 166 (other
treatments). The incidence of SABs and perinatal deaths did not differ among
the groups. The proportion of live births with low birth weight (excluding preterm
births) or congenital anomalies was highest in those treated only with radiation
(16.0%) and those treated only with surgery only (9.5%), respectively. The
rates of low birth weight (excluding preterm births) and congenital defects in the



two chemotherapy groups were 2.3% and 2.3% (chemotherapy only) and 7.1%
and 2.4% (chemotherapy plus radiation) (11).

In a novel case report, a 21-year-old woman was diagnosed with metastatic
ovarian cancer that was initially treated with surgery that left her uterus, right
fallopian tube, and ovary in situ (12). She then was enrolled into a phase I
transplant protocol and received three cycles of carboplatin and paclitaxel.
Subsequent high-dose chemotherapy was then given (carboplatin, paclitaxel,
and/or cyclophosphamide). After her chemotherapy, the woman received a
successful transplant of autologous peripheral blood stem cells. Approximately
16 months after the transplant she conceived but had a 1st trimester
miscarriage. She conceived again several months later and eventually delivered
a healthy full-term, 3000-g female infant. The child was developing normally at
17 months of age (12).

In a 2008 case report, a 34-year-old woman became pregnant after 12
years of infertility (13). Gestational diabetes was diagnosed at 5 weeks’
gestation (HbA1c 6.9%) and she was treated with insulin. At 16 weeks,
bilateral ovarian cancer was diagnosed and, 2 weeks later, she underwent
bilateral salpingo-oophorectomy. Four courses of carboplatin were given from
21 to 33 weeks’ gestation. At 33 weeks, a cesarean section was conducted to
deliver a 2222-g normal male infant with Apgar scores of 9 and 10 at 1 and
5 minutes, respectively. After birth, the mother received five more courses of
carboplatin. One year after the completion of therapy, the mother had no
evidence of disease and her infant son was normal (13).

A 2008 review described data on seven patients who had received
carboplatin during pregnancy (14). Three patients received carboplatin alone,
three in combination with other antineoplastics (paclitaxel or cyclophosphamide)
and one had received both carboplatin and cisplatin. All of the exposures
occurred in the 2nd and 3rd trimesters. No fetal or neonatal toxicity was
observed in the seven fetuses, although one neonate (exposed to both
carboplatin and cisplatin) had anemia. The offspring were normal at a median
follow-up of 13.5 months (range 9–20 months) (14).

Lung cancer with metastasis to the brain was diagnosed in a 33-year-old
nonsmoking woman in the 19th week of pregnancy (15). The patient was
treated with weekly paclitaxel and carboplatin every 3 weeks. In the 6th week
of therapy, progressive disease in the brain was found with only partial
response in the lungs. High-dose corticosteroids were given to induce fetal lung
maturation and reduce cerebral edema. At 30 weeks, a cesarean section
delivered a healthy baby boy (no other details provided). The mother died 4



weeks later. The infant was developing normally at 5 months of age (15).
A 32-year-old woman at about 29 weeks’ was treated with one cycle of

carboplatin and paclitaxel for cervical cancer (16). Because she refused further
chemotherapy, a cesarean section at about 33 weeks’ delivered a 2190-g male
neonate with no signs of drug-induced toxicity. At 4 years of age, the child was
developing normally (16).

A 38-year-old woman with breast cancer was treated with weekly
trastuzumab in addition to carboplatin and docetaxel beginning at 15 weeks’
(17). Fetal renal insufficiency with anhydramnios and missing visualization of the
fetal bladder occurred at 21 weeks. The condition reversed after trastuzumab
was discontined and three instillations of amniotic fluid. The amount of amniotic
stabilized after 24 weeks. Because of fetal growth restriction, a cesarean
section was performed at 33 weeks to deliver a male infant with birth weight
<3rd percentile. The neonate had normal renal function with normal urinalysis
(17).

In a 2013 case report, a 36-year-old primigravid woman at 12 weeks was
diagnosed with ovarian cancer (18). She underwent left salpingo-oophorectomy
and fertility-sparing staging surgery. At 14 weeks, she was started on
intraperitoneal carboplatin given on day 1 and IV paclitaxel given on days 1, 8,
and 15 of a 28-day cycle. Mild preeclampsia developed at 32 weeks after four
of the planned six cycles had been given. Chemotherapy was held because of
persistent thrombocytopenia. At 37 weeks, she underwent a planned cesarean
section to give birth to a viable 2126-g male neonate with Apgar scores of 8
and 9 at 1 and 5 minutes, respectively. The infant had congenital bilateral
talipes equinovarus (clubfoot), but one parent had a family history of this
defect. A complete blood count was normal. The infant was doing well at
7 months of age (18).

BREASTFEEDING SUMMARY
Consistent with its molecular weight (about 371), carboplatin is excreted into
breast milk. In a 2012 case report, a 40-year-old woman at about 4 months
postpartum was exclusively breastfeeding when she began treatment with 6
weekly doses of IV carboplatin and paclitaxel for recurrent papillary thyroid
cancer (19). Her infant was fed donor milk during treatment. After the 6th dose,
milk samples were collected at 0, 4, 28, 172, and 316 hours. For carboplatin,
the relative infant dose was 2.0%, whereas the relative infant dose for
paclitaxel was 16.7%. Carboplatin remained detectable (0.16 mg/L) at 316
hours. For paclitaxel, the level at 172 hours was 0.97 mg/L but was



undetectable at 316 hours. The authors concluded that although these levels
were probably too low to cause toxicity, potential toxicity could include
myelosuppression (especially neutropenia and thrombocytopenia), severe
hypersensitivity reactions, nephrotoxicity, and neurotoxicity (19). Because of the
potential toxicity, women receiving these agents should not nurse.
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CARBOPROST
Endocrine/Metabolic Agent (Prostaglandin)
PREGNANCY RECOMMENDATION: Contraindicated (Unless for
Termination/Evacuation of Pregnancy)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the outcomes of human pregnancies following the
use of carboprost in failed medical abortions have been located.
Carboprost exposure in animals has resulted in embryotoxicity, but the
doses were based on body weight and not compared to the human dose.
However, another prostaglandin analog, misoprostol, when used
unsuccessfully in the 1st trimester as an abortifacient, has been associated
with cranial nerve defects in the fetus.

FETAL RISK SUMMARY
Carboprost tromethamine is a synthetic prostaglandin F2α analog that is given
IM to stimulate myometrial contractions in the gravid uterus, leading to
evacuation of the products of conception. Carboprost is approved for induced
abortion between 13 and 20 weeks’ gestation. It also is indicated for
postpartum uterine bleeding. In pregnant women in the 2nd trimester who were
administered carboprost by continuous IV infusion, the elimination half-life of the
drug was approximately 30–45 minutes, with similar findings when carboprost
was given by IM injection (1).

Reproductive studies have been conducted with carboprost in rats and
rabbits. Rabbits were given doses ranging between 0.0025 and 0.5/mg/kg on 3
consecutive days during organogenesis. Doses above 0.025 mg/kg interfered
with implantation, were embryolethal, or induced abortion, but no teratogenic
effects were seen. In rats, doses ranging from 0.001 to 1.0 mg/kg were given
beginning on gestational day 15. Doses larger than 0.025/mg/kg caused
abortions. At doses as low as 0.003 mg/kg, abortions or early deliveries
occurred and most pups did not survive. There were no effects on structural



development of the pups noted (1).
Studies for carcinogenicity have not been conducted with carboprost. No

evidence of mutagenicity was observed in various assays. There was no effect
on fertility in male and female rats treated with SC injections of 0.25–1.0 mg/kg
for 3 or 6 days before breeding (1).

It is not known if carboprost crosses the placenta. The molecular weight
(about 489) suggests that the drug will cross the placenta, but the relatively
short elimination half-life should limit passage (1).

No reports describing the outcomes of human pregnancies following the use
of carboprost in failed medical abortions have been located. Although a failed
attempted abortion would typically be followed by completion of the procedure
by some other means; in rare cases a woman may wish to maintain the
pregnancy. Isolated case reports suggest that the failed procedure(s)
themselves may result in damage to the placenta and therefore damage to the
fetus (2). First-trimester exposure to another prostaglandin, misoprostol, in
failed induced abortion, has been associated with an increased risk for 6th and
7th cranial nerve damage, leading to Möbius syndrome (3). However, in the
case of carboprost, if used as indicated, exposure to the product would
typically occur after the first trimester.

BREASTFEEDING SUMMARY
No reports describing the use of carboprost during human lactation have been
located. The molecular weight of carboprost (about 489) suggests that the
agent might cross into breast milk. Based on the elimination half-life, the
manufacturer suggests that breastfeeding be avoided for a minimum of 6 hours
after the last dose of carboprost (1).
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CARFILZOMIB
Antineoplastic (Proteasome Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of carfilzomib in human pregnancy have been
located. The animal data suggest moderate risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. The manufacturer states that the drug can cause fetal
harm based on its mechanism of action and findings in animals.

FETAL RISK SUMMARY
Carfilzomib is an antineoplastic agent that is given IV on 2 consecutive days
each week for 3 weeks, followed by a 12-day rest period before subsequent
cycles are given. It is a proteasome inhibitor in the same class as bortezomib.
Carfilzomib is indicated for the treatment of patients with multiple myeloma who
have received at least two prior therapies, including bortezomib and an
immunomodulatory agent, and have demonstrated disease progression on or
within 60 days of completion of the last therapy. The drug is rapidly and
extensively metabolized to inactive metabolites. Plasma protein binding
averaged 97% and the parent drug is cleared from the systemic circulation with
a half-life of ≤1 hour (1).

Reproduction studies have been conducted in rats and rabbits. No
teratogenicity was observed in rats given doses of 0.5–2 mg/kg/day
(comparison to the human dose not specified) during organogenesis. In
pregnant rabbits, doses that were ≥20% of the recommended human dose of
27 mg/m2 based on BSA (RHD) caused an increase in preimplantation loss. At
a maternal toxic dose (40% of the RHD), an increase in early resorptions and
postimplantation loss and a decrease in fetal weight was observed (1).

Carcinogenicity studies have not been conducted with carfilzomib. The drug
was not mutagenic in one assay, but clastogenic effects were observed in one
of two assays. Although fertility studies have not been conducted, no effects on



reproductive tissues were noted during 28-day repeat-dose toxicity studies in
rats and monkeys or in 6-month rat and 9-month monkey chronic toxicity
studies (1).

It is not known if carfilzomib crosses the human placenta. The molecular
weight (about 720) suggests that the drug will cross the placenta. However, the
rapid metabolism to inactive metabolites, high plasma protein binding, and short
half-life in the systemic circulation suggest that exposure of the embryo–fetus
will be limited.

BREASTFEEDING SUMMARY
No reports describing the use of carfilzomib during human lactation have been
located. The molecular weight (about 720) suggests that the drug will be
excreted into breast milk. However, the rapid metabolism to inactive
metabolites, high plasma protein binding (97%), and short systemic circulation
half-life (≤1 hour) in the systemic circulation suggest that exposure of a nursing
infant will be limited. The effects of this potential exposure on a nursing infant
are unknown. The most common (≥30%) adverse reactions in adults are
fatigue, anemia, nausea, thrombocytopenia, dyspnea, diarrhea, and pyrexia. If
a woman receiving this drug is nursing, her infant should be closely monitored
for these effects.
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CARGLUMIC ACID
Endocrine/Metabolic Agent (Hyperammonemia)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of carglumic acid in human pregnancy have
been located. Although the animal data suggested risk when the drug was
used from organogenesis through postpartum day 21, a portion of the risk
may have reflected exposure during nursing (see Breastfeeding Summary).
Women with N-acetylglutamate synthase (NAGS) deficiency must remain
on treatment throughout pregnancy to prevent irreversible neurologic
damage and death. If a pregnant woman does require this therapy, she
should be informed of the absence of human pregnancy experience.

FETAL RISK SUMMARY
Carglumic acid is a structural analog of N-acetylglutamate available as oral
tablets. It is indicated as adjunctive therapy for the treatment of acute and
chronic hyperammonemia due to the deficiency of the hepatic co-enzyme
NAGS. The agent is partially metabolized in the gut before absorption. Plasma
protein binding has not been determined. The median terminal half-life is 5.6
hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, oral doses up to 1.3 times the maximum recommended human starting
dose based on BSA (MRHSD) resulted in maternal toxicity, but no effects on
embryo–fetal development were observed. When female rats received doses
up to 1.3 times the MRHSD from organogenesis through day 21 postpartum, a
reduction in offspring survival was seen at the highest dose and a reduction in
offspring growth was seen at all doses (1).

Carcinogenicity studies have not been conducted with carglumic acid, but the
drug was not mutagenic in multiple assays. No effects on fertility or



reproductive performance were noted in female rats at doses up to 1.3 times
the MRHSD, or mating or fertility in male rats at doses up to 0.6 times the
MRHSD (1).

It is not known if carglumic acid crosses the human placenta. The molecular
weight (about 190) and moderately long terminal half-life suggest that the drug
will cross to the embryo–fetus. However, ionization at physiologic pH could limit
the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of carglumic acid during human lactation have
been located. The molecular weight (about 190) and moderately long terminal
half-life (5.6 hours) suggest that the drug will be excreted into breast milk, but
ionization at physiologic pH could limit the exposure. The effect of the exposure
on a nursing infant is unknown. However, the drug is excreted into rat milk,
resulting in increased mortality and impaired body weight gain (1).
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CARISOPRODOL
Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience with carisoprodol does not
suggest a major risk of embryo or fetal harm. The FDA data do raise a
hypothesis of an association with oral clefts, but the risk, if it exists,
appears to be low. There have been some reports of congenital defects
with meprobamate, the active metabolite of carisoprodol, but two large
surveillance studies did not support an association between meprobamate
and malformations (see Meprobamate). Although the data do not support a
significant risk with carisoprodol, the best course would be to avoid this
agent, if possible, during the 1st trimester.

FETAL RISK SUMMARY
Carisoprodol is a centrally acting muscle relaxant. It is metabolized by the liver
to meprobamate, the active metabolite. The reproductive effects of this drug in
animals have not been studied.

It is not known if carisoprodol crosses the human placenta. The molecular
weight (about 260) suggests that it will cross to the embryo and fetus.
Moreover, the active metabolite, meprobamate, does cross the placenta (see
Meprobamate).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 14
of whom were exposed in the 1st trimester to carisoprodol (1). No association
of the drug with large classes of malformations or to individual defects was
found.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 326 newborns had
been exposed to carisoprodol during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). Twenty (6.1%) major birth defects were observed
(14 expected), including (observed/expected) 3/3 cardiovascular defects, 2/0.5
oral clefts, and 1/1 hypospadias. No anomalies were observed in three other
categories of defects (spina bifida, polydactyly, and limb-reduction defects) for
which data were available. Only with the two cases of oral clefts is there a
suggestion of a possible association, but other factors, including the mother’s
disease, concurrent drug use, and chance, may be involved.

A 2001 case report described the pregnancy outcome of a 27-year-old
woman who had taken carisoprodol (700 mg), propoxyphene (70 mg), and
acetaminophen (900 mg) three times daily throughout gestation and during the
first 6 months of breastfeeding (2). The 2635-g infant (sex not specified),
delivered 2 weeks preterm by cesarean section, showed no signs or symptoms
of withdrawal after birth. No mention was made of birth defects, and the infant
was developing normally at 6 months of age (2).

A similar case was observed in 2006 (3). The woman took carisoprodol (700
mg) four times daily before and throughout gestation for severe back muscle
spasm. A healthy female infant was delivered at term. The mother continued
treatment while breastfeeding during the first postpartum month. No signs or
symptoms of withdrawal were noted in the newborn or in the infant when
breastfeeding was stopped about 1 month after birth (3).

BREASTFEEDING SUMMARY
Carisoprodol and its active metabolite, meprobamate, are excreted into breast
milk at concentrations two to four times those in the maternal plasma (4). While
unique, the two cases below confirm that the drug and its metabolite are
present in milk and that the concentrations of meprobamate exceed those in the
maternal plasma.

A 2001 case report described the use of carisoprodol (700 mg),
propoxyphene (70 mg), and acetaminophen (900 mg) three times daily
throughout gestation and during the first 6 months of breastfeeding (2). Levels
of carisoprodol and meprobamate were measured in breast milk on 4
consecutive days. The average milk concentrations of the two agents were 0.9
mcg/mL and 11.6 mcg/mL, respectively. Neither the timing of the samples in
relationship to the maternal dose nor the maternal plasma levels were
specified. Based on an estimated milk intake of 150 mL/kg/day, the absolute
and relative doses of carisoprodol plus meprobamate that would have been
ingested by an exclusively breastfed infant were 1.9 mg/kg/day and 4.1%,
respectively. No signs or symptoms of withdrawal were noted in the infant who



had normal psychomotor development at 6 months of age. However, the infant
was partially fed formula because of insufficient maternal milk production (2).

In a similar case, a woman took carisoprodol (700 mg) four times daily
before and throughout gestation, and during the first postpartum month for
severe back muscle spasm (3). The healthy female infant was delivered at term
and was exclusively breastfed. The mother also took an analgesic combination
(hydrocodone plus acetaminophen) for a short period after delivery. Blood and
milk samples were obtained from the mother about a week after delivery. Peak
carisoprodol and meprobamate blood concentrations, obtained 2 hours post-
dose, were 3 and 9 mcg/mL, respectively, whereas the milk concentrations,
obtained at the same time, were 1.4 and 10.9 mcg/mL, respectively. The
corresponding milk plasma ratios were 0.3 and 1.4, respectively. Trough blood
concentrations, obtained about 4 hours postdose, were <2 and <4 mcg/mL,
respectively, whereas the milk values were 0.8 and 17.1 mcg/mL, respectively.
The corresponding milk:plasma ratios were ≥0.4 and ≥4.3, respectively. A
blood sample from the infant, obtained 2 hours after breastfeeding that was
started 1.5 hours after a maternal dose, revealed undetectable levels of
carisoprodol (<2 mcg/mL) and meprobamate (<4 mcg/mL). Nursing was
stopped at about 1 month of age. No signs or symptoms of withdrawal or other
adverse effects were noted in the newborn or when breastfeeding was stopped
about 1 month later (3).

Although the human data are very limited, both cases involved mothers taking
carisoprodol doses that were much higher than the recommended dose of
1050–1400 mg/day. The lack of detectable adverse effects in both infants
suggests that the risk of toxicity is low, at least in infants that also were
exposed during pregnancy. Starting carisoprodol treatment during
breastfeeding may have different results in a nursing infant. The American
Academy of Pediatrics classifies another centrally acting skeletal muscle
relaxant as compatible with breastfeeding (see Baclofen). However, until
additional data are available, women taking this drug and who elect to nurse
should closely monitor their infants for sedation and other changes in behavior
or functions.
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CARMUSTINE
Antineoplastic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Typical of many chemotherapeutic agents, carmustine is carcinogenic,
mutagenic, clastogenic, embryotoxic, and teratogenic in experimental
animals. However, only two reports have described the use of carmustine
in human pregnancy. In one of these, a woman was treated with
carmustine before and during the first two trimesters. She gave birth to a
normal infant. In the other case, a woman who was not treated until late in
the 2nd trimester was electively delivered prematurely because of her
disease. Her infant was growth restricted 17 months after birth but had
apparently normal mental and motor development. As with other cancer
chemotherapeutic agents, treatment after the 1st trimester does not
appear to result in newborn toxicity, although bone marrow suppression
has been reported when multiple agents were used close to delivery (e.g.,
see Cyclophosphamide). Several alkylating agents are thought to be human
teratogens (e.g., busulfan, chlorambucil, and cyclophosphamide), but few
infants have been exposed to these drugs in the 1st trimester. Until proven
otherwise, carmustine should be considered a potential teratogen if used
during the period of organogenesis. Therefore, a woman whose condition
requires treatment during organogenesis, or who conceives while under
treatment, should be informed of the potential risk to her embryo.

FETAL RISK SUMMARY
Carmustine (BCNU) is an alkylating agent that is chemically classified as a
nitrosourea. Other antineoplastics in this group include lomustine (CCNU) and
streptozocin. Carmustine is indicated for the palliative therapy of certain brain
tumors, multiple myeloma, Hodgkin’s disease, and non-Hodgkin’s lymphoma.
The drug alkylates deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), in
addition to inhibiting some enzymes by carbamoylation of amino acids in



proteins. Carmustine undergoes rapid degradation in the plasma with a terminal
half-life of 22 minutes after an IV dose. The antineoplastic and toxic properties
of carmustine are thought to be secondary to metabolites. The most severe
toxicities are delayed bone marrow suppression and pulmonary toxicity (1,2).

Carmustine is carcinogenic in mice and rats at doses less than the
recommended human dose based on BSA (RHD). The agent was mutagenic in
in vitro assays and clastogenic in both in vivo and in vitro tests (2).
Reproduction studies have been conducted with carmustine in pregnant rats
and rabbits (1,2). A dose about 0.17 times the RHD in rats caused
embryotoxicity and fetal malformations (anophthalmia, micrognathia, and
omphalocele). In rabbits, increased embryolethality was observed at
approximately 1.2 times the RHD (1,2). In another animal study, pregnant rats
were given an intraperitoneal dose of 20 mg/kg on embryonic day 15 (3).
(Note: This dose is approximately 3.4 times the RHD.) Exposed offspring had
histologic alterations suggestive of cortical dysplasia (laminar disorganization,
cytomegalic neurons, and neuronal heterotopias). Of interest, cortical dysplasia
is associated with epilepsy in children and adults (3).

It is not known if carmustine or its metabolites crosses the placenta. The
molecular weight (about 214) is low enough that exposure of the embryo or
fetus should be expected. Two characteristics of carmustine, its high lipid
solubility and its relatively lack of ionization at physiologic pH, will promote
transfer of the drug across the placenta. The very short plasma half-life may
lessen the transfer of the parent drug, but the pharmacology and
pharmacokinetics of the active metabolites have not been fully elucidated.

A 1984 report described a 21-year-old woman with diffuse histiocytic
lymphoma who received carmustine and procarbazine for 5 months before
conception and throughout the first 24 weeks of pregnancy (4). A second
nitrosourea agent, streptozocin, replaced carmustine and procarbazine in the
2nd trimester. Before pregnancy, the patient had received multiple courses of
chemotherapy, including cyclophosphamide, doxorubicin, vincristine, bleomycin,
methotrexate, cytarabine, and etoposide, in addition to radiation therapy to the
neck. Because of the failure of the previous therapy, she was started on
carmustine 110 mg IV on day 1 and procarbazine 100 mg orally for 10 days
every 4 weeks. She conceived after five monthly cycles of this latter therapy.
The woman refused pregnancy termination and received five more cycles of
therapy at 4-week intervals starting at 4 weeks’ gestation. Three courses of
streptozocin, 800 mg IV for 3 days every 4 weeks, were started at 24 weeks’
gestation because of disease progression. She received the last dose of



streptozocin 2 weeks before delivery at 35 weeks’ gestation. The woman’s
normal- appearing male infant weighed 2.34 kg with a head circumference of
32.5 cm and a length of 51.5 cm. The Apgar scores were 7 and 9 at 1 and 5
minutes, respectively. The initial blood test revealed a normal hemoglobin, white
blood cell and platelet counts. All other clinical tests were within normal limits,
including electrolytes, multiple chemistry, urinalysis, renal ultrasound, and
chromosome studies (4).

In a second case report, a 27-year-old woman with a history of malignant
melanoma was admitted to the hospital at 14 weeks’ gestation for progressive
weight loss and persistent headache (5). Approximately 9 months earlier an
enlarged nevus had been removed from her left shoulder and the pathology had
revealed the melanoma. The work-up for metastatic disease was negative and
she was discharged home. Two months later, the woman was readmitted for
severe back pain, which was attributed to diffuse metastatic disease of the
spine. At 23 weeks’ gestation, she was started on chemotherapy consisting of
carmustine 150 mg/m2 IV on day 1, tamoxifen 80 mg orally twice daily for 7
days, cisplatin 25 mg/m2 IV on days 1 to 3, and dacarbazine 220 mg/m2 on
days 1 to 3. Approximately 3 weeks later, she received a second course of
these agents. Corticosteroids were administered for fetal lung maturity and as
an antiemetic for chemotherapy. Because the woman continued to deteriorate,
a 1520-g female infant was delivered by cesarean section at 30 weeks’
gestation. The 325-g placenta had malignant melanoma in the intervillous space
and melanin pigment granules in villous Hofbauer cells and syncytial
trophoblasts. The mother died 1 month later. At 17 months of age the child’s
weight was 6.6 kg (5th percentile), length 74.5 cm (<5th percentile), and head
circumference 47 cm (10th percentile). Examination revealed age-appropriate
evaluations for mental age, motor age, and language scores (5).

A number of reports have described pregnancy outcomes after the use of
carmustine before conception (6–11). In four studies, the outcomes of 16
pregnancies (12 women) were 14 normal newborns, one stillbirth (twins), and
one elective abortion (6–9). In one case, a man treated earlier with carmustine
fathered a normal infant (7). A 2000 study analyzed the pregnancy outcomes of
340 cancer survivors who had one or more pregnancies after treatment with
carmustine and 11 other alkylating agents (10). The cases were divided into
five mutually exclusive treatment groups: nonsterilizing surgery, chemotherapy
with alkylating agents, abdominal–pelvic radiation, alkylating agents plus
abdominal–pelvic radiation, and all other treatments. The study found no
evidence of an increased risk of birth defects or spontaneous abortions (10). In



a 2002 study, 1915 women had 4029 pregnancies after chemotherapy with or
without radiation (11). No statistical differences in pregnancy outcomes (live
births and spontaneous abortions) by treatment group were found, including the
126 pregnancies in women treated with carmustine.

BREASTFEEDING SUMMARY
No reports describing the use of carmustine during lactation have been located.
The low molecular weight (about 214), high lipid solubility, and relative lack of
ionization at physiologic pH suggest that carmustine will be excreted into breast
milk. The short elimination half-life in the plasma may limit the amount of parent
drug in milk, but the pharmacology and pharmacokinetics of the active
metabolites have not been adequately characterized. Because there is
substantial risk of harm for a nursing infant, women who are being treated with
carmustine should not nurse.
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CARPHENAZINE
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CARTEOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No studies describing the use of carteolol in human pregnancies have been
located. If used near delivery, the newborn infant should be closely
observed for 24–48 hours for signs and symptoms of β-blockade. Long-
term effects of in utero exposure to β-blockers have not been studied but
warrant evaluation. Some β-blockers may cause intrauterine growth
restriction (IUGR) and reduced placental weight, especially those lacking
intrinsic sympathomimetic activity (ISA) (i.e., partial agonist). Treatment
beginning early in the 2nd trimester results in the greatest weight
reductions, whereas treatment restricted to the 3rd trimester primarily
affects only placental weight. Carteolol does possess ISA. However, IUGR
and reduced placental weight may potentially occur with all agents within
this class. Although growth restriction is a serious concern, the benefits of
maternal therapy with β-blockers, in some cases, might outweigh the risks
to the fetus and must be judged on a case-by-case basis.

FETAL RISK SUMMARY
Carteolol is a nonselective β1/β2-adrenergic blocking agent used in the
treatment of hypertension and topically in the therapy of glaucoma. No
teratogenic effects were observed in pregnant mice and rabbits treated with
doses much higher than the maximum recommended human dose (1–3). A
dose-related increase in the incidence of wavy ribs was noted in fetal rats
whose mothers were given doses 212 times the maximum recommended
human dose (MRHD) (3). Fetotoxicity (increased resorptions and decreased
fetal weight) was observed in rats and rabbits at doses up to 5264 and 1052
times the MRHD (3). These effects were not noted in mice at doses up to 1052



times the MRHD (3).

BREASTFEEDING SUMMARY
No reports describing the use of carteolol during human lactation have been
located. If carteolol is used during nursing, the infant should be closely
observed for hypotension, bradycardia, and other signs or symptoms of β-
blockade. Long-term effects of exposure to β-blockers from milk have not been
studied but warrant evaluation.
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CARVEDILOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Only one report describing the use of carvedilol in human pregnancy has
been located. The animal data and the experience with other, similar
agents, suggest that the risk of teratogenicity is low. Intrauterine growth
restriction (IUGR), however, has been reported in the case below and is
known to occur with other α/β-blockers (see Labetalol). Moreover, some
β-blockers have caused IUGR and reduced placental weight, especially
those lacking intrinsic sympathomimetic activity (ISA) (i.e., partial agonist).
Treatment beginning early in the 2nd trimester results in the greatest
weight reductions, whereas treatment restricted to the 3rd trimester
primarily affects only placental weight. Carvedilol does not possess ISA.
IUGR and reduced placental weight may potentially occur with all agents
within this class. Although growth restriction is a serious concern, the
benefits of maternal therapy with carvedilol (or other α/β-blockers), in
some cases, might outweigh the risks to the fetus and must be judged on a
case-by-case basis.

FETAL RISK SUMMARY
Carvedilol is a combined α/β-adrenergic blocking agent that is used for the
treatment of hypertension and mild-to-moderate heart failure. The α1-
adrenoreceptor blocking activity has been associated with vasodilation and a
reduction in peripheral vascular resistance. Carvedilol is extensively
metabolized and some of the metabolites are weakly active. Plasma protein
binding, primarily to albumin, is >98% and the mean terminal elimination half-life
of the parent compound is 7–10 hours (1).

Reproduction studies in rats and rabbits at 50 and 25 times the maximum



recommended human dose based on BSA (MRHD), respectively, revealed
postimplantation loss in both species. The dose in rats, which was maternal
toxic, was also associated with a decrease in fetal weight and an increase in
frequency of fetuses with delayed skeletal development (missing or stunted
13th rib). Increased pup mortality at 1 week postpartum was observed when
pregnant rats were treated with carvedilol at ≥10 times the MRHD during the
last trimester and continued through day 22 of lactation. The no-observed-
effect-level (NOEL) for developmental toxicity was 10 times the MRHD for rats
and 5 times the MRHD for rabbits. Toxicity (sedation, reduced weight gain) and
impaired fertility were observed in adult rats at ≥32 times the MRHD, including
a reduced number of successful matings, prolonged mating time, fewer
implants per dam, and complete resorption of 18% of the litters. The drug
and/or its metabolites cross the rat placenta (1).

It is not known if carvedilol crosses the human placenta. The molecular
weight (about 407) and long terminal elimination half-life suggest that exposure
of the embryo–fetus probably occurs. However, the high plasma protein binding
should limit the amount crossing the placenta.

In a 2002 case report, a woman with chronic hypertension presented at
about 24 weeks’ gestation with severe oligohydramnios (amniotic fluid index <2)
(2). Her medications included benazepril, carvedilol, amiodarone, and
furosemide. The fetus had a misshapen cranium with overlapping sutures,
pericardial effusion, small bladder, echogenic focus in the heart, echogenic
bowel, and normal-appearing kidneys. All the drugs except carvedilol were
discontinued. An examination 18 days later revealed normal amniotic fluid
volume and normal cranial anatomy. At about 37 weeks’ gestation, she gave
birth to a 2060 g (<3rd percentile) female infant with Apgar scores of 7 and 9
at 1 and 5 minutes, respectively. The infant’s initial physical examination was
normal. Except for bilious vomiting on day 1, which resolved by day 2, the
infant’s hospital course was normal. At 1 year of age, the infant was healthy
and weighed 18 lbs (5th percentile) (2).

BREASTFEEDING SUMMARY
No reports describing the use of carvedilol during human lactation have been
located. The molecular weight (about 407) and long terminal elimination half-life
(7–10 hours) suggest that the drug will be excreted into breast milk, but the
high plasma protein binding (>98%) should limit the amount. The potential
effects of this exposure on a nursing infant include bradycardia, hypotension,
and other symptoms of α/β-blockade. However, a similar agent is classified by



the American Academy of Pediatrics as compatible with breastfeeding (see
Labetalol).

References
1. Product information. Coreg. GlaxoSmithKline, 2009.
2. Muller PR, James A. Pregnancy with prolonged fetal exposure to an angiotensin-converting enzyme

inhibitor. J Perinatol 2002;22:582–4.



CASANTHRANOL
Purgative
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Casanthranol is an anthraquinone purgative. Although the data are limited,
there is no evidence that drugs in this class pose a risk to the embryo–
fetus.

FETAL RISK SUMMARY
In a large prospective study, 109 patients were exposed to this agent during
pregnancy, 21 in the 1st trimester (1). No evidence of an increased risk for
malformations was found (see also Cascara Sagrada).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 96 newborns had
been exposed to casanthranol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (4.2%) (four expected) major birth defects
were observed. Specific data were available for six defect categories, including
(observed/expected) 2/1 cardiovascular defects, 1/0 spina bifida, and 1/0.5
polydactyly. No anomalies were observed in the other three categories (oral
clefts, limb-reduction defects, and hypospadias. These data do not support an
association between the drug and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of casanthranol during human lactation have been
located. Although diarrhea in a nursing infant is a potential effect, the drug is
probably compatible with breastfeeding. (See also Cascara Sagrada.)
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CASCARA SAGRADA
Purgative
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Cascara sagrada is an anthraquinone purgative. Although the data are
limited, there is no evidence that drugs in this class pose a risk to the
embryo–fetus.

FETAL RISK SUMMARY
In a large prospective study, 53 mother–child pairs were exposed to cascara
sagrada during the 1st trimester (1, pp. 384–387). Although the numbers are
small, no evidence for an increased risk of malformations was found. For
anytime use during pregnancy, 188 exposures were recorded (1, pp. 438, 442,
497). The relative risk for benign tumors was higher than expected, but
independent confirmation is required (1, pp. 438, 442, 497).

A 1977 study found that more than 50% of the women taking laxatives during
pregnancy had taken a laxative of the anthraquinone type (2). Danthron (1:8
dihydroxyanthraquinone) was administered to nine women shortly before
induction of labor. Presence of the laxative and/or its metabolite was
documented in the amniotic fluid and in the urine of the newborns. No fetal
adverse effects were noted (2).

BREASTFEEDING SUMMARY
Most reviewers acknowledge the presence of anthraquinones (e.g., cascara
and danthron) in breast milk and warn of the consequences for the nursing
infant (3–5). A comprehensive review described the excretion of laxatives into
human milk, but little is known about the presence of these agents in breast
milk (6). Two reports suggest an increased incidence of diarrhea in infants
when nursing mothers are given cascara sagrada or senna for postpartum



constipation (7,8). However, the American Academy of Pediatrics classifies
cascara and danthron as compatible with breastfeeding (9).
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CASPOFUNGIN
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of caspofungin in human pregnancy have
been located. A 2003 review of antifungal agents was also unable to find
such reports (1). The animal data are suggestive of human risk, especially
if exposure occurs in the 1st trimester. However, the absence of human
pregnancy experience prevents an assessment of the embryo–fetal risk. If
indicated, maternal treatment should be avoided in the 1st trimester, if
possible.

FETAL RISK SUMMARY
Caspofungin inhibits the synthesis of glucan, an integral component of the
fungal cell wall, and is the first antifungal agent in this class. It is a
semisynthetic lipopeptide (echinocandin) compound that is synthesized from a
fermentation product of the fungus Glarea lozoyenis. Caspofungin is approved
for the treatment of Candida infections and for invasive aspergillosis in patients
who cannot be treated with other antifungals. Caspofungin is extensively bound
to albumin (about 97%). Plasma clearance of caspofungin is primarily from
distribution, rather than by excretion or by metabolism. The γ-phase half-life is
40–50 hours (2).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
producing exposures similar to those obtained in humans treated with a 70-mg
dose (HE) were embryotoxic, resulting in increased resorptions and peri-
implantation losses. Other effects included incomplete ossification of the skull
and torso and an increased incidence of cervical ribs. The agent was also
embryotoxic in rabbits, causing increased resorptions at doses similar to the
HE. In addition, incomplete ossifications of the talus/calcaneus were observed



in rabbits (2).
Caspofungin crosses the placenta in rats and rabbits (gestational age not

specified) and the drug could be detected in fetal plasma (2). It is not known if
the agent crosses the human placenta. The molecular weight (about 1213 for
the acetate salt) and extensive plasma protein binding should limit the amount
crossing the placenta, but the long β-phase half-life should provide substantial
amounts of the drug available for transfer.

BREASTFEEDING SUMMARY
No reports describing the use of caspofungin during human lactation have been
located. The high molecular weight (about 1213 for the acetate salt) and
extensive plasma protein binding (about 97%) should limit the amount of drug
excreted in breast milk, but the long γ-phase half-life may allow for some drug
in the milk. The effect of this exposure on a nursing infant is unknown. However,
other drugs from different classes of antifungal agents, such as fluconazole and
ketoconazole, are classified as compatible with breastfeeding by the American
Academy of Pediatrics (see Fluconazole and Ketoconazole). The risk of harm
from exposure to caspofungin also appears to be low, and women being
treated with caspofungin should be allowed to breastfeed. Their infants should
be monitored for signs and symptoms of histamine release (e.g., rash, facial
swelling, and pruritus) and gastrointestinal complaints.
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CASTOR OIL
Laxative/Oxytocic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Castor oil has been used since ancient times to induce labor. Nevertheless,
neither the efficacy for this indication nor the fetal/newborn safety has been
documented. One study found that the drug had no value to labor induction
(1). Castor oil can cause severe maternal morbidity and possibly mortality,
but this toxicity appears to be rare. However, maternal nausea and
diarrhea appear to be very common, although underreported. The
mechanism of castor oil’s oxytocic effect is unknown, but might be due to
systemically absorbed ricinoleic acid stimulating uterine contractions. In
recent times, the use of castor oil as an oxytocic agent has declined,
probably because of the availability of safer and more physiologic agents,
such as oxytocin and the two prostaglandins: dinoprostone and
misoprostol. Although the report of multiple congenital defects attributed to
castor beans early in gestation requires confirmation, castor beans should
be avoided in pregnancy. As for castor oil, the limited human data offer no
documented benefits for the mother or fetus. Uterine bleeding and abortion
are potential toxicities. Thus, the use of castor oil as a laxative or for other
purposes before term pregnancy should be avoided. Use at term should
only be on the advice of a healthcare provider.

FETAL RISK SUMMARY
Castor, Ricinus communis, is an ornamental plant native to the West Indies, but
now grows in the United States and Hawaii (2). Castor oil is cold expressed
from castor beans (i.e., seeds) and contains a mixture of triglycerides. The
principal compound is ricinoleic acid with smaller amounts of linoleic, oleic,
pamitic, and stearic acids. The oil also contains toxins, such as ricin and
ricinine, that are removed with further processing (2). Upon ingestion, castor oil



is hydrolyzed in the duodenum by pancreatic lipase to release glycerol and the
active ingredient, ricinoleic acid (3,4). Castor seeds contain ricin and can cause
poisoning (3). Castor oil has been used for the induction of labor, and as a
cathartic, contraceptive cream, lubricant, and skin emollient (2,3). It also has
been combined with quinine to induce labor at term and topically as a
contraceptive and abortifacient (3).

A 1983 report described an infant with growth restriction, convulsions,
craniofacial dysmorphia, absent deformity of limbs, and vertebral segmentation
defect that was born from a 20-year-old mother (5). The mother had taken a
castor oilseed, once per month, as a contraceptive for 3 months before
conception and during the first 2 months of gestation. No other drugs were
taken during pregnancy. Because ricin is a potent toxin, the authors attributed
the defects to the castor oilseeds (4). Of interest, a 2002 review stated
(without specific reference) that castor bean had emmenagogue and
abortifacient effects (6).

Castor oil has been used since ancient Egypt to induce labor (1,2,7–15). A
1958 study evaluated the efficacy of castor oil for the induction of labor (1). In
the first part of the study, the investigator polled obstetric department heads of
50 medical schools. Of the 32 who responded, 16 never used castor oil for
labor induction, whereas 16 used it some times. A retrospective review of 114
consecutive inductions (1952–1954) was conducted at the investigator’s
institution. All of the inductions involved rupture of membranes and oxytocin.
The group was divided into four subgroups: rupture of membranes and oxytocin
(N = 24), added enema (N = 27), added castor oil (N = 31), and added castor
oil and enema (N = 32). The average induction times for the four groups were
4, 2, 4, and 4 hours, respectively. The 18 induction failures were nearly equal in
the groups: 5, 5, 3, and 5, respectively. These results convinced the
investigator that castor oil had no value in the induction of labor (1).

The uterine activity effect of castor oil, soap enema, hot bath, or a
combination of all three was described in 60 women at 38–41 weeks’ gestation
in a 1959 study (7). Castor oil plus soap enema had the most marked effect,
but most of the increased activity was due to castor oil. A hot bath had little
effect. The effects on delivery times, induction failure, and pregnancy outcomes
were not provided. Nevertheless, based solely on uterine activity, the
investigators concluded that labor induction with castor oil, with or without soap
enema, was useful (7).

A 1999 survey found that among 90 nurse-midwives who used herbal
products for labor induction, castor oil (93%) was most the common (8). The



doses used ranged from 5 to 120 mL. The mechanism of the oxytocic effect is
unknown, but various authors have stated that it is secondary to intestinal
peristalsis or an increase in the concentrations of prostaglandin E (9,10,12).
However, a brief 2002 report stated that the oxytocic effect was due to
systemically absorbed ricinoleic acid that caused contractions of the uterine
musculature (13). Nausea is a very common adverse effect, as is diarrhea after
delivery. The use of castor oil does not appear to directly affect the fetus or the
Apgar scores at birth, but most reports fail to mention the condition of the
newborn. Two reviews concluded that there is insufficient evidence to support
the use of castor oil as an induction agent (14,15).

A 1987 study reported an increase in meconium staining of the amniotic fluid
in women given castor oil for labor induction compared with controls (16).
Meconium staining occurred in 4 (2.3%) of 174 women given castor oil
compared with 0 of the 304 controls (p <0.1). Although the authors deemed the
result significant, the difference might not have been if the standard p value of
<0.05 has been used. In another report, 10.4% of women receiving castor oil
had meconium-stained amniotic fluid compared with 11.5% of controls (ns)
(12).

A case report describing amniotic fluid embolism associated temporally with
castor oil was published in 1988 (17). A 33-year-old woman at 40 weeks’
gestation with an uncomplicated pregnancy and unremarkable medical history
ingested 30 mL castor oil for labor induction. About 60 minutes later,
spontaneous rupture of membranes occurred, followed by cardiorespiratory
arrest. A dead fetus, with no observable abnormalities, was delivered, along
with a normal placenta, in the intensive care unit. Maternal blood contained fetal
squamous cells and amniotic fluid debris. The clinical course was complicated
by seizures and findings consistent with disseminated intravascular coagulation.
EEG findings were consistent with anoxic encephalopathy. At the time of the
report, the woman remained in a persistent vegetative state (17).

A 2003 case report described uterine rupture in a 39-year-old woman at 39
weeks’ gestation (18). The woman experienced a brief bowel movement,
followed by severe abdominal pain and rupture of membranes shortly after
ingesting castor oil 5 mL for labor induction. A repeat cesarean section,
performed for fetal distress and a closed, long cervix, revealed a portion of the
umbilical cord protruding from a 2-cm rupture of the lower transverse scar. A
female 2724-g female infant was delivered with Apgar scores of 9 at 1 and 5
minutes (18).

An unusual use of castor oil in pregnancy was briefly reported in 1967 (19).



Castor oil was applied to the cervical os to facilitate vaginal delivery. The
author noted that the use of oil to lubricate the vagina and os during labor was
common among midwives in his region.

BREASTFEEDING SUMMARY
No reports describing the use of castor oil during lactation have been located.
Castor oil has been used orally to promote the flow of breast milk (2). Evidence
for this effect has not been located. The principal active ingredient, ricinoleic
acid, is absorbed systemically and could be excreted into milk. Diarrhea in the
nursing infant is a potential complication. In a rural region of India, newborn
infants are sometimes given castor oil for its laxative properties in the belief
that it will clean the intestine of meconium (20). However, this practice has
been discouraged because it can be dangerous for the infant, at times causing
paralytic ileus and aspiration pneumonia (20).
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CEFACLOR
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cefaclor and other cephalosporin
antibiotics was found in a large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefaclor is an oral, semisynthetic cephalosporin antibiotic. Reproduction studies
in mice, rats, and ferrets found no evidence of impaired fertility or fetal harm at
doses up to 12, 12, and 3 times, respectively, the human dose (1).
Cephalosporins are usually considered safe to use during pregnancy (see other
cephalosporins for published human experience).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1325 newborns
had been exposed to the antibiotic during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 75 (5.7%) major birth defects were
observed (56 expected). Specific data were available for six defect categories,
including (observed/expected) 19/13 cardiovascular defects, 8/2 oral clefts,
1/0.7 spina bifida, 1/4 polydactyly, 2/2 limb reduction defects, and 3/3
hypospadias. The data for all defects, cardiovascular defects, and oral clefts
are suggestive of an association between cefaclor and congenital defects, but
other factors, such as the mother’s disease, may be involved. However, similar
findings were measured for another cephalosporin antibiotic with more than a
thousand exposures (see Cephalexin). Positive results were also suggested for
cephradine (339 exposures) but not for cefadroxil (722 exposures) (see
Cephradine and Cefadroxil). In contrast, other anti-infectives with large cohorts
(see Ampicillin, Amoxicillin, Penicillin G, Erythromycin, and Tetracycline) were
not associated with congenital defects.

BREASTFEEDING SUMMARY



Cefaclor is excreted into breast milk in low concentrations. Following a single
500-mg oral dose, average milk levels ranged from 0.16 to 0.21 mcg/mL during
a 5-hour period (2). Only trace amounts of the antibiotic could be measured at
1 and 6 hours. Even though these levels are low, three potential problems exist
for the nursing infant: modification of bowel flora, direct effects on the infant,
and interference with the interpretation of culture results if a fever workup is
required.

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (3). For the five
women taking cefaclor, diarrhea was observed in 1 (20%) infants. The diarrhea
was considered minor because it did not require medical attention (3).

Although not specifically listing cefaclor, the American Academy of Pediatrics
classifies other cephalosporin antibiotics as compatible with breastfeeding
(e.g., see Cefadroxil and Cefazolin).
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CEFADROXIL
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefadroxil is an oral, semisynthetic cephalosporin antibiotic. Reproduction
studies in mice and rats found no evidence of impaired fertility or fetal harm at
doses up to 11 times the human dose (1). Cephalosporins are usually
considered safe to use during pregnancy (see other cephalosporins for
published human experience).

At term, a 500-mg oral dose produced an average peak cord serum level of
4.6 mcg/mL at 2.5 hours (about 40% of maternal serum) (2). Amniotic fluid
levels achieved a peak of 4.4 mcg/mL at 10 hours. No infant data were given.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 722 newborns had
been exposed to cefadroxil during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 27 (3.7%) major birth defects were
observed (30 expected). Specific data were available for six defect categories,
including (observed/expected) 1/1 cardiovascular defects, 0/1 oral clefts, 0/0.5
spina bifida, 2/2 polydactyly, 2/1 limb reduction defects, and 1/2 hypospadias.
These data do not support an association between the drug and congenital
defects (see also Cefaclor, Cephalexin, and Cephradine for contrasting
results).

Cefadroxil, 500 mg twice daily for 10 days following an IV dose of
ceftazidime, was used in 12 women for the treatment of asymptomatic
bacteriuria during the 1st trimester (see also Ceftazidime) (3). No adverse
effects of the treatment were observed.



BREASTFEEDING SUMMARY
Cefadroxil is excreted into breast milk in low concentrations. Following a single
500-mg oral dose, peak milk levels of about 0.6–0.7 mcg/mL occurred at 5–6
hours (2). A 1-g oral dose given to six mothers produced peak milk levels
averaging 1.83 mcg/mL (range 1.2–2.4 mcg/mL) at 6–7 hours (4). In this latter
group, milk:plasma ratios at 1, 2, and 3 hours were 0.009, 0.011, and 0.019,
respectively. Although these levels are low, three potential problems exist for
the nursing infant: modification of bowel flora, direct effects on the infant, and
interference with the interpretation of culture results if a fever workup is
required. The American Academy of Pediatrics classifies cefadroxil as
compatible with breastfeeding (5).
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CEFAMANDOLE

[Withdrawn from the market. See 9th edition.]



CEFATRIZINE

[Withdrawn from the market. See 9th edition.]



CEFAZOLIN
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefazolin is a parenteral, semisynthetic cephalosporin antibiotic. Reproduction
studies in mice, rats, and rabbits found no evidence of impaired fertility or fetal
harm at doses up to 25 times the human dose (1).

Cefazolin crosses the placenta into the cord serum and amniotic fluid (2–6).
In early pregnancy, distribution is limited to the body fluids and these
concentrations are considerably lower than those found in the 2nd and 3rd
trimesters (3). At term, 15–70 minutes after a 500-mg dose, cord serum levels
range from 35% to 69% of the maternal serum (4). The maximum concentration
in amniotic fluid after 500-mg dose was 8 mcg/mL at 2.5 hours (5). No data on
the newborns were given. Following a 2-g IV dose given to seven women
between 23 and 32 weeks’ gestation, the mean serum concentration of
cefazolin in hydropic and nonhydropic fetuses was 18.04 and 21.02 mcg/mL,
respectively, providing evidence that the presence of hydrops did not
significantly impair the transfer of the antibiotic (6).

Cefazolin, 2 g IV every 8 hours, has been used in the treatment of
pyelonephritis occurring in the second half of pregnancy (7). No adverse fetal
outcomes attributable to the drug were observed.

BREASTFEEDING SUMMARY
Cefazolin is excreted into breast milk in low concentrations. Following a 2-g IV
dose, the average milk levels ranged from 1.2 to 1.5 mcg/mL over 4 hours
(milk:plasma ratio 0.02) (8). When cefazolin was given as a 500-mg IM dose,
one to three times daily, the drug was not detectable (5). Although these levels



are low, three potential problems exist for the nursing infant: modification of
bowel flora, direct effects on the infant, and interference with the interpretation
of culture results if a fever workup is required. The American Academy of
Pediatrics classifies cefazolin as compatible with breastfeeding (9).
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CEFDINIR
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefdinir is an oral, semisynththetic, third-generation cephalosporin antibiotic. No
reports describing its use in pregnancy have been located. The molecular
weight (about 395) is low enough that passage to the fetus should be
expected.

Reproduction studies have been conducted in pregnant rats and rabbits (1).
In pregnant rats, oral doses up to 11 times the human dose based on BSA
(HD) were not teratogenic, but decreased fetal weight occurred at doses ≥1.1
times the HD. No effects were seen on maternal reproductive performance or
offspring survival, behavior, development, or reproductive function. In rabbits,
oral doses up to 0.23 times the HD were not teratogenic, but maternal toxicity
(decreased body weight) was noted at the highest dose. No adverse effects on
offspring were observed (1).

BREASTFEEDING SUMMARY
No published reports describing the use of cefdinir in human lactation have been
located. The molecular weight (about 395) is low enough that excretion into
breast milk should be expected. However, the drug was not detected in breast
milk after a single, 600-mg oral dose (1). Multiple dosing during lactation has
apparently not been studied. If excretion does occur, three potential problems
exist for the nursing infant: modification of bowel flora, direct effects on the
infant, and interference with the interpretation of culture results if a fever
workup is required. The American Academy of Pediatrics classifies other
cephalosporins as compatible with breastfeeding (e.g., see Cefadroxil and



Cefazolin).

Reference
1. Product information. Omnicef. Abbott Laboratories, 2001.



CEFDITOREN
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
No reports describing the use of cefditoren in human pregnancy have been
located. Cefditoren pivosil is a prodrug that is hydrolyzed during absorption to
the active drug, cefditoren. It is an oral, semisynthetic cephalosporin antibiotic
similar to other agents in this class. Cefditoren probably crosses the placenta,
similar to other cephalosporins.

Reproduction studies have been conducted with cefditoren pivosil in rats and
rabbits. In pregnant rats and rabbits, doses up to about 24 and 4 times,
respectively, the human dose of 200 mg twice daily based on BSA (HD) were
not teratogenic. In addition, rat fertility and reproduction were not affected by
the highest dose. However, in rabbits, the highest dose caused severe
maternal toxicity resulting in fetal toxicity and abortions. In a postnatal study in
rats, a dose 18 times the HD produced no adverse effects on postnatal
survival, physical and behavioral development, learning abilities, and
reproductive capability at sexual maturity (1).

BREASTFEEDING SUMMARY
No reports describing the use of cefditoren in human lactation have been
located. Small amounts of antibiotic have been found in breast milk for all
cephalosporins that have been studied, so the presence of cefditoren in milk
should be expected. In most cases, the effects of this exposure will be
insignificant. However, three potential problems exist for the nursing infant
exposed to cefditoren in milk: modification of bowel flora, direct effects on the
infant, and interference with the interpretation of culture results if a fever



workup is required. The American Academy of Pediatrics classifies other
cephalosporins as compatible with breastfeeding (for example, see Cefadroxil
and Cefazolin).

Reference
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CEFEPIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
No reports describing the use of cefepime in human pregnancy have been
located. It is a parenteral, semisynthetic cephalosporin antibiotic. Serum protein
binding is about 20% (1).

No adverse effects on fertility or reproduction, including embryo toxicity and
teratogenicity, were observed in mice, rats, and rabbits dosed at one to four
times the recommended maximum human daily dose based on BSA (1).

Consistent with the molecular weight (about 481 for the free base), cefepime
crosses the human placenta. In a 2010 study, nine women scheduled for a
cesarean section were given IV cefepime 1 g over 60 minutes (2). The
transplacental passage rate calculated as a percentage of fetal venous
concentration to maternal blood concentration was about 23%, whereas the
transfetal passage rate calculated as a percentage of fetal arterial drug
concentration to fetal venous concentration was about 79% (2).

BREASTFEEDING SUMMARY
Cefepime is excreted in human milk. The manufacturer reports that a nursing
infant consuming about 1000 mL of human milk per day would received about
0.5 mg of cefepime per day (1). In spite of this low dose, three potential
problems exist for the nursing infant exposed to cefepime in milk: modification
of bowel flora, direct effects on the infant, and interference with the
interpretation of culture results if a fever workup is required. Although not
specifically listing cefepime, the American Academy of Pediatrics classifies
other cephalosporin antibiotics as compatible with breastfeeding (for example,



see Cefadroxil and Cefazolin).
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CEFIXIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The limited human pregnancy data do not suggest embryo–fetal risk. In
addition, no detectable teratogenic risk with cephalosporin antibiotics was
found in a large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefixime is an oral, semisynthetic cephalosporin antibiotic. Serum protein
binding is about 65% and the elimination half-life is about 3.5 hours (1).

Reproduction studies found no evidence in rats of impaired fertility or
reproductive performance at doses up to 125 times the adult therapeutic dose
or, in mice and rats, of teratogenicity at doses up to 400 times the human dose
(1).

Consistent with the molecular weight (about 453), cefixime crosses the
human placenta.

A 2010 study measured cefixime amniotic fluid concentrations in six women
given a 400 mg oral dose about 2 hours before amniocentesis (2). The study
was conducted between the 16th and 20th gestational weeks. The mean
concentrations of cefixime in maternal blood and amniotic fluid were 2.59
mcg/mL and 0.85 mcg/mL, respectvely, and amniotic fluid passage rate of
about 38% (2).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (3). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester, with
birth defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets
of twins). In addition, two birth defects were observed in aborted fetuses.



However, few of the aborted fetuses were examined. Cefixime was taken
during the 1st trimester in 11 pregnancies. The outcomes of these pregnancies
included two spontaneous abortions, one elective abortion, seven normal
newborns (one premature), and one unknown outcome (3).

A 2003 study evaluated 95 pregnant women with gonorrhea who were
treated with either cefixime (N = 52) or ceftriaxone (N = 43) (4). Treatment in
both groups occurred at about 21 weeks’ gestation. Both antibiotics were
equally effective, with 91 patients cured of the infection. Hyperbilirubinemia
occurred more often in infants from mothers treated with ceftriaxone, but the
difference was not significant (4).

A study evaluating the effects of mass treatment (cefixime, azithromycin,
metronidazole) for AIDS prevention in Uganda was published in 1999 (5).
Compared with controls, the prevalences of trichomoniasis, bacterial vaginosis,
gonorrhea, and chlamydia infection were significantly lower, but no difference
was observed in the incidence of HIV infection. A second study using this same
group of patients found, in addition to the lower rates of infection, reduced
rates of neonatal death, low birth weight, and preterm delivery (6). However, in
a third study involving the same Uganda women as above, children of 94
women with Trichomonas vaginalis who had been treated during pregnancy
with the 3-drug combination had increased low birth weight (<2500 g) and
preterm birth rate compared with untreated controls (7). The authors concluded
that treatment of the condition during pregnancy was harmful and that it was
most likely due to metronidazole.

BREASTFEEDING SUMMARY
No reports describing the use of cefixime during human lactation have been
located. Low concentrations of other cephalosporins have been measured,
however, and the presence of cefixime in milk should be expected. Three
potential problems exist for the nursing infant exposed to cefixime in milk:
modification of bowel flora, direct effects on the infant, and interference with
the interpretation of culture results if a fever workup is required. The American
Academy of Pediatrics classifies other cephalosporin antibiotics as compatible
with breastfeeding (for example, see Cefadroxil and Cefazolin).
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CEFMETAZOLE

[Withdrawn from the market. See 9th edition.]



CEFONICID

[Withdrawn from the market. See 9th edition.]



CEFOPERAZONE

[Withdrawn from the market. See 9th edition.]



CEFORANIDE

[Withdrawn from the market. See 9th edition.]



CEFOTAXIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefotaxime is a parenteral, semisynthetic cephalosporin antibiotic.
Reproduction studies in mice and rats have found no evidence of impaired
fertility or fetal harm at doses up to 20 times the human dose (1).
Cephalosporins are usually considered safe to use during pregnancy.

During the 2nd trimester, the drug readily crosses the placenta (2). The half-
life of cefotaxime in fetal serum and in amniotic fluid was 2.3 and 2.8 hours,
respectively. Five women with chorioamnionitis and in labor received cefotaxime
(dose not specified) (3). The maternal and cord blood concentrations were
nearly equivalent at 8.90 and 8.60 mcg/mL, respectively, but the placental
tissue:maternal blood ratio was 0.2 (dose to delivery interval not specified).

BREASTFEEDING SUMMARY
Cefotaxime is excreted into breast milk in low concentrations. Following a 1-g
IV dose, mean peak milk levels of 0.33 mcg/mL were measured at 2–3 hours
(2,4). The half-life in milk ranged from 2.36 to 3.89 hours (mean 2.93 hours).
The milk:plasma ratios at 1, 2, and 3 hours were 0.027, 0.09, and 0.16,
respectively. Although these levels are low, three potential problems exist for
the nursing infant: modification of bowel flora, direct effects on the infant, and
interference with the interpretation of culture results if a fever workup is
required. The American Academy of Pediatrics classifies cefotaxime as
compatible with breastfeeding (5).
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CEFOTETAN
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefotetan is a parenteral, semisynthetic cephalosporin antibiotic. Reproduction
studies in rats and monkeys found no evidence of impaired fertility or fetal harm
at doses up to 20 times the human dose (1). Cephalosporins are usually
considered safe to use during pregnancy.

A 1985 study measured the placental passage of the drug when
administered just prior to cesarean section (2). Twenty women received a
single, 1-g IV bolus dose of the antibiotic at intervals of 1–4 hours before
surgery. The peak maternal plasma level obtained was 28 mcg/mL. Cord blood
concentrations progressively increased depending on the length of time after a
mother received a dose and were highest (12.5 mcg/mL) when she received
the drug 4 hours prior to surgery. Similarly, a progressive increase in amniotic
fluid concentrations was observed with values of 5.1, 7.5, and 8.1 mcg/mL
measured at 2, 3, and 4 hours, respectively. The increases in the level of
antibiotic in the amniotic fluid paralleled those in the cord blood.

Three Japanese studies reported placental passage of cefotetan (3–5). Cord
blood levels almost double those measured above, 24.7 mcg/mL, were
reported 1 hour after a 1-g IV dose (3). This value was 15.4% of the peak
maternal serum level, indicating that the peak maternal level was about 160
mcg/mL. The amniotic fluid concentration was 12.3% of the mother’s level, or
approximately 20 mcg/mL. A confirming study also found high cord blood levels
after a single 1-g IV dose with the highest value of 29.0 mcg/mL measured
3.6 hours after the maternal dose (4). The highest amniotic fluid level, however,
was 8.6 mcg/mL, which was also observed at 3.6 hours. The third study



measured cord serum concentrations of 15, 31.4, and 3.5 mcg/mL at 0.85,
3.75, and 16 hours, respectively, after a 1-g IV dose (5). Amniotic fluid
concentrations ranged from 1.18 to 13.6 mcg/mL up to 16 hours after a dose.

BREASTFEEDING SUMMARY
Small amounts of cefotetan are excreted into human breast milk (5,6). A 1982
reference reported milk levels ranging from 0.22 to 0.34 mcg/mL 1–6 hours
after a 1-g IV dose (5). In six women treated with cefotetan 1 g IM every 12
hours, mean milk levels 4–10 hours after a dose varied from 0.29 to
0.59 mcg/mL (6). No accumulation in the milk was observed, as evidenced by a
steady milk:plasma ratio. The mean ratio 10 hours after the first dose was 0.05
compared with 0.07, 10 hours after the fifth dose.

Even though the amounts of antibiotic are very small, and no reports of
adverse effects in a nursing infant have been located, three potential problems
exist for the infant exposed to cefotetan in milk: modification of bowel flora,
direct effects on the infant, and interference with the interpretation of culture
results if a fever workup is required. Although not specifically listing cefotetan,
the American Academy of Pediatrics classifies other cephalosporin antibiotics
as compatible with breastfeeding (for example, see Cefadroxil and Cefazolin).
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CEFOXITIN
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefoxitin is a parenteral, semisynthetic cephalosporin antibiotic. Reproduction
studies found no evidence in rats of impaired fertility or reproductive
performance at doses three times the maximum recommended human dose
(MRHD) or, in mice and rats, fetal harm (other than a slight decrease in fetal
weight) or teratogenesis at doses up to approximately 7.5 times the MRHD (1).

Multiple reports have described the transplacental passage of cefoxitin
(2–14). Two patients were given 1 g IV just prior to therapeutic abortion at 9
and 10 weeks’ gestation (10). At 55 minutes, the serum level in one woman
was 10.5 mcg/mL while none was found in the fetal tissues. In the second
patient, at 4.25 hours the maternal serum was “nil,” while the fetal tissue level
was 35.7 mcg/mL.

At term, following IM or rapid IV doses of 1 or 2 g, cord serum levels up to
22 mcg/mL (11%–90%) of maternal levels have been measured (7–10).
Amniotic fluid concentrations peaked at 2–3 hours in the 3–15 mcg/mL range
(7,8,10,11,14). No apparent adverse effects were noted in any of the
newborns.

BREASTFEEDING SUMMARY
Cefoxitin is excreted into breast milk in low concentrations (6,10,12,13,15). Up
to 2 mcg/mL has been detected in the milk of women receiving therapeutic
doses (J.J. Whalen, personal communication, Merck, Sharpe & Dohme, May
13, 1981). No data on the infants were given. Following prophylactic
administration of 2–4 g of cefoxitin to 18 women during and following cesarean



section, milk samples were collected a mean 25 hours (range 9–56 hours) after
the last dose of antibiotic (15). Only one sample, collected 19 hours after the
last dose, contained measurable concentrations of cefoxitin (0.9 mcg/mL).
Although these levels are low, three potential problems exist for the nursing
infant: modification of bowel flora, direct effects on the infant, and interference
with the interpretation of culture results if a fever workup is required. The
American Academy of Pediatrics classifies cefoxitin as compatible with
breastfeeding (16).
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CEFPODOXIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
No reports describing the use of cefpodoxime in human pregnancy have been
located. It is an oral, semisynthetic cephalosporin antibiotic. Reproduction
studies found no evidence in rats of impaired fertility or reproductive
performance or, in rats and rabbits, of embryo toxicity or teratogenicity, at
doses up to two times the human dose based on BSA (1).

BREASTFEEDING SUMMARY
According to the manufacturer, low concentrations of cefpodoxime are excreted
into human milk (1). Following 200-mg oral doses administered to three
women, milk concentrations, as a percentage of concomitant serum levels, 4
hours after the dose were 0%, 2%, and 6%, respectively, and at 6 hours, 0%,
9%, and 16%, respectively. Although not specifically stated for these three
women, mean serum concentrations in fasted adults after a 200-mg dose were
2.2 mcg/mL at 2 and 3 hours (peak levels), 1.8 mcg/mL at 4 hours, and 1.2
mcg/mL at 6 hours (1).

In spite of these low levels, three potential problems exist for the nursing
infant exposed to cefpodoxime in milk: modification of bowel flora, direct effects
on the infant, and interference with the interpretation of culture results if a fever
workup is required. Although not specifically listing cefpodoxime, the American
Academy of Pediatrics classifies other cephalosporin antibiotics as compatible
with breastfeeding (for example, see Cefadroxil and Cefazolin).
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CEFPROZIL
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
No reports describing the use of cefprozil in human pregnancy have been
located. It is an oral, semisynthetic cephalosporin antibiotic. Reproduction
studies found no evidence in animals of impaired fertility or, in mice, rats, and
rabbits, of fetal harm at doses of 8.5, 18.5, and 0.8 times, respectively, the
maximum human daily dose based on BSA (1).

BREASTFEEDING SUMMARY
Low concentrations of cefprozil are excreted in human milk. In a study
published in 1992, nine healthy, lactating women were given a single 1000-mg
oral dose of cefprozil consisting of cis and trans isomers in an approximately
90:10 ratio (2). The mean peak plasma concentrations of the cis and trans
isomers were 14.8 and 1.9 mcg/mL, respectively. For the cis isomer, the mean
milk concentration over a 24-hour period ranged from 0.25 to 3.36 mcg/mL,
whereas the average maximum concentration in milk of the trans isomer was
<0.26 mcg/mL. Less than 0.3% of the maternal dose was excreted into milk for
the two isomers. The investigators estimated that an infant receiving 800
mL/day of milk would ingest a maximum of 3 mg of cefprozil, an amount they
assessed as clinically insignificant.

Three potential problems exist for the nursing infant exposed to cefprozil in
milk: modification of bowel flora, direct effects on the infant, and interference
with the interpretation of culture results if a fever workup is required. The
American Academy of Pediatrics classifies cefprozil as compatible with
breastfeeding (3).
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CEFTAROLINE FOSAMIL
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports describing the use of ceftaroline fosamil in human pregnancy
have been located. Animal data suggest low risk. Although there is no
human pregnancy experience, in general, cephalosporins are considered
compatible in pregnancy.

FETAL RISK SUMMARY
Ceftaroline fosamil is a cephalosporin antibiotic that is converted to the
bioactive ceftaroline after IV administration. It is indicated for the treatment of
acute bacterial skin and skin structure infections and community-acquired
bacterial pneumonia. Plasma protein binding is about 20% and the elimination
half-life after multiple doses is about 2.7 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
that produced exposures that were about 8 times the human exposure from
600 mg every 12 hours based on AUC (HE) did not cause maternal toxicity or
fetal harm. Moreover, a higher dose in rats revealed no evidence of an effect
on postnatal development or reproductive performance in offspring. In rabbits,
doses that were about 0.8 times the HE or higher were maternal toxic but did
not cause malformations (1).

Ceftaroline fosamil was not mutagenic in multiple assays but was clastogenic
in an in vitro assay. The latter effect was not observed after metabolic
activation. No evidence of impaired fertility was observed in male and female
rats at doses up to about 4 times the maximum recommended human dose
based on BSA (1).

It is not known if ceftaroline fosamil or ceftaroline crosses the human
placenta. The molecular weight of the prodrug (about 685) and lower molecular
weight of the active agent, and the elimination half-life and low plasma protein
binding, suggest that ceftaroline will cross to the embryo–fetus.



BREASTFEEDING SUMMARY
No reports describing the use of ceftaroline fosamil during human lactation have
been located. The molecular weight of the prodrug (about 685) and lower
molecular weight of the active agent, and the elimination half-life (about 2.7
hours) and low plasma protein binding (about 20%), suggest that both the
prodrug and active agent will be excreted into breast milk. Moreover, low
concentrations of other cephalosporins are excreted into milk and the presence
in milk of this antibiotic should be expected. Three potential problems exist for
the nursing infant: modification of bowel flora, direct effects on the infant, and
interference with the interpretation of culture results if a fever workup is
required. The American Academy of Pediatrics classifies other cephalosporin
antibiotics as compatible with breastfeeding (for example, see Cefadroxil and
Cefazolin).

Reference
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CEFTAZIDIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Ceftazidime is a parenteral, semisynthetic cephalosporin antibiotic.
Reproduction studies in mice and rats found no evidence of impaired fertility or
fetal harm at doses up to 40 times the human dose (1). Cephalosporins are
usually considered safe to use during pregnancy.

Ceftazidime administered at various stages of gestation, including the 1st
trimester, crosses the placenta to the fetus and appears in the amniotic fluid
(2–4). A brief English abstract of a 1983 Japanese report stated that levels in
the cord blood and amniotic fluid following a 1-g IV dose exceeded the
minimum inhibitory concentrations for most causative organisms but did not give
specific values (2).

Nine women, undergoing abortion for fetuses affected by β-thalassemia
major between 19 and 21 weeks’ gestation, were given ceftazidime 1 g IM
three times a day (3). At least three doses of the antibiotic were administered
prior to abortion. The average concentrations of the drug in maternal serum at
2 and 4 hours after the last dose were 19.5 mcg/mL (range 14–25 mcg/mL)
and 1.5 mcg/mL (range 1.4–1.6 mcg/mL), respectively. The simultaneous levels
in amniotic fluid were 2.7 mcg/mL (range 1.3–4 mcg/mL) and 3.1 mcg/mL
(range 2.2–3.9 mcg/mL), respectively, corresponding to approximately 14%
and 207% of the maternal concentrations, respectively.

In a 1987 report, 30 women received a single 2-g IV bolus dose over 3
minutes of ceftazidime between 1 and 4 hours prior to undergoing abortion of a
fetus at a mean gestational age of 10 weeks (range 7–12 weeks) (4). Antibiotic
concentrations were determined in maternal plasma, placental tissue, and



amniotic fluid. In maternal plasma, mean levels ranged from 76 mcg/mL at 1
hour to 16.5 mcg/mL at 4 hours. Placental tissue concentrations were constant
over this time interval, 12 mg/kg at 1 hour and 13 mg/kg at 4 hours, whereas
the amniotic fluid concentration increased from 0.5 to 2.8 mcg/mL, respectively.

Increased renal elimination of ceftazidime was found in 12 women with
asymptomatic bacteriuria treated with a 400-mg bolus dose, followed by a
continuous infusion of 1 g for 4 hours (5). The initial treatment occurred during
the 1st trimester, followed by treatments approximately 2 weeks before
delivery at term and after cessation of breastfeeding. The mean renal
clearances of the antibiotic during the three administrations were 143, 170, and
103 mL/minute, respectively.

BREASTFEEDING SUMMARY
Low concentrations of ceftazidime are excreted into breast milk (6). Eleven
women were treated with 2 g of ceftazidime IV every 8 hours for endometritis
following cesarean section. No mention was made as to whether the women
were breastfeeding during treatment. Plasma and milk samples were collected
between 2 and 4 days of therapy (total number of doses received averaged
12.6). The mean maternal plasma levels of the antibiotic just prior to a dose
and 1 hour after a dose were 7.6 and 71.8 mcg/mL, respectively. The mean
concentrations in breast milk before a dose and at 1 and 3 hours after a dose
were 3.8, 5.2, and 4.5 mcg/mL, respectively. No accumulation of the antibiotic
in milk was observed.

Three potential problems exist for the nursing infant exposed to ceftazidime in
milk: modification of bowel flora, direct effects on the infant, and interference
with the interpretation of culture results if a fever workup is required. The
American Academy of Pediatrics classifies ceftazidime as compatible with
breastfeeding (7).
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CEFTIBUTEN
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
No reports describing the use of ceftibuten in human pregnancy have been
located. It is an oral, semisynthetic cephalosporin antibiotic. Reproduction
studies in rats found no evidence of impaired fertility at doses up to
approximately 43 times the human dose based on BSA (HD). No teratogenesis
or fetal harm was found in studies with rats and rabbits at doses up to
approximately 8.6 and 1.5 times, respectively, the HD (1).

BREASTFEEDING SUMMARY
No reports describing the use of ceftibuten during human lactation have been
located. Low concentrations of other cephalosporins are excreted into milk,
however, and the presence of ceftibuten in milk should be expected. Three
potential problems exist for the nursing infant exposed to ceftibuten in milk:
modification of bowel flora, direct effects on the infant, and interference with
the interpretation of culture results if a fever workup is required. The American
Academy of Pediatrics classifies other cephalosporin antibiotics as compatible
with breastfeeding (for example, see Cefadroxil and Cefazolin).

Reference
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CEFTIZOXIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No fetal or newborn adverse effects following exposure to ceftizoxime
during pregnancy have been reported. In addition, no detectable
teratogenic risk with cephalosporin antibiotics was found in a large 2001
study (see Cephalexin).

FETAL RISK SUMMARY
Ceftizoxime is a parenteral, semisynthetic cephalosporin antibiotic.
Reproduction studies in rats found no evidence of impaired fertility at doses up
to approximately two times the maximum human daily dose based on BSA or,
in rats and rabbits, of fetal harm (1).

The placental transfer of ceftizoxime and cefoperazone were studied in an in
vitro perfused human placental system (2). The mean clearance indices for the
two antibiotics were 0.126 and 0.037, respectively. The steady-state fetal
concentrations of the two agents were 4–5 and 4 mcg/mL, respectively.

Following 1- or 2-g IV doses administered to women at term, peak cord
blood levels occurred at 1–2 hours with concentrations ranging between 12 and
30 mcg/mL (3–7). Amniotic fluid concentrations were lower with peak levels of
10–20 mcg/mL at 2–3 hours. The mean fetal:maternal ratio reported in one
group of patients after a 2-g IV dose was 0.28 (7). In a different study,
maternal, fetal, and amniotic concentrations were measured in women who had
received at least three doses of ceftizoxime 2 g at 8-hour intervals (8). Mean
levels at delivery in the various compartments were 11.96, 24.54, and 43.45
mcg/mL, respectively. Cord blood levels averaged 1.6 times higher than
maternal levels with average amniotic fluid concentrations 2.9 times those in the
maternal serum (8). No adverse fetal or newborn effects were noted in any of
the trials.

A 1993 report found that protein binding of ceftizoxime was significantly less



in fetal blood than in maternal blood (9). The mean binding to fetal proteins was
21.9% compared with maternal protein binding of 57.8%.

An abstract of a multicenter, double-blind, randomized study published in
1993 found no difference between ceftizoxime (2 g IV every 8 hours) (N =154)
and placebo (N = 152) in the percentage of women with preterm premature
rupture of the membranes who were undelivered at 7 days (10). Only
noninfected women who were not in labor were enrolled in the study. A
prospective, double-blind, placebo-controlled study published in 1995 found that
ceftizoxime (2 g IV every 8 hours) had no effect on the interval to delivery or
duration of pregnancy in women, with intact membranes and without
chorioamnionitis, who were in preterm (<37 weeks’ gestation) labor (11).

BREASTFEEDING SUMMARY
Ceftizoxime is excreted into breast milk in low concentrations (7,12). Mean
levels following single doses of 1 and 2 g were less than 0.5 mcg/mL. Even
though these levels are low, three potential problems exist for the nursing
infant: modification of bowel flora, direct effects on the infant, and interference
with the interpretation of culture results if a fever workup is required. Although
not specifically listing ceftizoxime, the American Academy of Pediatrics
classifies other cephalosporin antibiotics as compatible with breastfeeding (for
example, see Cefadroxil and Cefazolin).
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CEFTRIAXONE
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cephalosporin antibiotics was found in a
large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Ceftriaxone is a parenteral, semisynthetic cephalosporin antibiotic.
Reproduction studies in rats found no evidence of impaired fertility or
reproduction performance at a dose approximately 20 times the recommended
human dose or, in mice, rats, and nonhuman primates, of embryotoxicity,
fetotoxicity, or teratogenicity at doses approximately 20, 20, and 3 times,
respectively, the recommended human dose (1).

A 1993 report described the pharmacokinetics of ceftriaxone, 2 g IV once
daily for about 10 days, in nine women at 28 to 40 weeks’ gestation who were
being treated for chorioamnionitis or pyelonephritis (2). No accumulation of the
antibiotic was noted and the pharmacokinetic profile was similar to healthy,
nonpregnant adults. No adverse effects in fetuses or newborns were observed.

Peak levels in cord blood following 1- or 2-g IV doses occurred at 4 hours,
with concentrations varying between 19.6 and 40.6 mcg/mL (1–8 hours) (3–5).
Amniotic fluid levels over 24 hours ranged from 2.2 to 23.4 mcg/mL with peak
levels occurring at 6 hours (3–5). Ceftriaxone concentrations in the first voided
newborn urine were highly variable, ranging from 6 to 92 mcg/mL. Elimination
half-lives from cord blood (7 hours), amniotic fluid (6.8 hours), and placenta
(5.4 hours) were nearly identical to maternal serum (3,4,6). No adverse effects
in the newborns were mentioned.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 60 newborns had
been exposed to ceftriaxone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (6.7%) major birth defects were observed



(three expected), including three cardiovascular defects (one expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. A possible association between ceftriaxone and
cardiovascular defects is suggested, but other factors, such as the mother’s
disease, concurrent drug use, and chance, may be involved. However, other
cephalosporin antibiotics from this study have shown possible associations with
congenital malformations (see also Cefaclor, Cephalexin, and Cephradine).

Ceftriaxone, 1 g IV daily, has been used in the treatment of pyelonephritis
occurring in the second half of pregnancy (7). No adverse fetal outcomes
attributable to the drug were observed.

Ceftriaxone 1 g IV has been used for preoperative prophylaxis prior to
emergency cesarean section (8). Amniotic fluid and fetal serum levels ranged
from 0.016 to 0.25 mcg/mL (mean 0.085 mcg/mL) and from 0.66 to 18.4
mcg/mL (mean 4.6 mcg/mL), respectively.

Gonorrhea infecting 114 pregnant women in the 2nd trimester was treated
with a single, 250-mg IM dose of ceftriaxone in a study published in 1993 (9).
The treatment was compared with approximately similar numbers of pregnant
women treated with spectinomycin or amoxicillin with probenecid. Ceftriaxone
and spectinomycin were similar in efficacy and both were superior to the
amoxicillin/probenecid regimen. A 20-year-old woman with endocarditis due to
Neisseria sicca was treated for 4 weeks with ceftriaxone, 2 g IV every 12
hours, late in the 3rd trimester (10). She eventually delivered a term, small-for-
gestational-age female infant, whose low weight was attributed to the mother’s
chronic disease state.

BREASTFEEDING SUMMARY
Ceftriaxone is excreted into breast milk in low concentrations. Following either
1- or 2-g IV or IM doses, peak levels of 0.5–0.7 mcg/mL occurred at 5 hours,
approximately 3%–4% of maternal serum (3,4). High protein binding in maternal
serum probably limited transfer to the milk (3,4). The antibiotic was still
detectable in milk at 24 hours (3). Elimination half-lives after IV and IM doses
were 12.8 and 17.3 hours, respectively (3). Chronic dosing would eventually
produce calculated steady-state levels in 1.5–3 days in the 3–4 mcg/mL range
(4). Although these levels are low, three potential problems exist for the nursing
infant: modification of bowel flora, direct effects on the infant, and interference
with the interpretation of culture results if a fever workup is required. The
American Academy of Pediatrics classifies ceftriaxone as compatible with



breastfeeding (11).
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CEFUROXIME
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No detectable teratogenic risk with cefuroxime or other cephalosporin
antibiotics was found in a large 2001 study (see Cephalexin).

FETAL RISK SUMMARY
Cefuroxime is an oral and parenteral, semisynthetic cephalosporin antibiotic.
Reproduction studies in rats have found no evidence of impaired fertility at
doses up to 9 times the maximum recommended human dose based on BSA
(MRHD) or, mice and rats, of fetal harm at doses up to 23 times the MRHD
(1).

Cefuroxime readily crosses the placenta in late pregnancy and labor,
achieving therapeutic concentrations in fetal serum and amniotic fluid (2–7).
Therapeutic antibiotic levels in infants can be demonstrated up to 6 hours after
birth with measurable concentrations persisting for 26 hours. The
pharmacokinetics of cefuroxime in pregnancy have been reported (8). The
antibiotic has been used for the treatment of pyelonephritis in pregnancy (9).
Adverse effects in the newborn after in utero exposure have not been
observed.

In women at 15–35 weeks’ gestation, a single 750-mg IV dose produced
mean serum concentrations in mothers, hydropic fetuses, and fetuses with
oligohydramnios of 7.4, 6.2, and 4.9 mcg/mL, respectively (10). The
concentrations did not correlate with gestational age. Nine women with
premature rupture of the membranes at 27–33 weeks’ gestation received 1.5 g
IV of cefuroxime three times daily (11). The mean concentrations of the
antibiotic in the mothers (1 hour after a dose), umbilical cord plasma, placenta,
and membranes were 35.0 mcg/mL, 3.0 mcg/mL, 11.2 mcg/g, and 35.6 mcg/g,
respectively.

In a surveillance study of Michigan Medicaid recipients involving 229,101



completed pregnancies conducted between 1985 and 1992, 143 newborns had
been exposed to cefuroxime during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (2.1%) major birth defects were observed
(six expected), but no anomalies were observed in six categories of defects for
which specific data were available (cardiovascular defects, oral clefts, spina
bifida, polydactyly, limb-reduction defects, and hypospadias). These data do
not support an association between the drug and congenital defects (see also
Cefaclor, Cephalexin, and Cephradine for contrasting results).

The pregnancy outcomes of 106 women exposed in the 1st trimester to
cefuroxime were described in a 2000 study (12). Compared with 106 matched
controls, there was no difference in pregnancy outcomes in terms of live births,
spontaneous abortions, gestational age at birth, prematurity, birth weight, fetal
distress, method of delivery, and major or minor malformations. Induced
abortions, however, occurred in significantly more cefuroxime-exposed women
than in controls, possibly due to misinformation and misperception of the risk
the antibiotic posed to a pregnancy (12).

BREASTFEEDING SUMMARY
Cefuroxime is excreted into breast milk in low concentrations (1). Even though
the levels are low, three potential problems exist for the nursing infant exposed
to cefuroxime in milk: modification of bowel flora, direct effects on the infant,
and interference with the interpretation of culture results if a fever workup is
required. Although not specifically listing cefuroxime, the American Academy of
Pediatrics classifies other cephalosporin antibiotics as compatible with
breastfeeding (for example, see Cefadroxil and Cefazolin).
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CELECOXIB
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Celecoxib has been used in human pregnancy as a tocolytic. The animal
data are suggestive of a low risk for congenital malformations. Moreover, a
brief 2003 editorial on the potential for nonsteroidal anti-inflammatory drug
(NSAID)-induced developmental toxicity concluded that NSAIDs, and
specifically those with greater COX-2 affinity, had a lower risk of this
toxicity in humans than aspirin (1). The use of first-generation NSAIDs
during the latter half of pregnancy has been associated with
oligohydramnios and premature closure of the ductus arteriosus (e.g., see
Indomethacin) (2). Persistent pulmonary hypertension of the newborn may
occur if NSAIDs are used in the 3rd trimester close to delivery (2,3). These
drugs also have been shown to inhibit labor and prolong pregnancy, both in
humans (4) and in animals (5). Similar effects should be expected if
celecoxib is used during the 3rd trimester or close to delivery. Women
attempting to conceive should not use any prostaglandin synthesis inhibitor,
including celecoxib, because of the findings in a variety of animal models
that indicate these agents block blastocyst implantation (6,7). Moreover, as
noted above, NSAIDs have been associated with spontaneous abortions
(SABs) and congenital malformations. The absolute risk for these defects,
however, appears to be low. If celecoxib is used in pregnancy for the
treatment of rheumatoid arthritis, healthcare professionals are encouraged
to call the toll-free number (877-311-8972) for information about patient
enrollment in the OTIS Rheumatoid Arthritis study.

FETAL RISK SUMMARY
Celecoxib is a second-generation NSAID that inhibits prostaglandin synthesis



via the inhibition of cyclooxygenase-2 (COX-2). It is in the same NSAID
subclass (COX-2 inhibitors) as rofecoxib and valdecoxib. In therapeutic
concentrations, it does not inhibit, as do first-generation NSAIDs, the
cyclooxygenase-1 (COX-1) isoenzyme. Celecoxib is indicated for the relief of
the signs and symptoms of osteoarthritis and rheumatoid arthritis (8).

Celecoxib was not mutagenic or clastogenic in Chinese hamster ovary cells
or clastogenic in an in vivo micronucleus test in rat bone marrow. Administration
to female rats of oral doses that were about six times the maximum
recommended human dose based on AUC at 200 mg twice a day (MRHD)
resulted in preimplantation and postimplantation losses and reduced embryo–
fetal survival, a natural consequence of its inhibition of prostaglandin synthesis
(8).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, a dose-related increase in diaphragmatic hernias was observed in one of
two studies at doses about six times the MRHD. No teratogenic effects
occurred in pregnant rabbits at doses equal to the MRHD, but at doses about
two times the MRHD, an increased incidence of fetal alterations (fused ribs and
fused, misshapen sternebrae) was observed. No evidence of delayed labor or
parturition at doses up to about seven times the MRHD was observed in rats
(8).

Two studies in pregnant rabbits were designed to test the hypothesis that
celecoxib was effective in preventing preterm delivery and did not adversely
affect fetal ductus arteriosus patency (9,10). In the first study, the rabbits
received a daily dose that was about 0.5 times the MRHD for differing periods
starting at day 13 of gestation (9). Concentrations of prostanoids, cytokines,
and nitric oxide were altered by the treatment, resulting in decrease in the
incidence compared with controls of preterm parturition. In the second study,
no adverse effect on the fetal ductus arteriosus was observed (10).

No reports describing the placental transfer of celecoxib have been located.
The molecular weight (about 381) is low enough that passage to the fetus
should be expected. Celecoxib metabolism is mediated by the cytochrome
P450 2C9 enzyme, resulting in at least three inactive metabolites (8). Women,
in whom metabolism by this enzyme is known or suspected to be deficient, may
have abnormally high plasma levels of celecoxib and, thus, more of the drug will
be available for placental transfer.

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (11). The use of NSAIDs during pregnancy was not associated with



congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (12). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (13). (See
Ibuprofen for details on these three studies.)

A 2006 case–control study found a significant association between congenital
anomalies, specifically cardiac septal defects, and the use of NSAIDs in the 1st
trimester (14). A population-based pregnancy registry (N = 36,387) was
developed by linking three databases in Quebec. (See Naprosyn for other
study details.) Case infants were those with any congenital anomaly diagnosed
in the first year of life and were compared with matched controls. There were
93 infants (8.8%) with congenital defects from 1056 mothers who had filled
prescriptions for NSAIDs in the 1st trimester. In controls, there were 2478
infants (7%) with anomalies from 35,331 mothers who had not filled such a
prescription. The adjusted odds ratio (OR) was 2.21 (95% CI 1.72–2.85). The
adjusted OR for cardiac septal closure was 3.34 (95% CI 1.87–5.98). There
also was a significant association with anomalies of the respiratory system
9.55 (95% CI 3.08–29.63), but this association disappeared when cases coded
as “unspecified anomaly of the respiratory system” were excluded. For the
cases involving septal closure, 61% were atrial septal defects and 31% were
ventricular septal defects. There were no significant associations for oral clefts
or defects involving other major organ systems. The five most common NSAIDs
were naproxen (35%), ibuprofen (26%), rofecoxib (15%), diclofenac (9%), and
celecoxib (9%). Among these agents, the only significant association was for
ibuprofen prescriptions in the 1st trimester and congenital defects (p <0.01)
(14).

An in vitro study demonstrated that celecoxib had significant uterine relaxant
effects (15). Celecoxib was more potent, in this regard, than nimesulide or
meloxicam. A 2002 randomized, double-blind, placebo-controlled study
compared the tocolytic effects of celecoxib (100 mg orally every 12 hours for 4
doses) and indomethacin (100 mg rectally, then 50 mg orally every 6 hours for
7 doses) (16). The subjects, 12 in each group, were in preterm labor at 24 to
34 weeks’ gestation. Partial premature constriction of the fetal ductus
arteriosus occurred in the indomethacin group, but not in the celecoxib group. A
transient decrease in amniotic fluid volume was observed in both groups, but
more so with indomethacin. Both drugs were equally effective in the



maintenance of tocolysis, but the authors concluded that the safety of celecoxib
was superior to that of indomethacin (16).

A randomized trial in 2007 compared the tocolytic effects of celecoxib (200
mg/day) and IV magnesium sulfate, each given for 48 hours (17). Gestational
ages were 24–34 weeks and each group had 52 women. No statistical
difference (81% vs. 87%) in the arrest of labor was found and there were no
severe maternal or neonatal complications (17).

BREASTFEEDING SUMMARY
Celecoxib is excreted into human breastmilk (18–20). A 40-year-old woman
who was breastfeeding her 5-month-old daughter was admitted to the hospital
for surgery. In the postoperative period, she received four doses of celecoxib
(100 mg twice/day) in addition to other medications. Starting about 5 hours
after her last dose, four milk samples were obtained by hand expression over a
24-hour interval. The elimination half-life range was 4.0–6.5 hours. These data
suggest that celecoxib would be eliminated from breast milk about 24 hours
after the last dose. Although maternal plasma was not obtained, the estimated
milk:plasma ratios (based on reported adult plasma levels) were 0.27–0.59.
The infant did not resume breastfeeding until 48 hours after the last dose. If
she had nursed, the estimated maximum infant dose would have been about 40
mcg/kg/day (18).

A 2004 study of five breastfeeding women taking celecoxib, three at steady
state (200 mg once daily) and two after a single 200-mg dose, measured a
mean milk concentration of 66 mcg/L and a mean milk:plasma ratio of 0.23
(19). The mean absolute infant dose was 9.8 mcg/kg/day and the relative infant
dose was 0.30% of the mother’s weight-adjusted dose. Plasma concentrations
in two infants at 17 and 22 months of age, who were nursing every 3–4 hours
during the day and once at night, were below the limit of detection (10 mcg/L)
(19).

Six lactating women, who stopped nursing after taking celecoxib, were
included in a 2005 report (20). After a single 200-mg dose, the median
absolute infant dose was 13 mcg/kg/day and the relative infant dose was
0.23% of the mother’s weight-adjusted dose.

Several first-generation NSAIDs are considered low risk during nursing (e.g.,
see Diclofenac, Fenoprofen, Flurbiprofen, Ibuprofen, Ketoprofen, Ketorolac,
and Tolmetin) and, based on the available data, celecoxib, at the doses
studied, can be similarly classified. Although only 3 of the 12 patients studied
were breastfeeding when taking celecoxib, the authors of the studies concluded



that celecoxib was unlikely to pose a risk to a nursing infant.
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CELIPROLOL

[Withdrawn from the market. See 9th edition.]



CENTRUROIDES (SCORPION) IMMUNE F(ab′)2
(EQUINE)
Antidote
PREGNANCY RECOMMENDATION: Maternal Benefit >> Embryo–Fetal
Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of Centruroides antivenom in pregnancy have
been located. Animal reproduction studies have not been conducted, and
the absence of human pregnancy experience prevents any assessment of
the embryo–fetal risk. It appears, however, that the maternal benefit
outweighs the unknown embryo–fetal risk. Therefore, if indicated, the
antivenom should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Centruroides antivenom is prepared from horse plasma immunized to venom
from five different species of scorpions. It is given IV to bind and neutralize
venom toxins, facilitating redistribution away from target tissues and elimination
from the body. The antivenom is indicated for the treatment of clinical signs of
scorpion envenomation. The half-life is 159 ± 57 hours (1).

Reproduction studies in animals have not been conducted. Moreover, studies
for carcinogenic and mutagenic potential have not been conducted, nor have
been fertility impairment studies (1).

It is not known if the antivenom crosses the human placenta. The molecular
weight of the antivenom was not given by the manufacturer. The molecular
weight is probably very high, because the product is a polyvalent preparation of
equine immune globulin F(ab′)2 fragments. Exposure of the fetus, at least in
early pregnancy, might be clinically insignificant. However, the long elimination
half-life will allow the antivenom to be at the maternal–fetal interface for a
several days.



BREASTFEEDING SUMMARY
No reports describing the use of Centruroides antivenom during human lactation
have been located. The molecular weight of the antivenom was not given by the
manufacturer. The molecular weight probably is very high, because the product
is a polyvalent preparation of equine immune globulin F(ab′)2 fragments.
Moreover, the antivenom has a long elimination half-life (159 ± 57 hours) and, if
it was given shortly before birth, this might allow excretion of small amounts
during the colostral phase. Although the effect of any exposure on nursing is
unknown, the antivenom would most likely be digested in the infant’s gut.
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CEPHALEXIN
Antibiotic (Cephalosporin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although some data suggest an association with congenital malformations,
most studies have found that cephalosporin antibiotics, in general, are safe
to use in pregnancy.

FETAL RISK SUMMARY
Cephalexin is an oral, semisynthetic cephalosporin antibiotic. Reproduction
studies found no evidence in rats, at doses up to 500 mg/kg, of impaired
fertility or reproductive performance or, in mice and rats, of fetal harm (1).

Several published reports have described the administration of cephalexin to
pregnant patients in various stages of gestation (2–12). None of these has
linked the use of cephalexin with congenital defects or toxicity in the newborn.
However, even though cephalosporins are usually considered safe to use during
pregnancy, a surveillance study described below found results contrasting to
the published data.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 3613 newborns
had been exposed to cephalexin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 176 (4.9%) major birth defects were
observed (154 expected). Specific data were available for six defect
categories, including (observed/expected) 44/36 cardiovascular defects, 11/5
oral clefts, 3/2 spina bifida, 3/10 polydactyly, 1/6 limb reduction defects, and
8/9 hypospadias. The data for total defects, cardiovascular defects, and oral
clefts are suggestive of an association between cephalexin and congenital
defects, but other factors, such as the mother’s disease, concurrent drug use,
and chance, may be involved. However, similar findings were measured for
another cephalosporin antibiotic with more than a thousand exposures (see
Cefaclor). Positive results were also suggested for cephradine (339 exposures)



but not for cefadroxil (722 exposures) (see Cephradine and Cefadroxil). In
contrast, other anti-infectives with large cohorts (see Ampicillin, Amoxicillin,
Penicillin G, Erythromycin, and Tetracycline) had negative findings.

Transplacental passage of cephalexin has been demonstrated only near term
(2,3). Following a 1-g oral dose, peak concentrations for maternal serum, cord
serum, and amniotic fluid were about 34 (1 hour), 11 (4 hours), and 13 mcg/mL
(6 hours), respectively (3). Patients in whom labor was induced were observed
to have falling concentrations of cephalexin in all samples when labor was
prolonged beyond 18 hours (4). In one report, all fetal blood samples gave a
negative Coombs’ reaction (2).

The effect of postcoital prophylaxis with a single oral dose of either
cephalexin (250 mg) or nitrofurantoin macrocrystals (50 mg) starting before or
during pregnancy in 33 women (39 pregnancies) with a history of recurrent
urinary tract infections was described in a 1992 reference (11). A significant
decrease in the number of infections was documented without fetal toxicity.

The manufacturer has unpublished information on 46 patients treated with
cephalexin during pregnancy (C.L. Lynch, personal communication, Dista
Products, 1981). Two of these patients received the drug from 1to 2 months
prior to conception to term. No effects on the fetus attributable to the antibiotic
were observed. Follow-up examination on one infant at 2 months was normal.

A 2001 study used the Hungarian Case-Control Surveillance of Congenital
Abnormalities (1980–1996) database to examine the association between
cephalosporins (cephalexin, cefaclor, cefamandole, cefoperazone, cefotaxime,
ceftibuten, and cefuroxime) and birth defects (12). Cases were drawn from
22,865 pregnant women who had fetuses or newborn infants with congenital
abnormalities. Matched controls were obtained from pregnant women who had
infants without defects. Most of the 308 case women were treated with
cephalexin. No detectable teratogenic risk was found.

BREASTFEEDING SUMMARY
Cephalexin is excreted into breast milk in low concentrations (13,14). A 1-g oral
dose given to six mothers produced peak milk levels at 4–5 hours averaging
0.51 mcg/mL (range 0.24–0.85 mcg/mL) (13). Mean milk:plasma ratios at 1, 2,
and 3 hours were 0.008, 0.021, and 0.14, respectively.

A 30-year-old, penicillin-allergic, breastfeeding woman developed
erysipelas/cellulitis in her breasts 9 days after a cesarean section (14). She
was treated with IV cephalothin, 1 g every 6 hours for 3 days, then oral
cephalexin and probenecid (both 500 mg four times daily). Severe diarrhea,



discomfort, and crying were observed in the nursing infant during IV therapy
and continued with oral therapy, but at a decreased level. The symptoms had
nearly resolved after partial replacement of breast milk with goat’s milk for 7
days. Sixteen days after initiation of oral therapy, the woman collected 12 milk
samples (6 pairs of fore- and hind-milk) by manual expression over a 16-hour
interval. The average concentrations of cephalexin and probenecid and
cephalexin were 0.745 and 0.964 mcg/mL, respectively. The concentrations of
the two substances in fore- and hind-milk were not significantly different. The
infant doses, based on the milk AUC and an estimated intake of 150
mL/kg/day, of cephalexin and probenecid were 0.5% and 0.7%, respectively, of
the mother’s weight-adjusted dose. Although these doses were thought to be
low enough to exclude systemic effects, it was concluded that cephalexin was
the most likely cause of the diarrhea (14).

The above two studies are not comparable because of the dosage and
duration. However, they do suggest that probenecid markedly increases the
milk concentration of cephalexin. In the absence of any data, it is not known if a
lower milk concentration would also have caused the diarrhea observed in the
infant. Nevertheless, three potential problems exist for a nursing infant exposed
to antibiotics in milk: modification of bowel flora, direct effects on the infant, and
interference with the interpretation of culture results if a fever workup is
required. Although not specifically listing cephalexin, the American Academy of
Pediatrics classifies other cephalosporin antibiotics as compatible with
breastfeeding (for example, see Cefadroxil and Cefazolin).
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CERTOLIZUMAB PEGOL
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience suggests that certolizumab pegol
is low risk for embryo–fetal harm. In 2011, the World Congress of
Gastroenterology stated, “Certolizumab pegol in pregnancy is considered
to be low risk and compatible with use during conception and pregnancy in
women” (1). Animal reproduction studies could not be conducted because
the antibody is human specific. However, studies in rats with a rodent-
specific antibody similar to certolizumab pegol found no evidence of fetal
harm. There is some similarity between the action of immunomodulators
with anti-TNFα activity and the human teratogen thalidomide, a drug that
also decreases the activity of TNFα. (See Infliximab and Thalidomide.)
However, decreased production of TNFα may not be a primary cause of
the teratogenicity of thalidomide. Theoretically, TNFα antagonists could
interfere with implantation and ovulation, but this has not been shown
clinically (2).

FETAL RISK SUMMARY
Certolizumab pegol is a recombinant, humanized antibody Fab′ fragment that
blocks human tumor necrosis factor alpha (TNFα). TNFα is a pro-inflammatory
cytokine with a central role in inflammatory processes. Certolizumab is in the
same subclass of immunomodulators (blockers of TNFα activity) as
adalimumab, golimumab, and infliximab. It is conjugated with polyethylene
glycol (PEG) to decrease the renal clearance and metabolism of the antibody.
The agent is given by SC injection. Certolizumab pegol is indicated for reducing
the signs and symptoms of Crohn’s disease and maintaining clinical response in
adult patients with moderately to severely active disease that have had an



inadequate response to conventional therapy. The terminal elimination half-life
is about 14 days (3).

Reproduction studies in animals have not been conducted with certolizumab
pegol because it does not cross-react with mouse or rat TNFα. However,
studies were conducted in rats using a rodent anti-murine TNFα pegylated Fab′
fragment similar to certolizumab pegol. Doses up to 100 mg/kg revealed no
evidence of impaired fertility or fetal harm (3). Although a comparison to the
human dose was not specified, the maximum dose was about 17 times the
human dose of 5.7 mg/kg from a 400-mg dose given to a 70-kg patient.

Long-term studies to evaluate the carcinogenic potential of certolizumab
pegol have not been conducted, but the agent was not genotoxic in multiple
assays. The rodent anti-murine TNFα pegylated Fab′ fragment had no effect on
the fertility and reproductive performance of male or female rats (3).

Although the molecular weight is very high (about 91,000), certolizumab (but
not PEG) crosses the human placenta to the fetus in late gestation (4). In 12
newborns (2 sets of twins) at a mean gestational age of 37.8 weeks (range
36–40 weeks), the median (range) of certolizumab concentrations in cord blood
as a percentage of maternal concentration was 3.9% (1.5%–24%). The
concentrations in cord blood and in the infant were all ≤1.65 mcg/mL and were
undectable in four cord blood samples and three infants (lower limit of
quantification <0.41 mcg/mL). PEG was not detected in any cord blood or
infant. No birth defects or neonatal intensive care unit stays occurred in any
infant (4).

BREASTFEEDING SUMMARY
Certolizumab was not detected in several milk samples from a mother who was
breastfeeding her infant (4). The mother was receiving 400 mg every 4 weeks
and had received a dose 1 week before delivery and 3 weeks after delivery. At
birth, the levels in the cord blood level and infant were 0.94 mcg/mL and 1.02
mcg/mL, respectively. At 4 weeks post-birth, the levels in the mother and infant
were 22.93 mcg/mL and 0.84 mcg/mL (3.7%), respectively. Breast milk
samples were obtained at 1 and 2 weeks post-birth and at 4 hours, 3 days,
and 6 days after the dose at 3 weeks. Concentrations in each of the five milk
samples were undectable. PEG was not detected in the infant (4).
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CETIRIZINE
Antihistamine
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Cetirizine is not an animal teratogen, and there is no evidence in human
pregnancy that the antihistamine presents a significant risk to the fetus.
However, the number of human pregnancy exposures is too few to
adequately assess the potential risk. Although cetirizine appears unlikely to
be a major human teratogen, an oral first-generation agent, such as
chlorpheniramine or tripelennamine, should be considered if antihistamine
therapy during pregnancy (especially in the 1st trimester) is required.
Cetirizine and loratadine were considered acceptable alternatives, except
during the 1st trimester, if a first-generation agent was not tolerated (1–3).
The use of cetirizine as an antiemetic needs further study.

FETAL RISK SUMMARY
The antihistamine, cetirizine, is a second-generation, orally active, selective
peripheral H1-receptor antagonist. It is indicated for the relief of seasonal and
perennial allergic rhinitis and for the treatment of chronic urticaria. The agent is
a human metabolite of hydroxyzine.

Reproduction studies in mice, rats, and rabbits at oral doses up to 40, 180,
and 220 times the maximum recommended human daily dose based on BSA
(MRHD), respectively, revealed no teratogenic effects (4).

It is not known if cetirizine crosses the human placenta to the fetus. The
molecular weight (about 462 for the dihydrochloride salt) is low enough that
transfer to the fetus should be expected.

A prospective controlled study published in 1997 evaluated the teratogenic
risk of cetirizine and hydroxyzine (see also Hydroxyzine) in human pregnancy
(5). A total of 120 pregnancies (2 sets of twins) exposed to either cetirizine (N



= 39) or hydroxyzine (N = 81) during pregnancy were identified and compared
with 110 controls. The control group was matched for maternal age, smoking,
and alcohol use. The drugs were taken during the 1st trimester in 37 (95%) of
the cetirizine exposures and in 53 (65%) of the hydroxyzine cases for a variety
of indications (e.g., rhinitis, urticaria, pruritic urticarial papules and plaques of
pregnancy, sedation, and other nonspecified reasons). Fourteen spontaneous
abortions (cetirizine 6, hydroxyzine 3, controls 5) and 11 induced abortions
(hydroxyzine 6, controls 5) occurred in the three groups. Among the live births,
there were no statistical differences among the groups in birth weight,
gestational age at delivery, rate of cesarean section, or neonatal distress. Two
minor anomalies were observed in liveborn infants exposed to cetirizine during
organogenesis; one had an ectopic kidney and one had undescended testes.
No major abnormalities were seen in this group. In the hydroxyzine group, two
of the live births had major malformations; one had a ventricular septal defect
and one a complex congenital heart defect (also exposed to carbamazepine). A
third infant, exposed after organogenesis, also had a ventricular septal defect.
Minor abnormalities were observed in four hydroxyzine-exposed infants: one
case each of hydrocele, inguinal hernia, hypothyroidism (mother also taking
propylthiouracil), and strabismus. In the control group, no major malformations
were observed, but five infants had minor defects (dislocated hip, growth
hormone deficiency, short lingual frenulum, and two unspecified defects).
Statistically, there were no differences between the groups in outcome (5).

A recent review compared the published pregnancy outcomes in terms of
congenital malformations of various first- and second-generation antihistamines
(6). Based on the one study above, the authors calculated a relative risk for
cetirizine of 1.2 (95% confidence interval 0.1–11.7). They concluded that in
pregnancy, chlorpheniramine is the oral antihistamine of choice and that
diphenhydramine should be used if a parenteral antihistamine is required (6).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (7). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester with
birth defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets
of twins). In addition, two birth defects were observed in aborted fetuses.
However, few of the aborted fetuses were examined. Cetirizine was taken
during the 1st trimester in 20 pregnancies. The outcomes of these pregnancies



included 4 spontaneous abortions, 1 elective abortion, and 16 normal- term
infants (1 set of twins) (7). Although this study found no major birth defects, it
lacked the sensitivity to identify minor anomalies because of the absence of
standardized examinations. Further, late-appearing major defects may also
have been missed because of the timing of the questionnaires.

A 2000 publication reported the antiemetic effects of cetirizine in 60 women
who were using the antihistamine (10 mg/day) for the treatment of allergies
during pregnancy (8). A control group of pregnant women, matched for the use
of pyridoxine (vitamin B6) but who were not taking an antihistamine, was used
for comparison. The cetirizine group had a significantly lower rate of nausea
and vomiting (7% vs. 37%, p = 0.0001) (8). No pregnancy outcome data were
provided.

The safety of cetirizine during pregnancy was evaluated in a 2008
prospective observational cohort study (9). A total of 196 pregnant women who
were exposed to cetirizine in the 1st trimester were compared with 1686
control women not exposed to the antihistamine. No significant differences
were observed in four outcomes (odds ratio; confidence interval): major birth
defects (1.07; 0.21–3.59), spontaneous abortions (0.97; 0.54–1.65), preterm
births (0.76; 0.35–1.5), and mean birth weight of term infants (p = 0.13) (9).

BREASTFEEDING SUMMARY
No published reports describing the use of cetirizine during human lactation
have been located, but the manufacturer states that the antihistamine is
excreted into human milk. This would be consistent with the relatively low
molecular weight (about 462 for the dihydrochloride salt). The effect of this
exposure on a nursing infant is unknown, but sedation is a possibility.
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CETUXIMAB
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of cetuximab in human or animal pregnancies
have been located. It also is not known if the antibody crosses the
placenta, but if it does it could disrupt normal embryo–fetal development.
Cetuximab binds to epidermal growth factor receptor (EGFR) that is
involved in the control of prenatal development and may be essential for
normal organogenesis, proliferation, and differentiation in the embryo (1).
Because of the potential for embryo and fetal harm, the antibody should not
be used in pregnancy. In addition, based on the very long half-life, a
woman should not conceive for about 60 days after the last dose.
However, head and neck and colorectal cancers can be fatal, so if a
woman requires cetuximab and informed consent is obtained, treatment
should not be withheld because of pregnancy. If an inadvertent pregnancy
occurs, the woman should be advised of the potential risk for severe
adverse effects in the embryo and fetus.

FETAL RISK SUMMARY
Cetuximab is a recombinant, human/mouse chimeric monoclonal antibody that is
given as a once-weekly IV infusion. It specifically binds to EGFR and
competitively inhibits the binding of EGF and other ligands. Cetuximab, in
combination with radiation therapy, is indicated for the treatment of locally or
regionally advanced squamous cell carcinoma of the head and neck. As a
single agent, it is indicated for the treatment of patients with recurrent or
metastatic squamous cell carcinoma of the head and neck for which prior
platinum-based therapy has failed. It also is indicated, either alone or in
combination with irinotecan, for the treatment of EGFR-expressing, metastatic



colorectal carcinoma in patients who are refractory or intolerant of irinotecan-
based chemotherapy. The mean half-life is about 112 hours (range 63–230
hours).

Cetuximab may cause severe, infusion-related toxicity, including hypotension
and other adverse effects. Premedication with an antihistamine (e.g., 50 mg
diphenhydramine IV) is recommended (1). Hypotension in a pregnant woman
could have deleterious effects on placental perfusion, resulting in embryo and
fetal harm.

Animal reproduction studies have not been conducted with cetuximab. Neither
have long-term studies for carcinogenicity. However, no mutagenic or
clastogenic effects were noted in tests. In a 39-week toxicity study in female
cynomolgus monkeys receiving 0.4–4 times the human dose based on BSA, a
tendency for impairment of menstrual cycling was observed, as revealed by
increased incidences of irregular or absence of cycles compared with controls.
These effects began at week 25 and were continued through the 6-week
recovery period. No effects on fertility were noted in male monkeys (1).

It is not known if cetuximab crosses the human placenta. The high molecular
weight (about 152,000) suggests that it will not cross. However, human
immunoglobulin (IgG) does cross and, therefore, cetuximab may also cross (1).

BREASTFEEDING SUMMARY
No reports describing the use of cetuximab during lactation have been located.
The very high molecular weight (about 152,000) suggests that it will not be
excreted into breast milk. However, human immunoglobulin (IgG) is excreted
into milk and, therefore, cetuximab may also be excreted (1). The effect of this
potential exposure on a nursing infant is unknown, but immunosuppression and
other severe adverse effects are potential complications.
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CEVIMELINE
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No studies describing the use of cevimeline during human pregnancy have
been located. The very limited animal data that did not include exposure
during organogenesis, and the lack of any reported human pregnancy
experience, prevents an assessment of the risk that this drug presents to a
fetus.

FETAL RISK SUMMARY
Cevimeline is an oral cholinergic agonist indicated for the treatment of dry
mouth in patients with Sjögren’s syndrome.

In reproduction studies with rats, a dose, approximately five times the
recommended human dose for a 60-kg person based on BSA, given from 14
days before mating through day 7 of gestation caused a reduction in the mean
number of implantations. This effect may have been due to maternal toxicity
(1).

No studies examining the placental transfer of cevimeline have been located.
The molecular weight (about 245 for the hydrated salt form) is low enough,
however, that passage to the fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of cevimeline in human lactation have been
located. The molecular weight (about 245 for the hydrated salt form) suggests
that excretion into breast milk should be expected. Because the effect of this
exposure on a nursing infant is unknown, combined with the lack of data on the
amount of drug that may be in milk, women who are taking cevimeline should
probably not breastfeed.
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CHAMOMILE
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The only reports describing the use of chamomile in human pregnancy
involve its use for morning sickness. Some sources recommend avoiding
excessive use of oral chamomile in pregnancy because the herb is thought
to have uterine stimulant, emmenagogue, and abortifacient properties
(1–4). Neither the period of pregnancy when these effects occurred nor the
doses producing them have been stated or quantified. There is no
information describing these effects after external use of chamomile.
Because of the very limited reporting of human pregnancy experience and
the absence of relevant animal reproduction data, the best course is to
avoid oral chamomile during pregnancy. However, the risk from
consumption of the herb, especially from occasional use, must be very rare
because chamomile has been used for thousands of years.

FETAL RISK SUMMARY
Chamomile may refer to the German (Matricaria chamomilla or M. recutita) or
Roman (Anthemis nobilis or Chamaemelum nobile) chamomiles. Both plants
have been called “true chamomile” (1,5). The fragrant flower heads of the
plants are dried and used as teas and extracts. Although the plants are
different, the main chemicals in the flower heads are the same: chamazulene,
apigenin, bisabolol, and angelic acid (1). Regardless of the source, chamomile
and its teas have been used for thousands of years for their astringent,
antispasmodic, sedative, anxiolytic, and antibacterial properties (1–3,5,6).
There are numerous indications based on the properties, but few have been
studied or have proven efficacy (7,8).

Animal reproduction studies have not been conducted with chamomile.



However, a study in pregnant rats and rabbits using bisabolol found no
evidence of teratogenicity or developmental toxicity after chronic administration
of 1 mL/kg (1,4,6). However, in mice, high doses (3 mg/kg) of bisabolol were
associated with resorptions of fetuses and reduced birth weight (4,6).

Nurse-midwives frequently prescribe chamomile teas for the treatment of
morning sickness (9,10). However, many of these healthcare professionals
thought that the use of chamomile teas were unsafe in pregnancy (10).

Both plant sources of chamomile contain coumarin compounds: umbelliferone
(in German chamomile) and scopoletin-7-glucoside (in Roman chamomile) (6).
Because of the presence of the coumarins, one review cautioned that the use
of both chamomiles was a concern for pregnant women with coagulation
disorders (11).

BREASTFEEDING SUMMARY
No reports describing the use of chamomile during lactation have been located.
However, chamomile-containing teas have been used to treat colic in very
young infants and children (6,12,13). Both German and Roman chamomiles
have been used for thousands of years. The absence of reported exposures
suggests that there is little or no risk from consumption of chamomile during
breastfeeding.
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CHENODIOL
Gastrointestinal Agent (Gallstone Solubilizing Agent)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Based on the observed hepatotoxicity of this agent, the use of chenodiol is
contraindicated during pregnancy.

FETAL RISK SUMMARY
Chenodiol (chenodeoxycholic acid) is a naturally occurring bile acid used orally
to dissolve gallstones. No reports on the use of this drug during human
pregnancy have been located.

Chenodiol is not teratogenic in animals, but fetotoxicity has occurred in some
species. Studies with pregnant rats, mice, and baboons did not observe
congenital malformations after in utero exposure to the agent during
organogenesis (1–3). In one study using three dosage levels, dose-related
hepatotoxicity was observed in dams but not in newborn rats (4). No fetal
hepatotoxicity was observed in a study of rats in which the drug composed
0.25% of the maternal diet during pregnancy (5). Hepatotoxicity was observed,
however, in newborn baboons and rhesus monkeys exposed to chenodiol
during gestation (3,6). Extensive hemorrhagic necrosis of the adrenal glands
and interstitial hemorrhage of the kidneys were also noted in the newborn
rhesus monkeys (6). Theoretically, the main hepatotoxic property of chenodiol
in animals is due to its principal bacterial metabolite, lithocholic acid (7). In
contrast to humans who readily metabolize lithocholic acid to poorly absorbed,
nontoxic compounds, animals such as rabbits, rhesus monkeys, and baboons
are unable to fully form sulfate conjugates to detoxify the metabolite, and thus
are susceptible to liver damage (7).

One study concluded that dihydroxy bile acids, such as chenodiol, are
transferred, at least in rats, from the mother to the fetus (5).



BREASTFEEDING SUMMARY
No reports describing the use of chenodiol during lactation have been located.
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CHLORAL HYDRATE
Sedative/Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience and the absence of relevant
animal data prevent a complete assessment of the embryo–fetal risk.

FETAL RISK SUMMARY
No reports linking the use of chloral hydrate with congenital defects have been
located. The drug has been given in labor and demonstrated to be in cord blood
at concentrations similar to maternal levels (1). Sedative effects on the neonate
have not been studied.

The Collaborative Perinatal Project recorded 71 1st trimester exposures to
chloral hydrate (2, pp. 336–44). From this group, 8 infants with congenital
defects were observed (standardized relative risk [SRR] 1.68). When only
malformations with uniform rates by hospital were examined, the SRR was
2.19. Neither of these relative risks reached statistical significance. Moreover,
when chloral hydrate was combined with all tranquilizers and nonbarbiturate
sedatives, no association with congenital malformations was found (SRR 1.13;
95% confidence interval [CI] 0.88–1.44). For use anytime during pregnancy,
358 exposures to chloral hydrate were discovered (2, p. 438). The nine infants
with anomalies yielded an SRR of 0.98 (95% CI 0.45–1.84).

BREASTFEEDING SUMMARY
Chloral hydrate and its active metabolite are excreted into breast milk. Peak
concentrations of about 8 mcg/mL were obtained about 45 minutes after a 1.3-
g rectal dose (3). Only trace amounts are detectable after 10 hours.

Mild drowsiness was observed in the nursing infant of a mother taking 1300
mg of dichloralphenazone every evening (4). The mother was also consuming



chlorpromazine 100 mg three times daily. Dichloralphenazone is metabolized to
trichloroethanol, the same active metabolite of chloral hydrate. Milk levels of
trichloroethanol were 60%–80% of the maternal serum. Infant growth and
development remained normal during the exposure and at follow-up 3 months
after the drug was stopped. The American Academy of Pediatrics classifies the
drug as compatible with breastfeeding (5).
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CHLORAMBUCIL
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited data suggest that chlorambucil is a human teratogen.

FETAL RISK SUMMARY
The use of the alkylating agent, chlorambucil, during pregnancy has resulted in
both normal and deformed infants (1–7). Two reports observed unilateral
agenesis of the left kidney and ureter in male fetuses following 1st trimester
exposure to chlorambucil (3,4). Similar defects have been found in animals
exposed to the drug (8). In a third case, a pregnant patient was treated with
chlorambucil at the 10th week of gestation (5). A full-term infant was delivered,
but died 3 days later of multiple cardiovascular anomalies. The fourth case
involved a woman treated with 24 mg/day during weeks 3–4 (6). She aborted in
the 1st trimester a fetus with a retinal defect. In a 2012 report, a woman with
chronic lymphocytic leukemia was treated with chlorambucil 2 mg/day 3 times
per week during the first 20 weeks of pregnancy (7). Because of preeclampsia,
she had a cesarean section at 36 weeks’ gestation to give birth to a healthy
2235-g male infant who had normal growth and development at 3 months of
age.

Chlorambucil is mutagenic as well as carcinogenic (9–13). These effects
have not been reported in newborns following in utero exposure. Data from one
review indicated that 40% of the infants exposed to anticancer drugs were of
low birth weight (14). Long-term studies of growth and mental development in
offspring exposed to chlorambucil during the 2nd trimester, the period of
neuroblast multiplication, have not been conducted (15).

Amenorrhea and reversible azoospermia with high doses have been reported
(16–20). Long-term follow-up of menstrual and reproductive function in women
treated with various antineoplastic agents was reported in 1988 (20). Only two
of the 40 women studied, however, may have been exposed to chlorambucil



(see Cyclophosphamide).
Occupational exposure of the mother to antineoplastic agents during

pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of chlorambucil during lactation have been
located. Because of the potential for severe adverse effects in a nursing infant,
women receiving this alkylating agent should not breastfeed.
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CHLORAMPHENICOL
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although apparently nontoxic to the fetus, chloramphenicol should be used
with caution at term. Specific details were not provided, but one report
claimed that cardiovascular collapse (gray syndrome) developed in babies
delivered from mothers treated with chloramphenicol during the final stage
of pregnancy (1). Additional reports of this severe adverse effect have not
been located. It is well known that newborns exposed directly to high
doses of chloramphenicol may develop the gray syndrome (2,3). Because
of this risk, some authors consider the drug to be contraindicated during
pregnancy (4).

FETAL RISK SUMMARY
No reports linking the use of chloramphenicol with congenital defects have been
located. The drug crosses the placenta at term producing cord serum
concentrations 30%–106% of maternal levels (5,6).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 98
of whom had 1st trimester exposure to chloramphenicol (7, pp. 297–301). For
use anytime in pregnancy, 348 exposures were recorded (7, p. 435). In neither
group was evidence found to suggest a relationship to large categories of
major or minor malformations or to individual defects. A 1977 case report
described a 14-day course of IV chloramphenicol, 2 g daily, given to a patient
with typhoid fever in the 2nd trimester (8). A normal infant was delivered at
term. Twenty-two patients, in various stages of gestation, were treated with
chloramphenicol for acute pyelonephritis (9). No difficulties in the newborn could
be associated with the antibiotic. In a controlled study, 110 patients received
one to three antibiotics during the 1st trimester for a total of 589 weeks (10).
Chloramphenicol was given for a total of 205 weeks. The incidence of birth



defects was similar to that in controls.
A 1998 report described the use of chloramphenicol for the treatment of

Rocky Mountain spotted fever in a woman at 28 weeks’ gestation (11). She
was treated with IV chloramphenicol (3 g/day) and ceftriaxone (2 g/day) for 1
week and then for 3 weeks with oral amoxicillin. She eventually delivered a full-
term, healthy 3916-g infant.

BREASTFEEDING SUMMARY
Chloramphenicol is excreted into breast milk. Two milk samples, separated by
24 hours in the same patient, were reported as 16 and 25 mcg/mL,
representing milk:plasma ratios of 0.51 and 0.61, respectively (12). Both active
drug and inactive metabolite were measured. No effect on the infant was
mentioned. No infant toxicity was mentioned in a 1964 report that found peak
levels occurring in milk 1–3 hours after a single 1-g oral dose (13). In a similar
study, continuous excretion of chloramphenicol into breast milk was established
after the 1st day of therapy (14). Minimum and maximum milk concentrations
were determined for five patients receiving 250 mg orally every 6 hours (0.54
and 2.84 mcg/mL) and for five patients receiving 500 mg orally every 6 hours
(1.75 and 6.10 mcg/mL). No infant data were given.

The safety of maternal chloramphenicol consumption and breastfeeding is
unknown. The American Academy of Pediatrics classifies the antibiotic as an
agent whose effect on the nursing infant is unknown but may be of concern
because of the potential for idiosyncratic bone marrow suppression (15).
Another publication recommended that chloramphenicol not be used in the
lactating patient (16). Milk levels of this antibiotic are too low to precipitate the
gray syndrome, but a theoretical risk does exist for bone marrow depression.
Two other potential problems of lesser concern involve the modification of
bowel flora and possible interference with the interpretation of culture results if
a fever workup is required. Several adverse effects were reported in 50
breastfed infants whose mothers were being treated with chloramphenicol,
including refusal of the breast, falling asleep during feeding, intestinal gas, and
heavy vomiting after feeding (17).
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CHLORCYCLIZINE
Antihistamine

No data are available. See Meclizine for representative agent in this class.



CHLORDIAZEPOXIDE
Sedative
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The effects of benzodiazepines, including chlordiazepoxide, on the human
embryo and fetus are controversial. Although some studies have reported
an association with various types of congenital defects, other studies have
not found such associations. Maternal denial of exposure and concurrent
exposure to other toxic drugs and substances (e.g., alcohol and smoking)
may be confounding factors. If the drug does cause birth defects, the risk
appears to be low. Continuous use during gestation has resulted in
neonatal withdrawal, and depression of the newborn may occur if
chlordiazepoxide is used close to birth. Consequently, if the maternal
condition requires the use of the drug during pregnancy, the lowest
possible dose should be taken. Moreover, abrupt discontinuance of
chlordiazepoxide should be avoided. Severe withdrawal symptoms
(physical and psychological) may occur in the mother and could result in the
substitution of other substances (e.g., alcohol) to treat the symptoms. Fetal
withdrawal, such as that observed with narcotics, has not been reported,
but should be considered.

FETAL RISK SUMMARY
Chlordiazepoxide is a benzodiazepine (see also Diazepam). The drug has
antianxiety, sedative, appetite-stimulating, and weak analgesic actions (1).

No teratogenic effects were observed in rats given doses of 10–80
mg/kg/day through one or two matings (1). At 100 mg/kg/day, maternal toxicity
(decreased interest in mating and nursing) and marked decreases in offspring
viability and body weight were attributed to sedative effects of the drug (1).
Moreover, at this dose, one newborn in each of two matings had major skeletal



abnormalities.
In a study evaluating 19,044 live births, the use of chlordiazepoxide was

associated with a greater than fourfold increase in severe congenital anomalies
(2). In 172 patients exposed to the drug during the first 42 days of gestation,
the following defects were observed: mental deficiency, spastic diplegia and
deafness, microcephaly and retardation, duodenal atresia, and Meckel’s
diverticulum (2). Although not statistically significant, an increased fetal death
rate was also found with maternal chlordiazepoxide ingestion (2). A survey of
390 infants with congenital heart disease matched with 1254 normal infants
found a higher rate of exposure to several drugs, including chlordiazepoxide, in
the offspring with defects (3).

In contrast, other studies have not confirmed a relationship with increased
defects or mortality (4–8). The Collaborative Perinatal Project monitored
50,282 mother–child pairs, 257 of whom were exposed in the 1st trimester to
chlordiazepoxide (5,8). No association with large classes of malformations or to
individual defects was found.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 788 newborns had
been exposed to chlordiazepoxide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 44 (5.6%) major birth defects were
observed (34 expected). Specific data were available for six defect categories,
including (observed/expected) 10/7 cardiovascular defects, 2/1 oral clefts,
0/0.5 spina bifida, 3/2 polydactyly, 1/1 limb-reduction defects, and 2/2
hypospadias. These data do not support an association between the drug and
congenital defects.

A 1992 study reported on heavy benzodiazepine exposure during pregnancy
from Michigan Medicaid data collected during 1980 to 1983 (9). Of the 2048
women, from a total sample of 104,339, who had received benzodiazepines, 80
had received 10 or more prescriptions for these agents. The records of these
80 women indicated frequent alcohol and substance abuse. Their pregnancy
outcomes were 3 intrauterine deaths, 2 neonatal deaths in infants with
congenital malformations, and 64 survivors. The outcome for 11 infants was
unknown. Six of the surviving infants had diagnoses consistent with congenital
defects (9). The investigators concluded that the high rate of congenital
anomalies was suggestive of multiple alcohol and substance abuse and may
not have been related to benzodiazepine exposure (9).

Neonatal withdrawal consisting of severe tremulousness and irritability has
been attributed to maternal use of chlordiazepoxide (10). The onset of



withdrawal symptoms occurred on the 26th day of life. Chlordiazepoxide readily
crosses the placenta at term in an approximate 1:1 ratio (11–13). The drug has
been used to reduce pain during labor, but the maternal benefit was not
significant (14,15). Marked depression was observed in three infants whose
mothers received chlordiazepoxide within a few hours of delivery (13). The
infants were unresponsive, hypotonic, hypothermic, and fed poorly. Hypotonicity
persisted for up to a week. Other studies have not seen depression (11,12).

BREASTFEEDING SUMMARY
No reports describing the use of chlordiazepoxide during human lactation have
been located. The molecular weight (about 300) is low enough, however, that
passage into milk should be expected. Moreover, other benzodiazepines are
excreted into milk and have produced adverse effects in nursing infants (see
Diazepam). Because of the potential for drug accumulation and toxicity in
nursing infants, chlordiazepoxide should be avoided during breastfeeding.
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CHLORHEXIDINE
Anti-infective
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports of adverse effects in newborns have been reported even though
chlorhexidine is used commonly during labor and in the neonate. Moreover,
only very small amounts of disinfectant reach the maternal circulation and,
presumably, the fetus. Although the agent is an effective disinfectant, single
vaginal applications of chlorhexidine solutions do not appear to offer any
advantage over sterile water or saline in the prevention of maternal
infections during labor or in the postpartum period.

FETAL RISK SUMMARY
Chlorhexidine, a bisbiguanide antiseptic and disinfectant, is effective against
most bacteria, and some fungi and viruses (including HIV). In addition to its
topical use on the skin and intravaginally, it has been used for gingivitis and the
prevention of dental plaque. Chlorhexidine has also been used as a spermicide
(1). No adverse fetal effects were observed in pregnant rats administered
chlorhexidine by gastric intubation on days 6 through 15 of gestation (2).

A number of studies have documented the safety and possible effectiveness
of vaginal disinfection with chlorhexidine prior to delivery, primarily to prevent
colonization of newborns with group B streptococci (3–15). Application to the
groin and perineum, to the abdomen prior to cesarean section, and whole body
washing has also been effective in preventing fetal and maternal infection
(3,16–19). However, two double-blinded, placebo-controlled, randomized
studies published in 1997, one utilizing a single intravaginal wash with 20 mL of
a 0.4% chlorhexidine solution (20) and the other a 200-mL vaginal irrigation with
a 0.2% solution (21), both groups in active labor, did not find a significant
reduction in maternal infection rates compared with sterile water or saline. No
adverse effects in the newborns were observed.



One author, hypothesizing an etiological connection between sudden infant
death syndrome (SIDS) and toxigenic Escherichia coli or Chlamydia species,
has suggested that decontamination of the birth canal with chlorhexidine during
labor might reduce infant mortality from this disease (22), but a temporal
relationship is speculative. In contrast to the real and theoretical benefits
realized by the newborn from maternal chlorhexidine use, a single vaginal
washing with a 0.4% chlorhexidine solution was not effective in decreasing the
incidence of intra-amniotic infection or endometritis (23).

In one study involving nonpregnant women, swabbing of the entire vagina for
1 minute with gauze sponges soaked in 4% chlorhexidine gluconate did not
result in detectable blood concentrations (sensitivity 0.1 mcg/mL) of the agent
(24). A second study, utilizing a method ten times more sensitive (sensitivity
0.01 mcg/mL), was able to detect chlorhexidine in maternal blood from 34 of 96
women following vaginal washing with a 0.2% solution (25). Mean blood
chlorhexidine concentrations obtained using two different methods of washing
were 0.0146 and 0.0104 mcg/mL, respectively (range 0.01–0.083 mcg/mL). No
accumulation of chlorhexidine in maternal blood was observed after a second
vaginal washing at 6 hours in 14 patients or after a third washing, 6 hours later,
in 3. The disinfectant was not detected in 62 of the women.

One writer has cautioned that the potential long-term effects (not specified)
in the newborn from exposure to respiratory and other epithelial surfaces
following vaginal use of chlorhexidine during labor have not been investigated
(26).

BREASTFEEDING SUMMARY
No reports describing the excretion of chlorhexidine into milk have been located.
The presence of the drug in breast milk is probably clinically insignificant
because of the very small amounts absorbed into the maternal circulation
following vaginal washing. As a general precaution, the mother’s nipples should
be rinsed thoroughly with water if chlorhexidine is used on them as a
disinfectant, even though absorption of the agent from the gastrointestinal tract
is poor.
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CHLOROQUINE
Antimalarial/Amebicide
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although some studies have suggested a low risk of congenital
malformations, the lack of a pattern in the defects suggests that a
causative association is unlikely. In any event, the maternal and fetal
benefit of preventing and treating malaria far outweighs the risk, if any, to
the embryo–fetus.

FETAL RISK SUMMARY
Chloroquine is the drug of choice for the prophylaxis and treatment of sensitive
malaria species during pregnancy (1–4). The drug is also indicated for the
treatment of extraintestinal invasion by the protozoan parasite, Entamoeba
histolytica (5). Chloroquine is generally considered safe for these purposes by
most authorities (1–7). However, the antimalarial is embryotoxic and
teratogenic in rats given a 1000-mg/kg dose, causing embryonic death in 27%
and producing anophthalmia and microphthalmia in 47% of the surviving fetuses
(8).

Chloroquine crosses the placenta to the fetus, with fetal concentrations
approximating those in the mother (9). In seven mothers at term in the second
stage of labor, chloroquine, 5 mg/kg IM, produced mean levels in maternal
blood, cord venous blood, and cord arterial blood that were all about 0.7
mcg/mL. The time interval from administration to sampling averaged 5.3 hours
(range 2.4–10.5 hours). In a pregnant monkey, an 125I-labeled chloroquine
analog crossed the placenta and concentrated in the fetal adrenal cortex and
retina (10). Chloroquine rapidly crosses the placenta in pregnant mice and
selectively accumulates in the melanin structures of the fetal eyes (11). The
drug was retained in the ocular structures for 5 months after elimination from
the rest of the body.



The risks of complications from malarial infection occurring during pregnancy
are increased, especially in women not living in endemic areas (i.e., nonimmune
women) (12–14). Infection is associated with a number of severe maternal and
fetal outcomes: anemia, abortion, stillbirths, prematurity, low birth weight, fetal
distress, and congenital malaria (12–14). However, it is not yet clear if all of
these are related to malarial infection (13). For example, prevention of low birth
weight and the resulting risk of infant mortality by antimalarial chemoprophylaxis
has not yet been proven (13). Increased maternal morbidity and mortality
includes adult respiratory distress syndrome, massive hemolysis, disseminated
intravascular coagulation, acute renal failure, and hypoglycemia, with the latter
symptom occurring in up to 50% of women in whom quinine is used (14).
Severe Plasmodium falciparum malaria in pregnant nonimmune women has a
poor prognosis and may be associated with asymptomatic uterine contractions,
intrauterine growth restriction, fetal tachycardia, fetal distress, hypoglycemia,
and placental insufficiency because of intense parasitization (13). Because of
the severity of this disease in pregnancy, chemoprophylaxis is recommended
for women of childbearing age traveling in areas where malaria is present
(12–14).

Congenital malaria may occur in up to 10% of infants born to mothers not
living in endemic areas (14). In most cases, clinical malaria manifests 3–8
weeks after birth, probably as a result of exchange of infected maternal
erythrocytes at birth, and is characterized by fever, hepatosplenomegaly,
jaundice, and thrombocytopenia (14). In areas of hyperendemicity,
transplacental passage of maternal IgG may protect the newborn against
development of clinical malaria (14).

Congenital defects have been reported in three infants delivered from one
mother who was treated during pregnancy with 250–500 mg/day of chloroquine
for discoid lupus erythematosus (15). In addition, this woman also had two
normal infants, who had not been exposed to chloroquine during gestation, and
one normal infant who had been exposed. Anomalies in the three infants were
Wilms’ tumor at age 4 years, left-sided hemihypertrophy (one infant), and
cochleovestibular paresis (two infants).

A 1985 report summarized the results of 169 infants exposed in utero to 300
mg of chloroquine base once weekly throughout pregnancy (16). The control
group consisted of 454 nonexposed infants. Two infants (1.2%) in the study
group had anomalies (tetralogy of Fallot and congenital hypothyroidism)
compared with four control infants who had defects (0.9%). Based on these
data, the authors concluded that chloroquine is not a major teratogen, but a



small increase in birth defects could not be excluded (16).

BREASTFEEDING SUMMARY
Chloroquine is excreted into breast milk (9,17). When chloroquine, 5 mg/kg IM,
was administered to six nursing mothers 17 days postpartum, mean milk and
serum concentrations 2 hours later were 0.227 mcg/mL (range 0.163–0.319
mcg/mL) and 0.648 mcg/mL (range 0.46–0.95 mcg/mL), respectively. The
mean milk:blood ratio was 0.358 (range 0.268–0.462). Based on an average
consumption of 500 mL of milk/day, an infant would have received about 114
mcg/day of chloroquine, an amount considered safe by the investigators (9). In
an earlier study, three women were given a single dose of 600 mg of
chloroquine 2–5 days postpartum (17). Serum and milk samples were collected
up to 227 hours after administration. The milk:plasma ratios (AUC) for
chloroquine and the principal metabolite, desethylchloroquine, ranged from 1.96
to 4.26 and from 0.54 to 3.89, respectively. Based on a daily milk intake of
1000 mL, the nursing infants would have ingested between 2.2% and 4.2% of
the maternal doses over a 9-day period (17).

Although the amounts of chloroquine excreted into milk are not considered to
be harmful to a nursing infant, they are insufficient to provide adequate
protection against malaria (12). The American Academy of Pediatrics classifies
chloroquine as compatible with breastfeeding (18).
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CHLOROTHIAZIDE
Diuretic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The published experience with 1st trimester use of thiazides and related
diuretics does not indicate these agents are teratogenic. One large study
(the Collaborative Perinatal Project) did find an increased risk of defects
when diuretics were used during the 1st trimester in women with
cardiovascular disorders, but causal relationships cannot be inferred from
these data without independent confirmation. Diuretics are not
recommended for the treatment of gestational hypertension or
preeclampsia because of the maternal hypovolemia characteristic of this
disease. Other risks to the fetus or newborn include hypoglycemia,
thrombocytopenia, hyponatremia, hypokalemia, and death from maternal
complications. Moreover, thiazide diuretics may have a direct effect on
smooth muscle and may inhibit labor.

FETAL RISK SUMMARY
Chlorothiazide is a member of the thiazide group of diuretics. The information in
this monograph applies to all members of the group, including the
pharmacologically and structurally related diuretics, chlorthalidone, indapamide,
metolazone, and quinethazone.

Reproduction studies in mice (500 mg/kg/day), rats (60 mg/kg/day), and
rabbits (50 mg/kg/day) revealed no external malformations or growth
impairment, and no effect on fetal survival (1). However, these studies did not
include a thorough examination for visceral anomalies and skeletal defects (1).

Data from published reports indicate that thiazide and related diuretics are
infrequently administered during the 1st trimester. In the past, when these
drugs were routinely given to prevent or treat toxemia, therapy was usually
begun in the 2nd or 3rd trimester and adverse effects in the fetus were rare
(2–11). No increases in the incidence of congenital defects were discovered,



and thiazides were considered nonteratogenic (12–15).
In contrast, the Collaborative Perinatal Project monitored 50,282 mother–

child pairs, 233 of whom were exposed in the 1st trimester to thiazide or
related diuretics (16, pp. 371–373). All of the mothers had cardiovascular
disorders, which makes interpretation of the data difficult. However, an
increased risk for malformations was found for chlorthalidone (20 patients) and
miscellaneous thiazide diuretics (35 patients, excluding chlorothiazide and
hydrochlorothiazide). For use anytime during pregnancy, 17,492 exposures
were recorded and only polythiazide showed a slight increase in risk (16,
p. 441). The statistical significance of these findings is unknown and
independent confirmation is required.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, a number of
newborns had been exposed to this class of diuretics during the 1st trimester:
20 (chlorothiazide), 48 (chlorthalidone), and 567 (hydrochlorothiazide) (F. Rosa,
personal communication, FDA, 1993). The number of major birth defects
observed, the number expected, and the incidence for each drug were:
2/1/10.0%, 2/2/4.2%, and 24/22/4.2%, respectively. Specific data were
available for six defect categories (observed/expected): cardiovascular defects
0/0, 1/0.5, and 7/6; oral clefts 0/0, 0/0, and 0/1; spina bifida, 0/0, 0/0, and
0/0.5; polydactyly, 0/0, 0/0, and 1/2; limb-reduction defects 0/0, 0/0, and 0/1;
and hypospadias 1/0, 0/0, and 1/1, respectively. Although the number of
exposures is small for two of the diuretics, these data do not support an
association between the drug and congenital defects.

Many investigators consider diuretics contraindicated in pregnancy, except
for patients with heart disease or chronic hypertension, because they do not
prevent or alter the course of toxemia and they may decrease placental
perfusion (8,17–21). A 1984 study determined that the use of diuretics for
hypertension in pregnancy prevented normal plasma volume expansion and did
not change perinatal outcome (22). In 4035 patients treated for edema in the
last half of the 3rd trimester (hypertensive patients were excluded), higher
rates were found for induction of labor, stimulation of labor, uterine inertia,
meconium staining, and perinatal mortality (20). All except perinatal mortality
were statistically significant compared with 13,103 controls. In another study, a
decrease in the endocrine function of the placenta, as measured by placental
clearance of estradiol, was found in three patients treated with
hydrochlorothiazide (23).

Chlorothiazide readily crosses the placenta at term, and fetal serum levels



may equal those of the mother (24). In 10 women, following 2 weeks of
hydrochlorothiazide, 50 mg/day, the cord:maternal plasma ratio determined 2–
13 hours after the last dose ranged from 0.10 to 0.80 (25). Chlorthalidone also
crosses the placenta (26). Other diuretics probably cross to the fetus in similar
amounts, although specific data are lacking.

Thiazides are considered mildly diabetogenic because they can induce
hyperglycemia (18). Several investigators have noted this effect in pregnant
patients treated with thiazides (27–30). Other studies have failed to show
maternal hyperglycemia (31,32). Although apparently a low risk, newborns
exposed to thiazide diuretics near term should be observed closely for
symptoms of hypoglycemia resulting from maternal hyperglycemia (30).

Neonatal thrombocytopenia has been reported following the use near term of
chlorothiazide, hydrochlorothiazide, and methyclothiazide (15,27,33–38). Other
studies have not found a relationship between thiazide diuretics and platelet
counts (39,40). The positive reports involve only 11 patients; however, although
the numbers are small, 2 of the affected infants died (27,34). The mechanism
of the thrombocytopenia is unknown, but the transfer of antiplatelet antibody
from the mother to the fetus has been demonstrated (38). Thiazide-induced
hemolytic anemia in 2 newborns was described in 1964 following the use of
chlorothiazide and bendroflumethiazide at term (33). Thiazide diuretics may
induce severe electrolyte imbalances in the mother’s serum, in amniotic fluid,
and in the newborn (41–43). In one case, a stillborn fetus was attributed to
electrolyte imbalance and/or maternal hypotension (41). Two hypotonic
newborns were discovered to be hyponatremic, a condition believed to have
resulted from maternal diuretic therapy (42). Fetal bradycardia, 65–70
beats/minute, was shown to be secondary to chlorothiazide-induced maternal
hypokalemia (43). In a 1963 study, no relationship was found between neonatal
jaundice and chlorothiazide (44). Maternal and fetal deaths in two cases of
acute hemorrhagic pancreatitis were attributed to the use of chlorothiazide in
the 2nd and 3rd trimesters (45).

BREASTFEEDING SUMMARY
Chlorothiazide is excreted into breast milk in low concentrations (46). Following
a single 500-mg oral dose, milk levels were <1 mcg/mL at 1, 2, and 3 hours.
The authors speculated that the risks of pharmacologic effects in nursing
infants would be remote. However, it has been stated that thrombocytopenia
can occur in the nursing infant if the mother is taking chlorothiazide (47).
Documentation of this is needed (48). Chlorthalidone has a very low



milk:plasma ratio of 0.05 (26).
In one mother taking 50 mg of hydrochlorothiazide (HCTZ) daily, peak milk

levels of the drug occurred 5–10 hours after a dose and were about 25% of
maternal blood concentrations (49). The mean milk concentration of HCTZ was
about 80 ng/mL. An infant consuming 600 mL of milk/day would thus ingest
about 50 mcg of the drug, probably an insignificant amount (49). The diuretic
could not be detected in the serum of the nursing 1-month-old infant, and the
measurements of serum electrolytes, blood glucose, and blood urea nitrogen
were all normal.

Thiazide diuretics have been used to suppress lactation (50,51). However,
the American Academy of Pediatrics classifies bendroflumethiazide,
chlorothiazide, chlorthalidone, and hydrochlorothiazide as compatible with
breastfeeding (52).
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CHLORPHENIRAMINE
Antihistamine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Use of antihistamines, including chlorpheniramine, is low risk in gestation.
However, a possible association with retrolental fibroplasia in premature
infants has been reported.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 1070
of whom had 1st trimester exposure to chlorpheniramine (1, pp. 322–34). For
use anytime during pregnancy, 3931 exposures were recorded (1, pp. 437,
488). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations. Several possible associations with
individual malformations were found, but independent confirmation is required to
determine the actual risk.

Polydactyly in blacks (7 cases in 272 blacks)
Gastrointestinal defects (13 cases)
Eye and ear defects (7 cases)
Inguinal hernia (22 cases)
Hydrocephaly (8 cases)
Congenital dislocation of the hip (16 cases)
Malformations of the female genitalia (6 cases)

A 1971 study found that significantly fewer infants with malformations were
exposed to antihistamines in the 1st trimester as compared with controls (2).
Chlorpheniramine was the sixth most commonly used antihistamine.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 61 newborns had
been exposed to chlorpheniramine during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). Most of the exposures involved decongestant
combinations including adrenergics. Two (3.3%) major birth defects were
observed (three expected), including one case of polydactyly (none expected).
No anomalies were observed in five other categories of defects (cardiovascular
defects, oral clefts, spina bifida, limb-reduction defects, and hypospadias) for
which specific data were available. These data do not support an association
between the drug and congenital defects.

A case of infantile malignant osteopetrosis was described in a 4-month-old
boy exposed in utero on several occasions to Contac (chlorpheniramine,
phenylpropanolamine, and belladonna alkaloids) but this is a known genetic
defect (3). The boy also had a continual “stuffy” nose.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. (See Brompheniramine for details.)

BREASTFEEDING SUMMARY
No reports describing the use of chlorpheniramine during human lactation have
been reported. As with other antihistamines, the drug probably is compatible
with breastfeeding.
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CHLORPROMAZINE
Antipsychotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although one survey found an increased incidence of defects and a report
of ectromelia exists, most studies have found chlorpromazine to be safe for
both mother and embryo–fetus if used occasionally in low doses. However,
use near term should be avoided due to the danger of maternal
hypotension and adverse effects in the newborn.

FETAL RISK SUMMARY
Chlorpromazine is a propylamino phenothiazine. The drug readily crosses the
placenta (1–4). Reproductive studies in rodents have shown a potential for
embryotoxicity, increased neonatal mortality, and decreased offspring
performance (5). In animals, selective accumulation and retention occur in the
fetal pigment epithelium (6). Although delayed ocular damage from high
prolonged doses in pregnancy has not been reported in humans, concern has
been expressed for this potential toxicity (6,7).

Chlorpromazine has been used for the treatment of nausea and vomiting of
pregnancy during all stages of gestation, including labor, since the mid-1950s
(8–10). The drug seems to be safe and effective for this indication. Its use in
labor to promote analgesia and amnesia is usually safe, but some patients, up
to 18% in one series, have a marked unpredictable fall in blood pressure that
could be dangerous to the mother and the fetus (11–15). Use of
chlorpromazine during labor should be discouraged because of this adverse
effect.

One psychiatric patient, who consumed 8000 mg of chlorpromazine in the
last 10 days of pregnancy, delivered a hypotonic, lethargic infant with
depressed reflexes and jaundice (4). The adverse effects resolved within 3
weeks.



An extrapyramidal syndrome, which may persist for months, has been
observed in some infants whose mothers received chlorpromazine near term
(16–20). This reaction is characterized by tremors, increased muscle tone with
spasticity, and hyperactive deep tendon reflexes. Hypotonicity has been
observed in one newborn and paralytic ileus in two after exposure at term to
chlorpromazine (4,21). However, most reports describing the use of
chlorpromazine in pregnancy have concluded that it does not adversely affect
the fetus or the newborn (22–27).

The Collaborative Perinatal Project (CPP) monitored 50,282 mother–child
pairs, 142 of whom had 1st trimester exposure to chlorpromazine (28). For use
anytime during pregnancy, 284 exposures were recorded. No evidence was
found in either group to suggest a relationship to malformations or an effect on
perinatal mortality rate, birth weight, or intelligence quotient scores at 4 years
of age. Opposite results were found in a prospective French study that
compared 315 mothers exposed to phenothiazines during the 1st trimester with
11,099 nonexposed controls (29). Malformations were observed in 11 exposed
infants (3.5%) and in 178 controls (1.6%) (p <0.01). In the phenothiazine group,
57 women took chlorpromazine and four infants had malformations: syndactyly;
microcephaly, clubfoot/hand, muscular abdominal aplasia (also exposed to
acetylpromazine); endocardial fibroelastosis, brachymesophalangy, clinodactyly
(also exposed to pipamazine); and microcephaly (also exposed to
promethazine).

The case of microcephaly, although listed as a possible drug-induced
malformation, was considered by the authors to be more likely a genetic defect
since the mother had already delivered two previous children with microcephaly
(29). However, even after exclusion of this case, the association between
phenothiazines and malformations remained significant (29). In another report,
a stillborn fetus delivered at 28 weeks with ectromelia and omphalocele was
attributed to the combined use of chlorpromazine and meclizine in the 1st
trimester (30).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 36 newborns had
been exposed to chlorpromazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (two
expected).

In an in vitro study, chlorpromazine was shown to be a potent inhibitor of
sperm motility (31). A concentration of 53 μmol/L produced a 50% reduction in
motility.



Using data from the CPP, researchers discovered that offspring of
psychotic/neurotic mothers who had consumed chlorpromazine or other
neuroleptics for more than 2 months during gestation, whether or not they were
breastfed, were significantly taller than nonexposed controls at 4 months,
1 year, and 7 years of age (32). At 7 years of age, the difference between the
exposed and nonexposed groups was approximately 3 cm. The mechanisms
behind these effects were not clear, but may have been related to the
dopamine receptor-blocking action of the drugs.

Reviewers have concluded that the phenothiazines are not teratogenic
(26,33,34) and, because of its extensive clinical experience, chlorpromazine
should be included among the treatments of choice if antipsychotic therapy was
required during pregnancy (34).

BREASTFEEDING SUMMARY
Chlorpromazine is excreted into breast milk in very small concentrations.
Following a 1200 mg oral dose (20 mg/kg), peak milk levels of 0.29 mcg/mL
were measured at 2 hours (35). This represented a milk:plasma ratio of less
than 0.5. The drug could not be detected following a 600-mg oral dose. In a
study of four lactating mothers consuming unspecified amounts of the
neuroleptic, milk concentrations of chlorpromazine ranged from 7 to 98 ng/mL,
with maternal serum levels ranging from 16 to 52 ng/mL (36). In two mothers,
more of the drug was found in the milk than in the plasma. Only two of the
mothers breastfed their infants. One infant, consuming milk with a level of 7
ng/mL, showed no ill effects, but the second took milk containing 92 ng/mL and
became drowsy and lethargic.

With the one exception described above, there have been no reported
adverse effects in breastfed babies whose mothers were ingesting
chlorpromazine (26). Based on this report, however, nursing infants exposed to
the agent in milk should be observed for sedation. The American Academy of
Pediatrics classifies chlorpromazine as an agent whose effect on the nursing
infant is unknown but may be of concern because of the drowsiness and
lethargy observed in the infant described above, and because of the
galactorrhea induced in adults (37).
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CHLORPROPAMIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the use of chlorpropamide during human gestation does not
appear to be related to structural anomalies, insulin is still the treatment of
choice for this disease. Oral hypoglycemics might not be indicated for the
pregnant diabetic. Moreover, insulin, unlike chlorpropamide, does not cross
the placenta and, thus, eliminates the additional concern that the drug
therapy itself is adversely affecting the fetus. Carefully prescribed insulin
therapy will provide better control of the mother’s blood glucose, thereby
preventing the fetal and neonatal complications that occur with this disease.
High maternal glucose levels, as may occur in diabetes mellitus, are closely
associated with a number of maternal and fetal adverse effects, including
fetal structural anomalies if the hyperglycemia occurs early in gestation. To
prevent this toxicity, the American College of Obstetricians and
Gynecologists recommends that insulin be used for types I and II diabetes
occurring during pregnancy and, if diet therapy alone is not successful, for
gestational diabetes (1,2). If chlorpropamide is used during pregnancy,
therapy should be changed to insulin and chlorpropamide discontinued
before delivery (the exact time before delivery is unknown) to lessen the
possibility of prolonged hypoglycemia in the newborn.

FETAL RISK SUMMARY
Chlorpropamide is a sulfonylurea used for the treatment of adult-onset diabetes
mellitus. It is not the treatment of choice for the pregnant diabetic patient.

In a study using neurulating mouse embryos in whole embryo culture,
chlorpropamide produced malformations and growth restriction at
concentrations similar to therapeutic levels in humans (3). The defects were not



a result of hypoglycemia or of chlorpropamide metabolites.
When administered near term, chlorpropamide crosses the placenta and may

persist in the neonatal serum for several days (4–6). One mother, who took
500 mg/day throughout pregnancy, delivered an infant whose serum level was
15.4 mg/dL at 77 hours of life (4). Infants of three other mothers, who were
consuming 100–250 mg/day at term, had serum levels varying between 1.8 and
2.8 mg/dL 8–35 hours after delivery (5). All four infants had prolonged
symptomatic hypoglycemia secondary to hyperinsulinism lasting for 4–6 days.
Another newborn, whose mother had been taking chlorpropamide, had severe,
prolonged hypoglycemia and seizures (6). In other reports, totaling 69
pregnancies, chlorpropamide in doses of 100–200 mg or more/day either gave
no evidence of neonatal hypoglycemia and hyperinsulinism or no constant
relationship between daily maternal dosage and neonatal complications (7,8).

In an abstract (9), and later in a full report (10), the in vitro placental transfer,
using a single-cotyledon human placenta, of four oral hypoglycemics agents
was described. As expected, molecular weight was the most significant factor
for drug transfer, with dissociation constant (pKa) and lipid solubility providing
significant additive effects. The cumulative percent placental transfer at 3 hours
of the four agents and their approximate molecular weights (shown in
parenthesis) were tolbutamide (270) 21.5%, chlorpropamide (277) 11.0%,
glipizide (446) 6.6%, and glyburide (494) 3.9% (10).

Although teratogenic in animals, an increased incidence of congenital defects,
other than that expected in diabetes mellitus, was not found with
chlorpropamide in several studies (11–20). Four malformed infants have been
attributed to chlorpropamide but the relationship is unclear: hand and finger
anomalies (11); stricture of lower ileum, death (11); preauricular sinus (11); and
microcephaly and spastic quadriplegia (14).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 18 newborns had
been exposed to chlorpropamide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (one
expected).

A 1991 report described the outcomes of pregnancies in 21 non-insulin-
dependent diabetic women who were treated with oral hypoglycemic agents
(17 sulfonylureas, 3 biguanides, and 1 unknown type) during the 1st trimester
(21). The duration of exposure ranged from 3 to 28 weeks, but all patients
were changed to insulin therapy at the first prenatal visit. Forty non-insulin-
dependent diabetic women matched for age, race, parity, and glycemic control



served as a control group. Eleven (52%) of the exposed infants had major or
minor congenital malformations compared with six (15%) of the controls.
Moreover, ear defects, a malformation that is observed, but uncommonly, in
diabetic embryopathy, occurred in six of the exposed infants and in none of the
controls. Six of the 11 infants with defects had been exposed in utero to
chlorpropamide (length of exposure during pregnancy in weeks): severe
microtia right ear, multiple tags left ear (22 weeks); bilateral auricular tags (8
weeks); single umbilical artery (14 weeks); ear tag (10 weeks); facial,
auricular, and vertebral defects, deafness, ventricular septal defect (15 weeks);
and multiple vertebral anomalies, ventricular septal defect, severe aortic
coarctation; bilateral ear tags and posterior rotated ears (14 weeks) (21).

Sixteen livebirths occurred in the exposed group compared with 36 in controls
(21). The groups did not differ in the incidence of hypoglycemia at birth (53%
vs. 53%), but three of the exposed newborns had severe hypoglycemia lasting
2, 4, and 7 days, even though the mothers had not used oral hypoglycemics
(two women had used chlorpropamide) close to delivery. The authors attributed
this to irreversible β-cell hyperplasia that may have been increased by
exposure to oral hypoglycemics. Hyperbilirubinemia was noted in 10 (67%) of
15 exposed newborns compared with 13 (36%) of controls (p <0.04), and
polycythemia and hyperviscosity requiring partial exchange transfusions were
observed in 4 (27%) of 15 exposed vs. 1 (3.0%) control (p <0.03) (one
exposed infant not included in these data because presented after completion
of study) (21).

A study published in 1995 assessed the risk of congenital malformations in
infants of mothers with non-insulin-dependent diabetes during a 6-year period
(22). Women were included in the study if, during the first 8 weeks of
pregnancy, they had not participated in a preconception care program and then
had been treated either with diet alone (group 1), diet and oral hypoglycemic
agents (predominantly chlorpropamide, glyburide, or glipizide) (group 2), or diet
and exogenous insulin (group 3). The 302 women eligible for analysis gave birth
to 332 infants (five sets of twins and 16 with two or three separate singleton
pregnancies during the study period). A total of 56 (16.9%) of the infants had
one or more congenital malformations, 39 (11.7%) of which were classified as
major anomalies (defined as those that were either lethal, caused significant
morbidity, or required surgical repair). The major anomalies were divided
among those involving the central nervous system, face, heart and great
vessels, gastrointestinal, genitourinary, and skeletal (includes caudal regression
syndrome) systems. Minor anomalies included all of these, except those of the



central nervous system, and a miscellaneous group composed of sacral skin
tags, cutis aplasia of the scalp, and hydroceles. The number of infants in each
group and the number of major and minor anomalies observed were group 1—
125 infants, 18 (14.4%) major, 6 (4.8%) minor; group 2—147 infants, 14
(9.5%) major, 9 (6.1%) minor; group 3—60 infants, 7 (11.7%) major, 2 (3.3%)
minor. There were no statistical differences among the groups. Six (4.1%) of
the infants exposed in utero to oral hypoglycemic agents and four other infants
in the other two groups had ear anomalies (included among those with face
defects). Other than the incidence of major anomalies, two other important
findings of this study were the independent associations between the risk of
major anomalies (but not minor defects) and poor glycemic control in early
pregnancy, and a younger maternal age at the onset of diabetes. Moreover,
the study did not find an association between the use of oral hypoglycemics
during organogenesis and congenital malformations because the observed
anomalies appeared to be related to poor maternal glycemic control (22).

BREASTFEEDING SUMMARY
Chlorpropamide is excreted into breast milk. Following a 500-mg oral dose, the
milk concentration in a composite of two samples obtained at 5 hours was 5
mcg/mL (G.G. D’Ambrosio, personal communication, Pfizer Laboratories,
1982). The effects on a nursing infant from this amount of drug are unknown,
but hypoglycemia is a potential toxicity.
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CHLORPROTHIXENE

[Withdrawn from the market. See 9th edition.]



CHLORTETRACYCLINE
Antibiotic (Tetracycline)
PREGNANCY RECOMMENDATION: Contraindicated in 2nd and 3rd
Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Tetracyclines are known human teratogens. See Tetracycline.

BREASTFEEDING SUMMARY
Chlortetracycline is excreted into breast milk. Eight patients were given 2–3 g
orally/day for 3–4 days (1). Average maternal and milk concentrations were 4.1
and 1.25 mcg/mL, respectively, producing a milk:plasma ratio of 0.4. Infant
data were not given.

Theoretically, dental staining and inhibition of bone growth could occur in
breastfed infants whose mothers were consuming chlortetracycline. However,
this theoretical possibility seems remote because in infants exposed to a
closely related antibiotic, tetracycline, serum levels were undetectable (<0.05
mcg/mL) (2). The American Academy of Pediatrics classifies tetracycline as
compatible with breastfeeding (3). Three potential problems may exist for the
nursing infant, even though there are no reports in this regard: modification of
bowel flora, direct effects on the infant, and interference with the interpretation
of culture results if a fever workup is required.
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CHLORTHALIDONE
Diuretic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Chlorthalidone is structurally related to the thiazide diuretics (see
Chlorothiazide). In general, diuretics are not recommended for the
treatment of gestational hypertension because of the maternal hypovolemia
characteristic of this disease.

FETAL RISK SUMMARY
Reproduction studies in rats and rabbits at doses up to 420 times the human
dose have observed no evidence of fetal harm (1).

BREASTFEEDING SUMMARY
See Chlorothiazide.
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CHLORZOXAZONE
Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The available human pregnancy experience does not suggest a risk of
teratogenicity.

FETAL RISK SUMMARY
The reproductive effects of the centrally acting muscle relaxant, chlorzoxazone,
have not been studied in animals. Moreover, no published reports of its use in
human pregnancy have been located. The relatively low molecular weight
(about 170) suggests that the drug will cross the placenta.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 42 newborns had
been exposed to chlorzoxazone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.4%) major birth defect was observed (two
expected), a cardiovascular defect (0.5 expected). Earlier data, obtained from
the same source between 1980 and 1983, totaled 264 1st trimester exposures
with 17 defects observed (17 expected). These combined data do not support
an association between the drug and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of chlorzoxazone during lactation have been
located. The molecular weight (about 170) is low enough that excretion into
breast milk should be expected. The effect of this potential exposure on a
nursing infant is unknown. However, other muscle relaxants are excreted in milk
and do not appear to harm a nursing infant (e.g., see Baclofen and
Carisoprodol).



CHOLECALCIFEROL
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Cholecalciferol (vitamin D3) is converted in the liver to calcifediol, which in
turn is converted in the kidneys to calcitriol, one of the active forms of
vitamin D (see Calcitriol and Vitamin D).

BREASTFEEDING SUMMARY
See Vitamin D.



CHOLESTYRAMINE
Antilipemic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for a single case involving maternal and fetal vitamin K deficiency,
the use of this drug in pregnancy appears to be low risk.

FETAL RISK SUMMARY
Cholestyramine is a resin used to bind bile acids in a nonabsorbable complex.
In a reproductive study involving rats and rabbits, the resin was given in doses
up to 2 g/kg/day without evidence of fertility impairment or adverse fetal effects
(1). In a comparison between pregnant and nonpregnant rats, administration of
cholestyramine failed to lower the plasma cholesterol concentration or to
increase bile acid synthesis (2). The drug therapy had no effect, in comparison
to control animals, on maternal weight gain, number of fetuses, and fetal
weight.

Cholestyramine has been used for the treatment of cholestasis of pregnancy
(3–7). Except for the case described below, no adverse fetal effects were
observed in these studies. One review recommended the resin as first-line
therapy for the pruritus that accompanies intrahepatic cholestasis of pregnancy
(6). Cholestyramine also binds fat-soluble vitamins, and long-term use could
result in deficiencies of these agents in either the mother or the fetus (8). In one
study, treatment with 9 g daily up to a maximum duration of 12 weeks was not
associated with fetal or maternal complications (3).

A 31-year-old woman in her third pregnancy was treated with cholestyramine
(8 g/day) beginning at 19 weeks’ gestation for intrahepatic cholestasis of
pregnancy (7). At 22 weeks’ gestation, the dose was increased to 16 g/day.
Four weeks later, she was clinically jaundiced and at 29 weeks’ gestation, she
was admitted to the hospital for reduced fetal movements. Fetal ultrasound
scans over the next week revealed expanding bilateral subdural hematomas



with hydrocephalus, an enlarged liver, and bilateral pleural effusions (7). The
mother’s prothrombin ratio was markedly elevated but responded to two doses
of IV vitamin K. One week later, following labor induction for fetal distress, a
1660-g infant was delivered who died at 15 minutes of age. It was thought that
the fetal subdural hematomas were the result of vitamin K deficiency caused by
the cholestyramine, cholestasis, or both (7).

A 1989 report described the use of cholestyramine and other agents in the
treatment of inflammatory bowel disease during pregnancy (9). Seven patients
were treated during gestation with the resin. One of the seven delivered
prematurely (<37 weeks’ gestation) and one of the newborns was small for
gestational age (<10th percentile for gestational age). Both of these outcomes
were probably related to the mother’s disease, rather than to the therapy.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 4 newborns had
been exposed to cholestyramine during the 1st trimester (10). Thirty-three
other newborns were exposed after the 1st trimester. None of the infants had
congenital malformations.

BREASTFEEDING SUMMARY
Cholestyramine is a nonabsorbable resin. No reports describing its use during
lactation have been located. Because it binds fat-soluble vitamins, prolonged
use may result in deficiencies of these vitamins in the mother and her nursing
infant.
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CHONDROITIN
Dietary Supplement
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of chondroitin in human pregnancy have been
located. The animal data suggest low risk, but the absence of reported
human pregnancy experience prevents an assessment of the risk to the
embryo–fetus. Moreover, the lack of standardization prevents knowledge
of the exact dose taken. The oral bioavailability depends on the molecular
weight of the product used, and this may not be known from the product’s
package insert or label. However, chondroitin is an endogenous substance
widely found in human tissues, so the embryo–fetus must synthesize it
during development. Therefore, the planned or inadvertent use of
chondroitin during gestation does not appear to represent a clinically
significant risk of embryo–fetal harm.

FETAL RISK SUMMARY
Chondroitin is a mucopolysaccharide that belongs to a class of very large
molecules called glycosaminoglycans (1,2). It is isolated from natural sources,
such as shark and bovine cartilage. There are no official standards to regulate
its production in the United States, so the actual dose taken cannot be
accurately determined. Endogenous chondroitin acts as the flexible connecting
matrix (substrate) between protein filaments in cartilage that is found in most
mammals. The substance can be found in human cartilage, bone, cornea, skin,
and the arterial wall (3). Oral chondroitin, frequently in combination with
glucosamine or manganese, is used in the treatment of osteoarthritis, ischemic
heart disease, osteoporosis, hyperlipidemia, and other conditions. An IM
formulation (not available in the United States) is used for osteoarthritis and
topical chondroitin is used for dry eyes and as an adjunct to ocular surgery.



With the possible exceptions of its use for osteoarthritis and dry eyes, studies
are needed to confirm the efficacy of chondroitin. The oral bioavailability of oral
chondroitin has been reported to be minimal, in the range of 0%–13% (1), but
is thought to depend on the molecular weight of the chondroitin product studied
(3).

Animal reproduction studies have been conducted in mice and rats, but the
doses used were not related to the human daily dose in terms of BSA or AUC.
Injection of 1 mL (20 mg) of a 2% solution of chondroitin sulfate into mice
during organogenesis resulted in cleft palates or kinky tails (4). No adverse
effects were observed with oral doses up to 5000 mg/kg of chondroitin
polysulfate given to rats and mice during organogenesis (5).

It is not known if chondroitin crosses the animal or human placenta. The
molecular weight (5000–50,000) and probable very low blood concentrations
suggest that minimal amounts, if any, will cross to the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of chondroitin during lactation have been located.
Depending on the source, the molecular weight (5000–50,000) and probable
very low blood concentrations suggest that little, if any, of the drug will be
excreted into breast milk. Therefore, the use of chondroitin during lactation is
probably compatible.
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CICLESONIDE
Respiratory Drug (Corticosteroid)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ciclesonide in human pregnancy have been
located. Poorly controlled asthma may result in adverse maternal, fetal,
and neonatal outcomes (4,5). Maternal complications include an increased
risk of preeclampsia, gestational hypertension, hyperemesis gravidarum,
vaginal hemorrhage, and induced and difficult labor. Fetal and neonatal
adverse effects may be an increased risk of perinatal mortality, intrauterine
growth restriction (IUGR), prematurity, lower birth weight, and neonatal
hypoxia (1). Moreover, a recent study reported that asthma exacerbations
during the 1st trimester significantly increased the risk of congenital
malformations (2). Because controlling maternal asthma can ameliorate or
prevent all of these complications, the benefits of therapy outweigh the
potential risks of drug-induced teratogenicity or toxicity. Pregnant women
who require an inhaled corticosteroid, such as ciclesonide, for control of
their asthma should be counseled as to the risks and benefits of therapy,
but treatment should not be withheld because of their pregnancy.

FETAL RISK SUMMARY
Ciclesonide is a nonhalogenated glucocorticoid that is available as an inhaled
aerosol and intranasal spray. It is a prodrug that is enzymatically hydrolyzed to
the active drug des-ciclesonide (RM1). The oral bioavailability of ciclesonide
and RM1 is negligible. RM1 has anti-inflammatory activity with an affinity for
glucocorticoid receptors that is 120 times greater than that of ciclesonide and
12 times greater than that of dexamethasone. The inhaled aerosol is indicated
for the maintenance treatment of asthma as a prophylactic therapy, whereas
the intranasal spray is indicated for the treatment of nasal symptoms



associated with perennial or seasonal allergic rhinitis (3,4). Compared with an
IV 800-mcg dose, the absolute bioavailability of ciclesonide after an oral
inhalation 1280-mcg dose (four times the recommended dose) was 22% and
the relative systemic exposure of RM1 was 63%. Plasma protein binding for
ciclesonide and RM1 was ≥99%. Following IV administration, the mean half-
lives of ciclesonide and RM1 were 0.71 and 6–7 hours, respectively (1), but a
review cited mean values of 0.38 and 3.5 hours, respectively (5). Only RM1
was detected in the serum after use of the intranasal spray, and then only with
daily doses ≥400 mcg (4).

Reproduction studies have been conducted in rats and rabbits. There was no
teratogenicity or other fetal effects in rats given oral doses that were about 10
times the maximum human daily inhalation dose based on BSA (MHDID) (3).
Similarly, no adverse fetal effects were observed when rats were given doses
up to about 35 times the maximum human daily intranasal dose based on BSA
(MHDND) (4). When rabbits were given a SC dose that was less than either
maximum human dose, fetal toxicity consisting of death, reduced weight, cleft
palate, skeletal abnormalities including incomplete ossifications, and skin
effects were observed (3,4). No adverse effects were observed with a dose
that was one-fifth of the toxic dose.

No carcinogenicity was observed in 2-year studies in mice and rats.
Ciclesonide was not mutagenic in two assays, but was clastogenic in one of
three tests. Similar findings were observed with dexamethasone, the concurrent
reference corticosteroid. In addition, there was no evidence of impaired fertility
in male and female rats given oral doses up to about 10 times the MHDID or
about 35 times the MHDND (3,4).

It is not known if ciclesonide or RM1 crosses the human placenta. The
molecular weight of ciclesonide (about 541) is low enough, but the high plasma
protein binding and very short half-life suggests that minimal amounts will cross
the placenta. In contrast, the half-life of RM1 suggests that exposure of the
embryo–fetus to amounts greater than that from ciclesonide is likely.

BREASTFEEDING SUMMARY
No reports describing the use of ciclesonide during human lactation have been
located. The molecular weight of the prodrug ciclesonide (about 541) is low
enough, but the high plasma protein binding and very short half-life suggests
that minimal amounts will be excreted into breast milk. In contrast, the half-life
of the active drug des-ciclesonide (RM1; molecular weight not specified)
suggests that exposure of the nursing infant will be greater than that from



ciclesonide. Although the prodrug and its active metabolite have negligible oral
bioavailability (both <1%), the relatively anti-inflammatory activity of RM1 is 12
times that of dexamethasone. The effects of this exposure on a nursing infant
are unknown, but, like all corticosteroids, suppression of the hypothalamic–
pituitary–adrenal function is a potential complication.
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CICLOPIROX
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although there is no published human pregnancy data, the low systemic
bioavailability and the absence of developmental toxicity in four animal
species suggest that the use of ciclopirox is low risk for the embryo–fetus.

FETAL RISK SUMMARY
Ciclopirox is a synthetic anti-infective agent used topically for its antifungal
properties. Very small amounts (1.3% of the dose with occlusive dressings) are
absorbed systemically from the skin (1).

There was no evidence of teratogenic effects or other fetal harm in animals
(mice, rats, rabbits, and monkeys) given doses of 10 times or more the topical
human dose by various routes of administration (1).

No reports of its use in human pregnancy have been located. The
manufacturer has no reports of congenital abnormalities occurring after use of
ciclopirox (C.K. Whitmore, personal communication, Hoechst-Roussel
Pharmaceuticals, Inc., 1987).

BREASTFEEDING SUMMARY
No reports describing the use of ciclopirox during lactation have been located.
The very small amounts (1.3%) absorbed systemically with occlusive dressings
probably indicates that infant exposure via the milk is negligible, if it occurs at
all.

Reference
1. Product information. Loprox. MEDICIS, The Dermatology Company, 2000.



CIDOFOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of cidofovir during human pregnancy have
been located. It is not known whether the drug crosses the placenta to the
fetus, but because of its relatively low molecular weight (approximately
315) passage to the fetus should be expected. Because of the lack of
human data, the risk to the human embryo and fetus cannot be assessed.
Some risk may exist because of the adverse effects observed at very low
doses in the limited animal studies. Despite this risk, the use of cidofovir
after the 1st trimester in a pregnant HIV-positive woman with sight-
threatening cytomegalovirus (CMV) retinitis may be a rational decision.

FETAL RISK SUMMARY
Cidofovir (HPMPC) is used in the treatment of CMV retinitis in patients with
AIDS. The antiviral agent is converted to the active metabolite, cidofovir
diphosphate, by intracellular enzymes. In animals, cidofovir is carcinogenic,
embryotoxic, and teratogenic.

Cidofovir was carcinogenic in female rats, producing mammary
adenocarcinoma at doses as low as about 0.04 times the recommended human
dose based on AUC (RHD). Reproductive studies with cidofovir have been
conducted with rats and rabbits (1). Both maternal toxicity and embryotoxicity
(reduced fetal body weights) were observed at daily IV doses in rats and
rabbits that were about 0.12 and 0.24 times the RHD, respectively,
administered during organogenesis. The no-observable-effect doses for
embryotoxicity in rats and rabbits were about 0.04 and 0.05 times the RHD,
respectively. Teratogenic effects, consisting of external, soft tissue, and
skeletal malformations (meningocele, short snout, and short maxillary bones),
were observed in the fetuses of rabbits given a dose that was about 0.24 times



the RHD during organogenesis.
Pregnant mice inoculated intranasally with equine herpesvirus 1 in the 2nd or

3rd week of gestation were treated with a single dose of cidofovir 50 mg/kg SC
1 day prior to inoculation (2). A noninfected, control group of pregnant mice
was also treated at a similar gestational time with the same dose of cidofovir.
In the infected group, cidofovir significantly reduced the incidence of virus
transfer to the fetus and subsequent abortion, a predictable effect of the virus.
No obvious toxic effects were observed in either group.

BREASTFEEDING SUMMARY
No reports describing the use of cidofovir during lactation have been located.
This antiviral agent should not be used during breastfeeding because of the
potential severe toxicity in a nursing infant. Moreover, although no studies have
been reported in lactating humans, cidofovir has induced mammary cancer with
very low doses in female rats.

In addition, the mother’s clinical status will usually preclude the use of
cidofovir during breastfeeding. The only approved indication for this drug is for
the treatment of CMV retinitis in patients infected with HIV type 1 (HIV-1).
Because HIV-1 is transmitted in milk, breastfeeding is not recommended in
developed countries where there are available affordable milk substitutes
(3–5).

References
1. Product information. Vistide. Gilead Sciences, 1997.
2. Awan AR, Field HJ. Effects of phosphonylmethoxyalkyl derivatives studied with a murine model for

abortion induced by equine herpesvirus 1. Antimicrob Agents Chemother 1993;37:2478–82.
3. Brown ZA, Watts DH. Antiviral therapy in pregnancy. Clin Obstet Gynecol 1990;33:276–89.
4. de Martino M, Tovo P-A, Pezzotti P, Galli L, Massironi E, Ruga E, Floreea F, Plebani A, Gabiano C,

Zuccotti GV. HIV-1 transmission through breast-milk: appraisal of risk according to duration of feeding.
AIDS 1992;6:991–7.

5. Van de Perre P. Postnatal transmission of human immunodeficiency virus type 1: the breast-feeding
dilemma. Am J Obstet Gynecol 1995;173:483–7.



CIGARETTE SMOKING
Stimulant
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Maternal and paternal cigarette smoking before pregnancy is associated
with reduced fertility and ectopic tubal pregnancies. During pregnancy,
maternal smoking is related to increased risks for spontaneous abortions
(SABs), premature delivery, placental abruption, placenta previa, and
premature rupture of membranes (PROM). Symmetric and asymmetric
fetal growth restriction that involves weight, length, and head, chest, and
shoulder circumference is a consistent finding of numerous studies. Up to
30% of low-birth-weight infants may be due to maternal smoking. A major
consequence of smoking-induced toxicity is a significantly increased
perinatal mortality rate, in addition to the losses from SABs. Maternal
smoking is also a risk for increased neonatal, infant, and adolescent
complications. These include increased admissions to a neonatal intensive
care unit (NICU), abnormal neurobehavior development, sudden infant
death syndrome (SIDS), and childhood diseases such as asthma,
respiratory infections, and obesity. Vascular retinal abnormalities in infants
are another complication. Although reversible, the abnormalities might be a
harbinger of later vascular disease.

Cigarette smoking appears to be associated with small increases
(usually less than twofold) in major birth defects and possible deformations.
The defects with positive associations involve the heart and great vessels,
limbs, skull, genitourinary system, feet, abdominal wall, small bowel, and
muscles. Dose-dependent relationships, gene–smoking interactions, and
synergistic combinations with some medications have been noted.
However, the prevalence and frequency of maternal cigarette smoking are
based on self-reports that typically underestimate the actual amount of
smoking. This and the failure to adjust for other confounders may have
biased the results of some studies. Biochemical validation should be, but
rarely is, a component of studies on the effects of smoking during



pregnancy.

FETAL RISK SUMMARY
Cigarette smoking during pregnancy is a significant health hazard to the mother,
embryo, fetus, infant, and adolescent. Cigarette smoke contains more than
3000 different compounds, including nicotine, carbon monoxide, ammonia,
polycyclic aromatic hydrocarbons, hydrogen cyanide, and vinyl chloride (1–5).
Although these and other chemical constituents of cigarette smoke represent a
risk to the pregnancy, the principal concerns relate to nicotine and carbon
monoxide. Nicotine has a plasma half-life of about 40 minutes, whereas its
primary inactive metabolite, cotinine, has a half-life of 15–30 hours (4). Nicotine
releases epinephrine that results in a marked reduction in uterine blood flow
and an increase in uterine vascular resistance (1–4).

Although the frequency of cigarette smoking during pregnancy is declining,
the self-reported overall prevalence ranges from about 13% to 20% (3,4,6,7).
The prevalence is dependent on a number of factors, primarily ethnic group,
age, and education. The highest frequency is among American Indian or
Alaskan Native women (20.2%) and white women (16.2%), whereas it is lower
in Black (9.6%), Hispanic (4%) and Asian or Pacific Islander women (3.1%) (5).
The highest prevalence of smoking during pregnancy is among women age 18–
24 years (5,7) and more women with 12 years of education or less (11.7% to
25.5%) smoke than do women with 13–15 years (9.6%) or ≥16 years (2.2%)
of education (5). However, these self-reported rates, whether based on
questionnaires, interviews, or birth certificate data, probably underestimate the
actual frequency of smoking (5,6,8). The high rates of nondisclosure have led
some to recommend that biochemical validation of smoking status should be a
part of all studies involving pregnant women (6).

Nicotine and carbon monoxide rapidly cross the placenta (1–5). Nicotine and
carboxyhemoglobin fetal concentrations are about 10%–15% higher than those
in the mother.

Cigarette smoking before and during pregnancy is associated with a number
of adverse reproductive effects. These toxic effects can be classified as
follows:

Subfertility and ectopic pregnancy
Pregnancy Complications

Spontaneous abortions
Premature delivery



Placental abruption/placenta previa
Placental previa
Premature rupture of membranes

Embryo–Fetal Complications
Growth restriction
Perinatal mortality
Congenital malformations

Neonatal Complications
Neonatal Intensive Care Unit admissions
Retinal abnormalities

Adolescent Complications
Neurodevelopment
Sudden infant death syndrome
Childhood morbidity

Subfertility and Ectopic Pregnancy
Cigarette smoking adversely effects female fertility (4,9,10–12). A 1986 review
explored this topic in depth and concluded that cigarette smoking adversely
affects the ability to conceive during a given menstrual cycle (i.e., reduced
fecundity) (11). One of the mechanisms of smoking-induced reduced fecundity
might be related to altered uterine tubal function (increased utero-tubal
amplitude and tonus). This could also explain the higher incidence of ectopic
tubal pregnancies in women who smoke (11). Other potential contributing
mechanisms are affects on the preimplantation embryo, implantation, gamete
maturation and function, and adverse effects on sperm density, motility, and
morphology induced by paternal smoking (11).

Pregnancy Complications
SPONTANEOUS ABORTIONS  Cigarette smoking is associated with an increased

risk of SABs of fetuses with normal karyotype (1–5,8–11,13,14). Compared
with nonsmokers, the risk of abortion may be increased by as much as 20%–
80% (2–4,9). An estimated 19,000–141,000 SABs annually may be caused by
tobacco (5). However, adjustment for confounding factors, such as a previous
history of SAB and alcohol consumption, may reduce the association (9). The
mechanism of smoking-induced SAB is unknown but may be due to interference
with placentation or implantation (11).

PREMATURE DELIVERY  Preterm delivery is increased in women who smoke
(1,4,5,7,9,10,14,15). Smoking may be responsible for 14%–15% of all



premature births (5,10). The effect of smoking is most pronounced in infants
born at less than 33 weeks’ gestation (7). The risk increases with the number
of cigarettes smoked (9).

PLACENTAL ABRUPTION/PLACENTA PREVIA  An increased risk of vaginal bleeding
secondary to placental abruption or previa has been shown with smoking
(2–4,6,9,10,12–14,16). There is a dose-dependent association with these
complications (2,3,10,13). The risk of abruption and previa in those smoking
less than one-pack/day was 23% and 25%, respectively, greater than that of
nonsmokers, whereas the risk in those smoking one pack/day or more was
increased 86% and 92%, respectively (3). Moreover, a smoking history of
more than 6 years was associated with an increased incidence of placenta
previa of 14.3% and of placental abruption of 72% (4). The estimated annual
number of infant deaths from these two complications is 1900–4800 (5).

PREMATURE RUPTURE OF MEMBRANES PROM is an adverse effect of maternal
smoking (1,2,4,5,9). Similar to other complications, a dose-dependent
relationship has been found (2,4). One cited study found that the incidence of
PROM was 1.4% in women smoking 20 or more cigarettes/day, 0.6% in those
smoking 1–5 cigarettes/day, and 0.3% in nonsmokers (4).

Embryo–Fetal Complications
GROWTH RESTRICTION IUGR at any gestational age is a well-known

complication of cigarette smoking during pregnancy (1–7,10–16). Growth
restriction is typically symmetrical IUGR, but aspects of asymmetrical IUGR
may be present in the last trimester (7). The negative effects of smoking on
fetal growth include weight, length, and head, chest, and shoulder
circumference, and involve a dose-dependent relationship. In comparison to
infants of women who do not smoke, the infants of smokers, on average, weigh
200 g less (2–4). Moreover, compared with nonsmokers, the risk of having an
infant weighing less than 2500 g was 52% greater in those smoking less than
one pack/day and 130% greater in those smoking one-pack/day or more (3).
Overall, the relative risk (smokers vs. nonsmokers) of giving birth to an infant
weighing less than 2500 g is approximately 2.0 (13). In 1993, it was estimated
that smoking was responsible for 40,000 low-birth-weight (LBW) infants (4).
Smoking during pregnancy may account for 20%–30% of LBW infants (5).
Quitting smoking before or during pregnancy decreases the risk of delivering an
LBW infant to that of nonsmokers (5,7,13). The primary cause of the growth
restriction is thought to be chronic fetal hypoxia secondary to nicotine and
carbon monoxide (1,5,10,12). Nicotine-induced vasoconstriction causes



reduced placental blood flow. Carbon monoxide binds to hemoglobin, both
maternal and fetal, with an affinity that is more than 200 times that of oxygen
(5).

PERINATAL MORTALITY  An increase in perinatal deaths (fetal deaths after 20
weeks’ gestation and infant deaths within 28 days of birth) has been frequently
associated with cigarette smoking during pregnancy (1–3,5,8–11,13,14,16).
Increased rates of perinatal death have been reported, with the highest risk
found in smoking women who had had multiple pregnancies, were of low
socioeconomic class, and were anemic (2,3). A dose-dependent relationship
between maternal smoking and perinatal mortality is evident. The increased
perinatal mortality is secondary to stillbirths, prematurity, respiratory distress
syndrome, pneumonia, placental abruption, and placenta previa. The risk of
perinatal mortality from cigarette smoking is about 10% and most deaths occur
in infants with IUGR (9). Of interest, heavy tobacco chewing has been
associated with decreased birth weight (100–200 g; primarily due to
prematurity) and a threefold increase in the stillbirth rate (2,17).

CONGENITAL MALFORMATIONS  The relationship between cigarette smoking
during pregnancy and structural malformations is controversial
(2–5,9,11,14,15). Several reports have found low associations between
smoking and various birth defects, but the studies relied on self-reported
smoking prevalence. A 2003 statement from the Teratology Society on the
benefits of smoking cessation during pregnancy concluded that smoking was
not associated with major congenital malformations (5).

CARDIOVASCULAR DEFECTS (In addition to the references cited in this section,
see reference 24.)

In a brief 1971 correspondence using data from the 1958 British Perinatal
Mortality Survey, a statistically significant association was found for congenital
heart disease between smokers (at least one cigarette/day after the fourth
month of pregnancy) and nonsmokers (18). Congenital heart disease was
determined by medical examination or autopsy. The incidence of congenital
heart disease per 1000 births in smokers and nonsmokers was 7.3 and 4.7,
respectively. After adjustment, the smoking effect was independent of maternal
age, parity, and social class (18).

A 1978 case–control study found a significant increase in congenital defects
in women that smoked 21 or more cigarettes/day (19). There were 1370 cases
(41% smoked) and 2968 controls (39% smoked). There was a significant
increase in the estimated relative risk (RR) for congenital defects in smokers
compared with nonsmokers, 1.6 vs. 1.0, respectively. Defects with RR



estimates of 2.0 or higher were heart valves (2.0), inguinal hernia (2.8), pyloric
stenosis (3.3), and defects of the digestive system (2.9) (19). A 1978 study,
using data from a previous study on the effects of exposure to trace anesthetic
agents on the health of healthcare professionals, discovered a significant
association between smoking and an increase in the risk of SABs and
congenital defects (20). Compared with nonsmokers, there was an increase for
cardiovascular, gastrointestinal, and urogenital malformations. For all defects,
smokers had a risk as high as 2.3 times that of nonsmokers (20).

A case–control study conducted in California involved 207 cases with
conotruncal heart defects, 246 with neural tube defects (NTDs), 178 with limb
deficiencies, and 481 controls delivered during 1987–1988 (21). The confirmed
heart defects in infants included tetralogy of Fallot, d-transposition of the great
arteries, truncus arteriosus communis, double-outlet right ventricle, pulmonary
valve atresia with ventricular septal defect (VSD), subaortic VSD type 1, and
aortico-pulmonary window (21). Confirmed cases of NTDs and limb deficiencies
in infants and fetuses (spontaneous and elective abortions) included
anencephaly, spina bifida cystica, craniorrhachischisis, and iniencephaly, and
longitudinal, transverse, or amniotic band limb-deficiency defects of the upper
and/or lower limbs (21). Moderately elevated associations, but only when both
parents smoked, were found for conotruncal heart defects odds ratio (OR) 1.9
(95% CI 1.2–3.1) and limb deficiencies OR 1.7 (95% CI 0.96–2.9), but
parenteral smoking was not associated with increased risks for NTDs (21).

Data relating to risk factors for l-transposition of the great arteries obtained
from the Baltimore-Washington Infant Study (1981–1989), a population-based
case–control study, were published in 2003 (22) . L-transposition of the great
arteries is an uncommon congenital cardiovascular malformation. Among 3377
cases of congenital cardiovascular malformations, 36 (1.1%) had the targeted
defect. The majority of the cases had multiple cardiovascular anomalies and
47% had a single ventricle. Seventy-five percent of the cases came from two
regions (clusters) within the study’s boundaries that were characterized by the
release of toxic chemicals into the air and hazardous waste sites (22). For the
two clusters, the case–control OR of the targeted defect was 13.4, 95% CI
4.7–37.8. Three other possible associations with l-transposition of the great
arteries were identified: maternal smoking (OR 1.6, 95% CI 1.1–2.4), maternal
use of hair dye (OR 3.0, 95% CI 0.9–9.7), and paternal exposure to laboratory
chemicals (OR 8.2, 95% CI 1.7–40.1) (22).

NEURAL TUBE DEFECTS (NTDs) (In addition to the references cited in this section,
see references 21 and 37.)



A 1979 case–control study examined the effects of cigarette smoking on
closure defects of the central nervous system (CNS) (anencephaly,
myelomeningocele, and encephalocele) (66 cases) and oral clefts (cleft lip or
cleft palate) (66 cases) (23). Smoking frequency was determined from hospital
records. Although significantly more case women smoked than did control
women (83% vs. 39%), there was no association between smoking and CNS
closure defects (33% vs. 39%) (23). Another 1979 study found no association,
compared with nonsmokers, between smoking and congenital malformations
(2.8% vs. 2.8%) (24). Similarly, no associations with specific defects
(cardiovascular, gastrointestinal, genitourinary, musculoskeletal, or oral clefts)
were found. After adjustment for socioeconomic class, a possible dose-
dependent association with NTDs (anencephaly and spina bifida) was found.
However, even if smoking was causal, it was thought to have only modest
importance in the etiology of NTDs (24). In addition, women might have
understated the number of cigarettes smoked because they were aware of
medical opposition to smoking, especially during pregnancy. Information was
more likely to be accurate for nonsmokers and heavy smokers (24).

A 1998 Swedish study found a protective effect of maternal smoking on the
incidence of NTDs: total NTDs OR 0.75 (95% CI 0.61–0.91); anencephaly OR
0.49 (95% CI 0.28–0.85); and spina bifida OR 0.76 (95% CI 0.61–0.95) (25).
Although the exact cause for this unexpected finding was unknown, one logical
reason could have been an excess in early losses of embryos with NTDs (25).

LIMB DEFECTS (In addition to the references cited in this section, see
reference 21.)

A 1994 case–control study used the Hungarian Congenital Abnormality
Registry (1975–1984) and three other sources of ascertainment (1,575,904
births) to examine the association between smoking and isolated congenital
limb deficiencies (six types) (26). After adjustment, the relative odds (RO) 1.48
(95% CI 0.98–2.23) were higher among smoking mothers of cases of terminal
transverse limb deficiencies (but not five other types of limb deficiencies). A
causal relationship could not be proven because of unadjusted potential
confounders. However, the data did support the hypothesis of vascular
disruption as a cause of the defects (26). A 1997 study used data from
Swedish Health registries to identify 610 cases of limb reduction defects among
1,109,299 infants born between 1983 and 1993 (27). The OR for an
association between any maternal smoking and all cases of limb reductions
was 1.2, 95% CI 1.06–1.50. Of the various types of defects, only transverse
limb reductions had an OR and 95% CI above unity (27).



CRANIOSYNOSTOSIS An increased risk of craniosynostosis (premature
ossification of the skull and obliteration of the sutures resulting in a misshapen
head) in mothers who smoked was reported in 1994 (28). In the Colorado
Craniosynostosis Registry (1986–1989), 212 cases confirmed by an
independent radiologist were identified and participated in the study. Cases and
controls were interviewed between 1989 and 1991. The types of
craniosynostosis were lambdoid (N = 86), sagittal (N = 69), coronal (N = 25),
metopic (N = 18), and multiple suture synostosis (N = 14). Smoking was
associated with craniosynostosis OR 1.7 (95% CI 1.2–2.6). For mothers who
smoked more than one pack/day, the association for all types of
craniosynostosis combined was OR 3.5 (95% CI 1.5–8.4) and for coronal
synostosis OR 5.6 (95% CI 2.1–15.3). No significant association was noted for
drinking alcohol (28). A 1999 study found a significant association between
isolated craniosynostosis and smoking (29). For any smoking, the adjusted OR
was 1.67 (95% CI 1.27–2.19), but a dose-dependent association also was
found: OR 1.45 (95% CI 1.04–2.02) for <10 cigarettes/day and OR 2.12 (95%
CI 1.50–2.99) for ≥10 cigarettes/day. Among the different types of
craniosynostosis, only premature closure of the sagittal suture OR 1.48 (95%
CI 1.02–2.14) reached statistical significance. Male gender had the strongest
association with the defects (29). A 2000 study reported evidence that
supported the conclusion of the above studies that smoking was associated
with craniosynostosis (30). Using data gathered by the Centers for Disease
Control and Prevention’s (CDC) population-based surveillance system (1968–
1980), 61 mothers of infants with craniosynostosis and 3029 mothers of normal
infants were interviewed. After exclusions, 44 cases of isolated
craniosynostosis remained, 27 of which were sagittal synostosis. The
association between maternal smoking and isolated craniosynostosis was OR
1.92 (95% CI 1.01–3.66) and for sagittal craniosynostosis OR 1.71 (95% CI
0.75–3.89). As with previous studies, male infants were predominantly
affected. A limitation of this study was that smoking exposure was only
identified for the first 3 months of pregnancy. Smoking frequency may have
changed in the last part of pregnancy, which is the most critical period for the
development of craniosynostosis (30).

ORAL CLEFTS (In addition to the references cited in this section, see
references 23 and 24.)

Several studies and one review have examined the relationship between
smoking and isolated oral clefts. In a 1983 Finish study that appeared to be
well controlled for many potential confounders, no significant associations



between smoking (≥5 cigarettes/day) and oral clefts, CNS defects, or
musculoskeletal anomalies were found (31). Using data from the Atlanta Birth
Defects Case-Control Study (1968–1980), 238 cases of cleft lip and/or cleft
palate and 107 cases of cleft palate were compared with 2809 match controls
(32). Smoking was ascertained by structured questionnaire and exposure was
defined as maternal smoking during the period 3 months before conception to 3
months after pregnancy began. After adjustment, significant associations were
found between smoking and offspring with isolated cleft lip and/or palate OR
1.55 (95% CI 1.10–2.18), and isolated cleft palate OR 1.96 (95% CI 1.10–
3.50) (32).

A 1999 case–control study used data from the Slone Epidemiology Unit
Births Defect Study (1976–1992) to examine the relationship between smoking
in the first 13 weeks of pregnancy and isolated cleft lip and palate (33). Four
control groups, all with other malformations, were selected from the database.
The OR and 95% CI was nearly identical in the four groups: 1.5–1.6 (95% CI
1.1–1.3, 1.8–2.7). The investigators concluded that infants with malformations
other than the defect of interest were suitable controls (33). Using the same
database, the investigators examined the relationship between smoking and
oral clefts (34). Cases were isolated oral clefts (cleft lip alone [N = 334], cleft
lip and palate [N = 494], or cleft palate [N = 244]), and oral clefts with other
malformations (cleft lip [N = 58], cleft lip and palate [N = 140], or cleft palate [N
= 209]). Controls had other malformations, but not oral clefts or defects
possibly associated with smoking. There were no associations between
smoking and any oral cleft group. However, a positive dose response was
found in infants with cleft lip and palate and other malformations: 1–14
cigarettes/day OR 1.09 (95% CI 0.6–1.9), 15–24 cigarettes/day OR 1.84
(95% CI 1.2–2.9), and >24 cigarettes/day OR 1.85 (95% CI 1.0–3.5). This
finding might have been related to the presence of malformations associated
with smoking (34). The authors also reviewed 16 other published studies on the
association between smoking and oral clefts.

A 1999 study was conducted in Denmark to determine the relationship
between smoking and infant transforming growth factor alpha (TGFA) locus
mutations and isolated cleft lip and/or palate (35). A second objective was to
determine if there was a synergistic effect of these two risk factors. Smoking
was associated with a slightly increased risk of cleft lip and/or palate, OR 1.40
(95% CI 0.88–2.00), but not with isolated cleft palate. The TGFA allele is
elevated in the Danish population, occurring in 25% of both cases and controls.
It was not associated with either type of oral cleft and no synergistic effect with



smoking was observed (35).
The 1996 U.S. Natality database involving 3,891,494 live births was used in a

2000 case–control study (36). Four states were excluded because they did not
collect smoking data. A total of 2207 live births with cleft lip and palate were
compared with 4414 normal controls. After adjustment for maternal age, race,
education levels, and maternal conditions (diabetes and gestational
hypertension), a significant association was found between smoking and the
defect, OR 1.34 (95% CI 1.16–1.54). Moreover, compared with no smoking, a
dose response was found as follows: 1–10 cigarettes/day OR 1.50 (95% CI
1.28–1.76), 11–20 cigarettes/day OR 1.55 (95% CI 1.23–1.95), and 21 or
more cigarettes/day OR 1.78 (95% CI 1.22–2.59) (36).

A 2002 case–control study examined the status of a biotransformation
enzyme N-acetyltransferase 2 (NAT2) in 45 cases of mothers who had had a
child with an oral cleft, 39 case mothers who had had a child with spina bifida,
and 73 control mothers (37). NAT2 is involved in the inactivation of toxic
compounds in cigarette smoke and a few drugs. The maternal phenotype,
either slow or fast NAT2 acetylators, was determined for case and control
mothers. Compared with fast NAT2 acetylators, slow acetylators had no
increased risk for oral clefts OR 1.0 (95% CI 0.4–2.3) or spina bifida OR 0.7
(95% CI 0.3–1.7). In the oral cleft group, significantly more mothers smoked
and used medications than did controls (36% vs. 18% and 38% vs. 19%,
respectively). In the spina bifida group, case mothers were similar to controls
for smoking, but significantly more used medications during pregnancy (23% vs.
18% and 44% vs. 19%) (37).

A 1996 review examined the relationship between potentially teratogenic
environmental exposures and nonsyndromic oral clefts (38). The origin of oral
clefts is multifactorial and involves both genetic and environmental factors, one
of which is believed to be cigarette smoking. Several studies, some of which
are discussed above, were reviewed, which found negative and positive
associations between smoking and oral clefts. Although not arriving at any
conclusions as to the specific causes of isolated oral clefts (none were
possible), the review did identify common misclassifications and confounding
bias that could distort a study’s findings (38).

GENITOURINARY DEFECTS (In addition to the references cited in this section, see
references 20 and 24.)

A 1996 case–control study assessed the association between smoking and
urinary tract anomalies (39). There were 112 cases and 354 controls. After
adjustment, a significant association between smoking and urinary tract defects



was found, OR 2.3 (95% CI 1.2–4.5). Significant associations also were found
for mothers who smoked 1–1000 cigarettes (light smoking) during the entire
pregnancy, OR 3.7 (95% CI 1.7–8.6) or during the 1st trimester OR 2.9 (95%
CI 1.4–6.7). When analyzed by infant sex, the associations were significant for
females OR 6.1 (95% CI 2.0–18.4) and OR 5.7 (95% CI 2.0–16.5),
respectively, but not for males OR 2.5 (95% CI 0.8–7.6) and OR 1.7 (95% CI
0.7–4.5), respectively. No significant associations were found for heavy
smoking (>1000 cigarettes) either in the entire pregnancy or in the 1st
trimester. The authors hypothesized that the lack of a dose response might
have been due to a greater prevalence of fetal loss from SAB or stillbirth and
that these fetuses may have had major congenital defects that involved the
urinary tract (39). A 1997 study used Swedish health registries to identify 483
infants with kidney malformations and 719 infants with other urinary organ
malformations with no involvement of the kidneys from 1,117,021 infants born in
1983–1993 with known smoking exposure in early pregnancy (40). A moderate
significant association with kidney malformations (agenesis/hypoplasia,
dysplasia, or unspecified cystic disease) was found OR 1.22 (95% CI 1.00–
1.48), but there was no dose response (<10 cigarettes/day vs. ≥10
cigarettes/day). No association with other urinary organ malformations was
observed (40).

A negative association was found between cigarette smoking and
hypospadias in a 2002 case–control study (41). Data from the Swedish health
registries provided 3262 cases among 1,413,811 infants born in 1983–1996.
The association between any smoking (N = 715) and the defect was OR 0.83
(95% CI 0.76–0.90). The results were similar for those <10 cigarettes/day (N =
450) or ?10/day (N = 265). Because the negative association was only found in
those cases where the mother’s parity was 1 or >4, confounding was
suspected (41).

FOOT DEFECTS Several studies have discovered positive associations between
maternal smoking and foot deformities. A brief 1998 report described an
association between maternal smoking and foot defects, adjusted OR 1.21
(95% CI 1.14–1.29) (42). The authors also cited six other studies examining the
relationship between foot defects and smoking, four of which had OR ranging
from 1.0 to 2.6 with 95% CI above 1.0 (42). In a 2000 study, 346 infants with
isolated clubfoot were identified from the Atlanta Birth Defects Case–Control
(1968–1980) database (43). Case infants and normal controls (N = 3029) were
born in 1968–1980 and the mothers were interviewed in 1982–1983. The
adjusted OR and 95% CI were smoking only 1.34 (1.04–1.72), family history



only 6.52 (2.95–14.41), and smoking and family history 20.30 (7.90–52.17).
The findings suggested a potentially important gene–environmental factor
interaction (43). A 2002 report compared 239 cases of congenital idiopathic
clubfoot (talipes equinovarus) to 365 unmatched controls in a population-based
study of the relationship between maternal smoking and the foot anomaly (44).
The OR for smoking and talipes equinovarus was 2.2 (95% CI 1.5–3.3). A
dose-dependent response was seen and, in addition, female infants had a
higher risk than males, OR 2.8 vs. 1.8. For isolated clubfoot, the OR for
smoking was 2.4 (95% CI 1.6–3.6) (44).

POLAND SYNDROME A 1999 case–control study examined data from the
Hungarian Congenital Abnormality Registry (HCAR) ( population-based) and the
Spanish Collaborative Study of Congenital Malformations (ECEMC) (hospital-
based, case–control) to determine if there was an association between
maternal cigarette smoking and isolated Poland sequence (45). Poland
syndrome or sequence is thought to be caused by interruption of the early
embryonic blood supply in the subclavian arteries and is characterized by
pectoral muscle defect and ipsilateral hand deficiencies of various types and
severity (45). In the HCAR database, 20 cases were identified from 1,575,904
births (prevalence 0.13 per 10,000 births), whereas in the ECEMC database,
there were 32 cases among 1,405,392 births (prevalence 0.23 per 10,000
births). Logistic regression analyses (after controlling for maternal age, birth
weight, gestational age, and pregnancy order) revealed that maternal smoking
was associated with an increased risk of Poland sequence in both databases:
HCAR (OR 2.72) and ECEMC (OR 2.61). When combined, the OR was 1.83.
The investigators concluded that the results suggested a twofold increase in the
risk of Poland sequence from in utero exposure to cigarette smoking. Although
the number of cases were small, the results were similar in the two programs
with different methodologies and possibly different uncontrolled confounding
factors. However, confirmation of the findings is required (45).

GASTROSCHISIS The cause of gastroschisis is unknown, but vascular disruption
during early embryonic development has been suggested. No association
between cigarette smoking and the abdominal wall defect was found in two
studies published in the 1990s (46,47). A 2000 review cited 10 case–control
studies that reported various associations with gastroschisis, two of which
associated the defect with cigarette smoking, in addition to other factors (48).
In one of the studies, smoking ascertainment was obtained from birth
certificates, a source known to underestimate maternal smoking, so the
significant OR 4.1 (95% CI 1.4–12) is suspect. In the second study, the source



was a 2nd trimester interview and the result was OR 2.1 (95% CI 0.9–4.8)
(48).

A 2002 abstract examined gastroschisis and small intestine atresia, two
defects believed to arise from vascular disruption (49). Maternal smoking and
use of vasoconstrictive drugs (pseudoephedrine, phenylpropanolamine,
ephedrine, and ecstasy [methylenedioxymethamphetamine]) was ascertained
by retrospective interview. The number of cases and controls were 205
gastroschisis, 127 small intestine atresia, 381 malformed controls, and 416
normal controls. In the four groups, the reported use of a vasoconstrictive drug
in the first 2 months of pregnancy was 20%, 21%, 13%, and 12%, respectively,
whereas maternal smoking was present in 48%, 24%, 34%, and 34%,
respectively. The OR for vasoconstrictive drug use or smoking were
gastroschisis, 1.7 (95% CI 1.0–2.8) and 1.5 (95% CI 1.1–2.2); small intestine
atresia, 2.0 (95% CI 1.0–3.7) and 1.0 (95% CI 0.6–1.7). Combined exposure
to the drugs and smoking increased the gastroschisis risk 2.1-fold and the
small intestine atresia risk 2.8-fold. Vasoconstrictive drug use and smoking 20
or more cigarettes/day increased the risks 3.6-fold and 4.2-fold, respectively
(49).

Neonatal Complications
NEONATAL INTENSIVE CARE UNIT ADMISSIONS  Infants of smoking mothers have an

increased risk of admission to an NICU (5). Approximately 14,000 to 26,000
admissions annually may be attributable to smoking.

RETINAL ABNORMALITIES A 2000 study investigated the relationship between
maternal cigarette smoking and retinal abnormalities in neonates (50). The
infants, both cases and controls (162 each), were grouped by birth weight:
small for gestational age (SGA), appropriate for gestational age (AGA), and
large for gestational age (LGA). All infants were delivered at term, had clear
amniotic fluid, Apgar scores of 7 or higher, and were healthy with no signs of
fetal distress either at birth or during the first 3 days after birth. Smoking was
determined by maternal interview. Infants of mothers who had stopped smoking
during pregnancy were excluded. Eye examinations were conducted on the 2nd
or 3rd day of life by one ophthalmologist who was blinded to the maternal
smoking history. Compared with infants of nonsmoking mothers, a highly
significant increase in the incidence of retinal arterial narrowing and
straightening (RANS) was observed in the eyes of infants of smoking mothers,
52 vs. 10 eyes, respectively. Significant increases in the incidences of RANS
also were observed when the results where analyzed by birth weight: SGA 22



vs. 2, AGA 26 vs. 8, and LGA 4 vs. 0 eyes, respectively. In addition, eyes of
infants in the smoking exposure group had a significant increase in the
incidence of retinal venous dilatation and tortuosity (RVDT), 100 vs. 36,
respectively. The results for RVDT were significant in SGA (38 vs. 10 eyes)
and AGA (56 vs. 24 eyes) infants, but not in LGA infants (6 vs. 2 eyes). The
hematocrit of the infants was significantly higher in the total smoking group and
in each birth weight subgroup. Intraretinal hemorrhage (IH), in association with
elevated hematocrit and RVDT, was found in the total smoking group, 61 vs. 31
eyes, respectively. When analyzed by birth weight, only the incidence in AGA
infants was significantly increased, 39 vs. 18 eyes, respectively. No IH was
observed when RANS was present. The IH resolved within 3 months and the
other retinal abnormalities (RANS, RVDT) resolved by 6 months of age. The
rapid resolution of the IH and other considerations suggested that it would not
lead to amblyopia. However, concern was expressed that the vascular retinal
abnormalities could be a sign that the exposed infants were predisposed to
vascular disease early in adult life (50).

Infant/Adolescent Complications
NEURODEVELOPMENT Smoking during pregnancy may have long-term effects

on the cognitive performance, emotional development, perceptual motor
abilities, and behavior of offspring (1–3,5,8,10–13,14,16,51–53). Similar
findings have been found in experimental animal studies (5,14). Negative effects
on learning, such as reading, mathematics, and general ability, have been
detected in children as old as 11 years (2,11,13,51). In addition, behavior
problems and attention deficit hyperactivity disorder (ADHD) have been
observed (3,8,13,51,52). Mean decreases in IQ of 5 points for each 100-g
weight decrement have been reported (3). A 1996 study of 10-year-olds with
idiopathic mental retardation (most had mild retardation with an IQ between 50
and 70) found, after adjustment for multiple factors including LBW and alcohol,
that maternal smoking was associated with a 44% increase in the prevalence
of mental retardation (52). When mothers smoked at least 1 pack/day, the
increase was 70% after adjustment. Some of the adverse neurodevelopment
outcomes cannot be completely separated from potential confounding factors
such as the actual amount of smoking, socioeconomic status, education, and
passive smoking (11), but the experimental animal studies support the findings.
Moreover, more recent studies have controlled for social and family history
factors and have found consistent patterns of deficits (15). For example, a
1996 study and subsequent correspondence found, after adjustment for



socioeconomic status, parental IQ and ADHD status, and alcohol, a significant
association between maternal smoking and ADHD as well as a nearly
significant association with decreased IQ (53–55).

SUDDEN INFANT DEATH SYNDROME  An increased risk of SIDS has been
associated with maternal cigarette smoking (3–5,7–9,12,13,14,16).
Approximately 24% (1200 to 2200 cases) of SIDS/year may be due to smoking
(5). Prenatal and postnatal smoking doubles the risk of SIDS from a baseline of
2.3 per 1000 births in nonsmokers to 4.6 per 1000 births in smokers (4). The
greatest risk appears to be for infants exposed both prenatally and postnatally
(9). The risk is also dose-dependent, increasing with the number of cigarettes
smoked per day (4,13).

CHILDHOOD MORBIDITY An increased risk of other diseases and complications
has been associated with prenatal and postnatal exposure to cigarette smoke.
Separating the effects of these exposure periods on childhood morbidity is very
difficult because most infants exposed during gestation will also be exposed
postnatally. For example, data from 1988 estimated that only 1.2% of children
in the United States exposed to cigarette smoking in utero were not exposed
after birth (9). Exposed infants have increased incidences of pneumonia and
bronchitis (2,5), childhood asthma (5,12), other respiratory illnesses (7,12),
childhood obesity (5), and otitis media (7). Not surprisingly, they also have
more hospital admissions for pneumonia and bronchitis (5,12).

Smoking Cessation
See Nicotine Replacement Products.

BREASTFEEDING SUMMARY
Nicotine is excreted into breast milk. Nursing infants of mothers who smoke will
be exposed to nicotine by inhalation and orally (13,56). Cigarette smoking may
also decrease the volume of milk (56). In addition, smoking decreases the
duration of breastfeeding. A 1998 review cited data from an earlier survey that
found that the duration of breastfeeding was significantly decreased in women
who smoked compared with those who did not smoke (57). In nonsmokers, the
duration was 145.0 days, whereas the duration of breastfeeding in those who
smoked ≤1 pack/day or >1 pack/day was 99.5 and 77.9 days, respectively.
Women who are breastfeeding should be urged to quit because cigarette
smoking is a significant risk to their health and to their infant’s health (see the
above sections on Neonatal Complications and Infant/Adolescent
Complications). If a woman cannot stop smoking, at least she should try not to



smoke in the same room with the infant or during nursing. The American
Academy of Pediatrics encourages smoking cessation during lactation, but
makes no recommendation for or against nicotine replacement products
because of insufficient data (58).
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CIGUATOXIN
Toxin
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Of the cases described, none of the liveborn infants appeared to have had
lasting sequelae from exposure to the toxin. However, long-term adverse
effects could not be completely excluded in the one infant exposed shortly
before birth. The timing of the exposure in relation to delivery may have
been a factor in this case. The association between the toxin and the
abortion cannot be determined from the available data. Transplacental
passage of the toxin has not been studied, but its high molecular weight
(1112) presumably limits its crossing the placenta.

FETAL RISK SUMMARY
Ciguatoxin is a marine toxin produced by the blue-green algae, Gambierdiscus
toxicus, that is concentrated in the fish food chain (1). The toxin is stable to
cooking, freezing, drying, or salting and results in ciguatera poisoning when
infected tropical fish are ingested (1). Other toxins that may be present with
ciguatoxin include scaritoxin and maitotoxin (2,3).

Eight cases of ciguatera poisoning during pregnancy have been published
(1–4). An Australian woman at term developed symptoms of poisoning within 4
hours of ingesting the toxin from a reef fish (1). Fetal symptoms of poisoning,
beginning simultaneously with the mother’s symptoms, consisted of “tumultuous
fetal movements, and an intermittent peculiar fetal shivering” (1). The unusual
fetal movements continued for 18 hours, then gradually subsided over the next
24 hours. A cesarean section performed 2 days later delivered a 3800-g male
infant with meconium aspiration and left-sided facial palsy. At 1 day of age,
possible myotonia of the muscles of the hands was noted. Pulmonary signs and
symptoms of the meconium aspiration resolved with time. At 6 weeks of age,
the baby had not yet smiled, but he was otherwise normal (1). The mother was
unable to breast feed due to excruciating hyperesthesia of the nipples.



Six cases of ciguatera poisoning during pregnancy (gestational ages not
provided) were described by researchers from the San Francisco Bay area in
an abstract published in 1991 (2). The women had neurologic, neuromuscular,
and cardiovascular signs and symptoms of poisoning, and all experienced
increased fetal activity in conjunction with their symptoms. One fetus was
aborted during the acute phase of the poisoning (2). The other five women
were delivered, at or near term, of apparently normal infants without sequelae
from the exposure. The exposure–delivery intervals for the latter five cases
were not specified.

In another case from California, a woman in her 16th week of gestation
developed ciguatera poisoning 4 hours after eating a meal of cooked barracuda
(4). This case may have been briefly mentioned in another reference (3).
Increased fetal movements persisted only for a few hours. A cesarean section,
performed 19 days past term, delivered a normal, 3630-g male infant who was
developing normally at 10 months of age.

BREASTFEEDING SUMMARY
Ciguatoxin is apparently excreted in breast milk. A 4-month-old infant was
breastfed 1 hour and 3 hours after his mother consumed a portion of a
presumed ciguatera-infected fish (5). The mother’s symptoms of poisoning
developed within a few hours of ingesting the fish meal and resolved by
3 weeks. She continued to nurse her infant throughout the entire course of her
illness. Approximately 10 hours after the first nursing following the mother’s fish
meal, the baby became colicky, irritable, and developed diarrhea lasting
48 hours, followed by a fine maculopapular rash. The signs and symptoms in
the infant, which were considered compatible with ciguatera toxicity by the
authors, completely resolved within 2 weeks (5).

Ciguatoxin was thought to be the cause of green stools in a nursing 3-month-
old infant who was breastfed 12 hours after the mother had developed
symptoms of ciguatera poisoning (6). The infant was changed to formula and
then rechallenged with breast milk a few days later, resulting in the
reappearance of the green stools. Prompt cessation of breastfeeding again
resolved the problem. No other symptoms were observed in the infant.
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CILOSTAZOL
Hematological Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of cilostazol during human pregnancy have
been located. The drug is teratogenic and toxic in two animal species, but
the complete lack of human data prevents any assessment of the risk that
cilostazol presents to a human fetus.

FETAL RISK SUMMARY
Cilostazol, an antiplatelet agent, is an inhibitor of cellular phosphodiesterase III.
It is indicated for the reduction of symptoms of intermittent claudication. The
drug undergoes extensive hepatic metabolism. Two of the metabolites are
active.

Reproduction studies have been conducted with cilostazol in rats and rabbits
(1). No effects on fertility or mating performance were observed in male and
female rats at oral doses up to 1000 mg/kg/day. The highest dose produced
systemic exposures less than 1.5 times in males, and about 5 times in females,
the human systemic exposure based on AUC of unbound cilostazol at the
maximum recommended human dose. In pregnant rats, the 1000-mg/kg/day
dose resulted in decreased fetal weights and an increased incidence of
congenital malformations in the cardiovascular (ventricular septal, aortic arch,
and subclavian artery defects), renal (renal pelvic dilation), and skeletal (14th
rib; retarded ossification) systems. Increased incidences of ventricular septal
defects and retarded ossification were also observed at 150 mg/kg/day. This
same dose administered to rats in late pregnancy was associated with
stillbirths and decreased birth weight. In pregnant rabbits, a dose of
150 mg/kg/day was associated with an increased incidence of retarded
ossification of the sternum (1).



It is not known if cilostazol crosses the human placenta to the fetus. The
molecular weight (about 369) is low enough that transfer to the fetus should be
expected. Moreover, transfer of the two active metabolites may also occur.

BREASTFEEDING SUMMARY
No reports describing the use of cilostazol during human lactation have been
located. The molecular weight (about 369) suggests that the drug will be
excreted into breast milk. The effect on a nursing infant from exposure to
cilostazol in milk is unknown. Because of the potential for severe adverse
effects, breastfeeding is not recommended.
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CIMETIDINE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No increased risk of congenital malformations attributable to cimetidine in
humans has been reported. Feminization of the fetus has not been
reported, but warrants study.

FETAL RISK SUMMARY
Cimetidine is a histamine 2-receptor antagonist (H2 blocker) that inhibits gastric
acid secretion. In pregnancy, the antihistamine is primarily used for the
treatment of peptic ulcer disease and for the prevention of gastric acid
aspiration (Mendelson’s syndrome) prior to delivery.

In studies with multiple animal species, no evidence of impaired fertility or
teratogenesis was observed with doses up to 40 times higher than the usual
human dose (1). Cimetidine does have weak antiandrogenic effects in animals,
as evidenced by a reduction in the size of testes, prostatic glands, and seminal
vesicles (2,3), and in humans, by reports of decreased libido and impotence
(4). Conflicting reports on the antiandrogenic activity in animals exposed in
utero to cimetidine have been published (5–9).

Three references, all from the same research group, described the effects
on male rats of exposure to cimetidine from gestation up to the time of weaning
(5–7). The rats had decreased weights of testicles, prostate gland, and
seminal vesicles at 55 and 110 days of age as compared with nonexposed
controls. Exposed animals also had reduced testosterone serum levels, lack of
sexual motivation, and decreased sexual performance, but normal luteinizing
hormone levels. The observed demasculinization effects were still present
35 days after discontinuation of the drug, indicating that exposure may have
modified both central and end-organ androgen receptor activity or
responsiveness (5–7). In contrast, researchers from the manufacturer treated
rats similarly to the rats in the above reports and found no effect on any of the



parameters described previously (8). Another group found no effect of
cimetidine exposure during gestation and lactation on masculine sexual
development, except for an insensitivity of the pituitary gland to androgen
regulation, and no effect at all on female pups (9). These authors concluded
that cimetidine was not an animal teratogen.

Cimetidine crosses the placenta to the fetus by simple diffusion (10–14). In
an in vitro study, the placental transfer of cimetidine across human and baboon
placentas was similar (10). Cimetidine is not metabolized by the placenta (11).
At term, cimetidine crosses the placenta, resulting in a peak mean
fetal:maternal ratio of 0.84 at 1.5–2 hours (12). In an earlier study, 20 women
were administered a single, 200-mg bolus injection of cimetidine prior to
delivery (19 vaginal, 1 cesarean section) (13). The drug was detected in all but
two cord blood samples with levels of 0.05–1.22 mcg/mL. The injection-to-
delivery intervals in the two patients with no cimetidine in cord blood were
prolonged, 435 and 780 minutes. A 1983 study measured a peak mean
fetal:maternal ratio of about 0.5 at 2.5 hours (14).

The manufacturer has received a number of reports of women who took the
drug during pregnancy, including throughout gestation (B. Dickson, personal
communication, Smith Kline & French Laboratories, 1986). They were aware of
three isolated incidences of congenital defects, apparently unrelated to
cimetidine therapy, including congenital heart disease, mental retardation
detected later in life, and clubfoot.

Cimetidine was used throughout pregnancy in a case ending in intrauterine
fetal death, but the adverse outcome was believed to be due to severe
maternal disease and captopril therapy (see Captopril) (15). Three pregnant
women with gastric hemorrhage secondary to peptic ulcer disease were
described in a 1982 report (16). The women, at 16, 12, and 31 weeks’
gestation, were treated for various lengths of time with cimetidine and other
standard therapy and all delivered healthy newborns without congenital defects
or metabolic disturbances. In another report, transient liver impairment was
described in a newborn exposed to cimetidine at term (17). However, other
reports have not confirmed this toxicity (13,18–35).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 460 newborns had
been exposed to cimetidine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 20 (4.3%) major birth defects were
observed (20 expected). Specific data were available for six defect categories,
including (observed/expected) 8/5 cardiovascular defects, 0/1 oral clefts, 0/0



spina bifida, 1/1 polydactyly, 0/1 limb reduction defects, and 1/1 hypospadias.
These data do not support an association between the drug and congenital
defects.

Cimetidine has been used at term either with or without other antacids to
prevent maternal gastric acid aspiration pneumonitis (Mendelson’s syndrome)
(13,14,19–35). No neonatal adverse effects were noted in these studies.

In a 1991 report, 23 women were exposed in the 1st trimester to cimetidine
(N = 9), ranitidine (N = 13), or both (N = 1) (36). The pregnancy outcomes
were spontaneous abortions (SABs) 2, elective abortions (EABs) 2, normal
births 18, and 1 infant with a large hemangioma of the upper eye lid (removed
without incidence). The outcomes suggested that the agents were not
teratogenic (36).

A 1996 prospective cohort study compared the pregnancy outcomes of 178
women who were exposed during pregnancy to H2 blockers with 178 controls
matched for maternal age, smoking, and heavy alcohol consumption (37). All of
the women had contacted a teratology information service concerning
gestational exposure to H2 blockers (subjects) or nonteratogenic or
nonfetotoxic agents (controls). Among subjects (mean daily dose in
parentheses), 71% took ranitidine (258 mg), 16% cimetidine (487 mg), 8%
famotidine (32 mg), and 5% nizatidine (283 mg). There were no significant
differences between the outcomes of subjects and controls in terms of live
births, SABs and EABs, gestational age at birth, delivery method, birth weight,
infants small for gestational age, or major malformations. Among subjects,
there were 3 birth defects (2.1%) among the 142 exposed to H2 blockers in the
1st trimester: one each of atrial septal defect, ventricular septal defect, and
tetralogy of Fallot. There were 5 birth defects (3.0%) among the 165 exposed
anytime during pregnancy. For controls, the rates of defects were 3.5% (1st
trimester) and 3.1% (anytime). There were also no differences between the
groups in neonatal health problems and developmental milestones, but two
children (one subject and one control) were diagnosed as developmentally
delayed. The investigators concluded that 1st trimester exposure to histamine
H2 blockers did not represent a major teratogenic risk (37).

Data from the Swedish Medical Birth Registry were presented in 1998 (38).
A total of 553 infants (6 sets of twins) were delivered from 547 women who
had used acid-suppressing drugs early in pregnancy. The odds ratio (OR) for
malformations after H2 blockers was 0.86, 95% confidence interval (CI) 0.33–
2.23. Of the 19 infants with birth defects, 9 had been exposed to H2 blockers,
1 of whom was also exposed to omeprazole. Cimetidine was the only acid-



suppressing drug exposure in 35 infants. Three other offspring were exposed in
utero to cimetidine combined either with famotidine (one infant) or with
omeprazole (two infants). Two infants with birth defects were exposed to
cimetidine: an encephalocele and an unstable hip (see Omeprazole for
additional details of this study) (38).

Two databases, one from England and the other from Italy, were combined
for a study published in 1999 that was designed to assess the incidence of
congenital malformations in women who had received a prescription during the
1st trimester for an acid-suppressing drug (cimetidine, ranitidine, and
omeprazole) (39). Nonexposed women were selected from the same
databases to form a control group. SABs and EABs (except two cases for
anomalies that were grouped with stillbirths) were excluded from the analysis.
Stillbirths were defined as any pregnancy loss occurring at 28 weeks’ gestation
or later. Cimetidine was taken in 233 pregnancies, resulting in 234 live births
(14 [6.0%] premature), 3 stillbirths, and 1 neonatal death. Eleven (4.7%) of the
newborns had a congenital malformation (shown by system): craniofacial (cleft
lip and palate), musculoskeletal (dysplastic hip/dislocation/clicking hip N = 3;
polydactyly), genital and urinary (hypospadias N = 2; congenital
hydrocele/inguinal hernia, ovarian cyst, renal defects/hydronephrosis), and
gastrointestinal (pyloric stenosis). In addition, two newborns had a small head
circumference for gestational age. In comparison, the outcomes of 1547
nonexposed pregnancies included 1560 live births (115 [7.4%] premature), 15
stillbirths (includes 2 elective abortions for anomalies), and 10 neonatal deaths.
Of the newborns, 64 (4.1%) had malformations involving the following: CNS
(N = 2), head/face (N = 13), eye (N = 2), heart (N = 7), muscle/skeletal (N =
13), genital/urinary (N = 18), gastrointestinal (N = 2), and those of
polyformation (N = 3) or known genetic defects (N = 4). There were 21
newborns that were small for gestational age and 78 had a small head
circumference for gestational age. The relative risk of malformation (adjusted
for mother’s age and prematurity) associated with cimetidine was 1.3 (95% CI
0.7–2.6), with omeprazole 0.9 (95% CI 0.4–2.4), and with ranitidine 1.5 (95%
CI 0.9–2.6) (39).

A population-based observational cohort study formed by linking data from
three Swedish national healthcare registers over a 10-year period (1995–2004)
was reported in 2009 (40). The main outcome measures were a diagnosis of
allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2
blockers, prostaglandins, proton pump inhibitors, combinations for eradication



of Helicobacter pylori, and drugs for peptic ulcer and gastro-esophageal reflux
disease. Of 585,716 children, 29,490 (5.0%) met the diagnosis and 5645 (1%)
had been exposed to gastric acid suppression therapy in pregnancy. Of these
children, 405 (0.07%) were treated for allergic disease. For developing allergy,
the odds ratio (OR) was 1.43, 98% CI 1.29–1.59, irrespective of the drug, time
of exposure during pregnancy, and maternal history of allergy. For developing
childhood asthma, but not other allergic diseases, the OR was 1.51, 95% CI
1.35–1.69, irrespective of the type of acid-suppressive drug and the time of
exposure in pregnancy. The authors proposed three possible mechanisms for
their findings: (a) exposure to increased amounts of allergens could cause
sensitization to digestion labile antigens in the fetus; (b) maternal Th2 cytokine
pattern could promote an allergy-prone phenotype in the fetus; and (c) maternal
allergen-specific IgE could cross the placenta and sensitize fetal immune cells
to food and airborne allergens. Several limitations of the study that might have
affected their findings were identified, including a general increase in childhood
asthma but not necessarily an increase in allergic asthma (40). The study
requires confirmation.

A 2005 study evaluated the outcomes of 553 pregnancies after exposure to
H2 blockers, 501 (91%) in the 1st trimester (41). The data were collected by
the European Network of Teratology Information Services (ENTIS), The agents
and number of cases were cimetidine 113, famotidine 75, nizatidine 15,
ranitidine 335, and roxatidine 15. No increase in the number of major
malformations were noted (41).

One group of reviewers has recommended that cimetidine not be used during
pregnancy because of the possibility for feminization, as observed in some
animals and in nonpregnant humans. This effect from in utero exposure to
cimetidine has not been studied (42). However, as additional human pregnancy
data accumulated, more reviews on the treatment of GERD have concluded
that H2 blockers, with the possible exception of nizatidine, could be used in
pregnancy with relative safety (43–46).

A 2009 meta-analysis of published studies was conducted to assess the
safety of H2 blockers that were used in 2398 pregnancies (47). Compared with
119,892 nonexposed pregnancies, the OR for congenital malformations was
1.14 (95% CI 0.89–1.45), whereas the ORs and 95% CIs for SABs, preterm
birth, and small for gestational age were 0.62 [0.36–1.05], 1.17 [0.94–1.147],
and 0.28 [0.06–1.22], respectively. The authors concluded that H2 blockers
could be used safely in pregnancy (47).

A 2010 study from Israel identified 1148 infants exposed in the 1st trimester



to H2 blockers (48). No association with congenital malformations was found
(OR 1.03, 95% CI 0.80–1.32). Moreover, no association was found with EABs,
perinatal mortality, premature delivery, low birth weight, or low Apgar scores
(48).

BREASTFEEDING SUMMARY
Cimetidine is excreted into breast milk and may accumulate in concentrations
greater than that found in maternal plasma (49). Following a single 400-mg oral
dose, theoretical milk:plasma ratio of 1.6 has been calculated. Multiple oral
doses of 200 and 400 mg result in milk:plasma ratios of 4.6 to 7.44,
respectively. An estimated 6 mg of cimetidine per liter of milk could be ingested
by the nursing infant. The results of a study published in 1995 suggested that
cimetidine was actively transported into milk (50). Using single oral doses of
100, 600, or 1200 mg in healthy lactating volunteers, the average of the mean
milk:serum ratios for the three doses was 5.77 (range 5.65–5.84), much higher
than that predicted by diffusion.

The clinical significance of an infant ingesting cimetidine from milk is unknown.
Theoretically, the drug could adversely affect the nursing infant’s gastric acidity,
inhibit drug metabolism, and produce central nervous system stimulation, but
these effects have not been reported. The American Academy of Pediatrics
classifies cimetidine as compatible with breastfeeding (51).
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CINACALCET
Calcium Receptor Agonist
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Two reports described the use of cinacalcet late in the 3rd trimester, but
information on the newborn condition was provided only in one case.
Cinacalcet is the first member of a new drug class, so there are no other
comparable agents. Moreover, therapy in most patients will be prolonged
(months). Animal data do show developmental toxicity (growth restriction)
but maternal toxicity also was evident. The near absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. Nevertheless, if a woman’s condition requires cinacalcet,
it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Cinacalcet increases the sensitivity of the calcium-sensing receptor to activation
by extracellular calcium. It is indicated for the treatment of secondary
hyperparathyroidism in patients with chronic kidney disease on dialysis. It also
is indicated for the treatment of hypercalcemia in patients with parathyroid
carcinoma. Cinacalcet is rapidly and extensively metabolized to inactive
metabolites. The terminal half-life is 30–40 hours and plasma protein binding is
93%–97% (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, no teratogenicity was observed with daily oral doses that produced
exposures up to four times those resulting with a human dose of 180 mg/day
based on AUC (HE). Decreased fetal weights were observed with daily doses
producing exposures that were less than one to four times the HE, but maternal
toxicity (decreased food consumption and body weight gain) also was noted.
Daily doses that produced exposures less than the HE given during gestation



through lactation revealed no evidence of adverse fetal or pup (postweaning)
effects. When higher doses were given (two to three times the HE), maternal
signs of hypocalcemia (periparturient mortality and early postnatal pup death)
and reductions in postnatal maternal and pup weight were noted. In pregnant
rabbits, daily oral doses that produced exposures less than the HE revealed no
evidence of fetal harm, but maternal toxicity (reduced food consumption and
body weight gain) was observed (1).

No evidence of carcinogenic effects was observed in long-term studies in
mice and rats.

Assays for mutagenicity were negative. In fertility studies in male and female
rats, only daily doses producing exposures greater than four times the HE were
associated with slight toxicity (decreases in food consumption and body weight)
(1).

It is not known if cinacalcet crosses the human placenta. The drug crosses
the rabbit placenta (1). The molecular weight (about 358 for the free base) and
long terminal half-life suggest that the drug will cross to the embryo and fetus.
However, the extensive metabolism and high plasma protein binding should
decrease the exposure to the parent drug.

A 2009 case report described a pregnant 40-year-old woman with severe
primary hyperparathyroidism (2). She presented at 32 weeks’ gestation with
hypertension and hypercalcemia. Treatment with cinacalcet (240 mg/day) and
calcitonin (100 mcg SC every other day) decreased the serum calcium. A
planned cesarean section delivery was conducted at 34 weeks. No information
on the newborn was provided, except that the cord blood had elevated calcium
as compared to the mother’s blood, indicating that the physiological calcium
gradient between the mother and the child had not been disrupted by cinacalcet
(2).

In a 2013 report, a 21-year-old woman with primary hyperparathyroidism
attributable to parathyromatosis presented with markedly elevated total calcium
and ionized calcium levels at 14 weeks’ gestation (3). She underwent surgery
at 22 weeks to remove hypercellular parathyroid tissue. Because of persistent
hypercalcemia that was increasing, cinacalcet (30 mg/day) was started at 33
weeks’ gestation and was successful in decreasing the calcium levels. At 38
weeks, a cesarean section delivered a healthy male infant. Other than that he
was doing well at 6 weeks of age; no other details about the infant were
provided (3).

BREASTFEEDING SUMMARY



No reports describing the use of cinacalcet during human lactation have been
located. The molecular weight (about 358 for the free base) and long terminal
half-life (30–40 hours) suggest that the drug will be excreted into breast milk.
However, the extensive metabolism and high plasma protein binding (93%–
97%) should decrease the amount of parent drug in milk. The effect of this
exposure on a nursing infant is unknown, but nausea/vomiting, the most
common toxicity observed in adults, and hypocalcemia are potential adverse
effects. The latter toxicity is particularly worrisome because of an infant’s high
requirements for calcium during bone accretion.
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CINOXACIN
Urinary Germicide (Quinolone)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of cinoxacin during human pregnancy have
been located. Because of the potential for cinoxacin-induced arthropathy in
the fetus and the newborn, the manufacturer recommends that it should not
be used in pregnancy (1).

FETAL RISK SUMMARY
Cinoxacin is a synthetic, oral quinolone antibacterial agent indicated for the
treatment of urinary tract infections. Its actions and uses are similar to nalidixic
acid. No evidence of impaired fertility or fetal harm was observed in
reproduction studies in rats and rabbits at doses up to 10 times the daily human
dose (1).

It is not known if cinoxacin crosses the placenta. The molecular weight (about
262) is low enough that transfer to the fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of cinoxacin during human lactation have been
located. Because of the potential for arthropathy in a nursing infant, the
manufacturer recommends that it should not be used in lactating women (1).
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CIPROFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of ciprofloxacin during human gestation does not appear to be
associated with an increased risk of major congenital malformations.
Although a number of birth defects have occurred in the offspring of women
who had taken this drug during pregnancy, the lack of a pattern among the
anomalies is reassuring. However, a causal relationship with some of the
birth defects cannot be excluded. Because of this and the available animal
data, the use of ciprofloxacin during pregnancy, especially during the 1st
trimester, should be used with caution, but the overall risk appears to be
low. A 1993 review on the safety of fluoroquinolones concluded that these
antibacterials should be avoided during pregnancy because of the difficulty
in extrapolating animal mutagenicity results to humans and because
interpretation of this toxicity is still controversial (1). The authors of this
review were not convinced that fluoroquinolone-induced fetal cartilage
damage and subsequent arthropathies were a major concern, even though
this effect had been demonstrated in several animal species after
administration to both pregnant and immature animals and in occasional
human case reports involving children (1). Others have also concluded that
fluoroquinolones should be considered contraindicated in pregnancy,
because safer alternatives are usually available (2).

FETAL RISK SUMMARY
Ciprofloxacin is a synthetic, broad-spectrum antibacterial agent. As a
fluoroquinolone, it is in the same class as enoxacin, levofloxacin, lomefloxacin,
norfloxacin, ofloxacin, and sparfloxacin. Nalidixic acid and cinoxacin are also
quinolone drugs.

Ciprofloxacin did not impair fertility and was not embryotoxic or teratogenic in



mice and rats at doses up to 6 times the usual human daily dose. A similar lack
of embryo and fetal toxicity was observed in rabbits. As with other quinolones,
multiple doses of ciprofloxacin produced permanent lesions and erosion of
cartilage in weight-bearing joints, leading to lameness in immature rats and
dogs (3).

A 2005 study measured the amount of three fluoroquinolones (ciprofloxacin,
ofloxacin, levofloxacin) that crossed the perfused human placenta (4). All three
agents crossed the placenta from the maternal to the fetal compartment, but
the amounts crossing were small: 3.2%, 3.7%, and 3.9%, respectively.

A number of reports have described the use of ciprofloxacin during human
gestation (2,5–16). In a 1993 reference, data on 103 pregnancies exposed to
the drug were released by the manufacturer (5). Of these cases, there were
63 normal, live newborns (52 exposed during 1st trimester, 7 during the 2nd or
3rd trimesters, and 4 in which the exposure time was unknown), 18
terminations, 10 spontaneous abortions (SABs) (all 1st trimester), 4 fetal
deaths (3 during 1st trimester, 1 in 3rd trimester), and 8 infants with congenital
defects (7 exposed between 2 and 12 weeks postmenstruation and 1 on a
single day of her last menstrual period) (these defects are included among
those shown in reference 11 below).

No congenital malformations were observed in the infants of 38 women who
received either ciprofloxacin (N = 10) or norfloxacin (N = 28) during pregnancy
(35 in the 1st trimester) (6). Most (N = 35) received the drugs for the treatment
of urinary tract infections. Matched to a control group, the fluoroquinolone-
exposed pregnancies had a significantly higher rate of cesarean section for
fetal distress and their infants were significantly heavier. No differences were
found between the groups in infant development or in the musculoskeletal
system (6).

A 1995 letter described seven pregnant women with multidrug-resistant
typhoid fever who were treated with ciprofloxacin during the 2nd and 3rd
trimesters (7). All delivered healthy infants who were doing well at 5 years of
age without evidence of cartilage damage. The authors also described the
healthy outcome of another pregnant woman treated with ciprofloxacin during
the 1st trimester. That infant was doing well at 6 months of age. A subsequent
letter, also in women with typhoid fever, described three pregnant women in the
2nd and 3rd trimesters who were treated with ciprofloxacin (8). A normal
outcome occurred in one patient and the pregnancies of the other two were
progressing satisfactory.

A surveillance study on the use of fluoroquinolones during pregnancy was



conducted by the Toronto Motherisk Program among members of the
Organization of Teratology Information Services (OTIS) and briefly reported in
1995 (9). Pregnancy outcome data were available for 134 cases, of which 68
involved ciprofloxacin, 61 were exposed to norfloxacin, and 5 were exposed to
both the drugs. Most (90%) were exposed during the first 13 weeks
postconception. Fluoroquinolone-exposed pregnancies were compared to
matched controls and there were no differences in live births (87% vs. 86%),
terminations (3% vs. 5%), miscarriages (10% vs. 9%), abnormal outcomes
(7% vs. 4%), cesarean section rate (12% vs. 22%), fetal distress (15% vs.
15%), and pregnancy weight gain (15 vs. 16 kg). The mean birth weight of the
exposed infants was 162 g higher than those in the control group and their
gestations were a mean 1 week longer (9).

A 16-year-old became pregnant about 1.5 years after a combined liver–
kidney transplant for type 1 primary hyperoxaluria (10). She was treated with
immunosuppressive agents (prednisone 10 mg/day, cyclosporine 200 mg/day,
and azathioprine 75 mg/day) and penicillin 500 mg/day and ciprofloxacin 250
mg/day throughout pregnancy. A healthy 2860-g female infant was delivered by
cesarean section at 38 weeks’ gestation. Apgar scores were 4 and 9 at 1 and
5 minutes, respectively (10).

An abstract, published in 1996, described six pregnancies exposed to
ciprofloxacin during the 1st trimester (11). Five healthy babies (one set of
twins) had been born and two pregnancies were progressing normally. In
another 1996 reference, no congenital anomalies were reported in 32
pregnancies exposed to a fluoroquinolone (9 ciprofloxacin, 13 norfloxacin, 10
ofloxacin) (12). In a 1997 reference, a pregnant woman with Q fever (Coxiella
burnetii) at 28 weeks’ gestation was treated with ciprofloxacin for 3 weeks
(13). Because her symptoms did not resolve, a cesarean section was
performed at 32 weeks’ gestation with delivery of a healthy, female infant. No
evidence of transplacental spread of the infection, which is known to cause
stillbirth and abortion in animals and humans, was found (13).

A prospective follow-up study conducted by the European Network of
Teratology Information Services (ENTIS) analyzed 549 pregnancies exposed to
fluoroquinolones (70 to ciprofloxacin) (2). Data on another 116 prospective and
25 retrospective pregnancy exposures to the antibiotics were also included.
From the 549 follow-up cases, 509 were treated during the 1st trimester, 22
after the 1st trimester, and in 18 cases the exposure occurred at an unknown
gestational time. The liveborn infants were delivered at a mean gestational age
of 39.4 weeks and had a mean birth weight of 3302 g, length of 50.3 cm, and



head circumference of 34.9 cm. Of the 549 pregnancies, there were 415
liveborn infants (390 exposed during the 1st trimester), 356 of which were
normal-term deliveries (including one set of twins), 15 were premature, 6 were
small-for-gestational age (IUGR, <10th percentile), 20 had congenital
anomalies (19 from mothers exposed during the 1st trimester; 4.9%), and 18
had postnatal disorders unrelated to either prematurity, low birth weight, or
malformations (11). Of the remaining 135 pregnancies, there were 56
spontaneous abortions or fetal deaths (none late) (1 malformed fetus), and 79
elective abortions (4 malformed fetuses). A total of 116 (all involving
ciprofloxacin) prospective cases were obtained from the manufacturer’s
registry. Among these, there were 91 liveborn infants, 6 of whom had
malformations. Of the remaining 25 pregnancies, 15 were terminated (no
malformations reported), and 10 aborted spontaneously (one embryo with
acardia, no data available on a possible twin). Thus, of the 666 cases with
known outcomes, 32 (4.8%) of the embryos, fetusess or newborns had
congenital malformations. Based on previous epidemiologic data, the authors
concluded that the 4.8% frequency of malformations did not exceed the
background rate. Finally, 25 retrospective reports of infants with anomalies,
who had been exposed in utero to fluoroquinolones, were analyzed, but no
specific patterns of major congenital malformations were detected (2).

The defects observed in the 10 infants followed prospectively and in the 8
infants reported retrospectively, all with 1st trimester ciprofloxacin exposure,
were (2) as follows:

Source: Prospective ENTIS
Angioma right lower leg
Hip dysplasia left side
Trisomy, unspecified (pregnancy terminated)

Source: Prospective Manufacturer’s Registry
Hypospadias
Auricle indentation, hip dysplasia
Cerebellum hypoplasia, oculomotor palsy, development retardation
Hooded foreskin
Amputation right forearm
Hypospadias, bilateral hernia inguinalis
Acardia (spontaneous abortion)

Source: Retrospective Reports
Teeth discoloration



Hypoplastic auricle, absence external auditory canal
Rubinstein–Taybi syndrome
Femur aplasia
Femur–fibula–ulna complex
Ectrodactyly
Defects of heart, trachea, esophagus, urethra, anus, gallbladder, skeleton,

heterotopic gastric mucosa, mucosa
Heart defect

The authors of the above study concluded that pregnancy exposure to
quinolones was not an indication for termination, but that this class of
antibacterials should still be considered contraindicated in pregnant women
because safer alternatives are usually available (2). Because of their own and
previously published findings, they further recommended that the focus of future
studies should be on malformations involving the abdominal wall and urogenital
system, and limb reduction defects. Moreover, this study did not address the
issue of cartilage damage from quinolone exposure and the authors recognized
the need for follow-up studies of this potential toxicity in children exposed in
utero.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 132 newborns had
been exposed to ciprofloxacin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (2.3%) major birth defects were observed
(six expected), one of which was a case of spina bifida (none expected). No
anomalies were observed in five other categories of defects (cardiovascular
defects, oral clefts, polydactyly, limb reduction defects, and hypospadias) for
which specific data were available. These data do not support an association
between the drug and congenital defects.

A 1998 prospective multicenter study reported the pregnancy outcomes of
200 women exposed to fluoroquinolones compared with 200 matched controls
(14). Subjects were pregnant women who had called one of four teratogen
information services concerning their exposure to fluoroquinolones. The agents,
number of subjects, and daily doses were ciprofloxacin (N = 105; 500–1000
mg), norfloxacin (N = 93; 400–800 mg), and ofloxacin (N = 2; 200–400 mg).
The most common infections involved the urinary tract (69.4%) or the
respiratory tract (24%). The fewer live births in the fluoroquinolone group (173
vs. 188, p = 0.02) was attributable to the greater number of spontaneous
abortions (18 vs. 10, ns) and induced abortions (9 vs. 2, ns). There were no
differences between the groups in terms of premature birth, fetal distress,



method of delivery, low birth weight (<2500 g), or birth weight. Among the
liveborn infants exposed during organogenesis, major malformations were
observed in 3 of 133 subjects and 5 of 188 controls (ns). The defects in subject
infants were two cases of ventricular septal defect and one case of patent
ductus arteriosus, whereas those in controls were two cases of ventricular
septal defect, one case of atrial septal defect with pulmonic valve stenosis, one
case of hypospadias, and one case of displaced hip. There were also no
differences between the children of the groups in gross motor development
milestone achievements (musculoskeletal functions: lifting, sitting, crawling,
standing, or walking) as measured by the Denver Developmental Scale (14).

A database cohort study from Denmark evaluated the pregnancy outcomes
in two groups of women who had redeemed a fluoroquinolone prescription
during pregnancy; those who had at any time in pregnancy and those who had
during the 1st trimester or 30 days before conception (15). Among 87 women
in the first group, the prevalence ratio of preterm birth was 1.4 (95%
confidence interval [CI] 0.6–3.2), one woman had a stillbirth, and no infants
died during the perinatal period. Among the 130 women in the second group,
the prevalence ratio of congenital anomalies was 0.7 (95% CI 0.3–2.0) and the
ratio of bone malformations was 2.2 (95% CI 0.7–6.7). Among the four infants
with congenital anomalies, three had bone malformations: unsymmetrical
closure of the cranial sutures (ofloxacin), extra toe (fleroxacin), and clubfoot
(ciprofloxacin). Although a causal link between the bone defects and
fluoroquinolones could not be determined, the authors suggested that future
studies should look for this association (15).

A retrospective cohort study using data from Tennessee Medicaid included
30,049 infants born in 1985–2000 was published in 2009 (16). Infants with fetal
exposures in the 1st trimester to four antibiotics recommended for potential
bioterrorism attacks (ciprofloxacin, amoxicillin, azithromycin, and doxycycline)
were compared to infants with no fetal exposure to any antibiotic. Erythromycin
was included as a positive control. In the 439 infants exposed to ciprofloxacin
and no other antibiotics, the number of cases, risk ratios, and 95% CI were as
follows: any malformation (8, 0.64. 0.31–1.30), cardiac (3, 0.70, 0.22–2.26);
musculoskeletal (0); genitourinary (2, 0.80, 0.19–3.40); gastrointestinal (2,
0.78, 0.18–3.48); CNS (0); and orofacial (1, 1.72, 0.18–1‘,
replace:=wdreplaceall, forward:=true, matchwildcards:=false,
matchcase:=true6.55). The authors concluded that the four antibiotics should
not result in a greater incidence of overall major malformations (see also
Amoxicillin, Azithromycin, and Doxycycline) (16).



In a study investigating the pharmacokinetics of ciprofloxacin, 20 pregnant
women, between 19 and 25 weeks’ gestation (mean 21.16 weeks), were
scheduled for pregnancy termination because the fetuses were affected with β-
thalassemia major (17). Two doses of ciprofloxacin, 200 mg IV every 12 hours,
were given prior to abortion. Serum and amniotic fluid concentrations were
drawn concomitantly at 4, 8, and 12 hours after dosing. Mean maternal serum
concentrations at these times were 0.28, 0.09, and 0.01 mcg/mL, respectively,
compared with mean amniotic fluid levels of 0.12, 0.13, and 0.10 mcg/mL,
respectively. The amniotic fluid:maternal serum ratios were 0.43, 1.44, and
10.0, respectively (17).

BREASTFEEDING SUMMARY
When first marketed, the administration of ciprofloxacin during breastfeeding
was not recommended because of the potential for arthropathy (based on
animal data) and other serious toxicity in the nursing infant (3). Phototoxicity
has been observed with some members of the quinolone class of drugs when
exposure to excessive sunlight (i.e., ultraviolet light) has occurred. Well-
differentiated squamous cell carcinomas of the skin have been produced in
mice who were exposed chronically to some quinolones and periodic ultraviolet
light (e.g., see Lomefloxacin), but studies to evaluate the carcinogenicity of
ciprofloxacin in this manner have not been conducted.

Ciprofloxacin is excreted into human milk (17–19). Ten lactating women were
given three oral doses of ciprofloxacin, 750 mg each (17). Six simultaneous
serum and milk samples were drawn between 2 and 24 hours after the third
dose of the antibacterial. The mean peak serum level (2.06 mcg/mL) occurred
at 2 hours, then steadily fell to 0.02 mcg/mL at 24 hours. Milk concentrations
exhibited a similar pattern with a mean peak level measured at 2 hours, 3.79
mcg/mL, and the lowest amount at 24 hours, 0.02 mcg/mL. The mean
milk:serum ratio varied from 0.85 to 2.14 with the highest ratio occurring 4
hours after the last dose (17).

A 24-year-old woman, 17 days postpartum, was given a single 500-mg dose
of the antibacterial to treat a urinary tract infection (18). She was also suffering
from acute renal failure and had undergone her final hemodialysis treatment
7 days prior to administration of ciprofloxacin. Her serum creatinine and blood
urea nitrogen at the time of the dose were 740 mmol/L and 26.8 mmol/L,
respectively. Milk samples were collected at 4, 8, 12, and 16 hours.
Concentrations of ciprofloxacin at these times were 9.1, 9.1, 9.1, and 6.0
μmol/L, respectively. (Note: 9.1 and 6.0 μmol/L are approximately 3.0 and 2.0



mcg/mL, respectively.) Based on the volume of milk and concentrations, the
potential cumulative dose for the infant, who was not allowed to breastfeed,
was 1.331 μmol/L (18).

In a 1992 case report, a 4-month-old female infant was being exclusively
breastfed six times/day (19). The mother had taken a single night-time dose
(500 mg) of the antibacterial for 10 days prior to the collection of simultaneous
samples of milk, maternal serum, and infant serum, approximately 11 hours
after a dose. On the day of sampling, breastfeeding occurred 8 hours after the
mother’s dose. Maternal serum, milk, and infant serum ciprofloxacin
concentrations were 0.21, 0.98, and <0.03 mcg/mL (undetectable),
respectively. The authors estimated the infant was consuming 0.92 mg/day
(0.15 mg/kg/day) of ciprofloxacin. No adverse effects were observed in the
infant (19).

In a second 1992 case report, a 2-month-old breastfed female infant
presented with a 1-day history of anorexia, fever, and foul-smelling green
diarrhea (20). She was admitted to the hospital with a diagnosis of
pseudomembranous colitis. The infant had been hospitalized during the first
14 days of life with a history of necrotizing entercolitis but had been doing well
at home for the past month. Clostridium difficile toxin was found in the infant’s
stool. Following a left colectomy and 7 days of oral vancomycin, the infant was
thriving at home. Upon inquiry, it was discovered that the infant’s mother had
self-administered ciprofloxacin (dose not specified) for 6 days before her
infant’s admission to the hospital. The cause of the pseudomembranous colitis
was thought to be ciprofloxacin obtained from breast milk (20).

In unpublished studies available to the manufacturer, peak milk levels
occurred approximately 4 hours after a ciprofloxacin dose and were about the
same as serum levels (personal communication, Miles Pharmaceutical, June
1990). Levels of the antibacterial were undetectable 36–48 hours after a dose.
Based on these data, the manufacturer recommends that 48 hours elapse after
the last dose of ciprofloxacin before breastfeeding is resumed (personal
communication, Miles Pharmaceutical, June 1990).

In an unusual report, follow-up of infants who had been treated as neonates
with ciprofloxacin for severe Klebsiella pneumoniae revealed two of five infants
with greenish-colored teeth on eruption (21). The teeth were stained uniformly
with dyscalcification at the cervical part. The investigators could not determine
the cause of the condition. Other reports of this condition have not been located
and the clinical significance of this to a nursing infant exposed to
fluoroquinolones via the milk is unknown.



Although there is a report of toxicity in a nursing infant that was thought to
have been caused by ciprofloxacin, the contribution of the infant’s medical
history, as well as the mother’s unknown ciprofloxacin dose, are confounding
factors. Data are limited, but the amount of ciprofloxacin in breast milk does not
appear to represent a significant risk to an infant, especially if nursing is held
for several hours after a dose. Short courses of maternal therapy are probably
compatible with nursing. The American Academy of Pediatrics, without citing
the above case report of potential drug-induced toxicity, classified ciprofloxacin
as compatible with breastfeeding (22).
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CISAPRIDE

[Withdrawn from the market. See 9th edition.]



CISPLATIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Exposure to cisplatin in the 1st trimester is limited to two cases. The drug
is teratogenic and embryotoxic in two animal species. Because of the
potential for embryo toxicity, the drug should be avoided during the 1st
trimester. The reported use in the 2nd and 3rd trimesters and long-term
follow-up of the offspring are too limited to assess for toxicity appearing
later in life.

[See Carboplatin for additional data.]

FETAL RISK SUMMARY
Cisplatin is an antineoplastic used in the treatment of various cancers. This
agent is mutagenic in bacteria, produces chromosomal aberrations in animal
cells in tissue culture, and is teratogenic and embryotoxic in mice (1). Cisplatin
is also a transplacental carcinogen in rats, producing tumors in the liver, lung,
nervous system, and kidneys of adult offspring (2). The mechanism for the
production of these tumors is probably the result of DNA damage in fetal rat
tissues (3). A 1994 review also reviewed the animal teratogenicity of cisplatin
(4).

Only nine cases of cisplatin usage during pregnancy have been located
(5–13). In one case, the mother, in her 10th week of gestation, received a
single intravenous dose of 50 mg/kg for carcinoma of the uterine cervix (5).
Two weeks later, a radical hysterectomy was performed. The male fetus was
morphologically normal for its developmental age.

A 25-year-old woman underwent surgery at 25 weeks’ gestation for an
endodermal sinus tumor of the ovary (6). The chemotherapy cycle consisting of
cisplatin (75 mg/m2), vinblastine (0.25 mg/kg), and bleomycin (50 mg) was
started 9 days later. Approximately 3 weeks later she received a second cycle
of therapy. A normal, healthy 1900-g male infant was delivered by scheduled



cesarean section at 32 weeks’ gestation. The infant was alive and growing
normally at the time of the report.

A 1989 case report described the effect of maternal chemotherapy on a
premature newborn delivered at approximately 27 weeks’ gestation (7). The
mother had been treated with cisplatin (55 mg), bleomycin (30 mg), and
etoposide (165 mg) (all given daily for 3 days), 1 week prior to delivery, for an
unknown primary cancer with metastases to the eye and liver. The mother
developed profound neutropenia just prior to delivery. On the 3rd day after
birth, the 1190-g female infant also developed a profound leukopenia with
neutropenia, 10 days after in utero exposure to the antineoplastic agents. The
condition resolved after 10 days. At 10 days of age, the infant began losing her
scalp hair along with a rapid loss of lanugo. Etoposide was thought to be the
most likely cause of the neutropenia and the alopecia (7). By 12 weeks of age,
substantial hair regrowth had occurred, and at 1-year follow-up, the child was
developing normally except for moderate bilateral hearing loss. The
investigators could not determine whether the sensorineural deafness was due
to the maternal and/or neonatal gentamicin therapy or to the maternal cisplatin
chemotherapy (7).

A third case of cisplatin usage during pregnancy involved a 28-year-old
woman with advanced epithelial ovarian carcinoma (8). Following surgical
treatment at 16 weeks’ gestation, the patient was treated with cisplatin, 50
mg/m2, and cyclophosphamide, 750 mg/m2, every 21 days for seven cycles.
Labor was induced at 37–38 weeks’ gestation, resulting in the delivery of a
healthy, 3275-g male infant. Height, weight, and head circumference were in
the 75th–90th percentile. No abnormalities of the kidneys, liver, bone marrow,
or auditory-evoked potential were found at birth, and the infant’s physical and
neurologic growth was normal at 19 months of age.

In a report similar to that above, a 24-year-old woman was treated during
the 2nd trimester of pregnancy for epithelial ovarian carcinoma (9). Surgery
was performed at 15.5 weeks’ gestation, followed by five courses of
chemotherapy consisting of cisplatin (100 mg/m2) and cyclophosphamide (600
mg/m2 × 2, 1000 mg/m2 × 3). Spontaneous rupture of membranes occurred
just prior to the sixth course of chemotherapy at 36.5 weeks’ gestation, and
she delivered a normal-appearing, 3060-g male infant, who, except for initial
mild respiratory distress, has developed normally as of 28 months of age.

A 21-year-old woman with a dysgerminoma was treated surgically at 26
weeks’ gestation, followed approximately 1 week later with cisplatin, 20 mg/m2,
and etoposide, 100 mg/m2, daily for 5 days at 3- to 4-week intervals (10). A



healthy, 2320-g female infant was delivered at 38 weeks. The infant is
developing normally at 9 months of age.

Three treatments of cisplatin (75 mg/m2; total dose 330 mg) were
administered at 22, 25, and 28 weeks’ gestation to a 34-year-old woman with a
rapidly progressing cervical cancer (11). A cesarean section was performed at
32 weeks’ gestation with delivery of a normal, 2120-g male infant, who was
doing well at 12 months of age.

A 35-year-old woman with metastatic non-small-cell lung cancer was treated
in the 1st and 2nd trimesters with chemotherapy of an unknown pregnancy
(12). After undergoing a craniotomy to remove the metastatic tumor and whole
brain irradiation early in pregnancy, she was treated with docetaxel and
cisplatin on days 1 and 8 every 21 days for four cycles (gestational weeks 9–
18). Because of lack of response, treatment was changed to two cycles of
gemcitabine and cisplatin (gestational weeks 19 and 22). About 2 months after
the last dose her pregnancy was diagnosed. At 33 weeks’gestation, a
cesarean section delivered a normal 1490-g female infant (normal karyotype
46,XX) with Apgar scores of 8, 9, and 10 at 1, 5, and 10 minutes, respectively,
and normal blood counts. An extensive examination of the infant failed to find
any abnormalities. The infant was developing normally at 10 months of age
(12).

A 32-year-old woman underwent surgery at 20 weeks’ gestation (from in
vitro fertilization) for a ruptured ovarian cyst (13). Ovarian cancer was
diagnosed and she was given four cycles of docetaxel and cisplatin before a
cesarean section at 34 weeks. The 2245-g female infant had Apgar scores of 3
and 6 at 1 and 10 minutes, respectively. The infant died at 5 days of age from
multiple congenital anomalies that had been diagnosed before starting
chemotherapy (13).

The long-term effects of cisplatin and other antineoplastic agents on
menstrual function in females and reproductive function in females and males
after treatment of various cancers have been described (14–16). Of the 76
women studied, cisplatin was used in 9 and in 25 men, cisplatin had been given
to 4. The results of one of these studies (14) have been discussed in the
monograph for cyclophosphamide (see Cyclophosphamide). In the second
report, a normal-term infant was delivered from a woman treated with cisplatin,
etoposide, dactinomycin, and intrathecal methotrexate 2 years prior to
conception for choriocarcinoma (15). Similarly, no congenital malformations
were observed in seven live-born offspring of four males and two females
treated with cisplatin during childhood or adolescence (16).



A 1996 report described successful pregnancy outcomes in 14 women who
had been treated prior to conception for ovarian germ cell tumors with a
chemotherapy regimen (POMB/ACE) consisting of cisplatin (120 mg/m2),
vincristine, methotrexate, bleomycin, dactinomycin, cyclophosphamide, and
etoposide (17). No congenital malformations were observed.

Reversible azoospermia occurred in a male treated for teratoma of the testis
with cisplatin, vinblastine, bleomycin, surgery, and radiation (18). Fifteen
months after the end of therapy, the sperm count was <50,000 sperm/micro-L
with 70% motile and a high percentage of abnormal forms. Three months later,
the patient and his wife reported a pregnancy, which was terminated on their
request.

A significant reduction in reproductive organ weights, sperm counts, sperm
motility, fertility, and levels of testosterone, luteinizing hormone and follicle-
stimulating hormone occurred in male rats treated with cisplatin 1 week prior to
mating (19). After mating, a significant preimplantation loss and lower fetal
weights in comparison with controls were observed.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
Three studies, two with opposite results from the third, have examined the
excretion of cisplatin into human milk. In a 1985 study, a 31-year-old woman, 7
months postpartum with ovarian cancer, was treated with doxorubicin and
cisplatin (20). Doxorubicin (90 mg) was given IV over 15 minutes followed by IV
cisplatin (130 mg, 100 mg/m2) infused over 26 hours. Blood and milk samples
were collected frequently for cisplatin determination from 0.25 to 71.25 hours
after the start of the infusion. Peak plasma concentrations of platinum reached
2.99 mcg/mL, but platinum was undetectable (sensitivity 0.1 mcg/mL) in the
milk.

Opposite results were obtained in a 1989 study (21). A 24-year-old woman
with an entodermal sinus tumor of the left ovary was treated with cisplatin, 30
mg/m2 IV for 4 hours daily, for 5 consecutive days. Etoposide and bleomycin
were also administered during this time. On the 3rd day of therapy, milk and
serum samples were collected 30 minutes before the cisplatin dose was
administered. Cisplatin concentrations in the milk and plasma were 0.9 and 0.8



mcg/mL, respectively, a milk:plasma ratio of 1.1. The infant was not allowed to
breastfeed.

In the third study, cisplatin measured in breast milk was in the range of 0.1–
0.15 mcg/mL (over 2 hours), with a milk:plasma ratio of about 0.1 over an 18-
hour sampling period (22). The woman, who was still lactating 2 years after her
last delivery, was treated with six courses of cisplatin (100 mg/course) and
cyclophosphamide (1600 mg/course) for ovarian cancer.

The American Academy of Pediatrics did not cite either of these latter two
studies and classifies cisplatin as compatible with breastfeeding (23). However,
based on the two reports, breastfeeding during cisplatin therapy should be
considered contraindicated.
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CITALOPRAM
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Citalopram does not appear to be a major human teratogen. Only one of
the studies below observed an increase in defects or pattern of major
anomalies over that expected in a nonexposed population. (See
Paroxetine.) However, selective serotonin reuptake inhibitor (SSRI)
antidepressants, including citalopram, have been associated with several
developmental toxicities, including spontaneous abortions (SABs), low birth
weight, prematurity, neonatal serotonin syndrome, neonatal behavioral
syndrome (withdrawal), possibly sustained abnormal neurobehavior beyond
the neonatal period, respiratory distress, and persistent pulmonary
hypertension of the newborn (PPHN).

FETAL RISK SUMMARY
The antidepressant, citalopram, is an SSRI that has a chemical structure
unrelated to those of other antidepressants (1). All the antidepressant agents in
this class (citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and
sertraline) share a similar mechanism of action, although they have different
chemical structures. These differences could be construed as evidence against
any conclusion that they share similar effects on the embryo, fetus, or newborn.
In the mouse embryo, however, craniofacial morphogenesis appears to be
regulated, at least in part, by serotonin. Interference with serotonin regulation
by chemically different inhibitors produces similar craniofacial defects (2).
Regardless of the structural differences, therefore, some of the potential
adverse effects on the pregnancy may also be similar.

Both mating and fertility were reduced in male and female rats at oral doses
approximately five times the maximum recommended human daily dose of 60



mg/day based on BSA (MRHD). The duration of gestation was increased at
approximately eight times the MRHD. Citalopram demonstrated dose-related
embryo and fetal growth restriction, reduced survival, and teratogenicity in rats
dosed during organogenesis at about 18 times the MRHD (1). Fetal
malformations included cardiovascular and skeletal defects, but the dose was
maternal toxic (clinical signs, decreased weight gain). The developmental no-
effect dose was about nine times the MRHD. In contrast, no developmental
adverse effects were observed in the offspring of pregnant rabbits given doses
up to about five times the MRHD (1).

Increased offspring mortality during the first 4 days after birth and persistent
growth restriction were observed when pregnant rats were dosed at about five
times the MRHD throughout gestation and early lactation. Similar effects were
observed with doses about four times the MRHD in late gestation through
weaning. The no-effect dose in this group was about twice the MRHD (1).

In an in vitro experiment using a single placental cotyledon, both citalopram
and its metabolite desmethylcitalopram crossed to the fetal side (3). The mean
steady-state placental transfer for the two compounds was 9.1% and 5.6%,
respectively. A 2003 study of the placental transfer of antidepressants found
cord blood:maternal serum ratios for citalopram and its metabolite that were
0.17–1.42 and 0.50–1.00, respectively (4). The dose-to-delivery interval was
14–48 hours, with the highest ratio for the parent drug and metabolite occurring
at 48 hours.

In a 2002 study, 11 women took citalopram (20–40 mg/day) during
pregnancy; 10 throughout gestation and 1 starting at 20 weeks’ gestation (5).
The mean ratio of two metabolites was significantly higher during pregnancy
than at 2 months postdelivery, indicating induction of the CYP2D6 isoenzyme
(5). The trough plasma concentrations of citalopram, desmethylcitalopram, and
didesmethylcitalopram in the normal newborns were 64%, 66%, and 68% of
the maternal concentrations, respectively. The neurodevelopment of the infants
up to the age of 1 year was normal (5). All infants were breastfed (see
Breastfeeding Summary).

Citalopram is at least eight times more potent in the inhibition of serotonin
reuptake than its four metabolites (1). It has an elimination half-life of
approximately 35 hours. This is in the same general range as the other SSRI
agents with weakly active or inactive metabolites (elimination half-lives of
parent compounds in parentheses): fluvoxamine (15.6 hours), paroxetine (21
hours), and sertraline (26 hours). All have much shorter elimination half-lives
than fluoxetine (4–6 days) or fluoxetine’s active metabolite (4–16 days).



A brief 1993 case report described a woman who was treated with
citalopram for major depression during the first 6 weeks of an undiagnosed
pregnancy (6). She received 40 mg/day during the first 3 weeks, and then the
dose was increased to 60 mg/day. She also took several other drugs for
coexisting panic disorder and migraine headaches. All medication was stopped
in the sixth week of gestation when the pregnancy was diagnosed. Because of
her deteriorating mental status and anxiety concerning fetal development, she
requested an abortion, which was performed at 12 weeks’ gestation. At
autopsy, a thorough macroscopic and microscopic evaluation, including a
detailed neuropathological examination, found no evidence of malformation (6).

Five male infants exposed to citalopram (30 mg/day), paroxetine (10–40
mg/day), or fluoxetine (20 mg/day) during gestation exhibited withdrawal
symptoms at or within a few days of birth and lasting up to 1 month (7).
Symptoms included irritability, constant crying, shivering, increased tonus,
eating and sleeping problems, and convulsions.

A 2004 prospective study examined the effect of four SSRIs (citalopram,
fluoxetine, paroxetine, and sertraline) on newborn neurobehavior, including
behavioral state, sleep organization, motor activity, heart rate variability,
tremulousness, and startles (8). Seventeen SSRI-exposed, healthy, full-birth-
weight newborns and 17 nonexposed, matched controls were studied. A wide
range of disrupted neurobehavioral outcomes were shown in the subject
infants. After adjustment for gestational age, the exposed infants were found to
differ significantly from controls in terms of tremulousness, behavioral states,
and sleep organization. The effects observed on motor activity, startles, and
heart rate variability were not significant after adjustment (8).

A 2003 prospective study evaluated the pregnancy outcomes of 138 women
treated with SSRIantidepressants during gestation (9). Women using each
agent were 73 fluoxetine, 36 sertraline, 19 paroxetine, 7 citalopram, and
3 fluvoxamine. Most (62%) took an SSRI throughout pregnancy and 95% were
taking an SSRI at delivery. Birth complications were observed in 28 infants,
including preterm birth (9 cases), meconium aspiration, nuchal cord, floppy at
birth, and low birth weight. Four infants (2.9%) had low birth weight, all
exposed to fluoxetine (40–80 mg/day) throughout pregnancy, including two of
the three infants of mothers taking 80 mg/day. One infant had Hirschsprung
disease, a major defect, and another had cavum septi pellucidi (neither the size
of the cavum nor the SSRI agents were specified) (9). The clinical significance
of the cavum septi pellucidi is doubtful as it is nearly always present at birth but
resolves in the first several months (10).



The database of the World Health Organization (WHO) was used in a 2005
report on neonatal SSRI withdrawal syndrome (11). In this database, 93
suspected cases with either neonatal convulsions or withdrawal syndrome were
identified in the WHO database. The agents were 63 paroxetine, 13 fluoxetine,
1 paroxetine plus fluoxetine, 9 sertraline, and 7 citalopram. The analysis
suggested that paroxetine might have an increased risk of convulsions or
withdrawal compared with other SSRIs (11).

Evidence for the neonatal behavioral syndrome that is associated with in
utero exposure to SSRIs and serotonin and norepinephrine reuptake inhibitors
(SNRIs) (collectively called serotonin reuptake inhibitors [SRIs]) in late
pregnancy was reviewed in a 2005 reference (12). The report followed a
recent agreement by the FDA and manufacturers for a class labeling change
about the neonatal syndrome. Analysis of case reports, case series, and cohort
studies revealed that late exposure to SRIs carried an overall risk ratio of 3.0
(95% confidence interval [CI] 2.0–4.4) for the syndrome compared with early
exposure. The case reports (N = 18) and case series (N = 131) involved 97
cases of paroxetine, 18 fluoxetine, 16 sertraline, 12 citalopram, 4 venlafaxine,
and 2 fluvoxamine. There were nine cohort studies analyzed. The typical
neonatal syndrome consisted of central nervous system, motor, respiratory,
and gastrointestinal signs that were mild and usually resolved within 2 weeks.
Only one of 313 quantifiable cases involved a severe syndrome consisting of
seizures, dehydration, excessive weight loss, hyperpyrexia, and intubation.
There were no neonatal deaths attributable to the syndrome (12).

A significant increase in the risk of low birth weight (<10th percentile) and
respiratory distress after prenatal exposure to SSRIs was reported in 2006
(13). The population-based study, representing all live births (N = 119,547)
during a 39-month period in British Columbia, Canada, compared pregnancy
outcomes of depressed mothers treated with SSRIs with outcomes in
depressed mothers not treated with medication and in nonexposed controls.
The severity of depression in the depressed groups was accounted for by
propensity score matching (13).

A 30% incidence of SSRI-induced neonatal abstinence syndrome was found
in a 2006 cohort study (14). Sixty neonates with prolonged in utero exposure to
SSRIs were compared to nonexposed controls. The agents used were
paroxetine (62%), fluoxetine (20%), citalopram (13%), venlafaxine (3%), and
sertraline (2%). Assessment was conducted by the Finnegan score. Ten of the
infants had mild and eight had severe symptoms of the syndrome. The
maximum mean score in infants with severe symptoms occurred within 2 days



of birth, but some occurred as long as 4 days after birth. Because of the small
numbers, a dose–response could only be conducted with paroxetine. Infants
exposed to mean maternal doses that were <19 mg/day had no symptoms,
<23 mg/day had mild symptoms, and 27 mg/day had severe symptoms (14).

A 2005 prospective comparative study of citalopram in pregnancy was
reported in 2005 (15). Three groups, citalopram, disease, and nonteratogen,
each containing 132 pregnant women were closely matched. In the citalopram
group, 125 (95%) took the drug at least in the 1st trimester and 71 (54%)
continued the drug throughout gestation. The outcomes in the citalopram-
exposed pregnancies were 114 live births, 14 SABs, 2 elective abortions, and 2
stillbirths. One male infant, exposed during organogenesis, had a major
anomaly (umbilical and scrotal hernia). There were no statistical differences
among the three groups in terms of mean birth weight, structural defects,
gestational age at birth, and fetal survival. However, for infants exposed in the
3rd trimester, there were increased risks for complications in general (relative
risk [RR] 1.5, 95% CI 1.0–2.4) and for neonatal intensive care unit (NICU)
admissions (RR 4.2, 95% CI 1.7–10.3) (i.e., poor neonatal adaptation
syndrome) (15).

A meta-analysis of clinical trials (1990–2005) with SSRIs was reported in
2006 (16). The SSRI agents included were citalopram, fluoxetine, fluvoxamine,
paroxetine, and sertraline. The specific outcomes analyzed were major, minor,
and cardiac malformations, and SABs. The odd ratio [OR] with 95% CI for the
four outcomes were 1.394 (0.906–2.145), 0.97 (0.13–6.93), 1.193 (0.531–
2.677), and 1.70 (1.28–2.25), respectively. Only the risk of SABs was
significantly increased (16).

A brief 2005 report described significant associations between the use of
SSRIs in the 1st trimester and congenital defects (17). The data were collected
by the CDC-sponsored National Birth Defects Prevention Study in an on-going
case–control study of birth defect risk factors. Case infants (N = 5357) with
major birth defects were compared with 3366 normal controls. A positive
association was found with omphalocele (N = 161; OR 3.0, 95% CI 1.4–6.1).
Paroxetine, which accounted for 36% of all SSRI exposures, had the strongest
association with the defect (OR 6.3, 95% CI 2.0–19.6). The study also found a
significant association between the use of any SSRI and craniosynostosis (N =
372; OR 1.8, 95% CI 1.0–3.2) (17). An expanded report from this group was
published in 2007 (see reference 25 below).

In 1999, the Swedish Medical Birth Registry compared the use of
antidepressants in early pregnancy and delivery outcome for the years 1995–



1997 (18). There were no significant differences for birth defects, infant
survival, or risk of low birth weight (<2500 g) among singletons between those
exposed to any depressant, SSRIs only, and non-SSRIs only, but a shorter
gestational duration (<37 weeks) was observed for any antidepressant
exposure (OR 1.43, 95% CI 1.14–1.80). Fifteen (4.0%) of the citalopram-
exposed infants had anomalies, but one was a trisomy 13 syndrome and five
were classified as uncertain anomalies (18). A second Registry report,
published in 2006 covering the years 1995–2003, analyzed the relationship
between antidepressants and major malformations and cardiac defects (19).
There was no significant increase in the risk of major malformations with any
antidepressant. The strongest effect among cardiac anomalies was with
ventricular or atrial septum defects (VSDs-ASDs). Significant increases were
found with paroxetine (OR 2.22, 95% CI 1.39–3.55) and clomipramine (OR
1.87, 95% CI 1.16–2.99 (19). In 2007, the analysis was expanded to include
the years 1995–2004 (20). There were 6481 women (6555 infants) who had
reported the use of SSRIs in early pregnancy. The number of women using a
single SSRI during the 1st trimester was 2579 citalopram, 1807 sertraline, 908
paroxetine, 860 fluoxetine, 66 escitalopram, and 36 fluvoxamine. After
adjustment, only paroxetine was significantly associated with an increased risk
of cardiac defects (N = 13, RR 2.62, 95% CI 1.40–4.50) or VSDs-ASDs (N =
8, RR 3.07, 95% CI 1.32–6.04). Analysis of the combined SSRI group,
excluding paroxetine, revealed no associations with cardiac defects or VSDs-
ASDs. The study also found no association with omphalocele or craniostenosis
(20).

A 2007 study evaluated the association between 1st-trimester exposure to
paroxetine and cardiac defects by quantifying the dose–response relationship
(21). A population-based pregnancy registry was used by linking three
administrative databases so that it included all pregnancies in Quebec between
1997 and 2003. There were 101 infants with major congenital defects, 24
involving the heart, among the 1403 women using only one type of
antidepressant during the 1st trimester. The use of paroxetine or other SSRIs
did not significantly increase the risk of major defects or cardiac defects
compared with non-SSRI antidepressants. However, a paroxetine dose >25
mg/day during the 1st trimester was significantly associated with an increased
risk of major defects (OR 2.23, 95% CI 1.19–4.17) and of cardiac defects (OR
3.07, 95% CI 1.00–9.42) (21).

A 2007 retrospective cohort study examined the effects of exposure to
SSRIs or venlafaxine in the 3rd trimester on 21 premature and 55 term



newborns (22). The randomly selected unexposed control group consisted of
90 neonates of mothers not taking antidepressants, psychotropic agents, or
benzodiazepines at the time of delivery. There were significantly more
premature infants among the subjects (27.6%) than in controls (8.9%), but the
groups were not matched. The antidepressants, number of subjects, and daily
doses in the exposed group were paroxetine (46; 5––40 mg), fluoxetine (10;
10–40 mg), venlafaxine (9; 74–150 mg), citalopram (6; 10–30 mg), sertraline
(3; 125–150 mg), and fluvoxamine (2; 50–150 mg). The behavioral signs that
were significantly increased in exposed compared with nonexposed infants
were central nervous system (CNS) —abnormal movements, shaking, spasms,
agitation, hypotonia, hypertonia, irritability, and insomnia; respiratory system—
indrawing, apnea/bradycardia, and tachypnea; and other—vomiting,
tachycardia, and jaundice. In exposed infants, CNS (63.2%) and respiratory
system (40.8%) signs were most common, appearing during the first day of life
and lasting for a median duration of 3 days. All of the exposed premature
infants exhibited behavioral signs compared with 69.1% of exposed term
infants. The duration of hospitalization was significantly longer in exposed
premature compared with nonexposed premature infants, 14.5 days vs. 3.7
days, respectively. In 75% of the term and premature infants, the signs
resolved within 3 and 5 days, respectively. There were six infants in each group
with congenital malformations, but the drugs involved were not specified (22).

A 2007 review conducted a literature search to determine the risk of major
congenital malformations after 1st trimester exposure to SSRIs and SNRIs
(23). Fifteen controlled studies were analyzed. The data were adequate to
suggest that citalopram, fluoxetine, sertraline, and venlafaxine were not
associated with an increased risk of congenital defects. In contrast, the
analysis did suggest an increased risk with paroxetine. The data were
inadequate to determine the risk for the other SSRIs and SNRIs (23).

A case–control study, published in 2006, was conducted to test the
hypothesis that exposure to SSRIs in late pregnancy was associated with
persistent pulmonary hypertension of the newborn (24). A total of 1213 women
were enrolled in the study, 377 cases whose infants had PPHN and 836
matched controls and their infants. Mothers were interviewed by nurses who
were blinded to the hypothesis. Fourteen case infants had been exposed to an
SSRI after the 20th week of gestation compared with six control infants
(adjusted odds ratio 6.1, 95% CI 2.2–16.8). The numbers were too small to
analyze the effects of dosage, SSRI used, or reduction of the length of
exposure before delivery. No increased risk of PPHN was found with the use of



SSRIs before the 20th week or with the use of non-SSRI antidepressants at
any time in pregnancy. If the relationship was causal, the absolute risk was
estimated to be about 1% (24).

Two large case–control studies assessing associations between SSRIs and
major birth defects were published in 2007 (25,26). The findings related to
SSRIs as a group, as well as to four specific agents: citalopram, fluoxetine,
paroxetine, and sertraline. One of the studies did find a significant association
between citalopram and a group of defects (anencephaly, craniosynostosis,
and omphalocele) (25). An accompanying editorial discussed the findings and
limitations of these and other related studies (27). Details of the studies and the
editorial are described in the paroxetine review (see Paroxetine).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (28). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 184 citalopram cases,
the other cases were 113 bupropion, 21 escitalopram, 61 fluoxetine, 52
fluvoxamine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio 0.9,
95% CI 0.5–1.61). There were eight major anomalies in the citalopram group:
umbilical hernia, duplex kidney, club foot, pyloric stenosis, neural tube defect,
atrial septal defect, congenital pneumothorax, and hypospadias. There were no
major defects in the pregnancies exposed to bupropion, escitalopram, or
trazodone (28).

BREASTFEEDING SUMMARY
Citalopram is excreted into human milk. A 1997 report described breast milk
concentrations of the antidepressant in two lactating women under treatment
for depression and one healthy lactating volunteer (29). All three subjects were
extensive metabolizers of citalopram with respect to the liver enzymes
(CYP2C19 and CYP2D6) involved in the metabolism of the drug. The two
women with depression were being treated with 20 mg/day and 40 mg/day at 2
and 4 months postpartum, respectively. The healthy volunteer was given a
single dose of 40 mg at 10 months postpartum. The milk:serum ratio in the two
women ranged from 1.16 to 1.88, whereas in the volunteer, the ratio was 1.00,
based on the AUC. The dose ingested by an infant was calculated to range



from 4.3 to 17.6 mcg/kg/day (0.7%–5.9% of the weight-adjusted maternal
dose) in the two women on chronic therapy, and 11.2 mcg/kg/day (1.8% of the
weight-adjusted maternal dose based on AUC) in the volunteer. The two
mothers on chronic therapy observed no adverse effects in their nursing infants.
Compared with other SSRI antidepressants, the relative dose to the infant from
citalopram (0.7%–5.9%) was comparable to fluoxetine and its active metabolite
(1.2%–6.5%) but higher than that for fluvoxamine (0.5%), sertraline (0.45%),
and paroxetine (0.34%). Based on these data, the authors recommended that
caution should be used with the administration of citalopram during lactation
(29).

In a second 1997 report, a 21-year-old mother developed severe depression
2 months after delivery of a female infant and was begun on citalopram (30).
Blood and milk samples were collected after 8 days of a continuous 20 mg/day
dose. The mean milk:serum ratio over a 24-hour period was approximately 3
for both citalopram and its inactive metabolite. The estimated citalopram
weight-adjusted infant dose was 4.8% of the mother’s dose. After 3 weeks of
therapy, the citalopram serum concentration in the infant was about 1/15th of
the mother’s trough level; the metabolite was undetectable. The levels indicated
that no accumulation of citalopram or the metabolite occurred in the infant. No
adverse effects or unusual behavior were observed in the infant (30).

A 2000 report measured citalopram concentrations in the milk and plasma of
seven women who were nursing their infants (mean age 4.1 months) (31). The
median citalopram dose was 0.36 mg/kg/day. The mean milk:plasma ratios of
citalopram and the metabolite, desmethylcitalopram, were 1.8 (range 1.2–3)
and 1.8 (range 1.0–2.5), respectively. Citalopram was detected in the plasma
of three infants (2.0–2.3 ng/mL), two of which also had detectable levels of the
metabolite (2.2 ng/mL). The mean combined dose of citalopram and metabolite
(expressed as a percentage of the maternal weight-normalized dose) was
4.4%–5.1%. No adverse effects were observed in the infants and all had
normal Denver developmental quotients (31).

A 29-year-old woman, 4 weeks after delivery, was started on citalopram (40
mg/day) for postpartum depression (32). Eight days later, single samples of
milk and maternal serum (time from last dose not specified) yielded
concentrations of 205 ng/mL and 98.9 ng/mL, respectively. Uneasy sleep was
noted in the breastfed infant starting about 2–3 days after initiation of drug
therapy. The citalopram concentration in the infant’s serum after 16 days of
maternal therapy was 12.7 ng/mL. Reducing the dose to 20 mg/day and
substituting two breastfeedings with artificial nutrition normalized the infant’s



sleeping. One week later, the serum concentrations of citalopram in the mother
and infant were 49.0 ng/mL and 4.5 ng/mL, respectively (32).

In their product information, the manufacturer describes two infants with
excessive somnolence, decreased feeding, and weight loss associated with
nursing from mothers receiving citalopram (1). Both cases involved reports to
the manufacturer that apparently were not published. Although the information
is incomplete, the manufacturer was able to obtain partial details of these
cases (G. Fagen, personal communication, Forrest Pharmaceuticals, 2000).
One full-term infant was born to a Danish woman who had been started on
citalopram, 40 mg/day, shortly before delivery. The infant was presumably
breastfed. When the adverse effects were noted 3–4 days after birth, the
mother stopped the drug. The infant made a full recovery. The second case
involved an 8-day-old Swedish baby who developed tiredness, weight loss, and
decreased suckling. The mother had started taking citalopram, 20 mg/day,
approximately 1 year earlier. She was also taking an antihistamine. Five days
before the onset of the adverse symptoms, without medical advice, she
increased her dose to 30 mg/day. A single milk sample (timing in relationship to
the dose not specified) yielded a drug concentration of 377 nmol/L (about
0.122 mcg/mL) (1 mol of citalopram = 324.4 g (23)). The concentration of the
metabolite was 111 nmol/L. These amounts are very close to those reported in
the above published cases. No other details of the case were available,
although it is known that the infant was doing well at 4 years of age.

Nine women treated with citalopram during pregnancy (see Fetal Risk
Summary) continued to use the antidepressant while nursing their infants (5).
Maternal plasma concentrations of the parent compound and metabolites
demonstrated a tendency to rise at 2 weeks and 2 months postpartum. The
milk:plasma ratios for citalopram, desmethylcitalopram, and
didesmethylcitalopram ranged from 1.2 to 3.3, 1.3 to 4.1, and 1.1 to 4.6,
respectively. In contrast, the infant plasma concentrations of the parent
compound and two metabolites at various intervals up to 2 months of age all
declined from those measured at birth. The weight and neurodevelopment of
the infants up to 1 year of age were normal (5).

A prospective, observational cohort study designed to determine the
frequency of adverse effects in nursing infants exposed to citalopram in milk
was published in 2004 (33). Three groups of nursing women were formed: 31
women who were depressed and taking citalopram; 12 women who were
depressed but who were taking other SSRI antidepressants; and 31 healthy
women matched to the first group by maternal age and parity. There was no



statistically significant difference in the rate of adverse events among the
nursing infants in the three groups (3/31 events, 0/12 events, and 1/31 events,
respectively). In the citalopram group, two of the events were colic and
decreased feeding, but both were considered nonspecific and insignificant and
did not require intervention. The third event involved irritability and restlessness
that were observed in the infant when the mother started citalopram at 2
months postpartum. Breastfeeding was stopped after 2 weeks and the
symptoms resolved (33).

A 2004 study was conducted in 25 women (nursing 26 infants) to quantify the
concentration of the SSRI or SNRI in their breast milk (34). The
antidepressants taken by the women were citalopram (nine mothers/10
infants), paroxetine (six), sertraline (six), fluoxetine (one), and venlafaxine
(three). The maternal mean dose of citalopram was 24 mg/day (20–50
mg/day). The mean milk concentration was 389 nmol/L (157–725 nmol/L,
resulting in a theoretical maximum infant dose that was 5.2% of the mother’s
weight-adjusted dose. Citalopram was detected in six of the infants serum
(mean 1.9 nmol/L, range 0–8 nmol/L). There was no evidence of adverse
effects in the breastfeeding infants (34).

A 2010 study using human and animal models found that drugs that disturb
serotonin balance such as SSRIs and SNRIs can impair lactation (35). The
authors concluded that mothers taking these drugs may need additional support
to achieve breastfeeding goals.

A 1999 review of SSRI agents concluded that if there were compelling
reasons to treat a mother for postpartum depression, a condition in which a
rapid antidepressant effect is important, the benefits of therapy with SSRIs
would most likely outweigh the risks (36). Nevertheless, nursing women
receiving citalopram, in particular those taking doses >20 mg/day or
concurrently with other sedative agents, should be warned of the potential for
toxicity in their infants. Moreover, the long-term consequences of exposure to
SSRI antidepressants in breast milk on the infant’s neurobehavior development
are unknown (no such adverse effects have been reported to date, but
additional research is needed). Avoiding nursing around the time of peak
maternal concentrations (about 4 hours after a dose) may limit infant exposure.
However, the long elimination half-lives of all SSRIs and their weakly basic
properties, which are conducive to ion trapping in the relatively acidic milk,
probably will lessen the effectiveness of this strategy. The American Academy
of Pediatrics classifies other SSRIs as drugs whose effect on the nursing infant
is unknown but may be of concern (see Fluoxetine, Fluvoxamine, Paroxetine,



and Sertraline).
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CLADRIBINE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of cladribine in human pregnancy have been
located. However, other drugs that inhibit DNA synthesis (e.g.,
methotrexate and aminopterin) are known human teratogens. If possible,
the drug should be avoided in pregnancy, especially during the 1st
trimester. Because hairy cell leukemia usually has an indolent disease
course, deferring treatment until after delivery may be appropriate (1).

FETAL RISK SUMMARY
The prodrug cladribine is a synthetic antineoplastic agent that is administered
as a single course given by continuous IV infusion for 7 consecutive days. It is
indicated for the treatment of active hairy cell leukemia as defined by clinically
significant anemia, neutropenia, thrombocytopenia or disease-related
symptoms. The drug is classified as an antimetabolite in the same subclass of
purine analogs and related agents as clofarabine, fludarabine, mercaptopurine,
pentostatin, and thioguanine. Cladribine undergoes intracellular metabolism to
its active metabolite. About 20% is bound to plasma proteins and the mean
terminal half-life is 5.4 hours (2).

Reproduction studies have been conducted in mice and rabbits (routes not
specified but assumed to be oral). In mice, a significant increase in fetal
variations was observed with a daily dose that was about 17 times the human
dose based on body weight. The drug was embryotoxic in mice when given at
doses equivalent to the human dose. When the daily dose was doubled,
increased resorptions, reduced litter size, and fetal malformations were
observed. Fetal death and malformations were observed in rabbits given a daily
dose that was about 33 times the human dose based on body weight. The no-
observed-effect-dose (NOEL) in these species was about 6 and 11 times the
human dose, respectively (2).



Carcinogenic studies have not been conducted with cladribine. The drug was
not mutagenic in various assays but was clastogenic. When given IV to
monkeys, the drug caused suppression of rapidly generating cells, including
testicular cells. The effect on human fertility is unknown (2).

It is not known if cladribine crosses the human placenta. The molecular
weight (about 286), low plasma protein binding, terminal half-life, and long
infusion time suggest that the drug will cross to the embryo–fetus.

In a letter correspondence, a woman at 10 week’s gestation was diagnosed
with hairy cell leukemia (3). Because she wished to continue her pregnancy,
treatment was deferred until after delivery. At 16 weeks’ gestation, during an
otherwise normal pregnancy, she underwent a splenectomy for an enlarged
spleen that was causing abdominal discomfort. She gave birth at term to a
healthy female infant. Treatment was again deferred for 6 months while she
breastfed her infant. Six weeks after treatment, a repeat bone marrow biopsy
specimen and aspirate were normal (3).

A 37-year-old woman with hairy cell leukemia was treated with a 7-day
infusion of cladribine and obtained a complete remission (4). Eleven months
after completion of therapy, she became pregnant. Her pregnancy was
uncomplicated and she gave birth to a term, healthy, female infant whose birth
weight (actual birth weight not specified) was appropriate for gestational age.
At 9 months of age, the infant was developing normally and meeting all
developmental milestones (4).

BREASTFEEDING SUMMARY
No reports describing the use of cladribine during human lactation have been
located. The molecular weight (about 286), low plasma protein binding (about
20%), terminal half-life (5.4 hours), and long infusion time (7 consecutive days)
suggest that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown. However, because of the risk for
significant toxicity in a nursing infant, women receiving this antineoplastic agent
should not breastfeed. Hairy cell leukemia usually has an indolent disease
course and deferring treatment until breastfeeding is stopped appears to be an
option (see above case report).
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CLARITHROMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The animal reproduction data suggest high risk, but the available human
pregnancy experience suggests that the risk, if it exists, is low. The
antibiotic has not been associated with an increased risk of pyloric
stenosis.

FETAL RISK SUMMARY
Clarithromycin, a semisynthetic antibiotic structurally related to erythromycin,
belongs to the same macrolide class of anti-infectives as azithromycin,
dirithromycin, erythromycin, and troleandomycin.

The effects of clarithromycin on fertility and reproduction in rats, mice,
rabbits, and monkeys have been reported by the manufacturer. Doses up to
1.3 times the recommended maximum human dose based on BSA (MRHD)
(serum levels approximately 2 times the levels in humans) in male and female
rats produced no adverse effects on the estrous cycle, fertility, parturition, or
fetal outcome. No teratogenic effects were observed in four studies involving
one rat strain using oral and IV doses up to 1.3 times the MRHD, but a low
incidence of cardiovascular anomalies was seen in two studies, with a second
rat strain at an oral dose about 1.2 times the MRHD. A variable incidence of
cleft palate occurred in mice given oral doses about 2–4 times the MRHD (1).

In rabbits, IV doses 17 times less than the MRHD resulted in fetal death, but
teratogenic effects were not observed with various oral or IV doses (1).
Embryonic loss attributed to maternal toxicity occurred in monkeys
administered oral doses 2.4 times the MRHD (serum levels three times the
levels in humans). In monkeys, an oral dose approximately equal to the MRHD
(serum levels about twice those obtained in humans) caused fetal growth
restriction.

Clarithromycin crosses the human placenta (2). In an in vitro experiment



using perfused term placentas, the mean transplacental transfer of
clarithromycin was 6.1%.

At a 1996 meeting, a teratogen information service (TIS) reported the
outcomes of 34 exposures to clarithromycin during pregnancy (3). All of the
exposures occurred during the 1st and early 2nd trimesters for the treatment of
upper respiratory infections. Among the 29 known pregnancy outcomes (5
were pending), there were 8 (28%) abortions (4 spontaneous/4 voluntary), 20
(69%) normal newborns, and 1 (3%) infant with a 0.5-cm brown mark on the
temple. One of the normal newborns, delivered at 26 weeks, died from
complications of prematurity. Although follow-up of the remaining newborns had
not been sufficiently long to exclude completely the presence of congenital
malformations, these outcomes do not appear to be different from those
expected in a nonexposed population.

Case reports of clarithromycin and congenital anomalies available to the FDA
through June 1996 were limited to six diverse birth defects: cystic head,
pregnancy terminated; craniofacial anomalies, absent clavicles, bilateral hip
deformities, and underdeveloped left heart; spina bifida; cleft lip; pulmonary
hypoplasia, anomalous infradiaphragmatic venous return; and CHARGE
syndrome (F. Rosa, personal communication, FDA, 1996). By definition, infants
having CHARGE association or syndrome must have two or more of the
following: coloboma of the eye or eye defects, heart disease, choanal atresia,
restricted growth and development with or without CNS anomalies, genital
hypoplasia, and ear anomalies with or without deafness (4). The diversity of the
malformations lessens the probability of an association with clarithromycin and
any or all of these outcomes may have occurred by chance.

A 1998 prospective controlled multicenter study compared the outcomes of
157 pregnancies exposed to clarithromycin with an equal number of matched
controls (5). All of the women had called a TIS. The most common indications
for use of the antibiotic were respiratory infections. Of the subjects, 122 (78%)
were exposed during the 1st trimester. The outcomes of subjects and controls
were spontaneous abortions (SABs) (22 vs. 11, p = 0.04), elective abortions
(EABs) (11 vs. 3, p = 0.04), live births (123 vs. 143, p = 0.003), stillbirths (1 vs.
0, ns), major malformations (3 vs. 2, ns), and minor malformations (7 vs. 7, ns).
The major anomalies (exposure occurred in the 3rd trimester in one case) in the
study group were hydrocephalus, Turner’s syndrome, and stenosis uteropelvic
junction and cranial synostosis. The minor malformations were a large birth
mark, a reflux valve problem, an enlarged right ventricle (brain), a minor
ventricular septal defect, undescended testes, a blocked tear ducts defect, and



excess breast tissue on the right. The types of malformations in controls were
comparable, with no pattern of defects apparent in either group. Although the
increased number of SABs in exposed women was within the expected
background rate and may have been affected by confounding factors, the
investigators concluded that it warranted further study (5).

A prospective, multicenter study published in 2008 compared pregnant
women exposed to a new macrolide (azithromycin, clarithromycin, or
roxithromycin) with two comparison groups (6). Of the 161 women exposed to
a macrolide, 118 were exposed in the 1st trimester. The rate of major
malformations in the study group was 4.1% compared with 2.1% of those
exposed to other antibiotics (OR = 1.41, 95% confidence interval (CI) 0.47–
4.23). The authors concluded that the use of the new macrolides did not
represent an increased risk of congenital defects strong enough for an EAB (6).

A 2012 prospective, multicenter observational study was conducted by TISs
in Italy, Israel, Czech Republic, the Netherlands, and Germany (7). Of the 608
women exposed to macrolides, 511 were exposed in the 1st trimester. The
study group was compared with 773 women exposed to nonteratogens in the
1st trimester. The rate of major congenital defects were similar in the groups
(3.4% vs. 2.4%, p = 0.36; OR 1.42, 95% CI 0.70–2.88) or in the rate of
cardiovascular defects (1.6% vs. 0.9%). The rates for clarithromycin (N = 218)
were 1.8% vs. 2.4%, p = 0.80; OR 0.76, 95% CI 0.25–2.27 and 0.5% vs.
0.9%, p = 0.99; OR 0.54, 95% CI 0.06–4.48 (7).

A register-based, nationwide cohort study conducted in Denmark, covering
the period 1997–2007, was published in 2013 (8). The study identified 931,504
pregnancies (705,837 live birth, 77,553 SABs, and 148,114 EABs), 401 of
whom were exposed to clarithromycin in the 1st trimester. The hazard ratio
(HR) of having an SAB after exposure to clarithromycin was 1.56, 95% CI
1.14–2.13. A significant HR was not found with 1st trimester exposure to three
other antibiotics and proton pump inhibitors (PPIs) (HR and 95% CI): amoxicillin
(N = 4584, 0.92, 0.82–1.04); erythromycin (N = 6492, 1.03, 0.94–1.13);
Penicillin V (N = 33,469, 1.00, 0.96–1.04); and PPIs (N = 3577, 1.03, 0.91–
1.18). Among the 253 exposed offspring diagnosed with a major malformation,
9 (3.6%) were exposed to clarithromycin (odds ratio [OR] 1.03, 95% CI 0.53–
2.00). The authors concluded that further research was required to examine the
possible effects of treatment indications on the above association (8).

Three pregnant women with documented Helicobacter pylori infections,
persistent nausea and vomiting, and epigastric pain were treated in the 2nd
trimester with a 2-week course of clarithromycin combined with amoxicillin and



with famotidine, omeprazole, or ranitidine (9). The therapy was effective in
eliminating the conditions. No adverse effects on the pregnancy outcomes were
noted.

In a 2005 abstract, 145 pregnant women were exposed to a new macrolide
(38 azithromycin, 53 clarithromycin, 54 roxithromycin), of which 103 were
exposed in the 1st trimester (10). The rates of congenital anomalies compared
with 928 exposed to a nonteratogen were similar (4.0% vs. 3.75%, p = 0.156).
In a 2003 Danish study, 188 women received a macrolide (see Breastfeeding
Summary) within 30 days of birth and none of their infants had infantile
hypertrophic pyloric stenosis (11).

BREASTFEEDING SUMMARY
Clarithromycin is excreted into breast milk. In a 1993 study, 12 mothers were
given clarithromycin 250 mg twice daily (12). Both the parent drug and
metabolite were excreted into milk, with peaks levels measured at 2.2 and 2.8
hours, respectively, The half-lives of the drug and metabolite were 4.3 and 9
hours, respectively. The combined exposure for an exclusively breastfed infant
was about 2% of the mother’s weight-adjusted dose (12).

A 2003 study investigated the association between maternal use of
macrolides and infantile hypertrophic pyloric stenosis (11). The Danish
population-based cohort study comprised 1166 women who had a prescribed
macrolide (azithromycin, clarithromycin, erythromycin, spiramycin, or
roxithromycin) from birth to 90 days postnatally compared with up to 41,778
controls. The OR for stenosis was 2.3–3.0, depending on the postnatal period
of exposure (42, 56, 70, or 90 days), but none of the ORs was significant.
When stratified by gender, the ORs for males were 1.8–3.1 and again were not
statistically significant. For females, the ORs at 70 and 90 days postbirth were
10.3 and 7.5, but only the former was significant (95% CI 1.2–92.3) (11).

Investigators from Israel examined the possible association between
macrolide (azithromycin, clarithromycin, erythromycin, or roxithromycin)
exposure in milk and infantile hypertrophic pyloric stenosis in a 2009 study (13).
They compared 55 infants exposed to a macrolide antibiotic to 36 infants
exposed to amoxicillin. In the macrolide group, 7 (12.7%) had an adverse
reaction (rash, diarrhea, loss of appetite, somnolence), whereas 3 infants
(8.3%) in the amoxicillin group had an adverse reaction (rashes, somnolence).
The rates of adverse reactions were comparable. No cases of infantile
hypertrophic pyloric stenosis were observed (13).
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CLAVULANATE, POTASSIUM
Anti-infective
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Several studies have described the use of amoxicillin and potassium
clavulanate for various infections in pregnant women. Most studies have
observed no adverse effects in the fetus or newborn attributable to the
combination (see Amoxicillin and Ticarcillin). However, one study did report
an association with necrotizing enterocolitis (NEC) in newborns.

FETAL RISK SUMMARY
Clavulanic acid is a β-lactamase inhibitor produced by Streptomyces
clavuligerus that is combined, as the potassium salt, with the penicillin
antibiotics, amoxicillin or ticarcillin, to broaden their antibacterial spectrum of
activity. No adverse fetal effects were observed in mice, rats, and pigs
administered potassium clavulanate in combination with amoxicillin or ticarcillin
during gestation (1–5).

Following a single oral dose of amoxicillin (250 mg) and potassium
clavulanate (125 mg) in humans, both agents crossed the placenta to the fetus
(6,7). Cord blood levels were found 1 hour after the dose, with peak levels
occurring at 2–3 hours. In one study, the mean peak maternal serum and
umbilical cord blood levels occurred at 2 hours with values of 2.20 and 1.23
mcg/mL, respectively (fetal:maternal ratio 0.56) (7). Both amoxicillin and
potassium clavulanate have been demonstrated in the amniotic fluid (6–8), with
peak concentrations of clavulanate (0.44 mcg/mL) measured 5.5 hours after
administration (7). A study using in vitro perfused human placentas
demonstrated the transfer of potassium clavulanate when concentrations on the
maternal side were 10–13 mcg/mL, but not at 2–6 mcg/mL (8). A
fetal/maternal gradient of 1:1 was obtained at the higher concentrations.

In addition to the above, several studies have described the use of



amoxicillin–clavulanic acid (ACA) for various infections in pregnant women either
without causing fetal or newborn harm (9–11) or causing newborn harm (12).

A 2001 randomized study (ORACLE 1) was conducted in patients with
preterm, prelabor rupture of fetal membranes to determine neonatal health
benefits of three antibiotic regimens (12). The regimens, compared with a
placebo group (N = 1225) were erythromycin (250 mg) (N = 1197), amoxicillin
(250 mg)–clavulanic acid (125 mg) (N = 1212), or both (N = 1192) four times
daily for 10 days or until delivery. The primary outcome measures were specific
outcomes or a composite of neonatal death, chronic lung disease, or major
cerebral abnormality. For these neonatal outcomes, the two groups with ACA
had no benefit over placebo, whereas erythromycin use resulted in significantly
better outcomes (both composite and specific). When any-ACA exposure was
compared with no-ACA for outcomes with suspected or proven NEC, the
results were 92 (3.8%) and 58 (2.4%) (p = 0.004). The authors thought that a
possible mechanism for this outcome was that the ACA combination selected
for Clostridium difficile and that abnormal colonization of the neonatal intestinal
tract was one possible mechanism for NEC (12).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 556 newborns had
been exposed to clavulanic acid (presumably in combination with penicillins)
during the 1st trimester (F. Rosa, personal communication, FDA, 1993). A total
of 24 (4.3%) major birth defects were observed (24 expected). Specific data
were available for six defect categories, including (observed/expected) 5/6
cardiovascular defects, 2/1 oral clefts, 1/2 polydactyly, 0/1 limb-reduction
defects, 1/1 hypospadias, and 2/0.3 spina bifida. Only with the latter defect is
there a suggestion of a possible association, but other factors, including the
mother’s disease, concurrent drug use, and chance, may be involved.

In a 1997 prospective, double-blind, randomized, controlled study, two
antibiotic regimens (ampicillin–sulbactam for 72 hours followed by amoxicillin–
clavulanate or ampicillin for 72 hours followed by amoxicillin) were effective for
prophylaxis in women with preterm premature rupture of the membranes who
had received antenatal corticosteroids alone (13). Although both combinations
reduced the frequency of neonatal mortality, sepsis, and respiratory distress
syndrome and increased birth weight compared with corticosteroids alone,
statistical significance was reached only with the ampicillin–
sulbactam/amoxicillin–clavulanate combination (26.3% vs. 48.6%; p ≤ 0.05).

In a 2004 study, 191 women treated with amoxicillin– clavulanic acid
(subjects) in the 1st trimester were matched with 191 controls exposed to



amoxicillin only (14). Maternal age, birth weight, gestational age at birth, and
rates of live births and abortions were comparable between the two groups.
The rates of major malformations in subjects (3/158, 1.9%) and controls
(5/163, 3%) (p = 0.49; relative risk 0.62, 95% confidence interval 0.15–2.55)
were within the expected baseline risk for the general population (14).

BREASTFEEDING SUMMARY
Both amoxicillin and ticarcillin are excreted into breast milk (see Amoxicillin and
Ticarcillin), but data pertaining to potassium clavulanate have not been located.
Excretion probably occurs because of the low molecular weight (about 237).
The effects of the β-lactamase inhibitor on the nursing infant are unknown.
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CLEMASTINE
Antihistamine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

In general, antihistamines are considered compatible with pregnancy.
However, a possible association with retrolental fibroplasia in premature
infants has been reported.

FETAL RISK SUMMARY
Reproductive studies with the antihistamine, clemastine, in rats and rabbits
have revealed no evidence of teratogenic effects (1). No published reports
describing the use of clemastine in human pregnancy have been located.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1617 newborns
had been exposed to clemastine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 71 (4.4%) major birth defects were
observed (68 expected). Specific data were available for six defect categories,
including (observed/expected) 13/16 cardiovascular defects, 3/3 oral clefts, 3/1
spina bifida, 4/5 polydactyly, 4/4 hypospadias, and 5/1.9 limb-reduction
defects. Only with the latter defect is there a suggestion of a possible
association, but other factors, including the mother’s disease, concurrent drug
use, and chance, may be involved.

A 2002 study found no increased risk of teratogenicity or other pregnancy or
newborn complications for antihistamines when used in early pregnancy for the
treatment of nausea and vomiting (N =12,394) and allergy (N = 5041) (2).
Clemastine was used by 1230 women.

An association between exposure to antihistamines during the last 2 weeks
of pregnancy and retrolental fibroplasia in premature infants has been reported.
See Brompheniramine for details.



BREASTFEEDING SUMMARY
Clemastine is excreted into breast milk (3). A 10-week-old girl developed
drowsiness, irritability, refusal to feed, neck stiffness, and a high-pitched cry 12
hours after the mother began taking the antihistamine, 1 mg twice daily. The
mother also was also taking phenytoin and carbamazepine. Twenty hours after
the last dose, clemastine levels in maternal plasma and milk were 20 and 5–10
ng/mL, respectively, a milk:plasma ratio of 0.25–0.5. The drug could not be
detected in the infant’s plasma. Symptoms in the baby resolved within 24 hours
after the drug was stopped, although breastfeeding was continued.
Examination 3 weeks later was also normal. Owing to the above case report,
the American Academy of Pediatrics states that the drug should be used with
caution during breastfeeding (4).
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CLEVIDIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of clevidipine in human pregnancy have been
located. The animal reproduction data suggest risk, but the absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk. However, other calcium channel blockers have been
used extensively in human pregnancy as antihypertensives and tocolytics
without evidence of developmental toxicity (e.g., see Nicardipine,
Nifedipine, and Verapamil). Nevertheless, until human pregnancy data are
available, other agents, such as IV labetalol, are probably preferred to
treat severe hypertension in pregnancy if IV therapy is required.

FETAL RISK SUMMARY
Clevidipine is a calcium channel blocker that is given by IV infusion. It is
indicated for the reduction of blood pressure when oral therapy is not feasible
or desirable. Clevidipine is rapidly metabolized to inactive metabolites. One of
the metabolites is formaldehyde. Plasma protein binding is high (>99.5%) and
the terminal half-life is very short (about 15 minutes) (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, during organogenesis, doses that were 0.7 and 2 times, respectively,
the maximum recommended human dose based on BSA (MRHD) decreased
fetal survival. Clevidipine crosses the rat placenta. In rats dosed during late
gestation and lactation, there were dose-related increases in maternal
mortality, length of gestation, and prolonged parturition at doses that were
about ≥ 0.17 times the MRHD. When mated, offspring of these dams had a
lower conception rate than controls (1).

Long-term animal carcinogenicity studies have not been conducted with



clevidipine because of the intended short-term use in humans. Clevidipine was
genotoxic in three in vitro assays but not in an in vivo test. The positive in vitro
tests were thought likely to be due to the metabolite formaldehyde.

Fertility and mating performance was not affected in male and female rats at
doses about equivalent to the MRHD, but female rats demonstrated
pseudopregnancy and changes in estrus cycle at doses as low as one-fourth
the MRHD.

It is not known if clevidipine crosses the human placenta. The molecular
weight (about 456) is low enough, but the rapid metabolism, high plasma
protein binding, and a very short terminal half-life suggests that little active drug
will cross to the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of clevidipine during human lactation have been
located. The molecular weight (about 456) is low enough, but the rapid
metabolism, high plasma protein binding, and a very short terminal half-life
suggests that little of the active drug will be excreted into breast milk.
Moreover, the drug is given as an IV infusion for hypertension when oral
medication is not feasible or desirable. In such cases, it is doubtful if the mother
would be nursing a child.
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CLIDINIUM
Parasympatholytic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience and absence of relevant animal
data prevent a complete assessment of the embryo–fetal risk.

FETAL RISK SUMMARY
Clidinium is an anticholinergic quaternary ammonium bromide. In a large
prospective study, 2323 patients were exposed to this class of drugs during the
1st trimester, 4 of whom took clidinium (1). A possible association was found
between the total group and minor malformations.

BREASTFEEDING SUMMARY
No reports describing the use of clidinium during human lactation have been
located (see also Atropine).
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CLINDAMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of clindamycin with congenital defects have been
located.

FETAL RISK SUMMARY
Reproduction studies in mice and rats with oral doses up to about 1.1 and 2.1
times the maximum recommended human adult dose based on BSA (MRHD),
respectively, revealed no evidence of teratogenicity. In addition, SC doses in
the two species up to 0.5 and 0.9 times the MRHD, respectively, failed to show
teratogenicity (1).

The drug crosses the placenta, achieving maximum cord serum levels of
approximately 50% of the maternal serum (2,3). Levels in the fetus were
considered therapeutic for susceptible pathogens. A study published in 1988
measured a mean cord:maternal ratio of 0.15 in three women given an
unknown amount of clindamycin in labor for the treatment of chorioamnionitis
(4). At the time of sampling, mean maternal blood, cord blood, and placental
membrane concentrations of the antibiotic were 1.67 mcg/mL, 0.26 mcg/mL,
and 1.86 mcg/g, respectively (placenta:maternal ratio 1.11). Fetal tissue levels
increase following multiple dosing with the drug concentrating in the fetal liver
(2). Maternal serum levels after dosing at various stages of pregnancy were
similar to those of nonpregnant patients (3,5). Clindamycin has been used for
prophylactic therapy prior to cesarean section (6).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 647 newborns had
been exposed to clindamycin during the 1st trimester (includes both maternal
systemic and nonsystemic administration) (F. Rosa, personal communication,
FDA, 1993). A total of 31 (4.8%) major birth defects were observed (28
expected). Specific data were available for six defect categories, including



(observed/expected) 5/6 cardiovascular defects, 0/1 oral clefts, 1/0.5 spina
bifida, 1/2 polydactyly, 0/1 limb-reduction defects, and 3/2 hypospadias. These
data do not support an association between the drug and congenital defects.

BREASTFEEDING SUMMARY
Clindamycin is excreted into breast milk. In two patients receiving 600 mg IV
every 6 hours, milk levels varied from 2.1 to 3.8 mcg/mL (0.2–3.5 hours after
drug) (7). When the patients were changed to 300 mg orally every 6 hours,
levels varied from 0.7 to 1.8 mcg/mL (2–7 hours after drug). Maternal serum
levels were not given.

Two grossly bloody stools were observed in a nursing infant whose mother
was receiving clindamycin and gentamicin (8). No relationship to either drug
could be established. However, the condition cleared rapidly when
breastfeeding was stopped. Except for this one case, no other adverse effects
in nursing infants have been reported.

Three potential problems that may exist for the nursing infant are modification
of bowel flora, direct effects on the infant, and interference with the
interpretation of culture results if a fever workup is required. The American
Academy of Pediatrics classifies clindamycin as compatible with breastfeeding
(9).
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CLOBAZAM
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Potential
Toxicity
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

There is limited information on the effects of clobazam in human pregnancy,
but the animal data suggest risk. Clobazam, a benzodiazepine, is usually
used in combination with other anticonvulsants. It is well known that
antiepileptic polytherapy increases the risk to the embryo and/or fetus.
Although the risk of structural anomalies appears to be low with agents in
this class, benzodiazepines can cause clinically significant neonatal toxicity
when used close to birth. These toxicities have been described with
diazepam (see Diazepam) and include the floppy infant syndrome and a
withdrawal syndrome. Folic acid 5 mg/day is recommended before and
during pregnancy for women taking clobazam (1). Pregnant women taking
clobazam are encouraged to enroll in the North American Antiepileptic Drug
Pregnancy Registry by calling the toll-free number 1-800-233-2334.

FETAL RISK SUMMARY
Clobazam is an antiepileptic drug available as oral tablets. It is in the same
class of benzodiazepine agents as alprazolam, chlordiazepoxide, clonazepam,
diazepam, flunitrazepam, lorazepam, midazolam, oxazepam, quazepam,
temazepam, and triazolam. Although it is approved as an anticonvulsant,
clobazam causes somnolence or sedation similar to that caused by all drugs in
this class. Clobazam is indicated for the adjunctive treatment of seizures
associated with Lennox-Gastaut syndrome in patients 2 years of age or older.
The drug undergoes extensive hepatic metabolism to an active metabolite. The
relative potency of the active metabolite compared to clobazam ranges from
20% to equal potency. Plasma protein binding of the parent drug and active
metabolite are about 80%–90% and 70%, respectively, whereas the mean



elimination half-lives are about 36–42 and 71–82 hours, respectively (2).
A 1979 reproduction study in rats and mice conducted by the manufacturer

found no teratogenic or fertility-disturbing effects from administration of
clobazam in food (3). In contrast, the current product information states that
animal data suggest developmental toxicity, including an increased incidence of
fetal abnormalities following oral administration of doses similar to those used
in humans (2). However, the animal species and specific doses were not
reported.

Rats were used in a 2005 report on the central nervous system (CNS)
effects of clobazam (4). Pregnant rats were given clobazam 125 mg/kg daily
(comparison to human dose not specified) during the first 7 days of gestation
and fetuses were examined on day 20 of gestation. Although there were no
gross abnormalities, histologic examination revealed extensive teratogenic
effects that included necrosis and hypoplasia of the brain (4).

The manufacturer states that the carcinogenic potential has not been
adequately studied, but a 2-year limited study in rats found an increased
incidence of thyroid follicular cell adenomas in males at the highest dose (100
mg/kg) of clobazam tested. The drug and the active metabolite were not
mutagenic in multiple assays. There are no studies on the effect of the drug on
fertility (2).

Clobazam and its active metabolite cross the human placenta at term. In a
1982 study, women at term were given a single 20 mg dose of the drug before
giving birth (5). Clobazam was detectable in the umbilical blood in 16 of 19
newborns at birth and in the blood in 9 of 14 infants at 5 days of age. The
maternal vein and umbilical vein concentrations were nearly the same. In an in
vitro test using human placentas, both the parent drug and its active metabolite
crossed the placenta (5). The above results are compatible with the molecular
weight (about 301) of clobazam, lipophilic nature, moderate plasma protein
binding, and prolonged elimination half-life. These characteristics suggest that
the drug will cross the placenta throughout gestation.

A 1984 study described the effect of clobazam on seizure control in 14
women (6). Two of the women had been taking the drug for 12–15 months but
only around the time of menstruation. The drug was discontinued when they
became pregnant. Pregnancy outcome was not described in either case (6).

In a 2011 study, there were 109,344 pregnant women in the Quebec
Pregnancy Registry of whom 349 (0.32%) were epileptic (7). Of these, 42
used no antiepileptic drugs (non-use), 217 used monotherapy, and 90 took
polytherapy. During pregnancy, the three most prevalent antiepileptic agents



used were carbamazepine (29.9%), valproic acid (19.7%), and phenytoin
(11.5%). For polytherapy, the most common drug combinations were
carbamazepine combined with clobazam (2.5%), phenytoin (1.6%), or valproic
acid (1.6%). Although pregnancy outcomes were provided for non-use,
monotherapy, and polytherapy, specific agents associated with the outcomes
were not identified. The outcomes in the non-use, monotherapy, and
polytherapy groups, respectively, were as follows: planned abortions—45.2%,
40.5%, 44.4%; spontaneous abortions—0%, 2.8%, 4.4%; stillbirths—2.4%,
0%, 2.4%; live births—95.0%, 100%, 51.1%; major defects—10.5%, 9.9%,
19.0%; low birth weight—10.5%, 8.2%, 7.1%; small for gestational age—
5.3%, 18.2%, 11.9%; and prematurity (<37 weeks)—15.8%, 10.0%, 9.5%.
Because the number of outcomes analyzed in each group declined depending
on the specificity of the analysis, none of the differences was statistical
significant (7).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (8). The final report was
published in July 2010. The Registry is now closed. Among 13 prospectively
enrolled pregnancies exposed to clobazam and lamotrigine in the 1st trimester,
with or without other anticonvulsants, there were 12 live births without defects,
and 1 induced abortion with a birth defect. The woman in the birth defect case
was taking lamotrigine and clobazam before and during gestation. The fetus
had a lumbar neural tube defect with early evidence of ventriculomegaly and a
derangement of the posterior fossa (8).

Retrospective cases (reported after the pregnancy outcome was known) are
often biased (only adverse outcomes are reported), but they are useful in
identifying specific patterns of anomalies suggestive of a common cause (8).
There were nine pregnancies with birth defects exposed to clobazam with other
antiepileptics reported retrospectively to the Registry, five involving earliest
exposure to clobazam in the 1st trimester, two in the 2nd and 3rd trimesters,
and one in the 3rd trimester of exposure. No specific pattern was observed (8).

BREASTFEEDING SUMMARY
Clobazam is excreted into breast milk. This is consistent with the molecular
weight (about 301), lipophilic nature, moderate plasma protein binding (80%–
90%), and prolonged elimination half-life (36–42 hours). Its active metabolite is
also present in milk because of its characteristics (plasma protein binding about
70% and mean elimination half-life about 71–82 hours).

Neonatal withdrawal due to clobazam in milk was described in a 2000 review



(9). Both clobazam and its metabolite were excreted into milk with an a
milk:plasma (parent drug plus metabolite) after 2 days of treatment of 0.13–
0.36. After 5 days, the M:P declined to 0.13 possibly because of accumulation
of the metabolite in the maternal plasma. The average infant weight-adjusted
dose was estimated to be 4.6%, with a maximum dose of 7.5%. The authors of
the review thought that breastfeeding should be allowed but the infant should
be monitored for sedation and poor sucking (9).

Another 2000 review concluded that the use of clobazam would be safe
during breastfeeding if the maternal dose was low and if the exposure was
short (10). The authors estimated that the maximum infant exposure would be
10% of the usual therapeutic pediatric dose that was used in the treatment of
seizures. However, long-term maternal use could result in infant toxicity and the
same monitoring, as described above, was recommended (10).
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CLOFARABINE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of clofarabine in human pregnancy have been
located. The animal pregnancy data suggest risk, as does the potential for
impaired fertility. The absence of human pregnancy experience prevents a
complete assessment of the embryo–fetal risk. Women of reproductive age
should use effective contraceptive methods to prevent pregnancy while
receiving this drug (1). However, lymphoblastic leukemia is a potential fatal
disease. Thus, if a woman does conceive and informed consent is
obtained, clofarabine should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Clofarabine is a purine nucleoside antimetabolite antineoplastic that is
sequentially metabolized intracellularly to the active 5′-triphosphate metabolite
that inhibits DNA synthesis. The drug is classified as an antimetabolite in the
same subclass of purine analogs and related agents as cladribine, fludarabine,
pentostatin, mercaptopurine, and thioguanine. Clofarabine is indicated for the
treatment of pediatric patients (1–21 years of age) with relapsed or refractory
acute lymphoblastic leukemia after at least two prior regimens. Plasma protein
binding, primarily to albumin, is 47%. The terminal half-life is about 5.2 hours
with 49%–60% of the drug excreted unchanged in the urine within 24 hours (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits, doses that were about equal to and 0.23 times, respectively,
the recommended human clinical dose based on BSA (RHCD) resulted in
increased incidences of malformations and variations (gross external, soft
tissue, skeletal and retarded ossification) and developmental toxicity (reduced
fetal body weight and increased postimplantation loss) (1).



Studies for carcinogenicity have not been conducted with clofarabine.
Although not mutagenic in one assay, the drug was clastogenic in two assays.
Fertility studies have been conducted in mice, rats, and dogs. Toxicity was
observed in male reproductive organs in these species at doses that were
about 0.17, 3, and 0.14 times, respectively, the RHCD. In female mice, a dose
4 times the RHCD resulted in ovarian atrophy or degeneration and uterine
mucosal apoptosis (1).

It is not known if clofarabine crosses the human placenta. The molecular
weight (about 304), plasma protein binding, and elimination half-life suggest
that exposure of the embryo and fetus will occur.

BREASTFEEDING SUMMARY
No reports describing the use of clofarabine during human lactation have been
located. The molecular weight (about 304), plasma protein binding (47%), and
elimination half-life (5.2 hours) suggest that the drug will be excreted into breast
milk. The effects of this exposure on a nursing infant are unknown, but severe
toxicity potentially involving multiple systems throughout the body is a concern.
Thus, the best course is to not breastfeed while receiving clofarabine therapy.
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CLOFAZIMINE
Anti-infective (Leprostatic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Limited human pregnancy experience and the animal data suggest that the
risk of developmental toxicity is low, if it exists at all. Pigmentation of the
newborn’s skin is a potential complication.

FETAL RISK SUMMARY
Clofazimine, a bright-red dye with antibacterial properties against
Mycobacterium leprae, is used for the treatment of lepromatous leprosy.
Animal studies involving mice and rats with doses up to 50 mg/kg/day, and
rabbits, 15 mg/kg/day, found no evidence of teratogenicity (1). Fetotoxicity in
mice at doses 12–25 times the human dose, however, included retardation of
fetal skull ossification, increased incidence of abortions and stillbirths, and
decreased neonatal survival (2).

A number of studies have reported the use of clofazimine throughout human
pregnancies (3–9). In 13 pregnancies, three exposed newborns died shortly
after birth, but none of the outcomes could be attributed to clofazimine. The
causes of death were unspecified (died 3 hours after birth), prematurity and
antemortem hemorrhage, and gastroenteritis (5,7). The mother of the newborn
who died at 3 hours was steroid dependent, but she had stopped her
prednisolone 4 weeks before delivery (5). No congenital anomalies were
observed in any of the 13 infants, although some of the infants were pigmented
at birth. In at least 3 infants (data not provided in 10 infants), the pigmentation
gradually resolved over a 1-year period (8).

A 1982 case report described the effects of clofazimine exposure during
pregnancy on two newborns (10). The first case involved a woman with
erythema nodosum leprosum who was treated throughout gestation with



clofazimine, 300 mg/day, and prednisone. Rifampin was also used early in
pregnancy. Oligohydramnios developed just prior to delivery after a gestation of
uncertain dates. Thick, foul-smelling, meconium-stained fluid was present, and
the placenta showed signs of acute severe amnionitis. A 2575-g male infant
was delivered vaginally, who appeared normal except for his skin, which was
“not excessively pigmented.” Bilateral hydrocele and iron deficiency anemia
were diagnosed at 14 days of age with fever of unknown origin occurring then
and again at 5 months of age. The infant was doing well at 12 months of age.
In the second case, a woman was treated throughout pregnancy with
clofazimine, 300 mg/day, for tuberculoid leprosy. A normal, healthy 3070-g
female infant was delivered vaginally at an unspecified gestational age, and she
is growing and developing normally at 3 years of age. Skin pigmentation was
not mentioned.

A 1984 reference examined the results of 79 pregnancies from 76 women
with lepromatous leprosy, of whom 4 (5 pregnancies) were treated with
clofazimine (300 mg/week) (11). No information was given on the outcome of
these pregnancies, although the authors stated that clofazimine was the best
drug available, if given after the 1st trimester, to prevent transient relapses and
to prevent or treat erythema nodosum leprosy (11).

BREASTFEEDING SUMMARY
Clofazimine is excreted into breast milk, and pigmentation of the nursing infant
may result. In one case, a mother was ingesting clofazimine, between 100 and
300 mg/day (exact dose not specified), 6 days/week, for a 6-month period (3).
Her nursing infant became “ruddy and then slightly hypermelanotic.” The baby’s
skin returned to a normal color 5 months after the mother’s medication was
stopped.

The American Academy of Pediatrics classifies clofazimine as a drug whose
effect on the nursing infant is unknown (other than the skin pigmentation) but
may be of concern (12).
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CLOMIPHENE
Fertility Agent (Nonhormonal)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Patients requiring the use of clomiphene should be cautioned that each new
course of the drug should be started only after pregnancy has been
excluded.

FETAL RISK SUMMARY
Clomiphene is used to induce ovulation and is contraindicated after conception
has occurred. Multiple pregnancies, most often twins, may be a complication of
ovulation induction with clomiphene (1).

Shepard reviewed five animal reproduction studies involving the use of
clomiphene in mice, rats, and monkeys (2). Hydramnios, cataracts, dose-
related fetal mortality, and multiple abnormalities of the genital tract were
observed in fetal mice and rats, but no congenital anomalies resulted after
exposure of monkeys during the embryonic period. In mice, preovulatory
administration of clomiphene produced a decrease in implantation rates, and
growth restriction and an increased incidence of exencephaly in surviving
fetuses (3). The decreased rate of implantation and growth restriction, which
were most pronounced when the drug was given immediately before ovulation,
apparently were caused by impairment of uterine function, rather than by a
direct effect on the embryo itself (3).

Several case reports of neural tube defects have been reported after
stimulating ovulation with clomiphene (4–8). However, an association between
the drug and these defects has not been established (9–17). In one review, the
percentage of congenital anomalies after clomiphene use was no greater than
in the normal population (9). Similarly, another study involving 1034 pregnancies
after clomiphene-induced ovulation found no association with the incidence or
type of malformation (18). Recent studies have also failed to find an



association between ovulation induction with clomiphene and neural tube
defects (19–25) or any defects (19,23). Congenital malformations reported in
patients who received clomiphene before conception include the following
(8,9,26–40):

Hydatidiform mole
Retinal aplasia
Syndactyly
Clubfoot
Pigmentation defects
Microcephaly
Congenital heart defects
Cleft lip/palate
Down’s syndrome
Ovarian dysplasia
Hypospadias
Polydactyly
Hemangioma
Anencephaly
Persistent hyperplastic primary vitreous

A 1996 prospective study examined the possible relationship between
clomiphene and spontaneous abortions (41). The outcomes of 1744
clomiphene-induced pregnancies were compared with the outcomes of 3245
spontaneous pregnancies. The incidence of spontaneous abortion (clinical and
preclinical) was higher in clomiphene-induced pregnancies than in spontaneous
pregnancies (23.7% vs. 20.4%, p <0.01).

Acardius acephalus in a monozygotic twin was observed in a pregnancy
occurring after ovulation induced with clomiphene (42). Because monozygotic
twining is associated with an increased incidence of congenital defects, and
because clomiphene-induced ovulation increases the incidence of multiple
gestation and possibly of monozygotic twins, the investigators thought that the
drug may have had a causative role, either directly or indirectly, in the defect.
Another case of acardius acephalus similar to the one above was published in
1995 (43). The authors also mentioned a third case that had been published in
1990 (44). However, they concluded that there was insufficient evidence to
establish a relationship between clomiphene and acardiac twinning (43).

A single case of hepatoblastoma in a 15-month-old female was thought to be
caused by the use of clomiphene and follicle-stimulating/luteinizing hormone



prior to conception (45).
Inadvertent use of clomiphene early in the 1st trimester has been reported in

two patients (32,38). A ruptured lumbosacral meningomyelocele was observed
in one infant exposed during the 4th week of gestation (32). There was no
evidence of neurologic defect in the lower limbs or of hydrocephalus. The
second infant was delivered with esophageal atresia with fistula, congenital
heart defects, hypospadias, and absent left kidney (38). The mother also took
methyldopa throughout pregnancy for mild hypertension.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 41 newborns may
have been exposed to clomiphene during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (7.3%) (two expected) major birth defects
were observed, one of which was a cardiovascular defect (0.5 expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb-reduction defects, and hypospadias) for which specific
data were available. Although the number of exposures is small, these data do
not support an association between the drug and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of clomiphene during lactation have been located.
The drug may reduce lactation in some patients (46).
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CLOMIPRAMINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Clomipramine was not teratogenic in animals, but a statistically significant
association between clomipramine and cardiac defects was found in a
human study. These results require confirmation. In addition, newborn
toxicity may occur due to apparent drug withdrawal. In two cases, in utero
exposure to a benzodiazepine sedative may have contributed to the
observed symptoms. Although the data are very limited, no long-term
effects of in utero exposure to clomipramine have been observed.

FETAL RISK SUMMARY
Clomipramine is a tricyclic antidepressant in the same class as amitriptyline,
doxepin, imipramine, and trimipramine. No teratogenic effects were observed
after dosing with clomipramine via the oral (mice and rats), SC (mice and rats),
and IV (mice and rabbits) routes (1). Congenital malformations (2,3) and toxic
symptoms (caused by apparent drug withdrawal) (4–10) have been reported in
human fetuses exposed to clomipramine.

In a 1996 descriptive large case series, the European Network of the
Teratology Information Services (ENTIS) prospectively examined the outcomes
of 689 pregnancies exposed to antidepressants (2). Multiple drug therapy
occurred in about two-thirds of the mothers. Clomipramine (134 exposures)
was the most commonly used tricyclic antidepressant. The outcomes of these
pregnancies were 20 elective abortions, 22 spontaneous abortions, 4 stillbirths,
76 normal newborns (includes 2 premature infants), 9 normal infants with
neonatal disorder (primarily withdrawal symptoms), and 3 infants with
congenital defects. The defects (all exposed in the 1st trimester or longer)
were Down’s syndrome, bilateral talipes (also exposed to prazepam), and



Harlequin syndrome with multiple anomalies (exposed to multiple other agents).
A 2003 case–control study, using data from three Swedish health registers,

was conducted to identify drug use in early pregnancy that was associated with
cardiac defects (3). Cases (cardiovascular defects without known chromosome
anomalies) (N = 5015) were compared with controls consisting of all infants
born in Sweden (1995–2001) (N = 577,730). Associations were identified for
several drugs, some of which were probably due to confounding from the
underlying disease or complaint or multiple testing, but some were thought to
be true drug effects (2). For all antidepressants, there were 40 cases in 4068
exposures (odds ratio [OR] 1.14, 95% confidence interval [CI] 0.83–1.56).
There was an increased OR for the tricyclic/tetracyclic antidepressants (16
cases, 1018 exposures; OR 1.77, 95% CI 1.07–2.91), but the association was
due to clomipramine (15 cases, 838 exposures; OR 2.03, 95% CI 1.22–3.40).
The lack of an association with other antidepressants suggested to the
investigators that it was unlikely that the underlying disease itself caused the
association with clomipramine (3).

A mother took clomipramine 25 mg three times daily throughout a normal
pregnancy (4). Twelve hours after birth, the 3140-g male infant became dusky
and was hypothermic (rectal temperature 35.4°C). Hypothermia persisted for 4
days and was aggravated by feeding and handling. Jitteriness, attributed to
drug withdrawal, developed on the 2nd day and persisted for 48 hours. The
symptoms were controlled with phenobarbital. Plasma levels of clomipramine
and its metabolite, chlordesipramine, were <20 and 116 ng/mL, respectively, at
1 day of age, and <20 and 96 ng/mL, respectively, at age 3 days. Recovery
was uneventful and normal development was noted at 3 and 6 months of age
(4).

Drug withdrawal was observed in two newborns exposed throughout
gestation to clomipramine (5). A 3550-g infant, exposed to 200 mg/day,
appeared normal at birth but became lethargic, cyanotic, and tachypneic with
moderate respiratory acidosis within a few hours. Oxygen therapy corrected
the cyanosis and respiratory acidosis. Jitteriness and tremors developed by the
end of the 1st day, followed by intermittent hypertonia and hypotonia,
tachypnea, and feeding problems. Phenobarbital was used to control the
symptoms, which resolved completely in 1 week. A 4020-g newborn, whose
mother had taken 100 mg/day of clomipramine, had symptoms similar to those
observed in the first infant. Oxygen and phenobarbital therapy were used, and
although the neurologic symptoms had resolved within a few days, tachypnea
and feeding difficulties persisted for 16 days. Both infants were developing



normally at 5 months of age (5).
Neonatal convulsions were observed in two male infants after in utero

exposure to clomipramine (maternal doses not specified) (6). The onset of
seizures occurred at 8 and 7 hours. The first infant, a 3420-g newborn whose
mother had been treated with clomipramine during the last 7 weeks of
gestation, had persistent intermittent convulsions, despite treatment with
phenobarbital and paraldehyde, until 53 hours of age, after which he remained
hypertonic and jittery with ankle clonus until the 11th day. The second infant,
exposed throughout gestation to clomipramine and flurazepam (dose not
specified), delivered at 33 weeks’ gestation with a birth weight of 2360 g, had
convulsions that were unresponsive to phenobarbital. At 24 hours of age, 0.4
mg of clomipramine was given intravenously over 2 hours, resulting in complete
cessation of the symptoms for 11 hours. Upon their recurrence, a dose of 0.5
mg over 2 hours was given, followed by a continuous tapering infusion until age
12 days when oral therapy was started (doses not given). No additional
convulsions were observed, but he remained jittery. All therapy was stopped at
age 17 days without adverse effect. No follow-up of either infant was
mentioned. The combined concentrations of drug and metabolite in the mothers
were 610 and 549 ng/mL, respectively, both higher than the suggested
therapeutic range of 200–500 ng/mL. Although the exact values could not be
obtained from the graphs used in the reference, the initial combined serum
levels of clomipramine and metabolite in the infants appear to be in the range of
250–400 ng/mL. The authors attributed the convulsions to the initial steep
decline in serum drug levels, with clomipramine therapy in the second infant
permitting a more gradual decline in concentrations and, thus, control of the
infant’s symptoms. Neurologic symptoms in the infants did not resolve
completely until the concentration of clomipramine was <10 ng/mL (6).

Six cases of fetal exposure to clomipramine were described in a 1991 report
(7). One infant, with meconium-stained fluid in the trachea, had mild respiratory
distress with acidosis, mild hypotonia, and a tremor at birth. At 12 hours of
age, the newborn developed jitteriness that resolved spontaneously, along with
the other symptoms, by 6 days of age. At birth, clomipramine concentrations
were 474.4 ng/mL in the maternal serum and 266.6 ng/mL in the neonatal
plasma (ratio 1.8). Levels of the metabolite were not determined. The mother’s
dose at this time was 125 mg/day. The elimination half-life of clomipramine in
the infant during the first week, when the male infant was not breastfeeding,
was 92.8 hours. Among the other five cases, one woman had a therapeutic
abortion at 9 weeks’ gestation, one stopped clomipramine therapy when she



realized she was pregnant, and the remaining three continued therapy with daily
doses between 75 and 250 mg throughout gestation. Mild hypotonia, persisting
for several weeks, was observed in one of the four liveborn infants, and
transient tachypnea requiring oxygen therapy was observed in another. No
other symptoms or signs of toxicity were noted (7).

Three additional cases of drug withdrawal to clomipramine have been
reported (8–10). A short 1990 case report described symptoms of drug
withdrawal in a newborn exposed during the last 8–9 weeks of gestation to
daily doses of 125 mg of clomipramine and 3 mg of lorazepam (8). The 3900-g
infant was normal until 8 hours of age, when tachypnea, with a respiratory rate
of 100–120 breaths/minute, and recessions developed. Other symptoms noted
in the infant over the next 10 days were intermittent hypertonia and marked
diaphoresis. Treatment consisted of intravenous fluids, oxygen, and empiric
antibiotic therapy. No follow-up of the infant was reported (8). In the second
case, a 33-year-old woman with an obsessive-compulsive disorder was treated
with clomipramine, 100–150 mg/day, from the 12th week of gestation through
the 32nd week (9). At that time, the mother decided on her own to discontinue
the drug and, 4 days later, she presented in premature labor and imminent
delivery, and a 2.7-kg infant was delivered by cesarean section. Repetitive
seizures, rigidity, irritability, and decerebrate-like posturing, which was
unresponsive to phenobarbital and phenytoin, occurred 10 minutes after birth.
After 3 days of convulsions, 0.5 mg of clomipramine was given via gastric tube
with resolution of the seizures within 30 minutes. When the seizures recurred 10
hours later, clomipramine, 0.5 mg three times daily, was started and the
phenobarbital discontinued. The clomipramine was gradually tapered over the
next 20 days. An EEG shortly after birth showed a left temporal epileptogenic
focus, but was normal after 20 days of clomipramine therapy. The infant was
discharged home at the age of 1 month with no signs or symptoms of
neurological damage (9). The third case involved a term male infant who had
been exposed throughout gestation to 100 mg/day (10). Generalized, stimulate
sensitive, status myoclonus developed at age 2 days (clomipramine serum level
<10 ng/mL) that were successfully treated with 0.5 mg clomipramine. Previous
treatment with clonazepam and phenobarbital was unsuccessful. At 3 weeks of
age, only mild jitteriness in response to touch was noted (10).

A 2002 prospective study compared two groups of mother–child pairs
exposed to antidepressants throughout gestation (46 exposed to tricyclics—7
to clomipramine; 40 to fluoxetine) to 36 nonexposed, not depressed controls
(11). Offspring were studied between the ages 15 and 71 months for effects of



antidepressant exposure in terms of IQ, language, behavior, and temperament.
Exposure to antidepressants did not adversely affect the measured
parameters, but IQ was significantly and negatively associated with the
duration of depression, and language was negatively associated with the
number of depression episodes after delivery (11).

BREASTFEEDING SUMMARY
Clomipramine is excreted into human milk (7). A woman taking 125 mg/day of
the antidepressant had milk and plasma concentrations determined on the 4th
and 6th postpartum days. Her infant was not breastfeeding during this time.
Milk levels were 342.7 and 215.8 ng/mL, respectively, compared with plasma
levels of 211.0 and 208.4 ng/mL, respectively. The milk:plasma ratios on the
4th and 6th days were 1.62 and 1.04, respectively. Neonatal plasma
concentrations of clomipramine, from drug obtained in utero, declined from
266.6 ng/mL at birth to 94.8 ng/mL on the 6th day. The baby was allowed to
breastfeed commencing at 7 days of age; at the same time, the mother’s dose
was increased to 150 mg/day. Repeat determinations of milk and plasma
clomipramine concentrations were made between 10 and 14 hours after the
daily dose on the 10th, 14th, and 35th days after delivery. Milk levels ranged
from 269.8 to 624.2 ng/mL compared with plasma concentrations of 355.0–
509.8 ng/mL, corresponding to milk:plasma ratios of 0.76–1.22. The highest
concentrations for both the milk and the plasma occurred on the 35th day, but
neonatal drug levels continued to decline from 45.4 ng/mL on the 10th day to
9.8 ng/mL on the 35th day. No adverse effects were noted in the infant during
breastfeeding (7).

A 1996 review of antidepressant treatment during breastfeeding found no
information that clomipramine exposure during nursing resulted in quantifiable
amounts in an infant or that the exposure caused adverse effects (12).

Ten nursing infants of mothers taking antidepressants (two with clomipramine
75–125 mg/day) were compared with 15 bottle-fed infants of mothers with
depression who did not breastfeed (13). Concentrations of clomipramine in
fore-milk and hind-milk ranged from 32 to 212 ng/mL and 32 to 436 ng/mL,
respectively. The milk:maternal plasma ratios were 0.4–1.2 and 0.4–3.0,
respectively. One infant had plasma levels of 3.2 ng/mL when the mother was
taking 75 mg/day and 5.5 ng/mL when the dose was increased to 125 mg/day.
No toxic effects or delays in development were observed in the infants. The
estimated daily dose consumed by the infants was about 1% of the mother’s
weight-adjusted dose (13).



The American Academy of Pediatrics classifies clomipramine as a drug
whose effect on the nursing infant is unknown but may be of concern (14).
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CLOMOCYCLINE
Antibiotic (Tetracycline)

See Tetracycline.



CLONAZEPAM
Anticonvulsant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible*

PREGNANCY SUMMARY

Clonazepam was teratogenic in one animal species but not in another.
Published human pregnancy experience in the 1st trimester is limited to 71
cases. In these exposures, one major congenital defect was observed.
Fetal and neonatal toxicity also has been reported. Although the true
incidence of teratogenicity and toxicity cannot be determined, the risk of
adverse pregnancy outcome appears to be low, but additional study is
needed. Until such data are available, the safest course is to avoid the drug
during the 1st trimester. However, if clonazepam is indicated, it should not
be withheld because of pregnancy.

FETAL RISK SUMMARY
Clonazepam is a benzodiazepine anticonvulsant that is chemically and
structurally similar to diazepam (1). The drug is used either alone or in
combination with other anticonvulsants.

Reproduction studies in mice and rats during organogensis at doses up to 4
and 20 times, respectively, the maximum recommended human dose of 20
mg/day for seizures [MRHD-S], and 20 and 100 times, respectively, the
maximum recommended human dose of 4 mg/day for panic disorders [MRHD-
P], based on BSA, revealed no evidence of embryo or fetal effects (2). In
rabbits administered doses that were 0.2–10 times the MRHD-S and 1–50
times the MRHD-P, a low, non-dose-related incidence of a similar pattern of
malformations (cleft palate, open eyelid, fused sternebrae, and limb defects)
was observed in all dosage groups (2). At the highest dose (twice the dose
that produced reductions in maternal weight gain), intrauterine growth
restriction was also observed.

In a small series of patients (N = 150) matched with nonepileptic controls,
anticonvulsant therapy, including five women using clonazepam, had no effect



on the incidence of gestational hypertension, albuminuria, premature
contractions, premature labor, bleeding in pregnancy, duration of labor, blood
loss at delivery, cesarean sections, and vacuum extractions (3).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 19 newborns had
been exposed to clonazepam during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (15.8%) major birth defects were observed
(one expected), two of which were cardiovascular defects (0.2 expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb-reduction defects, and hypospadias) for which specific
data were available.

A prospective study published in 1999 described the outcomes of 517
pregnancies of epileptic mothers identified at one Italian center from 1977 (4).
Excluding genetic and chromosomal defects, malformations were classified as
severe structural defects, mild structural defects, and deformations. Minor
anomalies were not considered. Spontaneous (N = 38) and elective (N = 20)
abortions were excluded from the analysis, as were 7 pregnancies that
delivered at other hospitals. Of the remaining 452 outcomes, 427 were
exposed to anticonvulsants; of which, 313 involved monotherapy: clonazepam
(N = 6), carbamazepine (N = 113), phenobarbital (N = 83), valproate (N = 44),
primidone (N = 35), phenytoin (N = 31), and other (N = 1). There were no
defects in the 25 pregnancies not exposed to anticonvulsants. Of the 42 (9.3%)
outcomes with malformations, 24 (5.3%) were severe, 10 (2.2%) were mild,
and 8 (1.8%) were deformities. There were no malformations with clonazepam
monotherapy. The investigators concluded that the anticonvulsants were the
primary risk factor for an increased incidence of congenital malformations (see
also Carbamazepine, Phenobarbital, Phenytoin, Primidone, and Valproic Acid)
(4).

A 2001 report described the pregnancy outcomes of 38 women treated
during gestation with clonazepam for panic disorder (5). Twenty-nine of the
women were taking clonazepam at the time of conception and 27 were taking
the drug at delivery. The Apgar scores were within normal limits. Hospital
records were available for 27 infants, 17 of whom were exposed to the agent
at delivery. In the 27 infants, there was no evidence of neonatal withdrawal or
congenital anomalies, but 2 infants had minor defects: hydrocele; two-vessel
umbilical cord. One infant had cardiac disease (no specific details) but was not
exposed to clonazepam in the 1st trimester (5).

The database of the Hungarian Case–Control Surveillance of Congenital



Abnormalities (1980–1996) was used in a 2002 report that evaluated the
teratogenicity of five benzodiazepines: clonazepam, alprazolam, medazepam,
nitrazepam, and tofisopam (6). There were 22,865 women who delivered
infants with congenital abnormalities, 57 (0.25%) of whom used one of the
benzodiazepines in pregnancy. Clonazepam was used throughout gestation in
four cases (cleft lip and/or palate, cardiovascular defect, hypospadias, and
multiple defects). Although the data were limited, no teratogenic risk was found
for clonazepam or the other agents (6).

In a 2004 report, the medical records of 28,565 infants were surveyed to
identify cases exposed to anticonvulsants (7). Of 166 cases, 52 had been
exposed to clonazepam, 43 as monotherapy. Thirty-three of the monotherapy
cases had been exposed in the 1st trimester. Congenital defects were noted in
one (3.0%) infant: dysmorphic facial features (small eyes, ptosis, and external
auditory canal stenosis), tetralogy of Fallot, 11 pair of ribs, and growth
restriction (length and head circumference <5th percentile). As with other case
series, the data are limited but no increase in congenital malformations was
observed (7).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (8). The final report was
published in July 2010. The Registry is now closed. Among 103 prospectively
enrolled pregnancies exposed to clonazepam and lamotrigine, with or without
other anticonvulsants, 98 were exposed in the 1st trimester, resulting in 88 live
births without defects, 5 spontaneous abortions, 2 elective abortions, and 3
birth defects. There were five exposures in the 2nd/3rd trimesters resulting in
three live births, one fetal death, and one birth defect (8).

Toxicity in the newborn, apparently related to clonazepam, has been
reported. Apnea, cyanosis, lethargy, and hypotonia developed at 6 hours of
age in an infant of 36 weeks’ gestational age exposed throughout pregnancy to
an unspecified amount of clonazepam (9). There was no evidence of congenital
defects in the 2750-g newborn. Cord and maternal serum levels of clonazepam
were 19 and 32 ng/mL, respectively, a ratio of 0.59. Both levels were within the
therapeutic range (5–70 ng/mL). At 18 hours of age, the clonazepam level in
the infant’s serum measured 4.4 ng/mL. Five episodes of prolonged apnea (16–
43 seconds/occurrence) were measured by pneumogram over the next 12
hours. Hypotonia and lethargy resolved within 5 days, but overt clinical apnea
persisted for 10 days. Follow-up pneumograms demonstrated apnea spells
until 10 weeks of age, but the presence of the drug in breast milk may have
contributed to the condition (see Breastfeeding Summary). The authors



concluded that apnea due to prematurity was not a significant factor.
Neurologic development was normal at 5 months (9).

A 1995 case report described paralytic ileus of the small bowel in a fetus at
32 weeks’ gestation associated with polyhydramnios (10). The fetal stomach
was enlarged (more than 2 standard deviations above the mean). The mother
had been treated with clonazepam (4 mg/day) and carbamazepine (1800
mg/day) for epilepsy throughout gestation. A 2420-g male infant was delivered
by cesarean section at 36 weeks’ gestation. Normal bowel movements started
after three gastrographin enemas. No evidence of cystic fibrosis or
Hirschsprung disease was found and the child was developing normally at 20
months of age. The ileus was attributed to clonazepam (10).

A study published in 2009 examined the effect of AEDs on the head
circumference in newborns (11). Significant reductions in mean birth-weight-
adjusted mean head circumference (bw-adj-HC) was noted for monotherapy
with carbamazepine and valproic acid. No effect on bw-adj-HC was observed
with gabapentin, phenytoin, clonazepam, and lamotrigine. A significant increase
in the occurrence of microcephaly (bw-adj-HC smaller than 2 standard
deviations below the mean) was noted after any AED polytherapy but not after
any monotherapy, including carbamazepine and valproic acid. The potential
effects of these findings on child development warrant study (11).

BREASTFEEDING SUMMARY
Clonazepam is excreted into breast milk. In a woman treated with an
unspecified amount of the anticonvulsant, milk concentrations remained
constant between 11 and 13 ng/mL (9). The milk:maternal serum ratio was
approximately 0.33. After 7 days of nursing, the infant, described above, had a
serum concentration of 2.9 ng/mL. A major portion of this probably resulted
from in utero exposure because the elimination half-life of clonazepam in
neonates is thought to be prolonged. No evidence of drug accumulation after
breastfeeding was found. Persistent apneic spells, lasting until 10 weeks of
age, were observed, but it was not known whether breastfeeding contributed to
the condition. Based on this case, the authors recommended that infants
exposed in utero or during breastfeeding to clonazepam should have serum
levels of the drug determined and be closely monitored for central nervous
system depression or apnea (9).

A 1988 report described a woman who was treated with clonazepam (4
mg/day) and phenytoin (400 mg/day) throughout gestation and during nursing
(12). The healthy, 3930-g infant was delivered at term. Maternal serum and



milk samples were collected several times over postpartum days 2–4 at 0–11
hours after a dose. The concentrations of clonazepam in the serum ranged
from 51to 104 nmol/L (about 16–33 ng/mL), whereas those in the milk ranged
from <10 to 34 nmol/L (about 3–11 ng/mL). The infant’s serum level of
clonazepam in the pooled sample from days 2 to 4 was 15 nmol/L (about 5
ng/mL). The study could not determine the proportions of the infant drug level
that resulted from placental transfer and ingestion from milk. No effects on the
infant were mentioned (12).

A 2006 report described six women taking quetiapine and other psychotropic
agents during breastfeeding (13). Milk samples in one woman at 17.5 weeks
postpartum were obtained after doses of clonazepam (0.5 mg), quetiapine
(25 mg), and paroxetine (60 mg) (timing of samples and daily doses were not
specified). None of the drugs was detected in the milk (<30 nmol/L). The
estimated infant daily dose for all three drugs was <0.01 mg/kg/day. In
addition, the infant’s behavior was assessed with the Bayley Scales of Infant
Development, Second Edition. The results suggested normal development (13).

The effects of exposure to benzodiazepines during breastfeeding were
reported in a 2012 study (14). In a 15-month period spanning 2010–2011, 296
women called the Motherisk Program in Toronto, Ontario, seeking advice on
the use of these drugs during lactation and 124 consented to the study. The
most commonly used benzodiazepines were lorazepam (52%), clonazepam
(18%), and midazolam (15%). Neonatal sedation was reported in only two
infants. Clonazepam was not taken by either mother. There was no significant
difference between the characteristics of these 2 and the 122 that reported no
sedation in terms of maternal age, gestational age at birth, daily amount of time
nursing, amount of time infant slept each day, and the benzodiazepine dose
(mg/kg/day). The only difference was in the number of CNS depressants that
the mothers were taking: 3.5 vs. 1.7 (p = 0.0056). In one of the two infants
with sedation, the mother reported using clonazepam (0.25 mg twice daily),
flurazepam (1 mg/day), bupropion (1 mg/day), and risperidone (0.75 mg/day).
The infant also was exposed in utero. The investigators concluded that their
results supported the recommendation that the use benzodiazepines was not a
reason to avoid breastfeeding (14).

*Potential toxicity if combined with other CNS depressants.
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CLONIDINE
Antihypertensive/Central Analgesic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of clonidine with congenital defects have been
located. The drug has been used during all trimesters, but experience
during the 1st trimester is very limited. Adverse fetal effects attributable to
clonidine have not been observed (1–8).

FETAL RISK SUMMARY
Reproduction studies in rats at doses as low as 1/3 the oral maximum
recommended daily human dose MRDHD-W (based on weight) or 1/15 times
the MRDHD-BSA (based on BSA), started before gestation, resulted in
increased resorptions (9). Decreased embryo–fetal survival was not observed
when these doses were used on gestation days 6–15, but did occur in both
mice and rats at doses 40 times the MRDHD-W or 4 to 8 times the MRDHD-
BSA. No embryo or fetal toxicity or teratogenicity was observed in rabbits given
doses up to 3 times the MRDHD-W (9).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 59 newborns had
been exposed to clonidine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (5.1%) major birth defects were observed
(three expected), two of which were cardiovascular defects (0.6 expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb-reduction defects, and hypospadias) for which specific
data were available. The number of exposures is too small to draw any
conclusions.

The pharmacokinetics of clonidine during pregnancy have been reported (10).
The mean maternal and cord serum concentrations in 10 women were 0.46 and



0.41 ng/mL, respectively, corresponding to a cord:maternal ratio of 0.89. The
mean amniotic fluid concentration was 1.50 ng/mL. The mean maternal dose
was 330 mcg/day. Results of neurologic examinations and limited blood
chemistry tests in the exposed infants were similar to those in untreated
controls. No neonatal hypotension was observed.

BREASTFEEDING SUMMARY
Clonidine is secreted into breast milk (8,10). Following a 150-mcg oral dose,
milk concentrations of 1.5 ng/mL may be achieved (milk:plasma ratio 1.5) (P.A.
Bowers, personal communication, Boehringer Ingelheim, Ltd., 1981). In a study
of nine nursing women taking mean daily doses of 391.7 mcg (postpartum days
1–5), 309.4 mcg (postpartum days 10–14), and 241.7 mcg (postpartum days
45–60), milk concentrations were approximately twice those in maternal serum
(10). Mean milk levels were close to 2 ng/mL or higher during the three
sampling periods. Hypotension was not observed in the nursing infants,
although clonidine was found in the serum of the infants (mean levels less than
maternal). The long-term significance of this exposure is not known.
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CLOPIDOGREL
Hematologic Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Clopidogrel is not teratogenic in two animal species, but the limited human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. However, the known benefits to a woman appear to far
outweigh the unknown embryo–fetal risks. If a patient’s condition requires
clopidogrel, the treatment should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Clopidogrel is a direct inhibitor of adenosine diphosphate (ADP)-induced
platelet aggregation. It is a prodrug that must be biotransformed to an active
metabolite to inhibit platelet aggregation. Neither clopidogrel nor its main
circulating metabolite has platelet-inhibiting activity. The active metabolite,
which has not been identified, acts by irreversibly inhibiting ADP binding to its
receptor and the subsequent ADP-mediated activation of the glycoprotein
GPIIb/IIIa complex. Clopidogrel is indicated for the reduction of atherosclerotic
events (myocardial infarction, stroke, and vascular death) in patients with
atherosclerosis documented by recent occurrences of myocardial infarction,
stroke, or established peripheral arterial disease (1).

Reproduction studies have been conducted in pregnant rats and rabbits at
doses up to 65 and 78 times, respectively, the recommended daily human dose
based on BSA (1). No evidence of impaired fertility or fetotoxicity was seen in
either species.

It is not known if clopidogrel, or its active and inactive metabolites, cross the
human placenta. The molecular weight of the inactive parent drug (about 420
for the bisulfate) is low enough that some drug probably crosses to the embryo
or fetus. The identity and characteristics of the active metabolite, however,



have not been determined.
A woman with a history of essential thrombocythemia and myocardial

infarction received treatment with chemotherapy (details not specified) to
normalize her platelet count and then cardiac bypass surgery (2). After surgery,
she conceived while taking aspirin (300 mg/day) and ticlopidine (500 mg/day)
but aborted the pregnancy in the 2nd trimester (6 months after surgery). Her
treatment was then changed to clopidogrel (150 mg/day) combined with
intermittent low-molecular-weight heparin (dalteparin), which she took
throughout a second pregnancy. Clopidogrel was discontinued 10 days before
vaginal delivery of a healthy, 3170-g female infant. The Apgar scores were 9,
10, 10, and 10 at 1, 5, 10, and 60 minutes, respectively. The mother had no
unusual bleeding at delivery and the repair of a mediolateral episiotomy was
uneventful. There was no evidence of infarcts or areas of fibrin deposits in the
normal placenta. The bottle-fed infant was discharged home with her mother 5
days after delivery (2).

A 43-year-old woman, with a history of diabetes and hypertension, was in
her sixth pregnancy when she had an acute myocardial infarction (AMI) at 20
weeks’ gestation (3). She was treated with aspirin, nitroglycerin, and then
tirofiban with heparin for percutaneous transluminal coronary angioplasty and
intracoronary stenting. She was discharged home, 5 days after the procedure,
on aspirin, clopidogrel, and metoprolol (doses not specified). The mother and
fetus were apparently doing well with appropriate follow-up (3).

A 44-year-old woman at 8 weeks’ gestation presented with an AMI ( 4). She
was treated with intracoronary stent placement and clopidogrel (600 mg),
heparin, and a 24-hour IV infusion of eptifibatide. The next day, she was
started on clopidogrel, aspirin, and propranolol and discharged home on these
agents. At 36 weeks’ gestation, she underwent a planned cesarean section for
a healthy infant (no further details on the newborn were provided) (4).

A 38-year-old woman with severe coronary artery disease and hypertension
was started on clopidogrel 75 mg/day, aspirin 75 mg/day, labetalol 200
mg/day, and enoxaparin at about 27 weeks’ gestation (5). One week later, she
underwent percutaneous coronary intervention to place a sirolimus-eluting stent.
At 35 weeks’ gestation, a cesarean section under general anesthesia delivered
a 2.03-kg male infant with Apgar scores of 5 and 8 at 1 and 5 minutes,
respectively. No further information on the newborn was provided (5).

A 43-year-old woman, with a history of diabetes and hypertension, was in
her sixth pregnancy when she had an AMI at 20 weeks’ gestation (6). She was
treated with aspirin, nitroglycerin, and then tirofiban with heparin for



intracoronary stenting. She was discharged home, 5 days after the procedure,
on clopidogrel, aspirin, and metoprolol (doses not specified). The pregnancy
was ongoing at the time of the report (6).

In another case similar to those above, a 43-year-old woman at 21 weeks’
gestation had an AMI and underwent stent placement (7). She was then
treated with clopidogrel 75 mg/day and aspirin 100 mg/day for 2 weeks. The
aspirin was continued until 1 week before a planned cesarean section at 32
weeks’ gestation and heparin therapy was started. A healthy, 1.967-kg infant
with an Apgar of 9 was delivered. Both mother and infant were discharged 8
days later (7).

A brief 2009 case report described a 39-year-old woman at 6 weeks’
gestation who developed an AMI and was started on clopidogrel, aspirin, and
heparin (8). Following placement of a stent, the woman again experienced
chest pain, and thrombus was discovered in three coronary arteries that were
removed under coverage of abciximab and intracoronary adenosine. She was
maintained on clopidogrel and aspirin throughout pregnancy. At 41 weeks, she
was given platelet concentrates and a cesarean section delivered a female
infant with appropriate weight (not specified). Defects in the infant included a
patent foramen ovale, a muscular ventricular septal defect, and moderate mitral
regurgitation. The authors considered the anomalies relatively common with a
benign prognosis (8).

Five other case reports have described the use of clopidogrel in pregnancy,
two throughout gestation (9,10) and the others starting at 10, 25, and 31
weeks’ gestation (11–13). No congenital anomalies were observed in the five
newborns.

BREASTFEEDING SUMMARY
No reports describing the use of clopidogrel during human lactation have been
located. The molecular weight of the inactive parent drug (about 420 for the
bisulfate) suggests that it will be excreted into breast milk. The effect of this
possible exposure on a nursing infant is unknown.
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CLORAZEPATE
Sedative/Anticonvulsant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The effects of benzodiazepines on the human embryo and fetus are
controversial. Although some studies have reported an association with
various types of congenital defects, other studies have not found such
associations (see also Chlordiazepoxide or Diazepam). Maternal denial of
exposure and concurrent exposure to other toxic drugs and substances
(e.g., alcohol and smoking) may be confounding factors. If the maternal
condition requires use of the drug during pregnancy, the lowest possible
dose should be taken.

FETAL RISK SUMMARY
Clorazepate is a member of the benzodiazepine class of agents. The drug
undergoes rapid metabolism to an active metabolite, nordiazepam, so there is
essentially no circulating parent drug. Plasma protein binding of nordiazepam
and its elimination half-life is about 40–50 hours. No teratogenic effects were
observed in rats and rabbits fed large doses of the drug during gestation (1).
The pharmacokinetics of clorazepate have been determined in pregnant women
(2,3).

Consistent with the molecular weight (about 409) of the parent drug, the
active metabolite, nordiazepam, crosses the human placenta and has been
measured in amniotic fluid at 13 to 40 weeks’ gestation, umbilical cord blood
(both arterial and venous), and in milk (2).

One report described multiple anomalies in an infant exposed to clorazepate
during the 1st trimester (4). Exposure may have commenced as early as the
3rd week of gestation (5th week after the last menstrual period). The woman
reportedly consumed 23 doses of the drug during the 1st trimester. Deformities
present in the infant at birth were distended abdomen, oval mass in the



suprapubic area, skin tag at site of penis without a urethral opening, absent
scrotum and anus, marked shortening of the right thigh, bifid distal part of left
foot, left great toe abnormality, right foot with four toes and an abnormal great
toe, short digit attached to right finger in place of the thumb on left hand,
deformities of the sacrum and fourth and fifth lumbar vertebrae with a narrowed
pelvis, underdeveloped right femur, absent right fibula, absence of two left
metacarpal bones, hypoplasia of first right metacarpal bone, patent ductus
arteriosus, absence of right lung lobe, cecum, rectum, and right kidney, and the
presence of several supernumerary spleens. The infant died 24 hours after
birth (4).

In an unconfirmed, retrospective report of oral contraceptive drug
interactions, one woman became pregnant while taking a combination tablet of
ethinyl estradiol 80 mcg/norethindrone 1 mg (5). The only other medications
consumed immediately prior to the pregnancy were clorazepate and an
unidentified cold tablet. The authors speculated that a possible interaction may
have occurred between the antihistamine in the cold tablet and the
contraceptive. Although the woman claimed she did not miss any doses of the
oral contraceptive, there was no confirmation of compliance (5). Interpretation
of this interaction, if it exists, is not possible.

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (6). The final report was
published in July 2010. The Registry is now closed. In two prospectively
enrolled pregnancies exposed in the 1st trimester to clorazepate and
lamotrigine, with or without other anticonvulsants, there was one fetal death
and one spontaneous abortion (6).

BREASTFEEDING SUMMARY
No reports describing the use of clorazepate during human lactation have been
located.

However, following a single 20-mg clorazepate dose administered IM to
seven women during labor, low concentrations of nordiazepam, the active
metabolite, were found in milk at 2 days postdose (average 10.0 ng/mL, range
7.5–15.5 ng/mL) and at 4 days (average 9.4 ng/mL, range 6–12 ng/mL). The
milk:maternal blood ratios were 0.18 and 0.23, respectively. In infant blood at 2
days, only trace amounts were measured in five with 4 ng/mL and 7.5 ng/mL
levels in the other two. In five infants at 4 days, the average concentration was
5.7 ng/mL (range 4–8.5 ng/mL). In the other two infants, one had trace
amounts and the other had a coagulated sample. In absolute terms, the



amounts were considered negligible (2).
Other benzodiazepines accumulate in human milk, and adverse effects in the

nursing infant have been reported (see Diazepam). The American Academy of
Pediatrics classifies other benzodiazepines as drugs whose effect on the
nursing infant is unknown but may be of concern (e.g., see Diazepam).
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CLOTRIMAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The absorption of clotrimazole from the skin and vagina is minimal. Three
large surveillance studies found no association between clotrimazole and
birth defects. However, one study did find a significant increase in the risk
of spontaneous abortions (SABs) with 1st trimester vaginitis treatment. A
later study speculated that this effect might have been due to inhibition of
the critical enzyme aromatase. Until there are more data regarding this
possible association, the best course is to avoid the use of clotrimazole for
vaginitis treatment in the 1st trimester or the application of the antifungal to
large areas of skin at any time in pregnancy.

FETAL RISK SUMMARY
Clotrimazole is in the same antifungal class of imidazole derivatives as
butoconazole, econazole, ketoconazole, miconazole, oxiconazole,
sertaconazole, sulconazole, and tioconazole. No reports linking the use of
clotrimazole with congenital defects have been located. The topical use of the
drug in pregnancy has been studied (1–4). No adverse effects attributable to
clotrimazole were observed. Absorption of the agent from the skin and vagina
is minimal (5).

Suspected birth defect diagnoses occurred in 6564 offspring of 104,339
women in a retrospective analysis of women who had delivered in Michigan
hospitals during 1980–1983 (6). First-trimester vaginitis treatment with
clotrimazole occurred in 74 of the 6564 deliveries linked to birth defect
diagnoses and in 1012 of the 97,775 cases not linked to such diagnoses. The
estimated relative risk of birth defects when clotrimazole was used was 1.09
(95% confidence interval [CI] 0.9–1.4). An estimated relative risk for SABs of
1.36 (95% CI 1.1–1.6) was calculated based on 112 clotrimazole exposures
among 4264 abortions compared with 1086 1st trimester exposures among



55,736 deliveries. Although an increased relative risk for birth defects was not
found, this study could not exclude the possibility of an association with a
specific birth defect (6).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 2624 newborns
had been exposed to clotrimazole (maternal vaginal use) during the 1st
trimester (F. Rosa, personal communication, FDA, 1993). A total of 118 (4.5%)
major birth defects were observed (112 expected). Specific data were
available for 6 defect categories, including (observed/expected) 27/26
cardiovascular defects, 4/4 oral clefts, 3/1 spina bifida, 9/7 polydactyly, 1/4
limb-reduction defects, and 6/6 hypospadias. These data do not support an
association between vaginal use of clotrimazole and congenital defects.

Data from the Hungarian Case-Control Surveillance of Congenital
Abnormalities (1980–1992) were used to examine the potential teratogenic
effects of vaginal and/or topical use of clotrimazole (7). Although clotrimazole
use was not associated with an increase in the prevalence of any birth defect
(fetal and live births), there was a suggestion that it was associated with a
decrease in the prevalence of undescended testis (prevalence odds ratio 0.72,
95% CI 0.54–0.95) (7).

A 2002 study evaluated azole antifungals commonly used in pregnancy for
their potential to inhibit placental aromatase, an enzyme that is critical for the
production of estrogen and for the maintenance of pregnancy (8). The authors
speculated that the embryotoxicity observed in animals and humans (see also
Miconazole and Sulconazole) might be explained by inhibition of aromatase.
They found that the most potent inhibitors of aromatase were (shown in order
of decreasing potency) econazole, bifonazole (not available in United States),
sulconazole, clotrimazole, and miconazole. However, an earlier study reported
a pregnancy that was maintained even when there was severe fetal and
placental aromatase deficiency (<0.3% of that of controls) caused by a rare
genetic defect (9). In this case, both the fetus and mother were virilized
because of diminished conversion of androgens to estrogen. Because the
pregnancy was maintained and the virilization, the case suggested that the main
function of placental aromatase was to protect the mother and fetus from
exposure to adrenal androgens (9).

BREASTFEEDING SUMMARY
The absorption of clotrimazole from the skin and vagina is minimal (5).
Therefore, it is doubtful if measurable amounts of the antifungal agent appear in



milk.
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CLOZAPINE
Antipsychotic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports have linked clozapine with congenital malformations, but the
data are limited. There is no evidence of embryo or fetal harm with other
agents in this subclass. Because clozapine is indicated for severe
debilitating mental disease, the benefits to the mother appear to outweigh
the unknown embryo–fetal risk. However, there is a risk of extrapyramidal
and/or withdrawal symptoms in the newborn if the drug is used in the 3rd
trimester. Moreover, clozapine may cause agranulocytosis and other
adverse reactions, so it is available only through a restricted program (1).
Because of the limited human pregnancy experience with atypical
antipsychotics, the American College of Obstetricians and Gynecologists
does not recommend the routine use of these agents in pregnancy, but a
risk–benefit assessment may indicate that such use is appropriate (2). A
1996 review on the management of psychiatric illness concluded that
patients with histories of chronic psychosis represent a high-risk group (for
both the mother and the fetus) and should be maintained on pharmacologic
therapy before and during pregnancy (3). Folic acid, 4 mg/day, has been
recommended for women taking atypical antipsychotics because they may
have a higher risk of neural tube defects due to inadequate folate intake
and obesity (4).

FETAL RISK SUMMARY
Clozapine is an atypical antipsychotic indicated for treatment-resistant
schizophrenia. It belongs to the antipsychotic subclass of dibenzapine
derivatives that includes asenapine, loxapine, olanzapine, and quetiapine.
Clozapine is almost completely metabolized to weakly active and inactive



metabolites. Plasma protein binding is about 97% and the dose-dependent
mean elimination half-life is about 12 hours at steady state (1).

Reproduction studies in rats and rabbits at doses up to 0.4 and 0.9 times,
respectively, the maximum recommended human dose based on BSA found no
evidence of impaired fertility or fetal harm (1).

A brief 1993 report described a woman who was treated prior to and
throughout gestation with clozapine (dose not given) for treatment-resistant
chronic undifferentiated schizophrenia (5). An apparently healthy, about 3689-g
male infant was delivered at term. The authors cited information on 14 other
women who had taken clozapine during gestation apparently without fetal
adverse effects (6).

Consistent with the molecular weight (about 327), clozapine crosses the
placenta, at least at term. A 1994 report described a woman who was
maintained on 100 mg/day before and during the first 32 weeks of gestation
(7). The dose was then lowered to 50 mg/day until she delivered at term a
normal female infant. No psychomotor abnormalities were observed in the
infant up to 6 months of age. Clozapine plasma levels, measured in the mother
throughout her pregnancy, ranged from 38–55 ng/mL (100 mg/day) to 14.1–
15.4 ng/mL (50 mg/day). At birth, the cord blood concentration was 27 ng/mL
(maternal 14.1 ng/mL), representing a ratio of approximately 2. The amniotic
fluid concentration was 11.6 ng/mL (7).

Nine diverse case reports of adverse pregnancy outcomes involving the use
of clozapine during pregnancy have been reported to the FDA (F. Rosa,
personal communication, FDA, 1995). In the absence of a cohort denominator,
the cases do not suggest a fetal risk and may have been caused by chance.
The cases were neonatal hypocalcemia, convulsions; asymmetry of buttock
crease; Turner’s syndrome (chromosomal abnormality); spontaneous abortion
(SAB), hydropic villous degeneration (chromosomal abnormality); SAB 8th
week (abnormal gestational sac); multiple congenital defects (unspecified)
(pregnancy terminated); congenital blindness; clinodactyly thumbs and big toes;
and neonatal cerebral hemorrhage.

A case report in 1996 described an otherwise healthy male infant, exposed
throughout gestation to clozapine (200–300 mg/day) and lorazepam (7.5–12.5
mg/day), who developed transient, mild floppy infant syndrome after delivery at
37 weeks’ gestation (8). The mother had taken the combination therapy for the
treatment of schizophrenia. The hypotonia, attributed to lorazepam because of
the absence of such reports in pregnancies exposed to clozapine alone,
resolved 5 days after birth (8).



A 2005 study, involving women from Canada, Israeli, and England, described
151 pregnancy outcomes in women using atypical antipsychotic drugs (9). The
exposed group was matched with a comparison group (N = 151) who had not
been exposed to these agents. The drugs and number of pregnancies were
olanzapine (N = 60), risperidone (N = 49), quetiapine (N = 36), and clozapine (N
= 6). In those exposed, there were 110 live births (72.8%), 22 SABs (14.6%),
15 elective abortions (9.9%), and 4 stillbirths (2.6%). Among the live births, one
infant exposed in utero to olanzapine had multiple anomalies, including midline
defects (cleft lip, encephalocele, and aqueductal stenosis). The mean birth
weight was 3341 g. There were no statically significant differences, including
rates of neonatal complications, between the cases and controls, with the
exceptions of low birth weight (10% vs. 2%, p = 0.05) and elective abortions
(9.9% vs. 1.3%, p = 0.003). The low birth weight may have been caused by the
increased rate of cigarette smoking (38% vs. 13%, p ≤0.001) and heavy/binge
alcohol use (5 vs. 1) in the exposed group (9).

BREASTFEEDING SUMMARY
Clozapine is concentrated in breast milk (7). While taking clozapine 50 mg/day,
a mother (described above) on her first postpartum day had a plasma
concentration of 14.7 ng/mL and a concentration of 63.5 ng/mL from the first
portion of her breast milk (milk:plasma ratio [M:P] 4.3). One week postpartum,
4 days after the dose was increased to 100 mg/day, the two concentrations
were 41.4 and 115.6 ng/mL (M:P ratio 2.8), respectively. The infant was not
allowed to breastfeed (7).

In a 1995 report, four mothers taking clozapine were breastfeeding their
infants, one of whom had drowsiness and another developed agranulocytosis
that was possibly due to clozapine. No further details were provided (10).

A 2007 report described a case in which the mother took clozapine 100
mg/day throughout pregnancy and breastfeeding (11). She gave birth to a
healthy female infant who was breastfed up to 1 year of age. The infant’s
development was normal except for her speech that was delayed. She did not
achieve normal, fluent speech until 5 years of age. The cause of the
developmental delay could not be determined (11).

The American Academy of Pediatrics classifies clozapine as a drug whose
effect on the nursing infant is unknown but may be of concern (12).
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COCAINE
Sympathomimetic
PREGNANCY RECOMMENDATION: Contraindicated (Systemic)
Compatible (Topical)
BREASTFEEDING RECOMMENDATION: Contraindicated (Systemic)
Compatible (Topical)

PREGNANCY SUMMARY

The widespread abuse of cocaine has resulted in major toxicity in the
mother, the fetus, and the newborn. The use of cocaine is often
significantly correlated with the heavy use of other abuse drugs. Many of
the studies reviewed here were unable completely to separate this usage in
their patient populations or were unable to verify self-reported usage of
cocaine, thus resulting in the possible misclassification of patients into the
various groups. Whether the reported consequences of maternal cocaine
exposure are due to these biases, to cocaine itself, to other drugs acting
independently or in conjunction with cocaine, to poor lifestyles, or to other
maternal characteristics are not presently clear. It is clear, however, that
women who use cocaine during pregnancy are at significant risk for shorter
gestations, premature delivery, spontaneous abortions, abruptio placentae,
and death. The drug decreases uterine blood flow and induces uterine
contractions. An increased risk may exist for premature rupture of the
membranes but apparently not for placenta previa. The unborn children of
these women may be growth restricted or severely distressed, and they
are at risk for increased mortality. In utero cerebrovascular accidents with
profound morbidity and mortality may occur. Congenital abnormalities
involving the genitourinary tract, heart, limbs, and face may occur, and
cocaine abuse should be considered teratogenic. Bowel atresias have also
been observed in newborn infants, which may be due to intrauterine bowel
infarctions. The exact mechanism of cocaine-induced malformations is
presently uncertain, but it may be related to the placental vasoconstriction
and fetal hypoxia produced by the drug, with the resulting intermittent
vascular disruptions and ischemia actually causing the fetal damage.
Interactions with other drugs, however, may play a role. In addition to the



above toxicities, the newborn child exposed to cocaine during gestation is
at risk for severe neurobehavior and neurophysiologic abnormalities that
may persist for months. An increased incidence of sudden infant death
syndrome in the first few months after birth may also be a consequence of
maternal cocaine abuse in conjunction with other factors. Long-term studies
of cocaine-exposed children need to be completed before a true
assessment of the damage caused by this drug can be determined.

FETAL RISK SUMMARY
Cocaine, a naturally occurring alkaloid, is legally available in the United States
as a topical anesthetic, but its illegal use as a central nervous system stimulant
far exceeds any medicinal market for the drug. Cocaine is a sympathomimetic,
producing hypertension and vasoconstriction as a result of its direct
cardiovascular activity. The increasing popularity of cocaine is due to its potent
ability to produce euphoria, an effect that is counterbalanced by the strong
addictive properties of the drug (1). As of 1985, an estimated 30 million
Americans had used cocaine and 5 million were believed to be using it regularly
(1). Although the exact figures are unknown, current usage probably exceeds
these estimates. Preliminary results of a study conducted between July 1984
and June 1987 in the Boston area indicated that 117 (17%) of 679 urban
women used cocaine at least once during pregnancy as determined by prenatal
and postpartum interviews and urine assays for cocaine metabolites (2). Final
results from this study, now involving a total of 1226 mothers, found that 216
(18%) used cocaine during pregnancy, but that only 165 (76%) of these women
would have been detected by history alone (3). Fifty-one women who had
denied use of cocaine had positive urine assays for cocaine metabolites. Other
investigators have reported similar findings (4). Of 138 women who had
positive urine screens for cocaine at delivery, only 59 (43%) would have been
identified by drug history alone. In this same study, the increasing prevalence of
maternal cocaine abuse was demonstrated (4). Over a 24-month period
(September 1986–August 1988), the incidence of positive urine screens for
cocaine in women at delivery rose steadily, starting at 4% in the first 6-month
quarter and increasing to 12% in the final quarter. The total number of women
(1776) was approximately equally divided among the four quarters.

Illicitly obtained cocaine varies greatly in purity, and it is commonly
adulterated with substances such as lactose, mannitol, lidocaine, and procaine
(5). Cocaine is detoxified by liver and plasma cholinesterases (1,5). Activity of



the latter enzyme system is much lower in the fetus and in infants and is
decreased in pregnant women, resulting in slower metabolism and elimination
of the drug (1,5). Moreover, most studies have found a correlation between
cocaine use and the use of other drugs of abuse such as heroin, methadone,
methamphetamine, marijuana, tobacco, and alcohol. Compared with drug-free
women, this correlation was highly significant (p <0.0001) and, further, users
were significantly more likely to be heavy abusers of these substances (p
<0.0001) (2).

Research on the effects of maternal and fetal cocaine exposure has focused
on several different areas. It reflects the wide-ranging concerns for fetal safety
this drug produces:

Placental transfer of cocaine
Pregnancy complications
Placental receptor function
Premature labor and delivery
Spontaneous abortions
Premature rupture of membranes (PROM)
Placenta previa
Gestational hypertension
Abruptio placentae
Ruptured ectopic pregnancy
Maternal mortality
Fetal complications
Growth restriction
Fetal distress
Cerebrovascular accidents
Congenital anomalies
Infant complications
Neurobehavior
Mortality
Hospitalizations

Placental Transfer
Although the placental transfer of cocaine has not been quantified in humans,
cocaine metabolites are frequently found in the urine of in utero-exposed
newborns. Because cocaine has high water and lipid solubility, low molecular
weight (about 340), and low ionization at physiologic pH, it should freely cross
to the fetus (5). In pregnant sheep given IV cocaine, 0.5 mg/kg, to produce



plasma levels similar to those observed in humans, fetal plasma levels at 5
minutes were 46.8 ng/mL compared with simultaneous maternal levels of 405
ng/mL (fetus 12% of mother) (6). At 30 minutes, the levels for fetal and
maternal plasma had decreased to 11.8 and 83 ng/mL, respectively (fetus 14%
of mother). Uterine blood flow was decreased in a dose-dependent manner by
36% after the above dose (6). Decreases in uterine blood flow of similar
magnitude have also been observed in other studies with pregnant sheep (7,8).
In one report, the reduction was accompanied by fetal hypoxemia,
hypertension, and tachycardia, which were more severe than when cocaine
was administered directly to the fetus (8).

Pregnancy Complications
PLACENTAL RECEPTOR FUNCTION In a study examining the effects of prenatal

cocaine exposure on human placental tissue, significant decreases, as
compared with nonexposed controls, were found for the total number of β-
adrenergic receptor-binding sites (202 vs. 313 fmol/mg, p <0.01), μ-opiate
receptor-binding sites (77 vs. 105 fmol/mg, p <0.05), and δ-opiate receptor-
binding sites (77 vs. 119 fmol/mg, p <0.01) (9). These effects were interpreted
as a true down-regulation of the receptor population and may be associated
with increased levels of adrenergic compounds (9,10). The authors speculated
that if a similar down-regulation of the fetal adrenergic receptor-binding sites
also occurred, it could result in disruption of synaptic development of the fetal
nervous system. However, the clinical significance of these findings has not yet
been determined (9).

PREMATURE LABOR/DELIVERY The effect of maternal cocaine use on the duration
of gestation has been included in several research papers (3,4,11–25). When
compared with non-drug-using controls, in utero cocaine exposure invariably
resulted in significantly shortened mean gestational periods ranging up to 2
weeks. A statistically significant mean shorter (1.9 weeks) gestational period
was also observed when cocaine–polydrug users (20% used heroin) were
compared with noncocaine–polydrug users (26% used heroin) (13). Two other
studies, comparing cocaine/amphetamine (18) or cocaine/methadone (17)
consumption with noncocaine heroin/methadone-abusing women, found
nonsignificant shorter gestational lengths, 37.9 vs. 38.3 weeks and 37.2 vs.
38.1 weeks, respectively. A third study classified some of their subjects into
two subgroups: cocaine only (N = 24) and cocaine plus polyabuse drugs (N =
46) (20). No statistical differences were measured for gestational age at
delivery (36.6 vs. 37.4 weeks) or for the incidence of preterm (<37 weeks)



delivery (25.0% vs. 23.9%). When included as part of the research format, the
incidence of premature labor and delivery was significantly increased in
comparison to that in drug-free women (4,11,18–25). When comparisons were
made with noncocaine opiate abusers, the incidences were higher but not
significant. One investigation also found that cocaine use significantly increased
the incidence of precipitous labor (11). Although objective data were not
provided, a 1985 report mentioned that several cocaine-exposed women had
noted uterine contractions and increased fetal activity within minutes of using
cocaine (26). This same group reported in 1989 that infants who had been
exposed to cocaine throughout pregnancy (N = 52) (average maternal dose/use
= 0.5 g) had a significantly shorter mean gestational age than infants of drug-
free women (N = 40), 38.0 weeks vs. 39.8 weeks (p <0.001), respectively
(24). The gestational period of those who used cocaine only during the 1st
trimester was a mean 38.9 weeks, which was not significantly different from
that of either of the other two groups. The incidence of preterm delivery
(defined as <38 weeks) in the three groups was 17% (4 of 23; 1st trimester
use only), 31% (16 of 52; cocaine use throughout pregnancy), and 3% (1 of 40;
drug-free controls) (24). Only the difference between the latter two groups was
statistically significant (p <0.003). In another 1989 study, bivariate comparisons
of 114 cocaine users (as determined by positive urine assays) with 1010
nonusers (as determined by interview and negative urine assays) indicated the
difference in gestational length to be statistically significant (38.8 weeks vs.
39.3 weeks, p <0.05) (3). However, multivariate analyses to control the effect
of other substances and maternal characteristics known to affect pregnancy
outcome adversely resulted in a loss of significance, thus demonstrating that, in
this population, cocaine exposure alone did not affect the duration of gestation
(3).

SPONTANEOUS ABORTIONS  A 1985 report found an increased rate of
spontaneous abortions (SABs) in previous pregnancies of women using cocaine
either alone or with narcotics compared with women using only narcotics and
women not abusing drugs (26). These data were based on patient recall, so
the authors were unable to determine whether a causal relationship existed. In
a subsequent report on this patient population, the incidence of previous
abortions (not differentiated between elective and spontaneous) was
significantly greater in women who predominantly used cocaine either alone or
with opiates when compared with those who used only opiates or with non-
drug-using controls (25). A statistically significant (p <0.05) higher incidence of
one or more SABs was found in 117 users (30%) compared with 562 nonusers



(21%) (2). Other studies, examining cocaine consumption in current
pregnancies, found no correlation between the drug and SABs (5,15–17,22).

PREMATURE RUPTURE OF MEMBRANES Premature rupture of membranes
(PROM) was observed in 2% of 46 women using cocaine and/or
methamphetamine vs. 10% of 49 women using narcotics vs. 4.4% of 45 drug-
free controls (differences not significant) (18). Similarly, no difference in PROM
rates was noted between two groups of women admitted in labor without
previous prenatal care (cocaine group N = 124, noncocaine group N = 218)
(23). However, a 1989 report found a statistically significant increase in the
incidence of PROM in women with a positive urine screen for cocaine (29 of
138, 21%) in comparison with non-cocaine-using controls (3 of 88, 3%) (p
<0.0005) (4). Although not statistically significant, the risk of PROM was higher
in women who predominantly used cocaine either alone (10%, 6 of 63) or with
opiates (14%, 4 of 28) than in drug-free controls (2%, 3 of 123) (26). The
incidence of placenta previa was also not increased by cocaine use in this
study (22). In contrast, 33% of 50 “crack” (alkaloidal cocaine that is smoked)
users had PROM compared with 18% of non-drug-using controls (p = 0.05)
(21). Drug abuse patterns in both groups were determined by interview, which
may have introduced classification error into the results, but the authors
reasoned that any error would have underestimated the actual effect of the
cocaine exposure (21).

GESTATIONAL HYPERTENSION  Two studies have measured the incidence of
gestational hypertension in their patients (22,23). In one, the rate of this
complication in cocaine-exposed and nonexposed women was too low to report
(22). In the second, 25% (13 of 53) of cocaine-exposed women vs. 4% (4 of
100) of nonexposed controls had the disorder (p <0.05) (23). Other factors
such as maternal age, race, use of multiple abuse drugs, small numbers, and
self-reported cocaine exposure may have accounted for this difference.

ABRUPTIO PLACENTAE Two cases of abruptio placentae after IV and intranasal
cocaine use were reported in 1983 (27). Since this initial observation, a number
of similar cases of this complication have been described
(1,4,5,11,14,18,19,21,24–26,28–30), although some investigators either did not
observe any cases (31) or the number of cases in the studied patients was too
low to report (22). The findings of one study indicated that abruptio placentae-
induced stillbirths in cocaine users (N = 50), multiple drug users (some of whom
used cocaine) (N = 110), and drug-free controls (N = 340) were 8%, 4.5%, and
0.8%, respectively (5). The difference between the cocaine-only group and the
controls was significant (p <0.001). The four mothers in the cocaine group



suffered placental abruption after IV and intranasal administration (one each)
and smoking (two cases). Two of the five mothers in the multiple drug use
group suffered the complication after injection of a “speed ball” (heroin plus
cocaine) (5). Thus, 6 of the 12 cases were associated with cocaine use. Onset
of labor with abruptio placentae was observed in 4 of 23 women after the use
of IV cocaine (25). Additional information was provided by these investigators in
a series of papers extending into 1989 (11,14,20,24,25). The latest data
indicated that in women who had used cocaine during pregnancy (N = 75; 23 of
whom used cocaine only during the 1st trimester), 10 (13.3%) had suffered
abruptio placentae compared with none of the 40 drug-free controls (p <0.05)
(24). Retroplacental hemorrhages, including placental abruption, were
significantly increased in a cocaine and/or methamphetamine group (13% of 46)
in comparison with either opiate users (2% of 49) or drug-free controls (2.2%
of 45) (p <0.05) (18). Two cases of abruptio placentae were observed in 55
women using “crack” (none in 55 drug-free controls) (21) and one case in a
woman using cocaine in 102 consecutive deliveries at a Texas hospital (28).
Three additional cases of sonographically diagnosed abruption probably related
to cocaine use were described in a 1988 report (29). Although the exact
mechanism of cocaine-induced abruptio placentae is still unknown, the
pharmacologic effects of the drug offer a reasonable explanation. Cocaine
prevents norepinephrine reuptake at nerve terminals, producing peripheral and
placental vasoconstriction, reflex tachycardia with acute hypertension, and
uterine contractions. The net effect of these actions in some cases may be
abruptio placentae (1,5,11,18,24,26,27,32).

RUPTURED ECTOPIC PREGNANCY Two cases of rupture of ectopic pregnancies
were reported in 1989 (33). In both incidences, the women described severe
abdominal pain immediately after consuming cocaine (smoking in one, nasally in
the other). While the authors of this report could not totally exclude
spontaneous rupture of the tubal pregnancies, they concluded that the short
time interval between cocaine ingestion and the onset of symptoms made the
association appear likely (33).

Maternal Mortality
Fatalities following adult cocaine use have been reported frequently, but only
two cases have been located that involve pregnant women (34,35). A 24-year-
old woman, who smoked “crack” daily, presented at 34 weeks’ gestation with
acute onset of severe headache and photophobia (34). Her symptoms were
determined to be due to subarachnoid hemorrhage resulting from a ruptured



aneurysm. Following surgery to relieve intracranial pressure and an
unsuccessful attempt to isolate the aneurysm, the patient gave birth to a normal
2400-g male infant. Her condition subsequently worsened on postpartum day
21 and she died 4 days later from recurrent intracranial hemorrhage. The
second case involved a 21-year-old in approximately her 16th week of
pregnancy (35). She was admitted to the hospital in a comatose condition after
about 1.5 g of cocaine had been placed in her vagina. She was maintained on
life support systems and eventually delivered, by cesarean section, a female
infant at 33 weeks’ gestation with severe brain abnormalities. The infant died at
10 days of age, and the mother died approximately 4 months later.

Fetal Complications
GROWTH RESTRICTION Fetal complications reported after exposure to cocaine

include growth restriction, fetal distress, cerebrovascular accidents, and
congenital anomalies. A large number of studies have examined the effect of in
utero cocaine exposure on fetal growth parameters (birth weight, length, and
head circumference) (2–5,11–26,36–39). Most of these studies found, after
correcting for confounding variables, that cocaine exposure, when compared
with non-drug-abuse populations, was associated with reduced fetal growth.
This reduction was comparable, in most cases, with that observed in fetuses
exposed to opiates, such as heroin or methadone. A survey of 117 users
compared to 562 nonusers discovered that 14% of the former had given birth
to a low-birth-weight infant vs. 8% of the nonexposed women (p <0.05) (2). In
one investigation, when maternal drug use included both cocaine (or
amphetamines) and narcotics, the infants (N = 9) had a significant reduction in
birth weight, length, and head circumference compared to either stimulant or
narcotic use alone (18). In an earlier report, no significant differences were
observed in fetal growth parameters between groups of women consuming
cocaine (N = 12), cocaine plus methadone (N = 11), methadone (N = 15), and
noncocaine/nonmethadone controls (N = 15) (26). However, in a subsequent
publication from these researchers, women who used cocaine throughout
gestation (as opposed to those who only used it during the 1st trimester) were
significantly more likely than drug-free controls to deliver low-birth-weight
infants; 25% (13 of 52) vs. 5% (2 of 40) (p <0.003), respectively (24). Fetal
growth parameters (birth weight, length, and head circumference) were also
significantly (p <0.001) depressed compared with those of controls if the
woman used cocaine throughout pregnancy (24). Exposure during the 1st
trimester only resulted in reduced growth, but the difference was not significant.



Some investigators have suggested that the decrease in fetal growth in two
studies may have been due to poor nutrition or to alcohol intake (40,41). In both
instances, however, women abusing alcohol either had been excluded or their
exclusion would not have changed the findings (42,43). In one study that found
no statistical difference in birth weights between infants of cocaine users and
noncocaine users, only 10 cocaine-exposed newborns were involved (28). The
cocaine group had been identified from obstetric records of 102 consecutively
delivered women. However, the sample size is very small and the character of
cocaine use (e.g., dose, frequency, etc.) could not always be determined. In
addition, recent research has shown that self-reporting of cocaine use probably
underestimates the actual usage (3,4).

A single case of oligohydramnios at 17 weeks’ gestation with two increased
serum α-fetoprotein levels (125 and 168 mcg/L) has been described, but any
relationship between these events and the mother’s history of cocaine abuse is
unknown (44). Intrauterine growth restriction was diagnosed at 26 weeks’
gestation followed shortly thereafter by fetal death in utero. Analysis of fetal
whole blood showed a cocaine level of 1 mcg/mL, within the range associated
with fatalities in adults (44).

In a prospective 1989 study involving 1226 mothers, 18% used cocaine as
determined by interview or urine assay (3). After controlling for potentially
confounding variables and other substance abuse, infants of women with
positive urine assay for cocaine, compared with infants of nonusers, had lower
birth weights (93 g less, p = 0.07), lengths (0.7 cm less, p = 0.01), and head
circumferences (0.43 cm less, p = 0.01). The effect of cocaine on birth weight
was even greater if prepregnancy weight and pregnancy weight gain were not
considered. The mean reduction in infant birth weight was now 137 g vs. 93 g
when these factors were considered (p <0.01). In those cases where the
history of cocaine use was positive but the urine assay was negative, no
significant differences were found by multivariate analyses. The authors
concluded not only that cocaine impaired fetal growth but also that urine assays
(or another biologic marker) were important to show the association (3).

Multiple ultrasound examinations (two to four) were used to evaluate fetal
growth in a series of 43 women with primary addiction to cocaine (45). An
additional 24 women were studied, but their ultrasound examinations were
incomplete in one aspect or another and they were not included in the analysis.
Careful attention was given to establishing gestational age. Complete ultrasonic
parameters included biparietal diameter, femur length, and head and abdominal
circumferences. The number of addicted infants with birth weight, head



circumference, and femur length at ≤50th, ≤25th, and ≤10th percentile ranks did
not differ significantly from expected standard growth charts. However, the
number of examinations yielding values for biparietal diameter and abdominal
circumference at the ≤50th and ≤25th percentile ranks was significantly more
than expected (p = 0.001). Because biparietal diameter and head
circumference are not independent parameters, each being an indicator of fetal
head size, the authors speculated that the most logical explanation for their
findings was late-onset dolichocephalia (45). Based on these findings, the study
concluded that maternal cocaine use had adversely affected fetal growth. If
only birth weight had been used as a criterion, this effect may have been
missed (45).

FETAL DISTRESS Several studies have included measurements of fetal distress
in their research findings (11,15–21,23,26,31,37,39). In some reports, perinatal
distress was significantly (p <0.05) increased in cocaine abusers over women
using heroin/methadone (11,12) and drug-free controls (19). Perinatal distress
was also noted more frequently in other studies comparing cocaine users with
drug-free controls (10% vs. 5.7% and 11.1% vs. 3.7%, respectively), but the
differences were not significant (20,21). Compared with nondrug users, higher
rates of fetal tachycardia (2% vs. 0%) and bradycardia (17% vs. 6%) have
been observed, but, again, the differences were not significant (18). One-
minute Apgar scores were lower after in utero cocaine exposure in several
studies (4,15–17,20,23,37) but only statistically significant in some (15–17,23)
and no different in another (25). In contrast, only two studies, one a series of
three reports on the same group of patients, found a significant lowering of the
5-minute Apgar score (15–17,25). Other studies observed no difference in this
value (4,20,23,26,31,37,39). Significantly more (p <0.05) meconium-stained
infants were observed in studies comparing cocaine users with methadone-
maintained women (25% vs. 8.2%) (10) and with noncocaine/other drug-
exposed subjects (25% vs. 4%) (23). Three other studies observed
nonsignificant increased rates of meconium staining or passage (22% vs. 17%,
29% vs. 23%, and 73% vs. 58%) (18,20,25), and a fourth reported a lower
incidence (22% vs. 27%), compared with non-drug-using controls (21).

CEREBROVASCULAR ACCIDENTS  Eight reports have described perinatal or
newborn cerebrovascular accidents and resulting brain damage in infants
exposed in utero to cocaine (11,14,18,46–50). The first report of this condition
was published in 1986 (46). A mother who had used an unknown amount of
cocaine intranasally during the first 5 weeks of pregnancy and approximately 5
g during the 3 days before delivery, gave birth to a full-term, 3660-g male



infant. The last dose of approximately 1 g had been consumed 15 hours before
delivery. Fetal monitoring during the 12 hours before delivery showed
tachycardia (180–200 beats/minute) and multiple variable decelerations. At
birth, the infant was limp, he had a heart rate of 80 beats/minute, and thick
meconium staining (without aspiration) was noted. Apnea, cyanosis, multiple
focal seizures, intermittent tachycardia (up to 180 beats/minute), hypertension
(up to 140 mmHg by palpation), abnormalities in tone (both increased and
decreased depending on the body part), and miotic pupils were noted beginning
at 16 hours of age. Noncontrast computed tomographic scan at 24 hours of
age showed an acute infarction in the distribution of the left middle cerebral
artery. Repeat scans showed a persistent left-sided infarct with increased gyral
density (age 7 days) and a persistent area of focal encephalomalacia at the
site of the infarction (age 2.5 months). One other infant with perinatal cerebral
infarction associated with maternal cocaine use in the 48–72 hours prior to
delivery has been mentioned by these investigators (11,14,24). A separate
report described a mother who had used cocaine and multiple other abuse
drugs during gestation had delivered a female infant (gestational age not
specified) with bilateral cerebrovascular accident and resulting porencephaly
(47). The infant died at 2.5 months of age. In another study of 55 infants
exposed to cocaine (with or without opiates), one infant with perinatal asphyxia
had a cerebral infarction (18). A severely depressed male infant delivered at 38
weeks’ gestation had an electroencephalogram and cranial ultrasound
suggestive of hemorrhagic infarction (48). Follow-up during the neonatal period
indicated mild-to-moderate neurodevelopmental abnormalities. Brain lesions
were described in 39% (11 of 28) of infants with a positive urine assay for
cocaine and in 33% (5 of 15) of newborns with a positive assay for
methamphetamine (49). The brain injuries, which were not differentiated by
drug type, were hemorrhagic infarction in the deep brain (six cases; three
around the internal capsule/basal ganglion), cystic lesions in the deep brain
(four cases), large posterior fossa hemorrhage (three cases), absent septum
pellucidum with atrophy (one case), diffuse atrophy (one case), and brain
edema (one case) (49). In a control group of 20 term infants with severe
asphyxia, only one had a similar brain lesion. A second report also described
brain lesions in infants exposed in utero to cocaine (50). The 11 infants all had
major CNS anomalies, and 10 of the infants also had craniofacial defects
(described later). The CNS defects were hydranencephaly (one case),
porencephaly (two cases), hypoplastic corpus callosum with unilateral parietal
lobe cleft and heterotopias (one case), intraparenchymal hemorrhage (five



cases), unilateral three-vessel hemispheric infarction (one case), and
encephalomalacia (one case). In addition, three infants had arthrogryposis
multiplex congenita of central origin (50). Four of the infants died, and the other
seven had serious neurodevelopmental disabilities (50).

Echoencephalography (ECHO) was performed within 3 days of birth on 74
term (>37 weeks) infants who had tested positive for cocaine or
methamphetamine but who otherwise had uncomplicated perinatal courses
(51). The infants had no other known risk factors for cerebral injury. The 74
newborns were classified into three groups: 32 (43%) cocaine exposed, 24
(32%) methamphetamine exposed, and 18 (24%) exposed to cocaine plus
heroin or methadone, or both. Two comparison groups were formed: a group
of 87 term, drug-free infants studied by ECHO because of clinical concerns for
hypoxic–ischemic encephalopathy and a normal group of 19 drug-free term
newborns. Both groups of comparison infants were also studied by ECHO
within 3 days of birth. Only one structural anomaly, consisting of an absent
septum pellucidum, was observed in the infants examined. The affected
newborn, exposed to methamphetamine, was also found to have bilateral optic
nerve atrophy and diffuse attenuation of the white matter. Twenty-six (35.1%)
of the drug-exposed infants had cranial abnormalities detected by
ultrasonography, which was similar to the 27.6% (24 of 87) incidence in the
comparison group with possible hypoxic–ischemic encephalopathy (p = 0.7).
The normal controls had an incidence of 5.3% (1 of 19) (p <0.01 in comparison
to both of the other groups). The lesions observed in the drug-exposed infants
were intraventricular hemorrhage, echodensities known to be associated with
necrosis, and cavitary lesions. Lesions were concentrated in the basal ganglion,
frontal lobes, and posterior fossa (51). Cerebral infarction was found in two
cocaine-exposed infants. The ECHO abnormalities that were not predicted by
standard neonatal clinical assessment were believed to be consistent with
those observed in adult abusers of cocaine and amphetamines (51).

CONGENITAL ANOMALIES  Maternal cocaine abuse has been associated with
numerous other congenital malformations. In a series of publications extending
from 1985 to 1989, a group of investigators described the onset of ileal atresia
(with bowel infarction in one) within the first 24 hours after birth in two infants
and genitourinary tract malformations in nine infants (11,13,20,24,26). The
abnormalities in the nine infants were prune belly syndrome with urethral
obstruction, bilateral cryptorchidism (one also had absence of third and fourth
digits on the left hand and a second-degree hypospadias) (two males), female
pseudohermaphroditism (one case) (defects included hydronephrosis,



ambiguous genitalia with absent uterus and ovaries, anal atresia, absence of
third and fourth on the left hand, and clubfoot), secondary hypospadias (two
cases), hydronephrosis (three cases), and unilateral hydronephrosis with renal
infarction of the opposite kidney (one case). Data from the metropolitan Atlanta
Birth Defects Case–Control study, involving 4929 liveborn and stillborn infants
with major defects compared with 3029 randomly selected controls, showed a
statistically significant association between cocaine use and urinary tract
malformations (adjusted odds ratio 4.81, 95% CI 1.15–20.14) (52,53). The
adjusted risk for anomalies of the genitalia was 2.27 (ns). Cocaine exposure for
this analysis was based on self-reported use any time from 1 month before
conception through the first 3 months of pregnancy (52,53).

The rates of major congenital malformations in a study involving 50 cocaine-
only users, 110 cocaine plus polydrug users, and 340 drug-free controls were
10% (five cases), 4.5% (five cases), and 2% (seven cases), respectively (4).
The groups were classified by history and infant urine assays; chronic alcohol
abusers were excluded. The difference between the first and last groups was
significant (p <0.01). The incidence of minor abnormalities (e.g., hypertelorism,
epicanthal folds, and micrognathia) was similar among the groups (5).
Congenital heart defects were observed in all three groups as follows: cocaine-
only, transposition of the great arteries (one case) and hypoplastic right heart
syndrome (one case); cocaine plus polydrug, ventricular septal defects (three
cases); controls, ventricular septal defect (one case), patent ductus arteriosus
(one case), and pulmonary stenosis (one case). Skull defects were observed in
three infants in the cocaine-only group: exencephaly (stillborn), interparietal
encephalocele, and parietal bone defects without herniation of meninges or
cerebral tissue. One infant in the cocaine plus polydrug group had
microcephalia. Significantly more major and minor malformations were seen in
a group of cocaine-exposed infants (N = 53) (five major/four minor) than in a
matched, nonexposed sample (N = 100) (two major/four minor) (p <0.05) (23).
Congenital heart defects occurred in four of the cocaine-exposed infants: atrial
septal defect (one case), ventricular septal defects (two cases), and
cardiomegaly (one case). None of the infants born from controls had heart
defects (p <0.01). The authors noted, however, that their findings were
weakened by the self-reported nature of the drug histories (23).

A 1989 report of 138 women at delivery with positive urine cocaine tests
found 10 (7%) infants with congenital anomalies: ventricular septal defect (two),
atrial septal defect (one), complete heart block (one), inguinal hernia (two),
esophageal atresia (one), hypospadias (one), cleft lip and palate with trisomy



13 (one), and polydactyly (one) (4). Only two (2%) infants of 88 non-cocaine-
using controls had congenital defects, but the difference between the two
groups was not significant. When the cocaine group was divided into cocaine
only (114 women) and cocaine plus other abuse drugs (24 women), five infants
in each group were found to have a malformation. The difference between
these subgroups was highly significant (p <0.005).

Necrotizing enterocolitis has been described in two infants after in utero
cocaine exposure (48). One of the infants was also exposed to heroin and
methamphetamine. The proposed mechanism for the injuries was cocaine-
induced ischemia of the fetal bowel, followed by invasion of anaerobic bacteria
(48). In another report, three newborns (two may have been described
immediately above) presented with intestinal defects: one each with midcolonic
atresia, ileal atresia, and widespread infarction of the bowel distal to the
duodenum (54). Five other infants plus one of those with intestinal disruption
had congenital limb-reduction defects: unilateral terminal transverse defect
(three), Poland sequence (one) (i.e., unilateral defect of pectoralis muscle and
syndactyly of hand (55)), bilateral upper limb anomalies including ulnar ray
deficiencies (one), and bilateral radial ray defects (two) (54). The defects were
thought to be caused by cocaine-induced vascular disruption or hypoperfusion
(54).

Facial defects seen in 10 of 11 infants exposed either to cocaine alone (6 of
11) or to cocaine plus other abuse drugs (5 of 11) included blepharophimosis
(two), ptosis and facial diplegia (one), unilateral oro-orbital cleft (one), Pierre
Robin anomaly (one), cleft palate (one), cleft lip and palate (one), skin tags
(two), and cutis aplasia (one) (50). All of the infants had major brain
abnormalities, which have been described above.

Ocular defects consisting of persistent hyperplastic primary vitreous in one
eye and changes similar to those observed in retinopathy of prematurity in the
other eye were described in a case report of an infant exposed throughout
gestation to cocaine and multiple other abuse drugs (56). The association of
the two defects was thought to be coincidental and not likely due to cocaine
(56). Thirteen newborns with cocaine toxicity (each infant with multiple
symptoms and positive urine assay) had a complete ophthalmic examination;
six were discovered to have marked dilation and tortuosity of the iris
vasculature (57). The five infants who were most severely affected were
followed for at least 3 months and all showed a gradual resolution of the
defects without apparent visual impairment. Transient iris vasculature defects
have also been found in infants of diabetic mothers (both gestational and



insulin-dependent) (58) and in non-cocaine-exposed controls (57,59). However,
the vascular changes have not yet been observed in infants of mothers abusing
methadone, heroin, amphetamines, marijuana, or a combination of these drugs
(specific data on the number of infants examined in these categories were not
given) (58).

Two mothers who had used cocaine during the 1st trimester produced infants
with unusual abnormalities (60,61). Both mothers used other abuse drugs,
heroin in one case and marijuana and methaqualone in the other. The anomalies
observed were chromosomal aneuploidy 45,X, bilaterally absent fifth toes, and
features consistent with Turner’s syndrome in one (60) and multiple defects
including hypothalamic hamartoblastoma in the other (61). Hydrocephaly was
noted in one infant (from a group of 10) exposed in utero to cocaine, marijuana,
and amphetamines (28). No major anomalies were seen in 8 infants exposed to
cocaine (all had positive urine assays for cocaine) and other abuse drugs, but
two infants had minor defects consisting of a sacral exostosis and capillary
hemangioma in one and a capillary hemangioma in the other (37). In the latter
case, the mother claimed to have used cocaine only during the month preceding
delivery. Cocaine was not considered a causative agent in any of these cases
(28,37,60,61).

In contrast to the above reports, no congenital abnormalities were observed
in several series of cocaine-exposed women totaling 55 (21), 39 (31), 56 (39),
and 38 (62) subjects. A prospective 1989 study mentioned previously found
cocaine metabolites in the urine assays from 114 (9.3%) of 1226 women (3).
After controlling for the effects of other substances and maternal
characteristics known to affect pregnancy outcome adversely, no significant
association was found between cocaine and one or more minor anomalies, a
constellation of three minor anomalies, or one major anomaly (3). An
association with the latter two, however, was suggested by the data (p = 0.10)
(3). Although animal data cannot be directly extrapolated to humans,
administration of cocaine to pregnant rats and mice did not increase the
incidence of congenital abnormalities (63).

Infant Complications
NEUROBEHAVIOR Newborn infants who have been exposed in utero to cocaine

may have significant neurobehavior impairment in the neonatal period. An
increased degree of irritability, tremulousness, and muscular rigidity has been
observed by a number of researchers (4,11,15–19, 21,23,26,62,64).
Gastrointestinal symptoms (vomiting, diarrhea) have also been observed



(4,21). The onset of these symptoms usually occurs 1–2 days after birth with
peak severity of symptoms occurring on days 2 and 3 (19,21,62,64). Seizures,
which may have been related to withdrawal, have been observed (14,23). The
overall incidence of severe withdrawal symptoms, however, is apparently not
increased over that expected in opiate-addicted newborns (15–17). In one
report that identified 138 infants whose mothers tested positive for cocaine, 24
(17%) of the mothers also tested positive for other abuse substances, usually
opiates (4). The incidence of withdrawal in infants of the cocaine-only group
was 25% (28 of 114) vs. 54% (13 of 24) in infants of the multiple abuse drug
group (p <0.005).

The Neonatal Behavior Assessment Scale (NBAS) has been used in several
studies to quantify the observed symptoms (11,24,26,64). In a blinded study
comparing infants of methadone-maintained women with those of cocaine-
exposed women, the latter group had a significantly increased degree of
irritability, tremulousness, and state lability (p <0.03) (11). Expansion of this
study to include drug-free controls and cluster analysis of the NBAS revealed
that the cocaine group had significant impairment in state organization
compared with either the opiate group infants or controls (24,26). The NBAS
was used to evaluate 16 term newborn infants with cocaine-positive urine
assays (65). All demonstrated no to very poor visual attention and tracking,
abnormal state regulation, and mild-to-moderate hypertonicity with decreased
spontaneous movement (65). Flash-evoked visual potentials were abnormal in
11 of 12 infants studied, and the disturbances remained in six infants studied at
4–6 months (65).

Ultrasound was used in a study published in 1989 to evaluate the behavior of
20 fetuses exposed to cocaine as a predictor of neonatal outcome (66). All
fetuses were exposed to cocaine during the 1st trimester; 4 during the 1st
trimester only, 7 during the 1st and 2nd trimesters, and 9 throughout gestation.
The investigators were able to document that fetal state organization was
predictive of newborn neurobehavioral well-being and state organization. In this
study, the most frequent indicators of neurobehavioral well-being were
excessive tremulousness of the extremities, unexplained tachypnea, or both
(66). Abnormal state organization was shown by hyperresponsiveness and
difficulty in arousal (66).

Electroencephalographic (EEG) abnormalities indicative of cerebral irritation
have been documented in cocaine-exposed neonates (31,64, 65). Normalization
of the EEG abnormalities may require up to 12 months (31,64).

MORTALITY Increased perinatal mortality was observed in a study published in



1989, although in comparison to controls, the higher incidence was not
significant (4). Seven (5%) of 140 infants (138 mothers, two sets of twins)
whose mothers tested positive for cocaine at delivery died compared with none
of 88 infants whose mothers did not test positive for cocaine at delivery. The
seven cases included three intrauterine fetal deaths and four neonatal deaths.

An increased risk of sudden infant death syndrome (SIDS) has been
suggested by three studies (11,17,67). Two infants, from a group of 50
exposed in utero to cocaine and methadone, died of SIDS, one at 1 month of
age and the other at 3 months (17). It could not be determined whether a
relationship existed between the deaths and maternal cocaine use (17). In one
study, 10 of 66 infants (15%) exposed to cocaine in utero died of SIDS over a
9- to 180-day interval (mean 46 days) following birth (11). This incidence was
estimated to be approximately 30 times that observed in the general population
and almost 4 times that seen in the infants of opiate-abusing women (11).
Based on this experience, a prospective study was commenced and the results
were reported in 1989 (67). Of cocaine-using mothers, 32 infants were
compared with 18 infants of heroin/methadone-addicted mothers. Eight of the
mothers in the cocaine group also used heroin/methadone. The mothers of both
groups received similar prenatal care, and they used similar amounts of
alcohol, cigarettes, and marijuana. Infants in both groups were delivered at a
gestational age of 38 weeks or more, and mean birth weight, length, and head
circumference were identical. Cardiorespiratory recordings (pneumograms),
conducted in most cases at 8–14 days of age, were abnormal in 13 infants, 12
cocaine exposed and 1 opiate exposed (p <0.05). Five of the cocaine-exposed
infants had an episode of life-threatening apnea of infancy requiring home
resuscitation before the pneumograms could be performed. The 13 infants
were treated with theophylline until age 6 months, or longer if the pneumogram
had not yet normalized. No cases of SIDS were observed in any of the 50
infants. In an earlier study, pneumograms were used to quantify abnormal
sleeping ventilatory patterns in infants of substance-abusing mothers (68). Of
three cocaine-exposed infants, one had an abnormal pneumogram. Apnea
and/or abnormal pneumograms were observed in 20 (14%) of 138 infants
whose mothers tested positive for cocaine at delivery (4). None of the 88
control infants whose mothers tested negative for cocaine at delivery had
apnea or abnormal pneumograms (p <0.0005). In a large study examining the
relationship between SIDS and cocaine exposure, 1 of 175 infants exposed to
cocaine died of SIDS compared with 4 of 821 infants who were not exposed
(36). The risks per 1000 in the two groups were similar, 5.6 and 4.9,



respectively, corresponding to a relative risk for SIDS among infants of
cocaine-abusing women of 1.17 (95% CI 0.13–10.43) (36). Based on these
data, the study concluded that the increased rates reported previously probably
reflected other risk factors that were independently associated with SIDS (36).
However, because the study relied on self-reported cocaine use and urine
screens (only detects recent exposure), some of the women may have been
misclassified as nonusers (69). Analysis of the hair, where the drug
accumulates for months, has been advocated as a technique to ensure
accurate assessment of past exposure (69).

HOSPITALIZATION Increased neonatal hospitalization in infants whose mothers
tested positive for cocaine at delivery has been reported (4). In 137 infants
(138 mothers, 2 sets of twins, 3 fetal deaths excluded), the mean number of
days hospitalized was 19.2 compared with 5.1 for 88 infants of mothers who
tested negative for cocaine at delivery (p <0.0001). Moreover, the incidences
of neonatal hospitalization for longer than 3 and 10 days were both significantly
greater for the cocaine group (80% vs. 24%, respectively, p <0.00001; 35%
vs. 10%, respectively, p <0.0005). The implications of these findings on the
limited resources available to hospitals are, obviously, very important.

BREASTFEEDING SUMMARY
Milk:plasma ratios of cocaine in breast milk have not been determined. In one
case, the urine of a normal, breastfed, 6-week-old boy was positive for a
cocaine metabolite (70). The mother was using an unspecified amount of
cocaine. In another patient, a milk sample 12 hours after the last dose of
approximately 0.5 g taken intranasally over 4 hours contained measurable
levels (specific data not given) of cocaine and the metabolite, benzoylecgonine,
that persisted until 36 hours after the dose (71). The 14-day-old infant was
breastfed five times over the 4-hour period during which the mother ingested
the cocaine. Approximately 3 hours after the first dose, the child became
markedly irritable with onset of vomiting and diarrhea. Other symptoms
observed upon examination were tremulousness, increased startle response,
hyperactive Moro reaction, increased symmetrical deep tendon reflexes with
bilateral ankle clonus, and marked lability of mood (71). The irritability and
tremulousness steadily improved over the next 48 hours. Large amounts of
cocaine and the metabolite were found in the infant’s urine 12 hours after the
mother’s last dose, which persisted until 60 hours postdose. On discharge
(time not specified), the physical and neurologic examinations were normal.
Additional follow-up of the infant was not reported.



In an unusual case report, a mother applied cocaine powder to her nipples to
relieve soreness shortly before breastfeeding her 11-day-old infant (72).
Although a breast shield was used, the unsheathed nipple protruded to allow
feeding. Three hours after feeding, the infant was found gasping, choking, and
blue. Seizures, which occurred with other symptoms of acute cocaine ingestion,
stopped 2 hours after admission to the hospital. The mother’s milk was
negative for cocaine and metabolites but the infant’s urine was positive.
Physical and neurologic examinations were normal on discharge 5 days later
and again at 6 months. Computed tomography (CT) scan during hospitalization
showed a small area of lucency in the left frontal lobe and an EEG at this time
was abnormal. A repeat CT scan and EEG were normal at 2 months of age.

Based on the toxicity exhibited in the infant after exposure via the milk,
maternal cocaine use during breastfeeding should be strongly discouraged and
considered contraindicated. Obviously, mothers should also be warned against
using the drug topically for nipple soreness. The American Academy of
Pediatrics classifies the use of cocaine as contraindicated during breastfeeding
(73).
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CODEINE
Narcotic Agonist Analgesic, Respiratory Drug (Antitussive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Human Data Suggest Potential
Toxicity

PREGNANCY SUMMARY

Various reports have described associations between 1st-trimester
exposure to opioid analgesics, including codeine, and congenital defects.
Although the studies contained some unavoidable confounders that could
have affected the results, such as the doses used, the reasons for use
(e.g., maternal diseases and addiction), and exposures to other drugs,
some data do suggest a small absolute risk of congenital birth defects if
exposure occurs during organogenesis. Moreover, there is evidence of fetal
and newborn toxicity if the mother is addicted to codeine or other opioids,
or consumes high doses of these agents during the later half of pregnancy
or close to delivery. Consequently, if possible, these agents should be
avoided in pregnancy, especially in the 1st and 3rd trimesters.

FETAL RISK SUMMARY
Codeine is an opioid analgesic that is indicated for the control of pain. It is often
combined with other agents, such as acetaminophen. In addition, an unproved
indication for codeine is suppression of cough. Codeine is metabolized by the
liver to morphine, hydrocodone, norcodeine, normorphine, and other
metabolites (1). The analgesic effects appear to be primarily due to morphine
and unmetabolized codeine. Codeine and its metabolites are excreted almost
entirely by the kidneys, with a plasma elimination half-life of 3–4 hours (1).

Reproduction studies have been conducted in mice, rats, hamsters, and
rabbits. In hamsters, high SC doses ranging from 73 to 360 mg/kg resulted in
an incidence of 6%–8% of cranioschisis; no dose response was found (2). In
another hamster study, maternal-toxic oral doses of 150 mg/kg resulted in
increased resorptions, reduced fetal weight, and a small increase in
meningoencephaloceles (2,3). SC doses in mice caused skeletal abnormalities,



but no teratogenicity was observed with oral doses (3). Further, codeine was
not teratogenic in rats and rabbits (3).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 563
of whom had 1st trimester exposure to codeine (4, pp. 287–295). No evidence
was found to suggest a relationship to large categories of major or minor
malformations. Associations were found with six individual defects (4, pp. 287–
295, 471) (independent confirmation is required for all associations found in this
study): respiratory (8 cases); genitourinary (other than hypospadias) (7 cases);
Down’s syndrome (1 case); tumors (4 cases); umbilical hernia (3 cases); and
inguinal hernia (12 cases). For use anytime during pregnancy, 2522 exposures
were recorded (4, p. 434). With the same qualifications, possible associations
with four individual defects were found (4, p. 484): hydrocephaly (7 cases);
pyloric stenosis (8 cases); umbilical hernia (7 cases); and inguinal hernia (51
cases).

In an investigation comparing 1427 malformed newborns with 3001 controls,
1st trimester use of narcotic analgesics (most commonly codeine) was
associated with inguinal hernias, cardiac and circulatory system defects, cleft
lip and palate, dislocated hip and other musculoskeletal defects. Second-
trimester use was associated with alimentary tract defects (5). In a large
retrospective Finnish study, the use of opiates (mainly codeine) during the 1st
trimester was associated with an increased risk of cleft lip and palate (6,7).
Finally, a survey of 390 infants with congenital heart disease matched with
1254 normal infants found a higher rate of exposure to several drugs, including
codeine, in the offspring with defects (8).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 7640 newborns
had been exposed to codeine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 375 (4.9%) major birth defects were
observed (325 expected). Specific data were available for six defect
categories, including (observed/expected) 74/76 cardiovascular defects, 14/13
oral clefts, 4/4 spina bifida, 25/22 polydactyly, 15/13 limb-reduction defects,
and 14/18 hypospadias. Only with the total number of defects is there a
suggestion of an association between codeine and congenital defects, but other
factors, including the mother’s disease, concurrent drug use, and chance, may
be involved.

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (9). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major



structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as
growth regulators during the development of the embryo might be a mechanism
to explain the above findings. The exposure data were obtained by
retrospective maternal self-report; the authors acknowledged that recall bias
and misclassification might have affected their results. They concluded that the



absolute risk was a modest absolute increase above the baseline risk for birth
defects (9).

A large Norwegian population-based cohort study, also published in 2011,
reported results for codeine that were the opposite of the above study (10). In
this report, 2666 women who used codeine during pregnancy were compared
with 65,316 women who used no opioids during pregnancy. There was no
statistical difference in the congenital malformation rate (aOR 0.9, 95% CI 0.8–
1.1) between codeine-exposed and unexposed infants. There also was no
difference in the infant survival rate (aOR 0.9, 95% CI 0.6–1.5) (10).

A 2003 report described an association between opiate-dependent mothers
and strabismus in their infants (11). In an 18-month period from 1998 to 2000,
72 infants born to opiate-dependent mothers, 50 of whom had been treated for
neonatal abstinence syndrome, were identified. During pregnancy, 57% of the
mothers took methadone alone, 30% methadone and heroin, 8% heroin alone,
and 4% morphine or codeine. Benzodiazepines and amphetamines were also
used in some cases. The investigators were able to contact the mothers of 49
infants, 29 of whom had a full ophthalmological examination. The remaining 20
cases completed a telephone interview. The age of the 49 children ranged from
6 to 39 months. Strabismus was found in seven (14%) of the infants and
another 14% had a history of strabismus. The mean age at which the eye
abnormality was noted in the 14 cases was 8.5 months. The incidence of
strabismus was at least 10 times that in the general population (11).

Use of codeine during labor produces neonatal respiratory depression to the
same degree as other opioid analgesics (12). The first-known case of neonatal
codeine addiction was described in 1965 (13). The mother had taken analgesic
tablets containing 360–480 mg of codeine/day for 8 weeks before delivery.

A second report described neonatal codeine withdrawal in two infants of
nonaddicted mothers (14). The mother of one infant began consuming a
codeine cough medication 3 weeks before delivery. Approximately 2 weeks
before delivery, analgesic tablets with codeine were taken at a frequency of up
to six tablets/day (48 mg of codeine/day). The second mother was treated with
a codeine cough medication consuming 90–120 mg of codeine/day for the last
10 days of pregnancy. Apgar scores of both infants were 8–10 at 1 and 5
minutes. Typical symptoms of narcotic withdrawal were noted in the infants
shortly after birth but not in the mothers (14).

A 25-year-old woman with well-controlled insulin-dependent diabetes
underwent a cesarean section at 34 weeks’ gestation because of spontaneous
rupture of the membranes (15). The 2.5-kg (75th centile) male infant had Apgar



scores of 9, 10, and 10 at 1, 5, and 10 minutes, respectively. He was admitted
to the neonatal unit because of hypoglycemia. Between 24 and 48 hours of
age, he developed a tremor and became restless and irritable with a strong cry
and with other symptoms of drug withdrawal. A brief seizure occurred at
36 hours of age and he became hypertonic with loose stools at 48 hours of
age. The mother was interviewed and admitted taking a drug containing
codeine and acetaminophen for severe headache and lower back pain
throughout the last 2 months of pregnancy. The estimated daily dose of
codeine was 90 mg. The infant recovered but specific details were not provided
(15).

In Washington State, neonatal abstinence syndrome rates increased
significantly between 2000 and 2008 and, in 2008, were higher than the
national figures (3.3 compared with 2.8 per 1000 births p <0.05) (16). The
broad categories of drug exposures associated with the syndrome were
opioids and related narcotics, cocaine, and other psychotropic agents. The
proportion of neonates exposed prenatally to opioids increased from 26.4% in
2000 to 41.7% in 2008 (p <0.05) (16).

BREASTFEEDING SUMMARY
Codeine, and its metabolite morphine, pass into breast milk in very small
amounts that are usually considered insignificant (17–20). However, three
reports provide evidence that this low-risk classification requires reassessment
(21–23).

In a 1993 study, concentrations of codeine and morphine were determined in
the breastmilk of 7 mothers and in the plasma of 11 healthy, term neonates at
1–5 days of age (20). Milk samples were not obtained from four mothers for
various reasons. The mean birth weight was 3.3 kg. The mothers were treated
with codeine 60 mg every 6 hours and milk samples were collected 16–54
hours postpartum. In milk, codeine and morphine levels were 33.8–314 ng/mL
and 1.9–20.5 ng/mL, respectively, 20–240 minutes after a 60-mg codeine
dose. Neonatal plasma samples were collected 1–4 hours after breastfeeding
that had been completed 1 hour after a dose. The mean number of codeine
doses taken by the mothers before neonatal sampling was 4.1 (range 1–12).
Neonatal codeine and morphine plasma concentrations were <0.8–4.5 ng/mL
and <0.5–2.2 ng/mL, respectively. Because no toxicity was observed in the
neonates, the authors concluded that short-term use of codeine (up to four 60-
mg doses) was safe for healthy, full-term infants in the first days of life (20).

A 2006 case report described the death of a nursing infant secondary to



maternal codeine use (21). On the first postpartum day, the mother took an
oral analgesic product containing codeine 30 mg and acetaminophen 500 mg, 2
tablets every 12 hours, for episiotomy pain. The mother reduced the dose by
one-half on day 2 because of sedation and constipation, and continued this
dose for 2 weeks. On day 7, the healthy, full-term, male infant was lethargic
and had difficulty feeding but, by day 11, had regained his birth weight. On day
12, his skin was gray and his milk intake had fallen. He was found dead on day
13. At postmortem, his blood morphine concentration was 70 ng/mL. Because
of the infant’s decreased milk intake, the mother had stored milk on day 10.
Analysis of this milk yielded a morphine concentration of 87 ng/mL. An analysis
for cytochrome P450 2D6 (CYP2D6), the enzyme responsible for metabolizing
codeine to morphine, was conducted on family members and the infant. The
mother was heterozygous for a CYP2D6*2A allele with CYP2D6*2×2 gene
duplication, classified as an ultrarapid metabolizer, thus converting codeine to
morphine at an increased rate. The sedation and constipation she experienced
were consistent with this genotype. The maternal grandmother was also an
ultrarapid metabolizer, whereas the father, maternal grandfather, and infant had
two functional CYP2D6 alleles (CYP2D6*1/*2 genotypes) and were classified
as extensive metabolizers. The authors considered the polymorphism to be
clinically important because of the frequency of CYP2D6 ultrarapid
metabolizers (CYP2D6UMs): 1% in Finland and Denmark; 10% in Greece and
Portugal; and 29% in Ethiopia (21).

The pharmacogenetics of neonatal opioid toxicity was examined in a 2009
report (22). Among 72 mother–child pairs who had contacted the Motherisk
Program in Toronto, 17 (24%) breastfed infants exhibited central nervous
system (CNS) depression when their mothers took codeine. In each case,
there was observable sedation in the infant while feeding and a marked
improvement after codeine or breastfeeding was stopped. There also was
concordance between maternal and infant CNS depression as 12 (71%) of the
17 mothers also showed signs of toxicity. As expected, a dose–effect
relationship was found as the 17 mothers of symptomatic infants took a higher
codeine dose than the 55 mothers of asymptomatic infants, 1.62 vs. 1.02
mg/kg/day. Two mothers whose infants had severe toxicity (one of whom is
described in reference 21) were CYP2D6UMs and of the UGT2B7*2/*2
genotype. The investigators concluded that nursing infants of mothers who are
CYP2D6UMs combined with the genotype were at risk of life-threatening CNS
depression (22).

A 2009 report searched the medical literature to find other reports of CNS



depression from exposure to codeine in breast milk (23). In addition to the 17
cases described in references 21 and 22, the authors found reports of toxicity
in 18 other breastfeeding infants (total 35). The ages of the infants ranged from
3 days to 4 months. The adverse drug reactions reported included apnea, poor
breathing, bradycardia, CNS depression, cyanosis, drowsiness, sedation, and
constipation (23).

In 2007, the FDA released a statement regarding use of codeine by nursing
mothers (24). Although codeine is considered to be the safest choice among
narcotic pain relievers, some mothers may be CYP2D6UMs and could put their
nursing infants at risk. If a physician prescribes a codeine-containing product,
the lowest dose needed for the shortest amount of time should be prescribed
(24).

A 2009 study used coupled physiologically based pharmacokinetic models for
the mother and child to estimate the risk of maternal consumption of codeine
products during breastfeeding (25). The investigators considered combinations
of genotype, assuming typical breastfeeding schedules and maternal doses of
≤2.5 mg/kg/day. Their stimulations showed that potentially toxic morphine
plasma concentrations in the neonate could be reached within 4 days after
repeated codeine dosing to the mother (25).

Based on the above, long-term consumption of codeine-containing products
should be avoided during breastfeeding. Short-term therapy, such as 1–2 days,
and close monitoring of the infant should be standard (21,23). If the mother or
infant demonstrates symptoms of opioid toxicity, such as sedation, lethargy, or
poor milk intake, breastfeeding should be stopped. A trial of naloxone, a
narcotic antagonist, could be diagnostic. Guidelines developed by Motherisk in
Canada for the safe use of codeine-containing drugs during breastfeeding were
published in 2009 (26).
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COLCHICINE
Antigout
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although colchicine is teratogenic in animals, the human pregnancy
experience suggests that the risk to the embryo–fetus is low, if it exists at
all. The use of colchicine by the father before conception does not appear
to represent a significant reproductive risk, but azoospermia may be a rare
complication. Because some reports suggested a risk of chromosome
abnormalities, routine amniocentesis was recommended in cases of familial
Mediterranean fever (FMF) treated with colchicine (1). However, more
recent data suggest that routine amniocentesis is not justified (2,3).

FETAL RISK SUMMARY
Colchicine is used in the treatment of gout and FMF. Seven animal studies,
reviewed by Shepard (4), indicated that colchicine, or its derivative,
demecolcine (desacetylmethylcolchicine), were teratogenic in mice and rabbits
at low doses and embryocidal in mice, rats, and rabbits at higher doses.
Mutagenic effects were also observed in rabbit blastocysts. No adverse fetal
effects were observed in limited studies with pregnant monkeys (4).

A number of reports have described the use of colchicine or demecolcine in
human pregnancy (2,3,5–23). In these reports, no evidence of teratogenicity or
other forms of developmental toxicity was found when these agents were used
at recommended doses. In a woman treated throughout pregnancy with
colchicine 1 mg/day, drug concentrations in the mother and cord blood at 38
weeks’ gestation were 3.15 ng/mL and 0.47 ng/mL, respectively (23).

A 2011 case report described a successful 15 course of colchicine 1 mg/day,
prednisolone 15 mg/day, and azathioprine 100 mg/day in a woman at 28
weeks’ gestation with idiopathic granulomatous mastitis (24). No information on
the pregnancy outcome was provided.



The mutagenic effects of colchicine and the possible relationship of this drug
to sperm abnormalities and congenital malformations were the subjects of
several publications (25–32). A 1965 report described three pregnancies
occurring in a woman between the ages of 24 and 27 years, two of which
ended abnormally (25). Her first pregnancy resulted in an SAB of a macerated
fetus at 4.5 months, her second in the delivery of a normal girl, and her third in
the delivery of a male with atypical Down’s syndrome (trisomy 21), who died 24
hours after birth. The infant had palmar transverse folds on the hands, inner
epicanthic folds, unspecified cardiac malformations, trigger thumbs, syndactyly
in the second and third toes, hypognathous, cleft palate, low-set ears, and an
incompletely developed scapha helix. The father was 27–30 years of age
during these pregnancies and was being treated for gout on an intermittent
basis with 1–2 mg/day of colchicine. Cultures of leukocytes obtained from him
demonstrated mutagenic changes when exposed to colchicine, but blood and
sperm samples, collected 3 months after the end of colchicine therapy, were
normal. The investigators theorized that the colchicine therapy may have
caused diploid spermatozoa that resulted in the production of triploid children
(25).

A brief report, from the same laboratory as the reference above, described
the analysis of lymphocyte cultures from three male patients being treated with
colchicine (26). Compared with controls, a significant increase in the number of
cells with abnormal numbers of chromosomes was found in the colchicine-
exposed men. The investigators proposed that this finding indicated that these
men were at higher risk of producing trisomic offspring than were nonexposed
men. Of 54 children with Down’s syndrome in their clinic, two had been
fathered by men being treated with colchicine (26). The validity of this proposed
association between colchicine and Down’s syndrome was the subject of
several references (27–30). One of the arguments against the association
included the high possibility of Down’s syndrome and colchicine therapy
occurring at the same time in an older population (28). Moreover, several
references have described healthy children fathered by men who were being
treated with colchicine (6–8,31,32).

A 2005 study analyzed the reproductive histories of 326 couples in which at
least one of the partners had FMF (236 women—628 pregnancies; 90 men—
273 pregnancies) (1). Among the 901 pregnancies, there were 891 singletons
and 10 sets of twins. After excluding abortions and fetal deaths, there were
777 viable pregnancies to determine if colchicine was teratogenic.
Amniocentesis to detect chromosomal abnormalities was conducted in 558 of



the viable pregnancies. Seven numerical chromosomal abnormalities were
found (4.99 expected, ns), six of which were unbalanced structural
abnormalities (3.22 expected; ns). There were seven major malformations, also
lower than expected. Although not significant, the authors concluded that the
higher number of chromosomal abnormalities justified continuing the policy of
routine amniocentesis in this patient population (1). However, two reports
concluded that amniocentesis was not justified (2,3).

The effect of colchicine on sperm production is controversial. Hamsters and
mice treated chronically with SC injections of demecolcine developed extensive
damage to the germinal epithelium, resulting in azoospermia within 35–45 days
(33). One study observed azoospermia in a 36-year-old patient induced by 1.2
mg/day of colchicine, but not with 0.6 mg/day (34). A second study, however,
using 1.8–2.4 mg/day in seven healthy men 20–25 years old, measured no
effect on sperm production or on serum levels of testosterone, luteinizing
hormone, or follicle-stimulating hormone (35). The authors of this second
report, however, could not exclude the fact that some men may be unusually
sensitive to the drug, resulting in testicular toxicity (35). A 1998 review
concluded that colchicine by itself may not have a significant direct adverse
effect on sperm production or function (36).

BREASTFEEDING SUMMARY
Colchicine is excreted into breast milk (9–11). A 31-year-old woman, receiving
long-term therapy with colchicine (0.6 mg twice daily) for FMF, was treated
throughout a normal pregnancy, labor, and delivery (9). Milk, urine, and serum
samples were obtained from her between 16 and 21 days after delivery.
Colchicine was detected in three of five milk samples collected on days 16–20
with levels ranging from 1.2 to 2.5 ng/mL (test sensitivity 0.5 ng/mL). However,
the authors could not determine whether their analysis was recovering all of the
drug in the milk because of the high lipid content of the samples. Two serum
samples collected on days 19 and 21 measured 0.7 and 1.0 ng/mL of the drug,
indicating that the milk:plasma ratio exceeded 1.0. Daily urine colchicine
concentrations (days 16–20) ranged from 70 to 390 ng/mL. No apparent
effects were observed in the nursing infant over the first 6 months of life (9).

In four lactating women on long-term colchicine therapy (1–1.5 mg/day for at
least 7 years) for FMF, serum and milk samples were drawn before a dose
and at 1, 3, and 6 hours after a dose (10). Maximum breast milk drug
concentrations ranged between 1.9 and 8.6 ng/mL, whereas maximum serum
concentrations ranged from 3.6 to 6.46 ng/mL. The peak concentrations in milk



and serum both occurred at 1 hour and the colchicine concentration time curves
for milk and serum were parallel. No apparent effects in the nursing infants
were observed over a 10-month period. The authors concluded that nursing
was safe for women taking colchicine, but that waiting 12 hours after a dose to
breastfeed would minimize exposure of the nursing infant (10).

Much higher colchicine milk concentrations were measured in a second
study. A 21-year-old woman had taken colchicine (1 mg/day) throughout
gestation and continued while breastfeeding her normal infant (11). On
postpartum days 5 and 15, colchicine concentrations in the mother’s 24-hour
urine sample were 276,000 and 123,000 ng/24 hours, respectively, while none
was detected (test sensitivity 5 ng/mL) in the infant’s 12-hour urine collection.
Milk samples were collected four times each on day 5 (2, 4, 15, and 21 hours
after a dose) and day 15 (0, 4, 7, and 11 hours after a dose). Colchicine
concentrations in the 2-hour and 4-hour samples on day 5 were 31 and 24
ng/mL, respectively, and below the level of detection at 15 and 21 hours. On
day 15, levels at 0 and 11 hours were below detection, while those at 4 and 7
hours were 27 and 10 ng/mL, respectively. Assuming 100% of the dose in milk
was absorbed, the infant’s estimated dose during the 8-hour period after a
dose was 10% of the mother’s weight-adjusted dose. Although no adverse
effects were observed in the infant, the authors recommended that a mother
could minimize drug exposure from her milk by taking her dose at bedtime and
waiting 8 hours to breastfeed (11).

Because of the absence of infant toxicity observed during nursing in one of
the above cases (9), the American Academy of Pediatrics classified colchicine
as compatible with breastfeeding (37).
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COLESEVELAM
Antilipemic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The effect of colesevelam on the absorption of vitamins and other nutrients
from the gastrointestinal tract in pregnant women has not been studied (1).
Fat-soluble vitamin deficiency, especially vitamin K, is a potential
complication if this agent is used during pregnancy.

FETAL RISK SUMMARY
This nonabsorbed, polymeric, lipid-lowering agent binds bile acids to prevent
their absorption. Because cholesterol is the sole precursor of bile acids, this
action eventually results in the lowering of low-density lipoprotein (LDL)
cholesterol levels in the blood. It is indicated, either alone or in combination with
an HMG-CoA reductase inhibitor (atorvastatin, cerivastatin, fluvastatin,
lovastatin, pravastatin, or simvastatin), as adjunctive therapy to diet and
exercise for the reduction of elevated LDL cholesterol in patients with primary
hypercholesterolemia (1). Because the drug is not absorbed, no direct embryo
or fetal exposure will occur.

Reproduction studies have been conducted in pregnant rats and rabbits (1).
Doses that were about 50 and 17 times, respectively, the maximum human
dose based on body weight (MHD) revealed no evidence of fetal harm. In
addition, no effect on rat fertility was seen at 50 times the MHD (1). In rats,
doses >30 times the MHD caused vitamin K deficiency and hemorrhage, but
the absorption of fat-soluble (A, D, E, and K) vitamins was not significantly
impaired (1).

A 2012 report described five cases of familial hypercholesterolemia in
pregnancy that occurred between 2004 and 2010 (2). Colesevelam (625 mg
twice daily) was started before pregnancy. Two women stopped the therapy



less than 4 weeks into their pregnancies, but the other three continued the drug
throughout gestation. All five women had uncomplicated pregnancies and gave
birth to healthy infants at term (2).

BREASTFEEDING SUMMARY
No reports describing the use of colesevelam in lactation have been located.
The drug is not absorbed after oral administration so the nursing infant will not
be exposed to the drug via breast milk. However, maternal deficiency of fat-
soluble vitamins, especially vitamin K (see above), is a potential complication.
This may result in lower fat-soluble vitamin concentrations in milk because
these vitamins are natural constituents of breast milk.
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COLESTIPOL
Antilipemic Agent
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The actions of colestipol are similar to those of cholestyramine, another
exchange resin (see also Cholestyramine). It is not absorbed into the
systemic circulation, so it should have no direct effect on the fetus.
However, as with cholestyramine, prolonged use of colestipol may result in
reduced intestinal absorption of the fat-soluble vitamins, A, D, E, and K.
Because the interruption of cholesterol-lowering therapy during pregnancy
should have no effect on the long-term treatment of hyperlipidemia, the use
of colestipol should probably be halted during gestation.

FETAL RISK SUMMARY
The anion exchange resin, colestipol, is used to bind bile acids in the intestine
into a nonabsorbable complex that is excreted in the feces. The prevention of
the systemic reabsorption of the bile acids lowers the total amount of
cholesterol in the patient. Because less than 0.17% of a dose is absorbed
systemically, it is not expected to cause fetal harm when administered during
pregnancy in recommended doses (1).

In a reproductive study with rats and rabbits, doses up to 1000 mg/kg/day
produced no adverse effects on the fetuses (2). No published or unpublished
cases involving the use of colestipol during human pregnancy have been
located. Rosa also reported finding no recipients of this drug in his 1994
presentation on the outcome of pregnancies following exposure to
anticholesterol agents (3).

BREASTFEEDING SUMMARY
Because colestipol is poorly absorbed (less than 0.17% of a dose) into the



systemic circulation, its use by the lactating woman should have no direct effect
on the nursing infant. Prolonged use of the exchange resin, however, may result
in decreased maternal absorption of the fat-soluble vitamins, A, D, E, and K.
The resulting deficiencies in the mother would lessen the amounts of these
vitamins in her milk.
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COLISTIMETHATE
Antibiotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of colistimethate with congenital defects have
been located. The drug crosses the placenta at term (1).

FETAL RISK SUMMARY
Colistimethate was not teratogenic in rats at IM doses about 0.13 and 0.30
times the maximum recommended human dose based on BSA (MRHD) (2).
The same weight doses in rabbits (about 0.25 and 0.55 times the MRHD)
resulted in talipes varus in 2.6% and 2.9% of the fetuses, respectively.
Increased resorption of rabbit embryos occurred at the highest dose.

BREASTFEEDING SUMMARY
Colistimethate is excreted into breast milk. The milk:plasma ratio is 0.17–0.18
(3). Although this level is low, three potential problems exist for the nursing
infant: modification of bowel flora, direct effects on the infant, and interference
with the interpretation of culture results if a fever workup is required.
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COLLAGENASE CLOSTRIDIUM HISTOLYTICUM
Dermatologic Agent
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of collagenase Clostridium histolycticum in
human pregnancy have been located. Reproduction studies in rats revealed
no evidence of harm to the fetus, but the comparison to the human dose
was based on body weight and may not be interpretable. However, in
humans, quantifiable levels of the drug did not occur in the systemic
circulation after injection into a Dupuytren cord. Almost all patients treated
with collagenase C. histolyticum develop antiproduct antibodies after
treatment. The clinical significance of antiproduct antibody formation on a
developing fetus is not known.

FETAL RISK SUMMARY
Collagenase Clostridium histolyticum is a polypeptide consisting of two
microbial collagenases (proteinases), collagenase AUX-I and collagenase AUX-
II, isolated from the fermentation of C. histolyticum bacteria. It is indicated for
the treatment of adult patients with Dupyutren contracture with a palpable cord.
The drug is given by local injection into the hand. After injection into a Dupuytren
cord, neither of the collagenases had quantifiable levels in the systemic
circulation (the lower limit of quantification for AUX I and AUX II in human
plasma is 5 and 25 ng/mL, respectively).

Reproduction studies have been performed in rats. No evidence of fetal harm
was observed in pregnant rats given IV doses up to about 45 times the IV
human dose based on body weight (HD) (1).

Carcinogenicity studies with collagenase C. histolyticum have not been
conducted. Various assays for mutagenic and clastogenic effects were
negative. The polypeptide did not impair fertility or early embryonic



development when administered IV to rats at doses up to about 45 times the
HD (1).

It is not known if the two collagenases cross the human placenta. The
molecular weights of collagenase AUX-1 and collagenase AUX-II are 114,000
and 113,000, respectively, and nonquantifiable systemic levels suggest that
clinically significant exposure of the embryo or fetus is unlikely.

BREASTFEEDING SUMMARY
No reports on the use of collagenase C. histolyticum during lactation have been
located. The molecular weights of collagenase AUX-1 and collagenase AUX-II
are 114,000 and 113,000, respectively, and, combined with the nonquantifiable
systemic levels, suggest that the presence in milk of clinically significant
amounts is unlikely.

Reference
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CONIVAPTAN
Vasopressin Receptor Antagonist
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of conivaptan during human pregnancy have
been located. Developmental toxicity (death) was observed in one of two
animal species. Because of the administration method, exposure of the
embryo and fetus will probably occur. The absence of human pregnancy
experience prevents a more complete assessment of the embryo–fetal
risk. If a pregnant woman requires conivaptan therapy, she should be
advised of the potential risk (abortion or fetal/neonatal death).

FETAL RISK SUMMARY
Conivaptan is a nonpeptide, dual antagonist of arginine vasopressin receptors.
It is indicated for the treatment of euvolemic hyponatremia (e.g., the syndrome
of inappropriate secretion of antidiuretic hormone, or in the setting of
hypothyroidism, adrenal insufficiency, pulmonary disorders, etc) in hospitalized
patients. It is given as a continuous IV infusion over several days. The mean
terminal elimination half-life after conivaptan infusion is 5 hours. The drug is
extensively bound to plasma proteins (99%). Some of the metabolites have
activity equivalent to the parent compound but, overall, the activity of the
metabolites was only 7% that of conivaptan (1).

Reproduction studies have been conducted in rats and rabbits. When female
rats were given daily IV bolus doses that resulted in systemic exposures that
were less than the human therapeutic exposure based on AUC (HTE) before
mating and during the first 7 days of pregnancy, prolonged diestrus, decreased
fertility, and increased pre- and postnatal implantation loss occurred. No effects
were observed with these doses on male fertility. No significant maternal or
fetal effects were observed at daily doses resulting in systemic exposures that



were less than the HTE during organogenesis (days 7–17). When dosing was
continued through lactation day 20 (weaning), no maternal toxicity was
observed, but pups showed decreased neonatal viability, weaning indices,
delayed growth and physical development (including sexual maturation), and
delayed reflex development. No pup adverse effects were observed when the
daily dose was reduced by one-half or more. In pregnant rabbits given daily IV
doses resulting in systemic exposures less than the HTE during organogenesis,
there were no fetal adverse effects, but maternal toxicity was evident at all
doses tested (1).

During labor, daily doses given orally to rats that resulted in systemic
exposures equivalent to the HTE delayed delivery. Daily IV doses that resulted
in systemic exposures less than the HTE caused increased peripartum pup
mortality. These effects may have been secondary to conivaptan activity on
oxytocin receptors in rats (1).

No carcinogenicity was observed in mice and rats given daily doses by
gavage for 2 years that resulted in systemic exposures that were up to six and
two times, respectively, the HTE. Conivaptan was not mutagenic or
clastogenic, with or without metabolic activation, in several tests (1).

Conivaptan crosses the rat placenta with fetal tissue concentrations <10% of
maternal plasma levels, but placental levels were 2.2 times higher than
maternal plasma levels. Moreover, conivaptan was slowly cleared from fetal
tissues, suggesting that fetal accumulation may occur (1). It is not known if
conivaptan crosses the human placenta. The molecular weight (about 499 for
the free base) and the administration of a continuous intravenous infusion over
several days suggest that the drug will cross to the human embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of conivaptan during human lactation have been
located. It is not known if conivaptan is excreted into breast milk. The molecular
weight (about 499 for the free base) and the administration of a continuous
intravenous infusion over several days suggest that the drug will be excreted
into milk. Although the effects on a nursing infant are unknown, there is a
potential for severe toxicity in several organ systems as observed in adults
receiving IV infusions. Moreover, as a weak base, ion trapping in the relatively
acidic milk will allow conivaptan to accumulate in milk. Therefore, until data
relating to milk concentrations are available, women receiving conivaptan should
probably not breastfeed.
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CORTICOTROPIN/COSYNTROPIN
Corticosteroid Stimulating Hormone
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Studies reporting the use of corticotropin in pregnancy have not
demonstrated adverse fetal effects (1–4). However, corticosteroids have
been suspected of causing malformations (see Hydrocortisone). Because
corticotropin stimulates the release of endogenous corticosteroids, this
relationship should be considered when prescribing the drug to women in
their reproductive years.

BREASTFEEDING SUMMARY
No reports describing the use of corticotropin during human lactation have been
located. The use of this agent during breastfeeding probably is compatible.
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CORTISONE
Corticosteroid
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Cortisone (Compound E) is an inactive corticosteroid precursor that is
secreted by the adrenal cortex. It is converted by reduction to
hydrocortisone, primarily in the liver. See Hydrocortisone.

BREASTFEEDING SUMMARY
See Hydrocortisone.



COUMARIN DERIVATIVES
Anticoagulant
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Compatible; Contraindicated
(Phenindione)

PREGNANCY SUMMARY

The use of coumarin derivatives during the 1st trimester carries with it a
significant risk to the fetus. For all cases, only about 70% of pregnancies
are expected to result in a normal infant. Exposure in the 6th–9th weeks of
gestation may produce a pattern of defects termed the fetal warfarin
syndrome with an incidence up to 25% or greater in some series. Infants
exposed before and after this period have had other congenital anomalies,
but the relationship between warfarin and these defects is unknown.
Infrequent central nervous system defects, which have greater clinical
significance to the infant than the defects of the fetal warfarin syndrome,
may be deformations related to hemorrhage and scarring, with subsequent
impaired growth of brain tissue. Spontaneous abortions, stillbirths, and
neonatal deaths may also occur. If the mother’s condition requires
anticoagulation, the use of heparin from the start of the 6th gestational
week through the end of the 12th gestational week, and again at term, may
lessen the risk to the fetus of adverse outcome.

FETAL RISK SUMMARY
Coumarin derivatives (dicumarol, ethyl biscoumacetate, and warfarin) are oral
anticoagulants, as are the indandione derivatives (anisindione and phenindione).
Use of any of these agents during pregnancy may result in significant problems
for the fetus and newborn. Since the first case of fetal coumarin embryopathy
described by DiSaia in 1966 (1), a large volume of literature has accumulated.
Hall and coworkers (2) reviewed this subject in 1980 (167 references). In the
3 years following this review, a number of other reports have appeared (3–12).
The principal problems confronting the fetus and newborn are as follows:

Embryopathy (fetal warfarin syndrome)



Central nervous system defects
Spontaneous abortion
Stillbirth
Prematurity
Hemorrhage

First-trimester use of coumarin derivatives may result in the fetal warfarin
syndrome (FWS) (1–4). The common characteristics of the FWS are nasal
hypoplasia because of failure of development of the nasal septum and stippled
epiphyses. The bridge of the nose is depressed, resulting in a flattened,
upturned appearance. Neonatal respiratory distress occurs frequently because
of upper airway obstruction. Other features that may be present are as follows:

Birth weight <10th percentile for gestational age
Eye defects (blindness, optic atrophy, microphthalmia) when drug also used

in 2nd and 3rd trimesters
Hypoplasia of the extremities (ranging from severe rhizomelic dwarfing to

dystrophic nails and shortened fingers)
Developmental retardation
Seizures
Scoliosis
Deafness/hearing loss
Congenital heart disease
Death

The critical period of exposure, based on the work of Hall and coworkers (2),
seems to be the 6th–9th weeks of gestation. All of the known cases of FWS
were exposed during at least a portion of these weeks. Exposure after the 1st
trimester carries the risk of central nervous system (CNS) defects. No constant
grouping of abnormalities was observed, nor were there an apparent
correlation between time of exposure and the defects, except that all fetuses
were exposed in the 2nd and/or 3rd trimesters. After elimination of those cases
that were probably caused by late fetal or neonatal hemorrhage, the CNS
defects in 13 infants were thought to represent deformations that occurred as a
result of abnormal growth arising from an earlier fetal hemorrhage and
subsequent scarring (2). Two patterns were recognized: (a) dorsal midline
dysplasia characterized by agenesis of corpus callosum, Dandy-Walker
malformations, and midline cerebellar atrophy (encephaloceles may be
present); and (b) ventral midline dysplasia characterized by optic atrophy (eye
anomalies).



Other features of CNS damage in the 13 infants were (number of infants
shown in parenthesis):

Mental retardation (13)
Blindness (7)
Spasticity (4)
Seizures (3)
Deafness (1)
Scoliosis (1)
Growth failure (1)
Death (3)

Long-term effects in the children with CNS defects were more significant and
debilitating than those from the fetal warfarin syndrome (2).

Fetal outcomes for the 471 cases of in utero exposure to coumarin
derivatives reported through 1983 are summarized below (2–12):

1ST TRIMESTER EXPOSURE (263):
Normal infants—167 (63%)
Spontaneous abortions—41 (16%)
Stillborn/neonatal death—17 (6%)
FWS—27 (10%)
CNS/other defects—11 (4%)

2ND TRIMESTER EXPOSURE (208):
Normal infants—175 (84%)
Spontaneous abortions—4 (2%)
Stillborn/neonatal death—19 (9%)
CNS/other defects—10 (5%)

TOTAL INFANTS EXPOSED (471):
Normal infants—342 (73%)
Spontaneous abortions—45 (10%)
Stillborn/neonatal death—36 (8%)
FWS/CNS/other defects—48 (10%)

Hemorrhage was observed in 11 (3%) of the normal newborns (premature and
term). Two of the patients in the 2nd- and 3rd trimester groups were treated
with the coumarin derivatives, phenprocoumon and nicoumalone. Both infants
were normal.

Congenital abnormalities that did not fit the pattern of the FWS or CNS
defects were reported in 10 infants (2,9). These were thought to be incidental



malformations that were probably not related to the use of coumarin derivatives
(see also three other cases, in which the relationship to coumarin derivatives is
unknown, described in the text below, references 16,20,22).

Asplenia, two-chambered heart, agenesis of pulmonary artery
Anencephaly, spina bifida, congenital absence of clavicles
Congenital heart disease, death
Fetal distress, focal motor seizures
Bilateral polydactyly
Congenital corneal leukoma
Nonspecified multiple defects
Asplenia, congenital heart disease, incomplete rotation of gut, short broad

phalanges, hypoplastic nails
Single kidney, toe defects, other anomalies, death
Cleft palate

A 1984 study examined 22 children, with a mean age of 4.0 years, who were
exposed in utero to warfarin (13). Physical and mental development of the
children was comparable to that of matched controls.

Since publication of the above data, a number of additional reports and
studies have appeared, describing the outcomes of pregnancies treated at
various times with coumarin derivatives (13–25). The largest series involved
156 women with cardiac valve prostheses who had 223 pregnancies (14).
During a period of 19 years, the women were grouped based on evolving
treatment regimens: group I—68 pregnancies treated with acenocoumarol until
the diagnosis of pregnancy was made, and then treated with dipyridamole or
aspirin, or both; group II—128 pregnancies treated with acenocoumarol
throughout gestation; group III—12 pregnancies treated with acenocoumarol,
except when heparin was substituted from pregnancy diagnosis to the 13th
week of gestation, and again from the 38th week until delivery; and group IV—
15 pregnancies in women with biologic prostheses who were not treated with
anticoagulant therapy. The fetal outcomes in the four groups were as follows:
spontaneous abortions, 10.3% vs. 28.1% vs. 0% vs. 0% (p <0.0005);
stillbirths, 7.4% vs. 7.1% vs. 0% vs. 6.7%; and neonatal deaths, 0% vs. 2.3%
vs. 0% vs. 0%. (See reference for maternal outcomes in the various groups.)
Of the 38 children examined in group II, 3 (7.9%) had features of the FWS.

In a subsequent report from these investigators, the outcomes of 72
pregnancies studied prospectively were described in 1986 (15). The
pregnancies were categorized into three groups according to the anticoagulant



therapy: group I—23 pregnancies treated with acenocoumarol except for
heparin from the 6th to 12th week of gestation; group II—12 pregnancies
treated the same as group I except that heparin treatment was started after
the 7th week; and group III—37 pregnancies treated with acenocoumarol
throughout gestation (pregnancies in this group were not detected until after the
1st trimester). In most patients, heparin was substituted for the coumarin
derivative after the 38th week of gestation. The fetal outcomes in the three
groups were spontaneous abortions, 8.7% vs. 25% vs. 16.2%; and stillbirths,
0% vs. 8.3% vs. 0%. Not all of the infants born to the mothers were examined,
but of those that were, the FWS was observed in 0% of group I (0 of 19),
25.0% of group II (2 of 8), and 29.6% of group III (8 of 27). Thus, 10 (28.6%)
of the 35 infants examined who were exposed at least during the first 7 weeks
of gestation had warfarin embryopathy.

A 1983 report described 14 pregnancies in 13 women with a prosthetic heart
valve who were treated throughout pregnancy with warfarin (16). Two patients
had spontaneous abortions, two delivered premature stillborn infants (one infant
had anencephaly), and two newborns died during the neonatal period. The total
fetal and neonatal mortality in this series was 43%. Other defects noted were
corneal changes in two, bradydactyly and dysplastic nails in two, and nasal
hypoplasia in one.

In 18 pregnancies of 16 women with an artificial heart valve, heparin was
substituted for warfarin when pregnancy was diagnosed (between 6 and 8
weeks after the last menstrual period) and continued until the 13th week of
gestation (17). Nine of the 18 pregnancies aborted, but none of the nine
liveborn infants had congenital anomalies or other complications.

Three reports described the pregnancy outcomes in mothers with prosthetic
heart valves and who were treated with anticoagulants (18–20). A study
published in 1991 described the outcomes of 64 pregnancies in 40 women with
cardiac valve replacement, 34 of whom had mechanical valves (18). Warfarin
was used in 47 pregnancies (23 women), heparin in 11 pregnancies (11
women), and no anticoagulation was given in 6 pregnancies (6 women). Fetal
wastage (spontaneous abortions, neonatal death after preterm delivery, and
stillbirths) occurred in 25 (53%) of the warfarin group, 4 (36%) of those treated
with heparin, and 1 (17%) of those not treated. Two infants, both exposed to
warfarin, had congenital malformations: single kidney and toe, and finger
defects in one; cleft lip and palate in the other.

Two groups of pregnant patients with prosthetic heart valves were compared
in a study published in 1992 (19). In group 1 (N = 40), all treated with



coumarin-like drugs until near term when therapy was changed to heparin, 34
(85%) had mechanical valves, whereas none of those in group 2 (N = 20) were
treated with anticoagulation and all had biological valves. The pregnancy
outcomes of the two groups were as follows: spontaneous abortions 7 and 0,
prematurity 14 and 2 (p <0.05), low birth weight 15 and 2 (p <0.05), stillbirth 1
and 0, neonatal mortality 5 and 0, and birth defects 4 and 0. The 4 infants from
group 1 with birth defects included 3 with typical features of FWS (1 with low
birth weight and upper airway obstruction) and 1 with left ventricular hypoplasia
and aortic atresia (died in neonatal period). The other 4 neonatal deaths
involved 3 from respiratory distress syndrome and 1 from a cerebral
hemorrhage.

A 1994 reference compared retrospectively two groups of pregnant women:
Group 1 (56 pregnancies in 31 women) with mechanical valve replacements, all
of whom were treated with warfarin; and group 2 (95 pregnancies in
57 women) with porcine tissue valves, none of whom received anticoagulation
(20). Twenty women in group 1 either continued the warfarin throughout
delivery (N = 12) or discontinued the drug (N = 8) 1–2 days before delivery.
The pregnancy outcomes of the two groups were as follows: induced abortion
9 and 22, fetal loss before 20 weeks’ gestation 7 and 8, fetal loss after 20
weeks’ gestation 6 and 1 (p <0.01), total fetal loss 13 and 9 (p <0.05), and live
births 34 and 64 (p <0.05). Two infants, both in group 1 had birth defects—a
ventricular septal defect in 1 and a hypoplastic nose in the other (20).

Five reports have described single cases of exposure to warfarin during
pregnancy (21–25). A woman with Marfan’s syndrome had replacement of her
aortic arch and valve combined with coronary artery bypass performed during
the 1st week of her pregnancy (1–8 days after conception) (21). She was
treated with warfarin throughout gestation. A normal female infant was
delivered by elective cesarean section at 34 weeks’ gestation. Warfarin was
used to treat a deep vein thrombosis during the 3rd trimester in a 34-year-old
woman because of heparin-induced maternal thrombocytopenia (22). A normal
infant was delivered at term. In another case involving a woman with a deep
vein thrombosis that had occurred before the present pregnancy, warfarin
therapy was continued through the first 14 weeks of gestation (23). At term, a
3660-g infant was delivered, who did not breathe and who died after 35
minutes. At autopsy, an almost total agenesis of the left diaphragm and
hypoplasia of both lungs were noted. The relationship between warfarin and the
defect is unknown.

The use of warfarin to treat a deep vein thrombosis associated with



circulating lupus anticoagulant during pregnancy has been described (24).
Therapy was started after the ninth week of gestation. Because of severe
pregnancy-induced hypertension, a 1830-g female infant was delivered by
cesarean section at 31 weeks. No information was provided about the condition
of the infant.

A woman with a mitral valve replacement 8 months before pregnancy was
treated continuously with warfarin until 6 weeks after her last menstrual period
(25). Warfarin was then stopped and except for cigarette smoking, no other
drugs were taken during the pregnancy. A growth-restricted (2340 g, 3rd
percentile; 50 cm length, 50th percentile; 35 cm head circumference, 50th
percentile) female infant was delivered at term. Congenital abnormalities noted
in the infant were triangular face with broad forehead, micrognathia,
microglossia, hypoplastic fingernails and toenails, and hypoplasia of the distal
phalanges. No epiphyseal stippling was seen on a skeletal survey. A normal
female karyotype, 46,XX, was found on chromosomal analysis. Psychomotor
development was normal at 1 year of age, but physical growth remained
restricted (3rd percentile). The authors concluded that the pattern of defects
represented the earliest teratogenic effects of warfarin, but they could not
exclude a chance association with the drug.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 22 newborns had
been exposed to warfarin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (4.5%) major birth defect was observed
(one expected), a cardiovascular defect (0.2 expected).

A report published in 1994 assessed the neurological, cognitive, and
behavioral development of 21 children (8–10 years of age) who had been
exposed in utero to coumarin derivatives (26). A control group of 17 children
was used for comparison. Following examination, 32 of the children were
classified as normal (18 exposed and 14 control children), 5 had minor
neurological dysfunction (2 exposed and 3 control children), and 1 child had
severe neurological abnormalities, which were thought to be due to oral
anticoagulants. Although no significant differences were measured between the
groups, the children with the lowest neurological assessments and the lowest
IQ scores had been exposed to coumarin derivatives (26).

In a 2013 report, a 19-year-old primigravid woman at 32 weeks’ gestation
was admitted to the hospital with coagulopathy (27). She had spontaneous
bleeding from the oral mucosa and from nicks on her legs from shaving and
frank hematuria. Her international normalized ratio (INR) was >9. The fetus



showed evidence of acidosis. Fresh-frozen plasma was given and bleeding
stopped after about 1 hour. A 2180-g female infant was delivered by emergent
cesarean section with Apgar scores of 0, 2, and 3 at 1, 5, and 10 minutes,
respectively. The infant’s INR was >9. She died on day 4 of life. Further history
was obtained from the mother and it was learned that she had ingested
brodifacoum, a second-generation rodenticidal anticoagulant. The agent was
identified in maternal serum and cord blood. Because brodifacoum is lipophilic
and has a very long half-life (up to several months), the mother required IV
vitamin K (35 mg over several days) and high oral doses (up to 60 mg/day).
Thirty days after presentation, her INR had decreased to 1.8 (27).

BREASTFEEDING SUMMARY
Excretion of coumarin (dicumarol, ethyl biscoumacetate, and warfarin) and
indandione (anisindione and phenindione) derivatives into breast milk is
dependent on the agent used. Three reports on warfarin have been located,
totaling 15 lactating women (28–30). Doses ranged between 2 and 12 mg/day
in 13 patients (7 nursing, 6 not nursing) with serum levels varying from 1.6 to
8.5 μmol/L (28,29). Warfarin was not detected in the milk of any of the 13
patients or in the plasma of the 7 nursing infants. No anticoagulant effect was
found in the plasma of the three infants tested. In another report, the warfarin
doses in two breastfeeding women were not specified nor were maternal
plasma drug levels determined (30). However, no spectrophotometric evidence
for the drug was found in the milk of one mother and no anticoagulant effect
was measured in either nursing infant.

Exposure to ethyl biscoumacetate in milk resulted in bleeding in 5 of 42
exposed infants in one report (31). The maternal dosage was not given. An
unidentified metabolite was found in the milk that may have led to the high
complication rate. A 1959 study measured ethyl biscoumacetate levels in
38 milk specimens obtained from four women taking 600–1200 mg/day (32).
The drug was detected in only 13 samples with levels varying from 0.09 to 1.69
mcg/mL. No correlation could be found between the milk concentrations and the
dosage or time of administration. Twenty-two infants were breastfed from
these and other mothers receiving ethyl biscoumacetate. No adverse effects
were observed in the infants, but coagulation tests were not conducted (32).

More than 1600 postpartum women were treated with dicumarol to prevent
thromboembolic complications in a 1950 study (33). Doses were titrated to
adjust the prothrombin clotting time to 40%–50% of normal. No adverse effects
or any change in prothrombin times were noted in any of the nursing infants.



Phenindione use in a lactating woman resulted in a massive scrotal
hematoma and wound oozing in a 1.5-month-old breastfed infant shortly after a
herniotomy was performed (34). The mother was taking 50 mg every morning
and alternating between 50 and 25 mg every night for suspected pulmonary
embolism that developed postpartum. Milk levels varying from 1 to 5 mcg/mL
have been reported after 50- or 75-mg single doses of phenindione (35). When
the dose was 25 mg, only 18 of 68 samples contained detectable amounts of
the anticoagulant.

Maternal warfarin consumption apparently does not pose a significant risk to
normal, full-term, breastfed infants. Other oral anticoagulants should be
avoided by the lactating woman. The American Academy of Pediatrics
classifies phenindione (which is not used in the United States) as
contraindicated during breastfeeding because of the risk of hemorrhage in the
infant (36). Both warfarin and dicumarol (bishydroxycoumarin) are classified by
the Academy as compatible with breastfeeding.
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CRIZOTINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of crizotinib during human pregnancy have
been located. Developmental toxicity was observed in two animal species
at doses close to the human dose. Based on the drug’s mechanism of
action, crizotinib should be avoided in pregnancy.

FETAL RISK SUMMARY
Crizotinib is an oral receptor tyrosine kinase inhibitor that is indicated for the
treatment of patients with locally advanced or metastatic non-small cell lung
cancer that is anaplastic lymphoma kinase (ALK)-positive as detected by an
FDA-approved test. The drug is administered orally in 250 mg doses given
twice daily. Crizotinib is metabolized to inactive metabolites and plasma protein
binding is moderately high (91%). The mean terminal half-life is 42 hours
following a single dose but may be lengthened by multiple dosing (1).

In rats treated during organogenesis, postimplantation loss was increased at
doses that were about 1.2 times the recommended human dose (RHD) based
on AUC (RHD-AUC). No increase in structural anomalies was observed in rats
at doses up to the maternally toxic dose that was about 5 times the RHD-AUC
or in rabbits at doses of up to about 3 times the RHD-AUC. However, fetal
body weights were reduced at these doses (1).

Carcinogenicity studies with crizotinib have not been conducted. Crizotinib
was genotoxic in multiple assays but not mutagenic in one assay. No studies
have been conducted in animals to evaluate the effect on fertility. However, in
toxicity studies in rats, males exhibited testicular pachytene spermatocyte
degeneration when given doses that were greater than 3 times the RHD-AUC
for 28 days. In female rats, single-cell necrosis of ovarian follicles occurred at
doses that were about 10 times the RHD based on BSA given for 3 days (1).

It is not known if crizotinib crosses the human placenta. The molecular weight



(about 450) and the long elimination half-life suggest that it will cross to the
embryo–fetus. However, the amount crossing may be limited by the moderately
high plasma protein binding.

BREASTFEEDING SUMMARY
No reports describing the use of crizotinib during human lactation have been
located. The molecular weight (about 450) and the long elimination half-life (42
hours after a single dose) suggest that the drug will be excreted into breast
milk, but the amount excreted may be limited by the moderately high (91%)
plasma protein binding. Until additional data on the amount in breast milk are
available, the safest course is to not breastfeed when taking this drug.

Reference
1. Product Information. Xalkori. Pfizer Labs, 2011.



CROFELEMER
Gastrointestinal Agent (Antidiarrheal)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of crofelemer in human pregnancy have been
located. Doses used in animal reproduction studies were compared with
the human dose based on body weight and, in one species, maternal
toxicity occurred, so the results are not interpretable. Nevertheless, the
botanical drug is minimally absorbed, so clinically significant exposure of
the embryo–fetus probably does not occur.

FETAL RISK SUMMARY
Crofelemer, a botanical drug substance, is an oral inhibitor of two functions of
intestinal epithelial cells that regulate fluid secretion, thus preventing high-
volume water loss in diarrhea. It is indicated for symptomatic relief of
noninfectious diarrhea in patients with HIV/AIDS on anti-retroviral therapy. The
drug is minimally absorbed and concentrations of crofelemer in plasma are
below the level of quantitation (50 ng/mL). No metabolites have been identified
(1).

Reproduction studies have been conducted in rats and rabbits. In rats, oral
doses up to 177 times the recommended daily human dose of 4.2 mg/kg (RHD)
revealed no evidence of fetal harm. There also was no evidence of adverse
prenatal or postnatal effects in offspring. In rabbits, a dose that was about 96
times the RHD caused abortions and resorptions of fetuses, but maternal
toxicity also was evident.

Long-term studies of carcinogenicity have not been conducted, but three
assays for mutagenicity were negative. At doses up to 177 times the RHD,
crofelemer had no effects on fertility or reproductive performance of male and
female rats (1).



It is not known if crofelemer crosses the human placenta. Although high, the
molecular weight of the botanical drug cannot be determined because of
extensive polymerization. Moreover, systemic concentrations of the drug are
minimal, so exposure of an embryo or fetus probably appears to be nil.

BREASTFEEDING SUMMARY
No reports describing the use of crofelemer during human lactation have been
located. Because the drug is minimally absorbed, clinically significant amounts
of crofelemer in milk probably do not occur.

Reference
1. Product information. Fulyzaq. Salix Pharmaceuticals, 2013.



CROMOLYN SODIUM
Respiratory Drug (Anti-inflammatory)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Neither the human nor the animal reproduction data suggest a risk of
structural anomalies.

FETAL RISK SUMMARY
Cromolyn sodium is an inhaled anti-inflammatory agent used for the prevention
of bronchial asthma. The drug is generally considered safe for use during
pregnancy (1–6). Although small amounts are absorbed systemically from the
lungs, it is not known whether the drug crosses the placenta to the fetus (6).

Reproductive studies using SC doses of cromolyn in mice, rats, and both SC
and IV in rabbits have not revealed teratogenicity (7,8). In one source, the
doses used in the three animal species were 27, 16, and 98 times the
maximum recommended human dose based on BSA, respectively (8).
Increased resorptions and decreased fetal weight were observed only with high
parenteral doses that were associated with maternal toxicity (8).

A 1984 study, cited by Shepard, reported over 300 pregnancies in which
cromolyn was used in combination with other drugs, most often with
isoproterenol, without a link with congenital defects (9).

Congenital malformations were noted in four (1.35%) newborns in a 1982
study of 296 women treated throughout gestation with cromolyn sodium (10).
This incidence is less than the expected rate of 2%–3% in a nonexposed
population. The defects observed were patent ductus arteriosus, clubfoot,
nonfused septum, and harelip alone. The author concluded that there was no
association between the defects and cromolyn sodium (10).

As of 1983, the manufacturer had reports of 185 women treated during all or
parts of pregnancy, but the small number probably reflects underreporting of
the actual usage (personal communication, Fisons Corporation, 1983). From



these cases, 10 infants had been born with congenital defects, at least 3 of
which appeared to be genetic in origin. Multiple drug exposure was common. In
none of the 10 cases was there evidence to link the defects with cromolyn
sodium.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 191 newborns had
been exposed to cromolyn during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Seven (3.7%) major birth defects were observed
(eight expected). Specific data were available for six defect categories,
including (observed/expected) 1/2 cardiovascular defects, 1/0.5 oral clefts, 0/0
spina bifida, 1/0.5 polydactyly, 0/0.5 limb-reduction defects, and 0/0.5
hypospadias. These data do not support an association between the drug and
congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of cromolyn sodium during lactation have been
located.

References
1. Dykes MHM. Evaluation of an antiasthmatic agent cromolyn sodium (Aarane, Intal). JAMA

1974;227:1061–2.
2. Greenberger P, Patterson R. Safety of therapy for allergic symptoms during pregnancy. Ann Intern Med

1978;89:234–7.
3. Weinstein AM, Dubin BD, Podleski WK, Spector SL, Farr RS. Asthma and pregnancy. JAMA

1979;241:1161–5.
4. Pratt WR. Allergic diseases in pregnancy and breast feeding. Ann Allergy 1981;47:355–60.
5. Mawhinney H, Spector SL. Optimum management of asthma in pregnancy. Drugs 1986;32:178–87.
6. Niebyl JR. Drug Use in Pregnancy. Philadelphia, PA: Lea & Febiger, 1982:53.
7. Cox JSG, Beach JE, Blair AMJN, Clarke AJ. Disodium cromoglycate (Intal). Adv Drug Res 1970;5:135–

6. As cited in Shepard TH. Catalog of Teratogenic Agents . 6th ed. Baltimore, MD: Johns Hopkins
University Press, 1989:174.

8. Product information. Intal. Rhone-Poulenc Rorer Pharmaceuticals, 2000.
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CYCLACILLIN

[Withdrawn from the market. See 9th edition.]



CYCLAMATE
Artificial Sweetener
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The very limited human pregnancy data does not suggest a major risk of
structural anomalies.

FETAL RISK SUMMARY
Cyclamate crosses the placenta to produce fetal blood levels of about 25% of
maternal serum (1). The drug has been suspected of having cytogenetic effects
in human lymphocytes (2). One group of investigators attempted to associate
these effects with an increased incidence of malformations and behavioral
problems, but a causal relationship could not be established (3).

BREASTFEEDING SUMMARY
No reports describing the use of cyclamate during human lactation have been
located.

References
1. Pitkin RM, Reynolds WA, Filer LJ. Placental transmission and fetal distribution of cyclamate in early

human pregnancy. Am J Obstet Gynecol 1970;108:1043–50.
2. Bauchinger M. Cytogenetic effect of cyclamate on human peripheral lymphocytes in vivo. Dtsch Med

Wochenschr 1970;95:2220–3.
3. Stone D, Matalka E, Pulaski B. Do artificial sweeteners ingested in pregnancy affect the offspring?

Nature 1971;231:53.



CYCLANDELATE

[Withdrawn from the market. See 9th edition.]



CYCLAZOCINE

[Withdrawn from the market. See 8th edition.]



CYCLIZINE
Antihistamine/Antiemetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

In general, antihistamines are considered low risk in pregnancy. However,
exposure near birth of premature infants has been associated with an
increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
Cyclizine is a piperazine antihistamine that is used as an antiemetic (see
Buclizine and Meclizine for closely related drugs). The drug is teratogenic in
animals but apparently not in humans. In 111 patients given cyclizine during the
1st trimester, no increased malformation rate was observed (1). Similarly, the
Collaborative Perinatal Project found no association between 1st trimester
cyclizine use and congenital defects, although the number of exposed patients
(N = 15) was small compared with the total sample (2). The Food and Drug
Administration’s OTC Laxative Panel acting on this data concluded that cyclizine
is not teratogenic (3). In 1974, investigators searching for an association
between antihistamines and oral clefts found no relationship between this
defect and the cyclizine group (4). Finally, a retrospective study in 1971 found
that significantly fewer infants with malformations were exposed to
antihistamines/antiemetics in the 1st trimester as compared with controls (5).
Cyclizine was the fifth most commonly used antiemetic.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of cyclizine during human lactation have been
located.
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CYCLOBENZAPRINE
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal reproduction data and human pregnancy experience suggest
that the use of cyclobenzaprine in pregnancy is low risk.

FETAL RISK SUMMARY
Cyclobenzaprine is a centrally acting skeletal muscle relaxant that is closely
related to the tricyclic antidepressants (e.g., imipramine). The agent is not
teratogenic or embryotoxic in mice, rats, and rabbits given doses up to 20
times the human dose (1). No published reports of its use in human pregnancy
have been located.

It is not known if cyclobenzaprine crosses the human placenta. The molecular
weight (about 276 for the free base) is low enough that exposure of the embryo
or fetus probably occurs.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 545 newborns had
been exposed to cyclobenzaprine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 24 (4.4%) major birth defects were
observed (23 expected), including (observed/expected) 5/5 cardiovascular
defects, 1/1 oral clefts, and 2/2 polydactyly. No anomalies were observed in
three other categories of defects (spina bifida, limb-reduction defects, and
hypospadias) for which data were available. Earlier data, obtained from the
same source between 1980 and 1983, totaled 168 1st-trimester exposures
with 12 defects observed (10 expected). These combined data do not support
an association between the drug and congenital defects.

BREASTFEEDING SUMMARY



No reports have been located on the excretion of cyclobenzaprine into milk. The
molecular weight (about 276 for the free base) is low enough that excretion into
milk should be expected. In addition, the closely related tricyclic
antidepressants (e.g., see Imipramine) are excreted into milk and this should
be considered before cyclobenzaprine is used during lactation.

Reference
1. Product information. Flexeril. Merck Sharpe & Dohme, 1993.



CYCLOPENTHIAZIDE

[Withdrawn from the market. See 9th edition.]



CYCLOPHOSPHAMIDE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Cyclophosphamide is known to cause congenital defects when exposure
occurs during organogenesis. Fetal bone marrow suppression is a potential
toxicity when exposure occurs later in pregnancy. [See Rituximab for
additional data.]

FETAL RISK SUMMARY
Cyclophosphamide is an alkylating antineoplastic agent. Both normal and
malformed newborns have been reported following the use of
cyclophosphamide in pregnancy (1–33). Ten malformed infants have resulted
from 1st trimester exposure (1–8). Radiation therapy was given to most of the
mothers, and at least one patient was treated with other antineoplastics
(1,2,4). Defects observed in four of the infants are shown in the list below, and
three other infants are described in the text that follows:

Flattened nasal bridge, palate defect, skin tag, four toes each foot,
hypoplastic middle phalanx fifth finger, bilateral inguinal hernia sacs

Toes missing, single coronary artery
Hemangioma, umbilical hernia
Imperforate anus, rectovaginal fistula, growth restricted

A newborn exposed in utero to cyclophosphamide during the 1st trimester
presented with multiple anomalies (6). The mother, who was being treated for
a severe exacerbation of systemic lupus erythematosus, received two IV doses
of 200 mg each between 15 and 46 days’ gestation. Except for prednisone, 20
mg daily, no other medication was given during the pregnancy. The 3150-g
female infant was delivered at 39 weeks’ gestational age with multiple
abnormalities, including dysmorphic facies: multiple eye defects including
bilateral blepharophimosis with left microphthalmos; abnormally shaped, low-



set ears; cleft palate, bilaterally absent thumbs, and dystrophic nails. Borderline
microcephaly, hypotonia, and possible developmental delay were observed at
10 months of age.

A 1993 publication reported a 29-year-old woman with twins who was
treated for acute lymphocytic leukemia throughout gestation with
cyclophosphamide (200 mg/day) and intermittent prednisone (7). Therapy was
stopped at 33 weeks’ gestation and she delivered 4 weeks later. Both infants
recovered from their severe respiratory distress syndromes. The 1250-g
female twin has developed normally and is now 22 years of age. Except for
strabismus repair at age 9, she has not required any further hospitalizations
(7). In contrast, the 1190-g male twin required hospitalization until 10 months of
age due to multiple congenital anomalies: dyschondrosteosis (Madelung’s
deformity) of the right arm, esophageal atresia, abnormal inferior vena cava,
abnormal renal collecting system later diagnosed as cross-renal atopia, and a
rudimentary left testicle (found later) (7). Chromosomal analysis of the child
revealed a normal karyotype (46, XY). Developmental and neurologic problems
were diagnosed at about 8 years of age and an IQ test performed at 11 years
of age was in the low average range (full scale IQ of 81) with even lower verbal
skills (7). At 14 years of age, a stage III neuroblastoma arising from the left
adrenal gland was diagnosed and was treated with surgery and radiation. At
16 years of age, metastatic papillary thyroid cancer was found and this was
treated with surgery. In addition, three courses of radioactive iodine were
administered to treat the primary cancer and two recurrences (7). The authors
speculated that the different outcomes in the twins might have been due to
differences in metabolism, either by the individual placentas or by the hepatic
cytochrome P-450 activity of the fetuses (7). In either case, two
cyclophosphamide active metabolites, phosphoramide mustard and acrolein,
may have actually caused the malformations. Moreover, because of the timing
of the two malignancies in the boy, the authors also thought it was possible that
they were the result of in utero exposure to cyclophosphamide (7).

A 23-year-old woman with hypertension and lupus nephritis received four IV
doses of cyclophosphamide (20 mg/kg/dose), three of which were given before
conception and one during the 6th week of gestation (8). She delivered a
female, 1705-g (<5th percentile) infant at 37 weeks’ gestation with Apgar
scores of 5 and 7 at 1 and 5 minutes, respectively. The infant’s length was 46
cm (5th–10th percentile) and the head circumference 30.2 cm (<5th percentile).
Other medications received throughout gestation were prednisone, nifedipine,
atenolol, clonidine, potassium chloride, and aspirin. In addition to respiratory



distress syndrome, multiple anomalies were noted, including
microbrachycephaly, coronal craniosynostosis, blepharophimosis, shallow
orbits, proptosis, hypertelorism, broad, flat nasal bridge, bulbous nasal tip,
overfolded small ears, left preauricular pit, microstomia, high-arched palate,
micrognathia, hypoplastic thumbs, 5th finger clinodactyly, and absent 4th and
5th toes bilaterally (8). Other malformations were detected in the skeleton and
central nervous system during diagnostic workups. Growth delay (<3rd
percentile in all growth parameters) and gross motor skills continued to be
impaired at age 17.5 months. Based on their comparisons with previous cases
of cyclophosphamide-induced congenital defects, the authors concluded that
cyclophosphamide was a human teratogen and that a distinct phenotype
existed (8).

A case report of a 16-year-old woman with ovarian endodermal sinus tumor
presenting in two pregnancies was published in 1979 (19). Conservative
surgery, suction curettage to terminate a pregnancy estimated to be at 8–10
weeks’ gestation, and chemotherapy with cyclophosphamide, dactinomycin,
and vincristine (VAC) produced a complete clinical response for 12 months. The
patient then refused further therapy and presented a second time, 6 months
later, with tumor recurrence and a pregnancy estimated at 18–20 weeks’
gestation. She again refused chemotherapy, but her disease progressed to the
point where she allowed VAC chemotherapy to be reinstated 4 weeks later. At
33 weeks’ gestation, 2 weeks after her last dose of chemotherapy, she
spontaneously delivered a normal 2213-g female infant. The infant was
developing normally when last seen at 8 months of age. In a similar case, a
woman, treated with surgery and chemotherapy in her 15th week of pregnancy
for an ovarian endodermal sinus tumor, delivered a normal 2850-g male infant
at 37 weeks’ gestation (20). Chemotherapy, begun during the 16th gestational
week, included six courses of VAC chemotherapy. The last course was
administered 5 days prior to delivery. No information was provided on the
subsequent growth and development of the infant.

Following surgical treatment at 16 weeks’ gestation, a 28-year-old woman
with advanced epithelial ovarian carcinoma was treated with
cyclophosphamide, 750 mg/m2, and cisplatin, 50 mg/m2, every 21 days for
seven cycles (21). Labor was induced at 37–38 weeks’ gestation resulting in
the delivery of a healthy, 3275-g male infant. Height, weight, and head
circumference were in the 75th–90th percentiles. No abnormalities of the
kidneys, liver, bone marrow, or audiometry-evoked potential were found at
birth, and the infant’s physical and neurologic growth was normal at 19 months



of age.
Pancytopenia occurred in a 1000-g male infant exposed to

cyclophosphamide and five other antineoplastic agents in the 3rd trimester (14).
In a similar case, maternal treatment for leukemia was begun at 12.5 weeks’
gestation and eventually included cyclophosphamide, five other antineoplastic
agents, and whole brain radiation (25). A normally developed, premature
female infant was delivered at 31 weeks, who subsequently developed
transient severe bone marrow hypoplasia in the neonatal period. The
myelosuppression was probably due to mercaptopurine therapy.

In a brief 1997 report, three pregnant women with breast cancer were
successfully treated with two or three courses of vinorelbine (20–30 mg/m2)
and fluorouracil (500–750 mg/m2) at 24, 28, and 29 weeks’ gestation,
respectively (33). Delivery occurred at 34, 41, and 37 weeks’ gestation,
respectively. One patient also required six courses of epidoxorubicin and
cyclophosphamide. Her infant developed transient anemia at 21 days of age
that resolved spontaneously. No adverse effects were observed in the other
two newborns. All three infants were developing normally at about 2–3 years of
age (33).

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (34).
The first cycle of chemotherapy occurred at a mean gestational age of 26
weeks, with delivery occurring at a mean 34.7 weeks. A total of 38 cycles were
administered during pregnancy with a median of two cycles per woman. None
of the women received radiation therapy during pregnancy. The pregnancy
outcomes included two spontaneous abortions (SABs) (both exposed in the 1st
trimester), one intrauterine death (exposed in the 2nd trimester), and 17 live
births, one of whom died at 8 days of age without apparent cause. The 16
surviving children were developing normally at a mean follow-up of 42.3 months
(34). Cyclophosphamide (C), in combination with various other agents
(doxorubicin [D], epirubicin [E], fluorouracil [F], or mitoxantrone [M]), was
administered to 13 of the women at a mean dose of 600 mg/m2 (range 300–
1200 mg/m2). The outcomes were one SAB (CEF; 1st trimester), one stillbirth
(one cycle of CE at 23 weeks’ gestation), one neonatal death (one cycle of
CEF 32 days before birth), and 11 surviving liveborn infants (one CE, six CEF,
two CDF, and two CFM; all in the 3rd trimester). One of the infants, exposed to
two cycles of CEF with the last at 25 days before birth, had transient
leukopenia and another was growth restricted (1460-g, born at 33 weeks’
gestation after two cycles of CFM) (34).



Data from one review indicated that 40% of the patients exposed to
anticancer drugs during pregnancy delivered low-birth-weight infants (35). This
finding was not related to the timing of exposure. Use of cyclophosphamide in
the 2nd and 3rd trimesters does not seem to place the fetus at risk for
congenital defects. Except in a few individual cases, long-term studies of
growth and mental development in offspring exposed to cyclophosphamide
during the 2nd trimester, the period of neuroblast multiplication, have not been
conducted (36).

Cyclophosphamide is one of the most common causes of chemotherapy-
induced menstrual difficulties and azoospermia (37–45). Permanent secondary
amenorrhea with evidence of primary ovarian damage has been observed after
long-term (20 months) use of cyclophosphamide (45). In contrast, successful
pregnancies have been reported following high-dose therapy (39,40,46–50).
Moreover, azoospermia appears to be reversible when the drug is stopped
(41–44,51).

One report associated paternal use of cyclophosphamide and three other
antineoplastics prior to conception with congenital anomalies in an infant (52).
Defects in the infant included syndactyly of the first and second digits of the
right foot and tetralogy of Fallot. In a group of men treated over a minimum of
3.5 years with multiple chemotherapy for acute lymphocytic leukemia, one man
fathered a normal child whereas a second fathered two children, one with
multiple anomalies (53). Any relationship between these outcomes and paternal
use of cyclophosphamide is doubtful because of the lack of experimental
evidence and confirming reports.

Cyclophosphamide-induced chromosomal abnormalities are also of doubtful
clinical significance but have been described in some patients after use of the
drug. A study published in 1974 reported chromosome abnormalities in patients
treated with cyclophosphamide for rheumatoid arthritis and scleroderma (54).
In contrast, chromosomal studies were normal in a mother and infant treated
during the 2nd and 3rd trimesters in another report (16). In another case, a 34-
year-old woman with acute lymphoblastic leukemia was treated with multiple
antineoplastic agents from 22 weeks’ gestation until delivery of a healthy
female infant 18 weeks later (22). Cyclophosphamide was administered three
times between the 26th and 30th weeks of gestation. Chromosomal analysis of
the newborn revealed a normal karyotype (46,XX) but with gaps and a ring
chromosome. The clinical significance of these findings is unknown, but
because these abnormalities may persist for several years, the potential
existed for an increased risk of cancer as well as for a risk of genetic damage



in the next generation (22).
The long-term effects of cyclophosphamide on female and male reproductive

function have been reported (55,56). In a 1988 publication, 40 women who had
been treated with combination chemotherapy for malignant ovarian germ cell
tumors (median age at diagnosis 15 years, range 6–29 years) were evaluated
approximately 10 years later (median age 25.5 years, range 14–40 years)
(55). Cyclophosphamide had been used in 33 (83%) of the women. Menstrual
function in these women after chemotherapy was as follows: premenarchal (N
= 1), regular menses (N = 27), irregular menses (N = 5), oligomenorrhea (N =
2), amenorrhea (N = 4), and premature menopause (N = 1). Of the 12 women
with menstrual difficulties, only 3 of the difficulties were considered serious or
persistent. Evaluation of the reproductive status after chemotherapy revealed
that 24 had not attempted to become pregnant, 9 had problem-free
conceptions, 3 had initial infertility followed by conceptions, and 4 had chronic
infertility. Of the 12 women who had conceived on one or more occasions,
1 had an elective abortion at 10 weeks’ gestation, and 11 had delivered 22
healthy infants, although 1 had amelogenesis imperfecta.

A study published in 1985 examined 30 men to determine the effect of
cyclophosphamide on male hormone levels and spermatogenesis (56). The
men had been treated at a mean age of 9.4 years for a mean duration of 280
days. The mean age of the men at the time of the study was 22 years with a
mean interval from end of treatment to evaluation of 12.8 years. Four of the
men were azoospermic, 9 were oligospermic, and 17 were normospermic.
Compared with normal controls, however, the 17 men classified as
normospermic had lower ejaculate volumes (3.1 mL vs. 3.3 mL), lower sperm
density (54.5 × 106/mL vs. 79 × 106/mL), decreased sperm motility (42% vs.
61%, p <0.05), and less normal sperm forms (61% vs. 70%, p <0.05).
Concentrations of testosterone, dehydroepiandrosterone sulfate, and prolactin
were not significantly different between patients and controls. One oligospermic
man (sperm density 12 × 106/mL) had fathered a child.

The effect of occupational exposure to antineoplastic agents on pregnancy
outcome was examined in a 1985 case–control study involving 124 nurses in 17
Finnish hospitals compared with 321 matched controls (57). The cases involved
nurses working in 1979 and 1980 in hospitals that used at least 100 g of
cyclophosphamide (the most commonly administered antineoplastic agent in
Finland) per year or at least 200 g of all antineoplastic drugs per year. The
average total antineoplastic drug use for all hospitals was 1898 g, but a lower
total use, 887 g, occurred for intravenous drugs (58). Moreover, the nurses had



to be 40 years of age or younger in 1980 and had to work in patient areas
where antineoplastic agents were mixed and administered (57). The agents
were prepared without the use of vertical-airflow biologic-safety hoods or
protective clothing (58). Exposure to these agents during the 1st trimester was
significantly associated with early fetal loss (odds ratio [OR] 2.30, 95%
confidence interval [CI] 1.20–4.39) (p = 0.01) (57). Cyclophosphamide, one of
four individual antineoplastic agents to which at least 10 women had been
exposed, had an OR for fetal loss of 2.66 (95% CI 1.25–5.71). Other
significant associations were found for doxorubicin (OR 3.96, 95% CI 1.31–
11.97) and vincristine (OR 2.46, 95% CI 1.13–5.37). The association between
fluorouracil and fetal loss (OR 1.70, 95% CI 0.55–5.21) was not significant.
Based on the results of their study and data from previous studies, the
investigators concluded that nursing personnel should exercise caution in
handling these agents (57).

Although there is no current consensus on the danger posed to pregnant
women from the handling of antineoplastic agents (e.g., the above study
generated several letters that questioned the observed association (59–62)),
pharmacy and nursing personnel should take precautions to avoid exposure to
these potent agents. The National Study Commission on Cytotoxic Exposure
published a position statement on this topic in January 1987 (63). Owing to the
importance of this issue, the statement is quoted in its entirety below:

“The Handling of Cytotoxic Agents by Women Who Are Pregnant, Attempting
to Conceive, or Breast Feeding”

“There are substantial data regarding the mutagenic, teratogenic and
abortifacient properties of certain cytotoxic agents both in animals and humans
who have received therapeutic doses of these agents. Additionally the scientific
literature suggests a possible association of occupational exposure to certain
cytotoxic agents during the first trimester of pregnancy with fetal loss or
malformation. These data suggest the need for caution when women who are
pregnant or attempting to conceive, handle cytotoxic agents. Incidentally, there
is no evidence relating male exposure to cytotoxic agents with adverse fetal
outcome.

There are no studies which address the possible risk associated with the
occupational exposure to cytotoxic agents and the passage of these agents
into breast milk. Nevertheless, it is prudent that women who are breast feeding
should exercise caution in handling cytotoxic agents.

If all procedures for safe handling, such as those recommended by the



Commission are complied with, the potential for exposure will be minimized.
Personnel should be provided with information to make an individual decision.

This information should be provided in written form and it is advisable that a
statement of understanding be signed.

It is essential to refer to individual state right-to-know laws to insure
compliance.”

BREASTFEEDING SUMMARY
Cyclophosphamide is excreted into breast milk (64). Although the
concentrations were not specified, the drug was found in milk up to 6 hours
after a single 500-mg IV dose. The mother was not nursing. A brief 1977
correspondence from investigators in New Guinea described neutropenia in a
breastfed infant whose mother received weekly injections of 800 mg of
cyclophosphamide, 2 mg of vincristine, and 30-mg daily oral doses of
prednisolone for 6 weeks (65). Absolute neutropenia was present 9 days after
breastfeeding had been stopped, which persisted for at least 12 days (65).
Serial determinations of the infant’s white cell and neutrophil counts were begun
2 days after the last exposure to breast milk. The lowest measured absolute
lymphocyte count was 4750/microL. Except for the neutropenia and a brief
episode of diarrhea, no other adverse effects were observed in the infant.

A 1979 report involved a case of an 18-year-old woman with Burkitt’s
lymphoma diagnosed in the 26th week of gestation (66). She was treated with
a 7-day course of cyclophosphamide, 10 mg/kg IV, as a single daily dose (total
dose 3.5 g). Six weeks after the last chemotherapy dose, she delivered a
normal, 2160-g male infant. Analysis of the newborn’s blood counts was not
conducted. The tumor recurred in the postpartum period and treatment with
cyclophosphamide, 6 mg/kg/day IV, was started 20 days after delivery.
Although she was advised not to nurse her infant, she continued to do so until
her sudden death after the third dose of cyclophosphamide. Blood counts were
conducted on both the mother and the infant during therapy. Immediately prior
to the first dose, the infant’s leukocyte and platelet counts were 4800/mm3

(abnormally low for age) and 270,000/mm3, respectively. After the third
maternal dose, the infant’s counts were 3200/mm3 and 47,000/mm3,
respectively. Both counts were interpreted by the investigator as signs of
cyclophosphamide-induced toxicity. It was concluded that breastfeeding should
be stopped during therapy with the agent (66).

The American Academy of Pediatrics classifies cyclophosphamide as a drug
that may interfere with cellular metabolism of the nursing infant (67). Because



of the reported cases of neutropenia and thrombocytopenia, and the potential
for adverse effects relating to immune suppression, growth, and
carcinogenesis, women receiving this drug should not nurse.
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CYCLOSERINE
Antituberculosis Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited animal and human pregnancy data prevent a complete
assessment of the embryo–fetal risk. The best course is to avoid
cycloserine during gestation. However, the drug should not be withheld
because of pregnancy if the maternal condition requires the antibiotic.

FETAL RISK SUMMARY
Cycloserine is a broad-spectrum antibiotic used primarily for active pulmonary
and extrapulmonary tuberculosis. No teratogenic effects were observed in rats
given doses up to 100 mg/kg/day through two generations (1).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 3 of
whom had 1st trimester exposure to cycloserine (2). No evidence of adverse
fetal effects was suggested by the data. The American Thoracic Society
recommends avoidance of cycloserine during pregnancy, if possible, due to the
lack of information on the fetal effects of the drug (3).

BREASTFEEDING SUMMARY
Cycloserine is excreted into breast milk. Milk concentrations in four lactating
women taking 250-mg of the drug four times daily ranged from 6 to 19
mcg/mL, an average of 72% of serum levels (4). Approximately 0.6% of the
mother’s daily dose was estimated to be in the milk (5). No adverse effects
were observed in the nursing infants (4). The American Academy of Pediatrics
classifies cycloserine as compatible with breastfeeding (6).

References
1. Product information. Seromycin. Dura Pharmaceuticals, 2000.



2. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing
Sciences Group, 1977:297.

3. American Thoracic Society. Medical Section of the American Lung Association: Treatment of
tuberculosis and tuberculosis infection in adults and children. Am Rev Respir Dis 1986;134:355–63.

4. Morton RF, McKenna MH, Charles E. Studies on the absorption, diffusion, and excretion of cycloserine.
Antibiot Annu 1955–1956;3:169–72. As cited by Snider DE Jr, Powell KE. Should women taking
antituberculosis drugs breast-feed? Arch Intern Med 1984;144:589–90.

5. Vorherr H. Drug excretion in breast milk. Postgrad Med 1974;56:97–104. As cited by Snider DE Jr,
Powell KE. Should women taking antituberculosis drugs breast-feed? Arch Intern Med 1984;144:589–
90.

6. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



CYCLOSPORINE
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Based on relatively small numbers, the use of cyclosporine during
pregnancy apparently does not pose a major risk to the fetus. Cyclosporine
is not an animal teratogen (1,2), and the limited experience in women
indicates that it is unlikely to be a human teratogen. No pattern of defects
has emerged in the few newborns with anomalies. Skeletal defects, other
than the single case of osseous malformation, have not been observed.
When used as an immunosuppressant, the disease process itself makes
these pregnancies high risk and subject to numerous potential problems, of
which the most common is growth restriction. This latter problem is
probably related to the mother’s disease rather than to her drug therapy,
but a contribution from cyclosporine and corticosteroids cannot be
excluded. Long-term follow-up studies are warranted, however, to detect
latent effects, including those in subsequent generations. If cyclosporine is
used in pregnancy for the treatment of rheumatoid arthritis or psoriasis,
healthcare professionals are encouraged to call the toll-free number (877-
311-8972) for information about patient enrollment in the OTIS Rheumatoid
Arthritis study.

FETAL RISK SUMMARY
Cyclosporine (cyclosporin A), an antibiotic produced by certain fungi, is used as
an immunosuppressive agent to prevent rejection of kidney, liver, or heart
allografts. Other indications for the drug are the treatment of severe, active
rheumatoid arthritis and severe (i.e., extensive and/or disabling), recalcitrant,
plaque psoriasis (1).

In reproduction studies, cyclosporine produced embryo and fetal toxicity only



at maternally toxic dose levels in rats (0.8 times the human transplant dose of 6
mg/kg corrected for BSA) and in rabbits (5.4 times the human dose). Toxic
effects included increased pre- and postnatal mortality, and reduced fetal
weight and related skeletal restriction. No teratogenic effects were observed
(1).

Cyclosporine readily crosses the placenta to the fetus (3–7). In a 1983
study, the cord blood:maternal plasma ratio at delivery was 0.63 (3). In a
second study, cord blood and amniotic fluid levels 8 hours after a dose of 325
mg were 57 and 234 ng/mL, respectively (4). Concentrations in the newborn
fell to 14 ng/mL at 14 hours and were undetectable (<4 ng/mL) at 7 days. Cord
blood:maternal plasma ratios in twins delivered at 35 weeks’ gestation were
0.35 and 0.57, respectively (5). A similar ratio of 0.40 was reported in a case
delivered at 31 weeks’ gestation (6).

Several case reports describing the use of cyclosporine throughout gestation
have been published (3–14). Maternal doses ranged between 260 and 550
mg/day (3–5,8,10,11,14). Cases usually involved maternal renal transplantation
(3–5,7–13), but one report described a successful pregnancy in a woman after
heart transplantation (6), one involved a combined transplant of a kidney and
paratropic segmental pancreas in a diabetic woman (11), and one involved a
patient with a liver transplant (14). In addition, a report has described a
successful pregnancy in a woman with aplastic anemia who was treated with
bone marrow transplantation (15). In this case, however, cyclosporine therapy
had been stopped prior to conception. Guidelines for counseling heart
transplant patients who wish to become pregnant have been published (16).

As of October 1987, the manufacturer had knowledge of 34 pregnancies
involving cyclosporine (A. Poploski and D. A. Colasante, personal
communication, Sandoz Pharmaceuticals Corporation, 1987) (16). Some of
these cases are described above. These pregnancies resulted in six abortions
(one after early detection of anencephaly, three elective, and two spontaneous
abortions, one at 20 weeks’ gestation), one pregnancy still ongoing, and 27 live
births. One of the newborns died at age 3 days. Autopsy revealed a complete
absence of the corpus callosum.

A 1989 case report described an infant with hypoplasia of the right leg and
foot after in utero exposure to cyclosporine (12). The right leg was 2 cm
shorter than the left. Hypoplasia of the muscles and subcutaneous tissue of the
right leg was also present. The authors proposed a possible mechanism for the
defect, which involved cyclosporine inhibition of lymphocytic interleukin-2
release and subsequent interference with the differentiation of osteoclasts (12).



Many of the liveborn infants were growth restricted (4,8,10–14). Birth
weights of full-term newborns ranged from 2160 to 3200 g (13,14) (A. Poploski
and D.A. Colasante, personal communication, 1987). A 1985 review article
observed that growth restriction was common in the offspring of renal
transplant patients, occurring in 8%–45% of reported pregnancies (17).
Although the specific cause of the diminished growth could not be determined,
the most likely processes involved were considered to be maternal
hypertension, renal function, and immunosuppressive drugs (17).

Follow-up of children exposed in utero to cyclosporine has been conducted in
a few cases (5,11) (A. Poploski and D.A. Colasante, personal communication,
1987). In 15 of 27 surviving neonates, early postnatal development was normal
except for one infant with slight growth restriction. Postnatal development of 10
children followed from 1 to 13 months revealed normal physical and mental
development. No abnormal renal or liver function has been reported in the
exposed newborns (5,11) (A. Poploski and D.A. Colasante, personal
communication, 1987).

A 2006 report described 71 pregnancies among 45 women after liver
transplantation (2). Tacrolimus and cyclosporine were used in 42 and 29 of the
pregnancies, respectively. The outcomes of the pregnancies were live births
(29 vs. 21), spontaneous abortions (7 vs. 6), elective abortions (5 vs. 1), molar
pregnancy (1 vs. 0), and intrauterine death (0 vs. 1) (all ns). The median
gestation and birth weight were 37.5 vs. 37 weeks, and 2660 vs. 2951 g,
respectively (all ns). Pregnancies occurring within 1 year of transplantation had
the highest incidence of prematurity and lowest birth weight. There were no
congenital anomalies observed (2).

Two reviews discussing the treatment of psoriasis, one in 2002 (18) and the
other in 2005 (19), considered the use of cyclosporine to be appropriate for the
management of severe psoriasis.

BREASTFEEDING SUMMARY
Cyclosporine is excreted into breast milk. In a patient taking 450 mg of
cyclosporine/day, milk levels on postpartum days 2, 3, and 4 were 101, 109,
and 263 ng/mL, respectively (3). No details were given about the relationship of
maternal doses with these levels. In another patient, milk concentrations 22
hours after a dose of 325 mg were 16 ng/mL, whereas maternal blood levels
were 52 ng/mL, a milk:plasma ratio of 0.31 (4). A milk:plasma ratio of 0.40
was reported in one study (6) and a ratio of approximately 0.17 was measured
in another (7). Breastfeeding was not allowed in any of these studies and has



been actively discouraged by most sources because of concerns for potential
toxicity in the nursing infant (13,14,16).

A 2001 study reported the use of cyclosporin in a woman who was
breastfeeding (20). The woman had a simultaneous kidney–pancreas transplant
13 months before conception. She was treated before, during, and after
pregnancy with cyclosporine (300 mg twice daily), azathioprine (100 mg/day),
and prednisone (10 mg/day). At 34 weeks’ gestation, she delivered an 1800-g
male infant with Apgar scores of 5 and 8 at 1 and 5 minutes, respectively. Mild
hyperbilirubinemia, treated with phototherapy, was the infant’s only
complication. The mother’s cyclosporine levels during pregnancy were 75–173
ng/mL (therapeutic range 100–125 ng/mL in whole blood) but were not
determined at birth. The cord blood cyclosporine concentration was 67 ng/mL.
Breastfeeding was initiated 2 hours after birth and continued exclusively for the
first 10.5 months of life. Random cyclosporine levels in the infant’s serum were
<25 ng/mL at approximately 1, 1.5, 2.5, 4, and 10.5 months of age. Maternal
serum cyclosporine levels at approximately 1, 1.5, and 2.5 months were 193,
273, and 123 ng/mL, respectively, and breast milk levels were 160, 286, and
79 ng/mL, respectively. No adverse effects from exposure to cyclosporine were
observed in the infant. At 12 months of age, his weight and height were at the
46th and 55th percentile, respectively. The mother has subsequently delivered
a second child that was also breastfed (20).

Infant cyclosporine exposure was quantified in five mother–infant pairs in a
2003 report (21). The five mothers had taken cyclosporine throughout
pregnancy and continued the drug while nursing their infants. In two cases, the
milk:maternal blood ratios were 0.45 and 1.4 (not specified in the other three
cases). In the latter case, the infant’s dose from milk was about 1% of the
therapeutic dose (weight basis). The infant’s blood levels were as high as 78%
of the corresponding maternal trough concentrations that were in the
therapeutic range. Cyclosporine was not detected in the blood of three other
infants (not tested in one infant). In the five cases, the estimated infant dose
from milk, based on a milk consumption of 150 mL/kg/day, ranged from 0.2%
to 2.1% of the mother’s weight-adjusted dose. No adverse effects in the infants
were observed, but specific immunologic effects were not investigated (21).

The American Academy of Pediatrics classifies cyclosporine as a drug that
may interfere with cellular metabolism in the nursing infant (22).
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CYCLOTHIAZIDE

[Withdrawn from the market. See 9th edition.]



CYCRIMINE

[Withdrawn from the market. See 8th edition.]



CYPROHEPTADINE
Antihistamine/Antiserotonin
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproduction data and limited human pregnancy experience
suggest that cyproheptadine is low risk for structural anomalies. Although
reporting bias is evident, preterm birth occurred in three women exposed to
the drug during pregnancy. Because preterm birth has been associated
with other serotonin antagonists (e.g., selective serotonin reuptake
inhibitors), there might be a causal association with cyproheptadine.

FETAL RISK SUMMARY
Cyproheptadine has been used as a serotonin antagonist to prevent habitual
abortion in patients with increased serotonin production (1,2). No congenital
defects were observed when the drug was used for this purpose.

Reproductive studies in mice, rats, and rabbits with oral or SC doses up to
32 times the maximum recommended human dose found no evidence of
impaired fertility or fetal harm (3,4). In contrast, Shepard cited a 1982 study
that observed dose-related fetotoxicity characterized by skeletal retardation,
hydronephrosis, liver and brain toxicity, and increased mortality in fetuses of
rats administered 2–50 mg/kg/day intraperitoneally during organogenesis (5).

Two patients, who were being treated with cyproheptadine for Cushing’s
syndrome, conceived while taking the drug (6,7). Therapy was stopped at 3
months in one patient but continued throughout gestation in the second.
Apparently healthy infants were delivered prematurely (33–34 weeks and 36
weeks) from both mothers. Fatal gastroenteritis developed at 4 months of age
in the 33- to 34-week gestational infant who was exposed throughout
pregnancy to the drug (6). The use of cyproheptadine to treat a pregnant
woman with Cushing’s syndrome secondary to bilateral adrenal hyperplasia



was described in a 1990 reference (8). Specific details were not provided on
the case, except that the fetus was delivered prematurely at 33 weeks’
gestation. In a separate case, a woman with Cushing’s was successfully
treated with cyproheptadine; 2 years after stopping the drug, she conceived
and eventually delivered a healthy male infant (9).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 285 newborns had
been exposed to cyproheptadine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 12 (4.2%) major birth defects were
observed (12 expected), including (observed/expected) 2/3 cardiovascular
defects, 2/0.6 oral clefts, and 2/0.7 hypospadias. Only with the latter two
defects is there a suggestion of an association with this drug, but other factors,
including the mother’s disease, concurrent drug use, and chance, may be
involved. No anomalies were observed in three other categories of anomalies
(spina bifida, polydactyly, and limb-reduction defects) for which specific data
were available.

A woman at 4 weeks’ gestation attempted suicide with cyproheptadine (400
mg), diazepam (200 mg), and trimetozine (12,000 mg) (an antianxiety agent
that is no longer available) (10). A 2.65-kg male infant was born at 40 weeks’
gestation. No congenital abnormalities were noted in the infant.

BREASTFEEDING SUMMARY
No reports describing the use of cyproheptadine during lactation have been
located. Chronic use of cyproheptadine will lower serum prolactin levels and it
has been used in the management of galactorrhea (11). No studies have been
found, however, that evaluated its potential to interfere with the normal lactation
process. Because of the increased sensitivity of newborns to antihistamines
and the potential for adverse reactions, the manufacturer considers
cyproheptadine to be contraindicated in nursing mothers (3).
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CYTARABINE
Antineoplastic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited human pregnancy experience and the use of combination
therapy prevent a complete assessment of the embryo–fetal risk. In
addition to the potential for structural anomalies, cytarabine may cause
fetal bone marrow suppression.

FETAL RISK SUMMARY
Cytarabine is an antineoplastic agent used in the treatment of various types of
leukemia. It is classified as an antimetabolite in the subclass of pyrimidine
analogs. Other antineoplastic agents in the subclass are capecitabine,
floxuridine, fluorouracil, and gemcitabine.

The drug is teratogenic in the hamster and rat (1). Cytarabine is classified as
an antimetabolite in the subclass of pyrimidine analogs. Other antineoplastic
agents in the subclass are capecitabine, floxuridine, and gemcitabine.

Normal infants have resulted following in utero exposure to cytarabine during
all stages of gestation (2–27). Follow-up of seven infants exposed in utero
during the 2nd trimester to cytarabine revealed normal infants at 4–60 months
(20,22–26). Two cases of intrauterine fetal death after cytarabine combination
treatment have been located (20,23). In one case, maternal treatment for 5
weeks starting at the 15th week of gestation ended in intrauterine death at 20
weeks’ gestation of a fetus without abnormalities or leukemic infiltration (20).
The second case also involved a woman treated from the 15th week who
developed severe pregnancy-induced hypertension at 29 weeks’ gestation (23).
An apparently normal fetus died 1 week later, most likely as a consequence of
the preeclampsia.

Use during the 1st and 2nd trimesters has been associated with congenital
and chromosomal abnormalities (21,28–30). One leukemic patient treated
during the 2nd trimester elected to have an abortion at 24 weeks’ gestation



(21). The fetus had trisomy for group C autosomes without mosaicism. A
second pregnancy in the same patient with identical therapy ended normally. In
another case, a 34-year-old woman with acute lymphoblastic leukemia was
treated with multiple antineoplastic agents from 22 weeks’ gestation until
delivery of a healthy female infant 18 weeks later (28). Cytarabine was
administered only during the 27th week of gestation. Chromosomal analysis of
the newborn revealed a normal karyotype (46,XX) but with gaps and a ring
chromosome. The clinical significance of these findings is unknown, but
because these abnormalities may persist for several years, the potential
existed for an increased risk of cancer as well as for a risk of genetic damage
in the next generation (28). Two women, one treated during the 1st trimester
and the other treated throughout pregnancy, delivered infants with the following
multiple anomalies:

Bilateral microtia and atresia of external auditory canals, right hand lobster
claw with three digits, bilateral lower limb defects (29)

Two medial digits of both feet missing, distal phalanges of both thumbs
missing with hypoplastic remnant of the right thumb (30)

Congenital anomalies have also been observed after paternal use of cytarabine
plus other antineoplastics prior to conception (31). The investigators suggested
that the antineoplastic agents may have damaged the sperm without producing
infertility in the two fathers. The relationship between use of the chemotherapy
in these men and the defects observed is doubtful due to the lack of
experimental evidence and confirming reports. The results of these pregnancies
were as follows: tetralogy of Fallot, syndactyly of first and second digits of right
foot, and a stillborn with anencephaly. Cytarabine may produce reversible
azoospermia (32,33). However, male fertility has been demonstrated during
maintenance therapy with cytarabine (34).

Pancytopenia was observed in a 1000-g male infant exposed to cytarabine
and five other antineoplastic agents during the 3rd trimester (12).

Data from one review indicated that 40% of the mothers exposed to
antineoplastic drugs during pregnancy delivered low-birth-weight infants (35).
This finding was not related to the timing of exposure. Except for the few cases
noted above, long-term studies of growth and mental development in offspring
exposed to cytarabine during the 2nd trimester, the period of neuroblast
multiplication, have not been conducted (36).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the



National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of cytarabine during lactation have been located.
Because of the potential for serious adverse effects in nursing infants, women
receiving this drug should not breastfeed.
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DABIGATRAN ETEXILATE
Anticoagulant (Thrombin Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of dabigatran etexilate in human pregnancy
have been located. The animal data suggest moderate risk, but the
absence of human pregnancy experience prevents a more complete
assessment of the embryo–fetal risk. Until such data are available, other
anticoagulants, such as the low-molecular-weight heparins, appear to be a
better choice in pregnancy.

FETAL RISK SUMMARY
Dabigatran etexilate is a direct thrombin inhibitor that is given orally. It is
indicated to reduce the risk of stroke and systemic embolism in patients with
nonvalvular atrial fibrillation. After oral dosing, dabigatran etexilate is converted
to dabigatran, the active agent. Dabigatran is further metabolized to four
different acyl glucuronides, all of which have similar activity to dabigatran.
Plasma protein binding is about 35% and the half-life is 12–17 hours (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, a dose that was about 2.6–3 times the human exposure from the
maximum recommended dose of 300 mg/day based on AUC (MRHD) given
after implantation resulted in an increase in dead offspring and caused excess
vaginal/uterine bleeding close to parturition. This dose also increased the
incidence of delayed or irregular ossification of fetal skull bones and vertebrae.
However, the drug did not induce major malformations in the rat or rabbit (dose



in rabbits not specified). The number of implantations was decreased when
dabigatran was given to male and female rats before mating and up to
implantation at the above dose (1).

In 2-year studies, dabigatran was not carcinogenic in mice and rats. The
drug was not mutagenic in multiple assays. No adverse effects on male and
female rat fertility were observed, but, as noted above, the drug decreased the
number of implantations when given up to implantation (gestation day 6) (1).

It is not known if dabigatran etexilate or dabigatran crosses the human
placenta. The molecular weights of the parent compound and dabigatran (about
628 and 499 for the free bases), low plasma protein binding, and the long
elimination half-life suggest that it will cross to the embryo–fetus. However,
without referencing, a 2010 review of new oral anticoagulants stated that
dabigatran does not cross the placenta (2).

BREASTFEEDING SUMMARY
No reports describing the use of dabigatran etexilate during human lactation
have been located. The molecular weight of the parent compound (about 628
for the free base), low plasma protein binding (about 35%), and the long
elimination half-life (12–17 hours) suggest that the drug and its active
metabolites will be excreted into breast milk. The effect of the exposure on a
nursing infant is unknown, but the drug is absorbed orally. Until such data are
available, use of other anticoagulants, such as the low-molecular-weight
heparins, should be considered.
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DACARBAZINE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Dacarbazine is an alkylating antineoplastic agent. Other agents in this class
(see also Busulfan, Chlorambucil, and Cyclophosphamide) are known to be
human teratogens and, combined with the animal data, strongly suggest
that dacarbazine should not be given in the 1st trimester.

FETAL RISK SUMMARY
Single intraperitoneal doses of 800 or 1000 mg/kg in pregnant rats produced
skeletal reduction defects, cleft palates, and encephaloceles in their offspring
(1).

Dacarbazine was used for the treatment of melanoma in the 1st trimester of
one pregnancy (2). The pregnancy was electively aborted. In a second case, a
woman at 21 weeks’, received two cycles of chemotherapy for Hodgkin’s
disease (3). Each cycle consisted of dacarbazine (375 mg/m2 IV, days 1 and
14), doxorubicin, bleomycin, and vinblastine. At 29 weeks’, a healthy, 2400-g
female infant was born, who is alive and well at 10 years of age.

No congenital malformations were observed in four live-born offspring of one
male and another female treated with dacarbazine during childhood or
adolescence (4). In a 2002 study, 1915 women had 4029 pregnancies after
chemotherapy with or without radiation (5). No statistical differences in
pregnancy outcomes (live births and spontaneous abortions) by treatment
group were found, including the 170 pregnancies in women treated with
dacarbazine.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for



cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of dacarbazine during lactation have been
located. Because of the potential for severe adverse effects, such as
hematopoietic depression in a nursing infant, the drug should not be used during
breastfeeding.
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DACLIZUMAB
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of daclizumab in human pregnancy have been
located. The lack of animal and human pregnancy experience prevents an
assessment of the embryo–fetal risk. However, basiliximab, an antibody
with a similar mechanism of action, did not cause noticeable developmental
toxicity in cynomolgus monkeys. (See Basiliximab.) A 2004 review
concluded that immunosuppressive antibodies have little implication for
pregnancy because they are used either for induction immunosuppression
or to prevent an acute rejection episode (1). If exposure does occur during
pregnancy, the risk for developmental toxicity is unknown but may be low.
Long-term studies of exposed offspring for functional abnormalities and
other developmental toxicity are warranted. The manufacturer recommends
that women of childbearing potential use effective contraception before and
during therapy, and for 4 months afterward (2).

FETAL RISK SUMMARY
Daclizumab, an interleukin-2 (IL-2) receptor antagonist, is an
immunosuppressive, humanized (90% human/10% murine) immunoglobulin G1
(IgG1) monoclonal antibody indicated for the prophylaxis of acute organ
rejection in patients receiving renal transplants (2). Daclizumab is classified as
a nondepleting (i.e., does not destroy T- or B-lymphocytes) protein
immunosuppressant (3). It binds only to IL-2 receptor sites expressed on the
surface of activated T-lymphocytes. This binding inhibits IL-2-mediated
activation of lymphocytes. Daclizumab is used with immunosuppressive
regimens that include cyclosporine and corticosteroids. The elimination half-life
is about 20 days (2).



Reproduction studies have not been conducted with daclizumab (2).
It is not known if daclizumab crosses the human placenta. The molecular

weight of the glycoprotein (about 144,000) may prevent transfer. However, the
prolonged elimination half-life and the fact that IgG molecules are known to
cross the placenta, at least in the 3rd trimester, suggest that some exposure of
the embryo and/or fetus will occur.

IL-2 receptors may have an important role in the development of the immune
system, but the potential effect of daclizumab on this development is unknown.
While in the circulation, daclizumab impairs the response of the immune system
to antigenic challenges. It is unknown if the ability to respond to these
challenges returns to normal after clearance of daclizumab (2).

BREASTFEEDING SUMMARY
No reports describing the use of daclizumab during human lactation have been
located. Because immunoglobulins and other large molecules are excreted into
colostrum in the first 2–3 days after birth, daclizumab is also probably excreted
during this time. It may not be possible to avoid exposure during this early
period of lactation because of the prolonged elimination half-life (about 20
days). Excretion into mature milk also is possible. Although partial digestion of
the antibody in the gastrointestinal tract is probable, the effect on a nursing
infant from this exposure is unknown.
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DACTINOMYCIN
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience is limited, none of which involved 1st
trimester exposure. The animal data suggest high risk. If the drug must be
used in pregnancy, exposure during organogenesis during should be
avoided.

FETAL RISK SUMMARY
Dactinomycin is an antimitotic antineoplastic agent. It is in the same
antineoplastic subclass of antibiotics as bleomycin and mitomycin.

Reproduction studies in the rat, rabbit, and hamster at IV doses 3–7 times
the maximum recommended human dose has shown embryo and fetal toxicity
and teratogenic effects (1).

Normal pregnancies have followed the use of this drug prior to conception
(2–10). However, women were less likely to have a live birth following
treatment with this drug than with other antineoplastics (6).

Eight women who were treated with dactinomycin in childhood or
adolescence subsequently produced 20 liveborn offspring, 3 (15%) of whom
had congenital anomalies (11). This rate was the highest among 14
antineoplastic agents studied. Another report, however, observed no major
congenital malformations in 52 offspring born to 11 men and 25 women who
had been treated with dactinomycin during childhood or adolescence,
suggesting that the results of the initial study occurred by chance (12).

Reports on the use of dactinomycin in six pregnancies have been located
(13–18). In these cases, dactinomycin was administered during the 2nd and
3rd trimesters and apparently normal infants were delivered. The infant from
one of the pregnancies was continuing to do well 4 years after birth (15). Two



of the other pregnancies (16,17) are discussed in more detail in the monograph
for cyclophosphamide (see Cyclophosphamide).

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (13). This finding was not related to the timing of
exposure. Long-term studies of growth and mental development in offspring
exposed to dactinomycin during the 2nd trimester, the period of neuroblast
multiplication, have not been conducted (19).

The long-term effects of combination chemotherapy on menstrual and
reproductive function have been described in a 1988 report (20). Thirty-two of
the 40 women treated for malignant ovarian germ cell tumors received
dactinomycin. The results of this study are discussed in the monograph for
cyclophosphamide (see Cyclophosphamide).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of dactinomycin during human lactation have
been located. Although its relatively high molecular weight (about 1255) should
impede the excretion into milk, women receiving this drug should not breastfeed
because of the potential risk of severe adverse reactions in the nursing infant.
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DALFAMPRIDINE
Potassium Channel Blocker
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of dalfampridine in human pregnancy have
been located. Although the animal data suggest risk, the complete absence
of human pregnancy experience prevents an assessment of the embryo–
fetal risk. If the drug is indicated in a pregnant woman, she should be
advised of the absence of data.

FETAL RISK SUMMARY
Dalfampridine is a broad-spectrum potassium channel blocker that is taken as
extended-release oral tablets. It is indicated to improve walking in patients with
multiple sclerosis. The drug is metabolized to inactive metabolites. Plasma
protein binding is very low (1%–3%) and the elimination half-life is 5.2–6.5
hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, oral doses up to about 5 times the maximum recommended human
dose based on BSA (MRHD) revealed no evidence of developmental toxicity.
Maternal toxicity was observed at the highest dose. When rats were given oral
doses throughout pregnancy and lactation, decreased offspring survival and
growth were observed. The no-effect dose for prenatal and postnatal
developmental toxicity was about 0.5 times the MRHD (1).

There was no evidence of drug-induced carcinogenesis in 2-year studies in
mice. However, a significant increase in uterine polyps was noted in rats at the
highest dose tested (about 9 times the MRHD). In vitro and in vivo assays for
mutagenesis were negative. The drug had no effect on the fertility of male and
female rats (1).

It is not known if dalfampridine crosses the human placenta. The very low



molecular (about 94) and plasma protein binding combined with a moderately
long elimination half-life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of dalfampridine during human lactation have
been located. The very low molecular weight (about 94) and plasma protein
binding (1%–3%) combined with a moderately long elimination half-life (5.2–6.5
hours) suggest that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown. Exposed infants should be monitored
for the most common adverse effects seen in adults, such as insomnia,
headache, nausea, dizziness, constipation, and other reactions.

Reference
1. Product information. Ampyra. Acorda Therapeutics, 2010.



DALTEPARIN
Anticoagulant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The use of dalteparin during pregnancy appears to present no more fetal or
newborn risk than that from standard, unfractionated heparin.

FETAL RISK SUMMARY
Dalteparin is a low-molecular-weight heparin prepared by depolymerization of
heparin obtained from porcine intestinal mucosa. The molecular weight of
dalteparin varies from <3000 to >8000, but 65%–78% is in the 3000–8000
range (1). Reproduction studies found no evidence of impaired fertility in male
and female rats or fetal harm in rats and rabbits (1).

Because of its relatively high molecular weight, dalteparin is not expected to
cross the placenta to the fetus (2). Thirty women undergoing elective
pregnancy termination in the 2nd trimester (N = 15) or 3rd trimester (N = 15)
for fetal malformations or chromosomal abnormalities were administered a
single SC dose of 2500 IU or 5000 IU, respectively, of dalteparin immediately
prior to the procedure (3). Heparin activity was not evident in fetal blood,
demonstrating the lack of transplacental passage at this stage of gestation.

Dalteparin was administered as a continuous IV infusion at 36 weeks’
gestation in a woman being treated for a deep vein thrombosis that had
occurred during the 1st trimester (4). During the 1st trimester, she had been
treated with IV heparin and then was maintained on SC doses for 4 weeks
before developing an allergic reaction. Skin testing revealed immediate-type
allergic reactions to heparin and some other derivatives but not to dalteparin.
She was changed to warfarin therapy at 14 weeks’ gestation, and this therapy
was continued until the change to dalteparin at 36 weeks. Following
stabilization of the anti-factor Xa plasma levels with a continuous infusion (400
anti-factor Xa U/hour), dalteparin therapy was changed to SC dosing, which
was continued until delivery at 38.5 weeks of a healthy, 3010-g female infant.



No anti-factor Xa activity was detected in the cord blood.
A 1992 report described the use of dalteparin in seven women at 16–23

weeks’ gestation just before undergoing therapeutic termination of pregnancy
(5). SC dalteparin was given at 15 and 3 hours before pregnancy termination.
Heparin activity (anti-factor Xa) was detected in all mothers but not in any of
the fetuses. In the second part of the study, 11 pregnant women with a history
of severe thromboembolic tendency, as evidenced by recurrent miscarriages,
were treated throughout gestation with SC dalteparin (5). All of the women
gave birth to healthy infants without complication. As with heparin, maternal
osteoporosis may be a complication resulting from the use of low-molecular-
weight heparins, including dalteparin, during pregnancy (see also Heparin and
Vitamin D). However, in the 11 patients described above, all had normal mineral
mass as determined by bone density scans performed shortly after delivery
(5). Moreover, a study published in 1996 compared two groups of pregnant
women receiving SC dalteparin, either 5000 IU daily (N = 9) or 5000 IU daily in
the 1st trimester, then twice daily thereafter (N = 8), both starting in the 1st
trimester, with a control group (N = 8) that did not receive heparin (6). Lumbar
spine bone density fell by similar amounts in all pregnancies, and the normal
physiological change of pregnancy was not increased by dalteparin.

The use of dalteparin in 184 pregnant women for thromboprophylaxis was
reviewed in a brief 1994 report (7). No placental passage of the drug was
found in the 9 patients investigated. Congenital malformations were observed in
3.3% of the outcomes, a rate believed to be normal for this population. Another
1994 letter reference described the use of dalteparin in five pregnant women
starting between 15 and 18 weeks’ gestation (8). Apparently normal infants
were delivered.

Dalteparin was used for thromboembolic prophylaxis in 24 pregnant women
with a risk of thromboembolic disease (9). The women received total daily
doses of 2500 (16 mg) to 10,000 (32 mg) anti-factor Xa IU. Anti-factor Xa
activity was demonstrated in the blood samples from the mothers but not in the
normal newborns, indicating the lack of placental transfer of the drug.

A 1997 case report described the successful use of dalteparin in the 3rd
trimester of a pregnant woman with iliofemoral vein thrombosis who was
resistant to use unfractionated heparin (10). She was treated with 7000 IU (100
IU/kg) every 12 hours from 30 weeks’ gestation until 24 hours before an
uncomplicated vaginal delivery at 38 weeks’.

In a randomized 1999 trial, unfractionated heparin (N = 55; mean 20,569
IU/day) and dalteparin (N = 50; mean 4631 IU/day) were compared in 105



pregnant women with previous or current thromboembolism (11). There were
no recurrences of thromboembolism or cases of thrombocytopenia in either
group, but there were more bleeding complications in the patients receiving
unfractionated heparin. The pregnancy outcomes in terms of blood loss at
delivery, number of cesarean sections, birth weight, and Apgar scores were
similar.

In a 2000 trial, a prophylactic dalteparin dose of 5000 IU/day given during
pregnancy was adequate for 25 women (mean weight 70.2 kg), but the dose
was decreased in 6 women (mean 58.0 kg) and increased in 2 (mean 102.5
kg) after the first anti-Xa activity measurement (12). An adjusted-weight
therapeutic dose (100 IU/kg twice daily) was appropriate during pregnancy
based on measured anti-Xa activity.

BREASTFEEDING SUMMARY
No reports describing the use of dalteparin during lactation have been located.
Dalteparin, a low- molecular-weight heparin, still has a relatively high molecular
weight (65%–78% in the range of 3000–8000) and, as such, should not be
expected to be excreted into human milk. Because the drug would be
inactivated in the gastrointestinal tract, the risk to a nursing infant from ingestion
of dalteparin from milk appears to be negligible.
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DANAZOL
Androgen
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

A number of reports have described the inadvertent use of danazol during
human gestation resulting in female pseudohermaphroditism. This
teratogenic condition is characterized by a normal XX karyotype and
internal female reproductive organs, but ambiguous external genitalia. No
adverse effects in male fetuses have been associated with danazol.

FETAL RISK SUMMARY
Danazol is a synthetic androgen derived from ethisterone that is used in the
treatment of various conditions, such as endometriosis, fibrocystic breast
disease, and hereditary angioedema. No fetal harm was observed in
reproduction studies with pregnant rats at doses 7–15 times the human dose,
but fetal development was inhibited in rabbits at doses 2–4 times the human
dose (1).

Early studies with this agent had examined its potential as an oral
contraceptive (2–4). This use was abandoned, however, because low doses
(e.g., 50–100 mg/day) were associated with pregnancy rates ≤10% and higher
doses were unacceptable to the patient due to adverse effects (2,4).

In experimental animals, danazol crosses the placenta to the fetus, but
human data are lacking. The molecular weight (about 338) suggests that it
does reach the human embryo and fetus. Because danazol is used to treat
endometriosis, frequently in an infertile woman, a barrier (nonhormonal)
contraception method is recommended to prevent accidental use during
pregnancy.

The first published report of female pseudohermaphroditism appeared in
1981 (5). A woman was treated for endometriosis with a total danazol dose of
81 g divided over 101 days. Subsequent evaluation revealed that the treatment
period corresponded to approximately the first 14 weeks of pregnancy. The



female infant, whose length and weight were at the 5th percentile, had mild
clitoral enlargement and a urogenital sinus evident at birth. Physical findings at
2 years of age were normal except for clitoromegaly, empty, darkened,
rugated labia majora, and a complete urogenital sinus formation. Studies
indicated the child had a normal vagina, cervix, fallopian tubes, and ovaries. The
mother had no evidence of virilization.

A second case reported in 1981 involved a woman with endometriosis who
was inadvertently treated with danazol, 800 mg/day, during the first 20 weeks
of gestation (6). The mother went into premature labor at 27 weeks and
delivered a female infant with a birth weight of 980 g. Ambiguous genitalia were
evident at birth, consisting of marked clitoromegaly with fusion of the labia
scrotal folds. A urogenital sinus, with well-developed vagina and uterus, was
noted on genitogram. Bilateral inguinal hernias with palpable gonads were also
present. At 4 days of age, clinical and laboratory findings compatible with a
salt-losing congenital adrenal hyperplasia were observed. The infant was
successfully treated for this complication, which was thought to be due to a
transitory block of the steroid 21- and 11-monooxygenases (6). At 1 year of
age, the infant was asymptomatic, and no signs of progressive virilization were
observed.

The authors of the above report cited knowledge of 27 other pregnancies in
which danazol had been accidentally used (6). Seven of these pregnancies
were terminated by abortion. Of the remaining 20 pregnancies, 14 delivered
female infants and 5 (36%) of these had evidence of virilization with ambiguous
genitalia.

A 1982 case report described female pseudohermaphroditism in an infant
exposed to a total danazol dose of 96 g administered over 120 days,
corresponding to approximately the first 16 weeks of gestation (7). The infant,
weighing 3100 g (5th percentile) with a length of 53.5 cm (25th–50th
percentile), had fused labia with coarse rugations, mild clitoromegaly, and a
urogenital sinus opening below the clitoris. An 8-cm mass, eventually shown to
be a hydrometrocolpos, was surgically drained because of progressive
obstructive uropathy. A balanced somatic chromosomal translocation was an
incidental finding in this case, most likely inherited from the mother. Growth and
development were normal at 6 months of age with no further masculinization.

Two brief 1982 communications described infants exposed in utero to
danazol (8,9). In one, a 2400-g term female infant with ambiguous genitalia had
been exposed to danazol (dose not specified) during the first 4 months of
pregnancy (8). The infant’s phallus measured 0.75 cm and complete posterior



labial fusion was observed. The second case involved a woman treated with
danazol, 200 mg/day, during the first 6 weeks of gestation, who eventually
delivered a female infant with normal external genitalia (9). The absence of
virilization of the infant’s genitalia, as evidenced by a normal clitoris and no
labial fusion, indicates the drug was stopped prior to the onset of fetal
sensitivity to androgens.

British investigators reported virilization of the external genitalia consisting of
clitoromegaly, a fused, scrotalized labia with a prominent median raphe, and a
urogenital sinus in a female infant exposed in utero to danazol, 400 mg/day,
during the first 18 weeks of pregnancy (10). The mother showed no signs of
virilization.

A summary of known cases of danazol exposure during pregnancy was
reported in 1984 by Rosa, an investigator from the epidemiology branch of the
FDA (11). A total of 44 cases of pregnancy exposure, all to 800 mg/day, were
known as of this date, but this number was considered to be understated since
normal outcomes were unlikely to be reported (11). Each of the cases of
exposure was thought to have occurred after conception had taken place. Of
the 44 cases, 7 (16%) aborted and the outcome in 14 others was unknown.
Seven males and 15 females resulted from the 22 pregnancies that had been
completed. Ten (67%) of the females had virilization and one male infant had
multiple congenital abnormalities (details not given). No cases of virilization
were observed when the drug was discontinued prior to the 8th week of
gestation, the onset of androgen receptor sensitivity (11).

An Australian case of an infant with masculinized external genitalia secondary
to danazol was reported in 1985 (12). The mother had been treated with 400
mg/day, without evidence of virilization, until the 19th week of gestation. The
infant was developing normally at 6 months of age, except for a minimally
enlarged clitoris, rugose and fused labia with a thick median raphe, and a
urogenital sinus opening at the base of the phallus.

A 1985 case report described a female fetus exposed in utero to 800
mg/day of danazol until pregnancy was terminated at 20 weeks’ gestation (13).
A urogenital sinus was identified in the aborted fetus but the external genitalia
were normal except for a single opening in the vulva. Citing a personal
communication from the manufacturer, the authors noted a total of 74 cases of
danazol exposure during pregnancy (13). Among these cases were 29 term
females, 9 (31%) of whom had clitoromegaly and labial fusion.

A retrospective review of fetal exposure to danazol included cases gathered
from multiple sources, including individual case reports, data from the Australian



Drug Reactions Advisory Committee, the FDA, and direct reports to the
manufacturers (14). Of the 129 total pregnancies that were exposed to
danazol, 23 were electively terminated and 12 miscarried. Among the 94
completed pregnancies, there were 37 normal males, 34 nonvirilized females,
and 23 virilized females. All of the virilized female offspring were exposed
beyond 8 weeks’ gestation. The lowest daily dose that resulted in virilization
was 200 mg.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 10 newborns had
been exposed to danazol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed.

There is no conclusive evidence of fetal harm when conception occurs in a
menstrual cycle shortly after cessation of danazol therapy (15–17). A 1978
publication noted 4 intrauterine fetal deaths occurring from a total of 39
pregnancies following danazol treatment, presumably after elimination of the
drug from the mother (18). The stillbirths, two each in the 2nd and 3rd
trimesters, occurred in women who had conceived within 0–3 cycles of
stopping danazol. However, one of the fetal deaths was due to cord torsion and
a second death in a twin was due to placental insufficiency, neither of which
can be attributed to danazol.

No long-term follow-up studies of children exposed in utero to danazol have
been located. A 1982 reference, however, did describe this type of evaluation
in 12 young women, aged 16–27 years, who had been exposed to in utero
synthetic androgenic progestins resulting in the virilization of the external
genitalia in 11 of them (19). Despite possible virilization of early behavior with
characterization as “tomboys” (e.g., increased amounts of “rough-and-tumble
play” and “an avid interest in high school sports”), all of the women eventually
“displayed stereotypically feminine sexual behavior” without any suggestion of
behavior abnormalities (19).

BREASTFEEDING SUMMARY
No reports describing the use of danazol during lactation have been located.
Because of the potential for severe adverse effects in a nursing infant, women
taking this drug should not breastfeed.
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DANTROLENE
Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Dantrolene has been used in a limited number of pregnant patients shortly
before delivery. No fetal or newborn adverse effects have been observed,
but a risk:benefit ratio has not yet been defined. Moreover, published 1st
and 2nd trimester experience with this drug is completely lacking.

FETAL RISK SUMMARY
In obstetrics, the only documented use of dantrolene, a hydantoin derivative
used as a direct-acting skeletal muscle relaxant, is to prevent or treat malignant
hyperthermia. The syndrome of malignant hyperthermia is a potentially lethal
complication of anesthesia induced with halogenated anesthetics and
depolarizing skeletal muscle relaxants. References describing the use of
dantrolene in pregnant patients for chronic spasticity or during the 1st or 2nd
trimesters have not been located. The agent is embryocidal in animals and, in
some species, produced minor skeletal variations at the highest dose tested
(1–3).

Three studies have described the transfer of dantrolene across the human
placenta to the fetus with cord:maternal serum ratios of 0.29–0.69 (4–6). Two
women, who were considered to be malignant hyperthermia susceptible (MHS),
were treated with oral doses of the drug prior to cesarean section (4). One
woman received 100 mg twice daily for 3 days prior to elective induction of
labor. The second patient received 150 mg on admission in labor and a second
dose of 100 mg 6 hours later. Both women were delivered by cesarean section
because of failure to progress in labor. Neither was exposed to malignant
hyperthermia-triggering agents and neither developed the complication. The
cord and maternal blood concentrations in the two cases were 0.40 and 1.38
mcg/mL (ratio 0.29), and 1.39 and 2.70 mcg/mL (ratio 0.51), respectively. The



timing of the doses in relationship to delivery was not specified by the author.
No adverse effects of the drug exposure were noted in the infants.

A second report described the prophylactic use of dantrolene, administered
as a 1-hour IV infusion (2.2 mg/kg) 7.5 hours prior to vaginal delivery, under
epidural anesthesia, of a healthy, vigorous infant (5). The mother had been
confirmed to be MHS by previous muscle biopsy. At the time of delivery, the
cord and maternal blood dantrolene concentrations were 2.1 and 4.3 mcg/mL,
respectively, a ratio of 0.48. The mother did not experience malignant
hyperthermia. No respiratory depression or muscle weakness was noted in the
newborn.

A study published in 1988 treated 20 pregnant women diagnosed as MHS
with oral dantrolene, 100 mg/day, for 5 days prior to delivery and for 3 days
following delivery (6). Three of the patients were delivered by cesarean
section. Known anesthetic malignant hyperthermia-triggering agents were
avoided and no cases of the syndrome were observed. All fetuses had reactive
nonstress tests and normal biophysical profiles before and after the onset of
dantrolene administration. The mean maternal predelivery dantrolene serum
concentration was 0.99 mcg/mL compared with a mean cord blood level of
0.68 mcg/mL, a ratio of 0.69. The mean serum half-life of dantrolene in the
newborns was 20 hours (6). Extensive neonatal testing up to 3 days after
delivery failed to discover any adverse effects of the drug.

Prophylactic dantrolene, 600 mg given as escalating oral doses over 3 days,
was administered to a woman with biopsy-proven MHS 3 days prior to a repeat
cesarean section (7). The woman had experienced malignant hyperthermia
during her first cesarean section but did not during this surgery. No adverse
effects were noted in the newborn.

Although no dantrolene-induced complications have been observed in fetuses
or newborns exposed to the drug shortly before birth, some investigators do
not recommend prophylactic use of the agent because safety in pregnancy has
not been sufficiently documented, and the incidence of malignant hyperthermia
in the anesthetized patient is very low (8–10). (A recent reference cited
incidences of 1/12,000 anesthesias in children and 1/40,000 in adults (11).)
They recommend avoidance of those anesthetic agents that might trigger the
syndrome, careful monitoring of the patient during delivery, and preparation to
treat the complication if it occurs.

BREASTFEEDING SUMMARY
Dantrolene is excreted into human breast milk. A 37-year-old woman



undergoing an urgent cesarean section with general anesthesia
(succinylcholine, thiopental, nitric oxide, oxygen, and isoflurane) developed
tachycardia, respiratory acidosis, and hyperthermia (12). After delivery of the
infant and cord clamping, IV dantrolene (160 mg) was administered. Over the
next 3 days, she received decreasing total doses of IV dantrolene: 560 mg on
day 1320 mg on day 2, and 80 mg on day 3. The infant was not allowed to
nurse during this time. Seven breast milk samples were obtained (volume of
milk samples and collection method not specified) over an 84-hour interval after
the first dose. Milk concentrations of dantrolene ranged from a maximum of 1.2
mcg/mL (day 2; 36 hours after the first dose with a total dose of 720 mg at the
time) to 0.05 mcg/mL on day 3 (total dose 1120 mg received at the time). The
estimated elimination half-life from milk was 9.02 hours (12). Thus, waiting 2
days after the last dantrolene dose to breastfeed would assure that the
exposure of the nursing infant would be negligible.
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DAPSONE
Leprostatic/Antimalarial
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of dapsone during pregnancy does not appear to present a major
risk to the fetus or the newborn. The agent has been used extensively for
malarial treatment or chemoprophylaxis and for the treatment of leprosy
and certain other dermatologic conditions without producing major
fetotoxicity or causing birth defects. If used in combination with
pyrimethamine (a folic acid antagonist) for malaria prophylaxis, folic acid
supplements or leucovorin should be given.

FETAL RISK SUMMARY
Dapsone (DDS), a sulfone antibacterial agent, is used in the treatment of
leprosy and dermatitis herpetiformis, and for various other unlabeled
indications, including antimalarial prophylaxis, the treatment of Pneumocystis
carinii pneumonia, inflammatory bowel disease, rheumatic and connective tissue
disorders, and relapsing polychondritis. Because the drug is known to cause
blood dyscrasias in adults, some of which have been fatal, close patient
monitoring is required during use.

Although reproduction studies in animals have not been conducted (1), a
1980 reference described a study investigating carcinogenicity that was
conducted in pregnant and lactating mice and rats (2). A maximum maternally
tolerated dose, 100 mg/kg (usual human dose 50–300 mg/day), was
administered twice in late gestation and 5 times a week during lactation and
then was continued in the offspring after weaning. A small but significant
increase in tumors was noted.

A number of studies have described the use of dapsone during all stages of
human pregnancy. A few fetal or newborn adverse effects directly attributable



to dapsone have been reported, but no congenital anomalies thought to be due
to the drug have been observed. The indications for use of dapsone during
pregnancy have included dermatologic conditions, leprosy, malaria, and P.
carinii.

A brief 1968 reference described Heinz-body hemolytic anemia in a mother
and her newborn during therapy with dapsone (3). The mother had been
diagnosed with herpes gestationis at 22 weeks’ gestation, for which she was
treated with sulfapyridine for 1 week. At 26 weeks, treatment with dapsone
was begun at 400 mg/day for 1 week, 300 mg/day during weeks 2 and 3, 200
mg/day in week 4, 100 mg/day in week 5, then 200 mg/day until delivery of a
male infant at 36 weeks’ gestation. She developed well-compensated Heinz-
body hemolytic anemia 6 days after starting dapsone. The anemia in the infant,
who had a normal glucose-6-phosphate dehydrogenase (G6PD) level,
completely resolved within 10 days, and he has remained hematologically
normal.

In three cases, dapsone was used for the treatment of dermatitis
herpetiformis or its variant, herpes gestationis (4,5). In two other reports of
herpes gestationis (also referred to as pemphigoid gestationis) occurring during
pregnancy, dapsone was not started until after delivery (6,7). A 26-year-old
pregnant woman with recurrent herpes gestationis was treated with dapsone
and other nonspecific therapy from the 24th week of gestation until delivery of a
normal male infant at 38 weeks (4). A 25-year-old woman with dermatitis
herpetiformis was treated with dapsone, 100–150 mg/day, during the first 3
months of pregnancy (5). The drug was discontinued briefly during the 4th
month of pregnancy because of concerns of teratogenicity, then resumed at 50
mg/day because of worsening of her disease. She eventually gave birth to a
full-term, normal infant who developed dapsone-induced hemolytic anemia while
breastfeeding (see Breastfeeding Summary below). A 33-year-old woman,
treated with dapsone, 25–50 mg/day, throughout pregnancy for dermatitis
herpetiformis delivered a healthy full-term infant (8).

A 1978 paper described the clinical courses of 62 pregnancies in 26 women
treated for leprosy (Hansen’s disease) (9). All of the patients received therapy,
with sulfone drugs (specific drugs not mentioned) being used in 58 (94%) of the
pregnancies. Two (3.6%) infants (about the expected rate) among the 56
pregnancies with infants who reached an age of viability had congenital
anomalies. One infant had a cleft palate, and another had a congenital hip
dislocation. A review, published in 1993, discussed the adverse association of
leprosy and pregnancy (10). Although dapsone was not thought to cause



adverse toxic effects or teratogenicity in the fetus, resistance to dapsone
monotherapy has become a problem, and combination therapy, such as
dapsone, clofazimine, and rifampin, is recommended for all forms of leprosy
(10). Normal pregnancy outcomes of 15 women treated for leprosy were noted
in a 1996 letter (N = 13) (11) and in a 1997 report (N = 2) (12). The patients
had been treated throughout gestation with dapsone, 100 mg/day, plus
rifampin, 600 mg once monthly (11), or with dapsone alone (12). In addition,
two had also received clofazimine, and two had taken intermittent prednisolone
(11).

Neonatal hyperbilirubinemia, suspected of being due to displacement of
bilirubin from albumin-binding sites, has been attributed to the use of dapsone
during gestation (13). A 25-year-old woman with leprosy was treated with
dapsone, 300 mg/week, until 3 months before delivery. At that time, her dose
was decreased to 50 mg/week and then was discontinued 1 week prior to a
normal spontaneous vaginal delivery of a 3740-g male infant. The infant, who
was not breastfed and had no evidence of ABO incompatibility, developed
hyperbilirubinemia that was attributed to dapsone. In a subsequent pregnancy,
dapsone therapy was stopped 1 month prior to delivery of a healthy 4070-g
male infant who did not develop hyperbilirubinemia.

The combination of dapsone and pyrimethamine (Maloprim) has been
frequently used during pregnancy for the chemoprophylaxis of malaria (14–21).
Most consider the benefits of this combination in the prevention of maternal
malaria to outweigh the risks to the fetus (16–21), but two authors classified
the combination as contraindicated in pregnancy (14,15). The adverse effects
of the combination were reviewed in a 1993 reference (22). Because of the
potential for significant dose-related toxicity, the authors considered the drug
combination to be a second-line choice for use in areas where the risk of
malaria was high. Folic acid supplements should be given when pyrimethamine
is used (21). (See also Pyrimethamine.)

A study published in 1990 compared chlorproguanil plus dapsone (N =44),
chloroquine alone (N = 58), and pyrimethamine plus sulfadoxine (N = 54) in a
group of pregnant women with falciparum malaria parasitemia (23). A single
dose of chlorproguanil plus dapsone during the 3rd trimester cleared the
parasitemia in all women within 1 week, compared with 84% and 94%,
respectively, in the other two groups. Six weeks after treatment, the proportion
of those with parasitemia in each group was 81%, 84%, and 23%, respectively.
No adverse effects of the therapy in the fetuses or newborns were mentioned.

An adverse pregnancy outcome in a mother who received malarial



chemoprophylaxis with three drugs was the subject of a brief 1983
communication (24). During the 1st month of pregnancy, the 31-year-old
woman had taken chloroquine (100 mg/day) and Maloprim (dapsone 100 mg
plus pyrimethamine 12.5 mg) on days 10, 20, and 30 after conception. The
stillborn male infant was delivered at 26 weeks’ gestation with a defect of the
abdominal and thoracic wall with exteriorization of most of the abdominal
viscera, the heart, and the lungs (a variant of ectopia cordis?) and a missing
left arm. The authors concluded that the defects were due to pyrimethamine,
but others have questioned this conclusion (see Pyrimethamine).

Dapsone, either alone or in combination with pyrimethamine or trimethoprim,
has been suggested as having utility in the prophylaxis of P. carinii  during
pregnancy (25,26). Although the efficacy of these therapeutic options has not
been confirmed, the risks of the disease to the mother far outweigh the risks to
the fetus (26).

A 1992 report described an attempted suicide with dapsone and alcohol in a
29-year-old pregnant woman (length of gestation not specified) under treatment
for dermatitis herpetiformis (27). The woman had ingested 50 tablets (100 mg
each) of dapsone plus six alcoholic drinks. She developed severe
methemoglobinemia and hemolytic anemia, treated successfully with methylene
blue (total dose about 7 mg/kg) and other therapy, and splenomegaly that
resolved spontaneously. No mention was made of the pregnancy outcome.

Folic acid 5 mg/day or leucovorin 5 mg/week should be used if dapsone is
combined with pyrimethamine (a folic acid antagonist) for malaria prophylaxis
(21,28).

BREASTFEEDING SUMMARY
Dapsone and its primary metabolite, monoacetyldapsone, are excreted into
human milk (5,29,30). A 25-year-old woman with dermatitis herpetiformis was
treated with dapsone throughout most of her pregnancy and continued this
therapy while breastfeeding her infant (5). During the latter two-thirds of her
pregnancy and during lactation she took dapsone, 50 mg/day. Approximately 6
weeks after delivery, mild hemolytic anemia was diagnosed in the mother and
her infant. Measurements of dapsone and the metabolite were conducted on
the mother’s serum and milk and on the infant’s serum. Dapsone concentrations
were 1622, 1092, and 439 ng/mL, respectively, whereas those of the
metabolite were 744 ng/mL, none detected, and 204 ng/mL, respectively. The
milk:plasma ratio of dapsone was 0.67. The investigators noted that the weak
base properties of dapsone, its high lipid solubility, and its long serum half-life



(about 20 hours) all favored excretion and entrapment of the drug in milk (5).
Moreover, both the mother and her infant appeared to be rapid acetylator
phenotypes because of the relatively high ratios of metabolite to parent drug in
both (0.459 in the mother, 0.465 in the infant) (5). Neither patient was tested
for G6PD deficiency, although persons with this genetic defect are especially
susceptible to dapsone-induced hemolytic anemia. Dose-related hemolytic
anemia is the most common toxicity reported with dapsone and occurs in
patients with or without G6PD deficiency (1).

A 1952 reference studied the excretion into breast milk of dapsone
(diaminodiphenylsulfone) and another sulfone antibacterial agent in one and five
women, respectively, with leprosy (29). Although stating that dapsone was
excreted in the mother’s milk and absorbed and excreted in the infant’s urine,
the investigator did not quantify the amount in the milk.

Three women, 2–5 days postpartum, who were not breastfeeding, were
given a single dose of dapsone (100 mg) plus pyrimethamine (12.5 mg;
Maloprim) and a single dose of chloroquine (300 mg base) (30). Milk and
serum samples for dapsone analysis were collected at intervals up to 52, 102,
and 124 hours, yielding milk:plasma ratios, based on AUC, of 0.38, 0.45, and
0.22, respectively. The authors calculated that the amounts of dapsone
excreted into milk, based on 1000 mL/day, were 0.31, 0.85, and 0.59 mg,
respectively, which are too small to afford malarial chemoprophylaxis to a
nursing infant (30).

Although not citing the case of dapsone-induced hemolytic anemia in a
nursing infant described above, the American Academy of Pediatrics classifies
dapsone as compatible with breastfeeding (31).
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DAPTOMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Three reports describing the use of daptomycin in the 2nd and 3rd
trimesters have been located. The animal reproduction data suggest low
risk, but the limited human pregnancy experience prevents a better
assessment of the embryo–fetal risk. However, the high molecular weight
should limit exposure of the embryo–fetus. Moreover, most antibiotics can
be classified as low risk in gestation. Therefore, if the antibiotic is required,
it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Daptomycin is a cyclic lipopeptide derived from the fermentation of
Streptomyces roseosporus. It is a bactericidal antibiotic that is administered IV
for the treatment of skin and skin structure infections caused by susceptible
gram-positive bacteria. Daptomycin is about 92% reversibly bound to plasma
proteins, primarily albumin. In patients with normal renal function, the mean
elimination half-life is about 9 hours with elimination primarily via the urine.
Elimination is prolonged in patients with renal impairment. For example, for
patients on dialysis, the elimination half-life is about 30 hours (1).

Reproduction studies have been conducted in pregnant rats and rabbits with
IV doses up to three and six times, respectively, the human dose based on
BSA (HD). No evidence of fetal harm was observed in these studies (1,2). At
the highest dose, maternal toxicity (decreased food consumption and weight)
was observed. The no-observed-effect level for maternal toxicity was about
one-fourth the maximum dose in both species (2). In male and female rats,
doses up to nine times the HD had no effect on fertility (1). Carcinogenicity
studies have not been conducted with daptomycin, but neither mutagenic nor



clastogenic potential were observed in a number of assays (1).
It is not known if daptomycin crosses the human placenta. The high molecular

weight (about 1621) should limit passive transfer across the placenta.
However, vancomycin, an antibiotic with a similar spectrum and molecular
weight (about 1486), is known to cross the human placenta late in the 2nd
trimester to produce detectable concentrations in amniotic fluid and cord blood.
(See Vancomycin.)

A 2005 report described a woman in the 3rd trimester who was treated with
a 6-week course of IV daptomycin (6 mg/kg/day) for tricuspid valve acute
bacterial endocarditis (3). Other antibiotics had failed to clear the methicillin-
sensitive Staphylococcus aureus infection that was secondary to a peripherally
inserted central catheter (PICC) line for hyperalimentation. At the time of the
report, the woman was still pregnant.

A case similar to the one above was reported in 2010 (4). The woman
presented at 14 weeks’ gestation with a history of IV drug abuse and tricuspid
valve endocarditis caused by methicillin-sensitive S. aureus. She was treated
with a 6-week course of IV daptomycin 6 mg/kg/day with resolution of the
infection. A cesarean section at 37 weeks’ delivered a healthy, about 3.068 kg-
male infant with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively (4).

Vancomycin-resistant Enterococcus faecium pyelonephritis occurred in a
woman at 27 weeks’ gestation (5). She also had positive cultures for Ralstonia
pickettii, methicillin-resistant S. epidermidis, and Enterobacter gergoviae from
blood drawn through a PICC line. The woman was successfully treated with a
14-day course of IV daptomycin 4 mg/kg/day and meropenem 1 g every 8
hours. The woman went into premature labor 1 month after completion of the
therapy and delivered a baby without evidence of infection or abnormalities (no
other details were provided) (5).

BREASTFEEDING SUMMARY
Daptomycin is excreted into breast milk in very low concentrations (6). A
woman nursing her infant 5 months after delivery was treated with a 28-day IV
course of daptomycin 6.7 mg/kg/day and ertapenem 1 g/day for a complex
case of pelvic inflammatory disease (6). Serial milk concentrations were
obtained on day 27. The highest measured concentration was 44.7 ng/mL 8
hours after the dose. The estimated milk:plasma ratio was 0.0012. No adverse
effects were noted in the breastfeeding infant (6). A 2009 review briefly
summarized this and other cases of anti-infectives used for methicillin-resistant
S. aureus infections during lactation (7).



The very low concentrations of daptomycin in breast milk are consistent with
the high molecular weight (about 1621). Confirmation is needed, however,
because vancomycin, an antibiotic with a similar spectrum and molecular weight
(about 1486), is excreted into breast milk with concentrations nearly identical to
the mother’s trough serum concentration. (See Vancomycin.) Since daptomycin
must be given IV, systemic absorption by the nursing infant is not expected
even if the antibiotic is excreted into milk. However, modification of the infant’s
bowel flora resulting in diarrhea and other gastrointestinal complaints are
potential concerns. Therefore, if a lactating woman requires treatment with the
antibiotic, her nursing infant should be closely observed for changes in bowel
function.
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DARBEPOETIN ALFA
Hematopoietic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Several reports have described the use of darbepoetin alfa in human
pregnancy, apparently all ending in normal outcomes. The absence of
major toxicity in animals and the experience with epoetin alfa (see Epoetin
Alfa) suggest that darbepoetin does not represent a significant embryo or
fetal risk. Because anemia and the need for frequent blood transfusions
present significant risks to the mother and fetus, the benefits derived from
darbepoetin probably outweigh the known risks.

FETAL RISK SUMMARY
Darbepoetin is an erythropoiesis 165-amino acid protein produced by
recombinant DNA technology in Chinese hamster ovary cells. It is indicated for
the treatment of anemia and is closely related to epoetin alfa. The half-life after
SC administration is 49 hours (range 27–89 hours) that is reflective of its slow
absorption, whereas after IV administration the terminal half-life is 21 hours.

Reproduction studies have been conducted in pregnant rats and rabbits. No
evidence of direct embryotoxic, fetotoxic, or teratogenic effects was observed
at IV doses up to 20 mcg/kg/day. (Note: dose is about 300 times the
recommended human dose of 0.45 mcg/kg once weekly based on body weight
in patients with chronic renal failure [RHD-CRF] or about 60 times the
recommended human dose of 2.25 mcg/kg once weekly based on body weight
in cancer patients receiving chemotherapy [RHD-C]). A slight reduction in fetal
weight was observed at doses that were ≥1 mcg/kg/day (≥15 times RHD-CRF;
≥3 times RHD-C), but this was a maternal toxic dose. In rats, IV doses of ≥2.5
mcg/kg every other day (about ≥20 times the RHD-CRF or about ≥4 times the
RHD-C) from day 6 of gestation through day 23 of lactation caused decreased



body weights and delayed eye opening and preputial separation. Darbepoetin
had no adverse effect on uterine implantation in rats or rabbits. However, an
increase in postimplantation fetal loss was observed in rats given doses ≥0.5
mcg/kg three times weekly (about ≥3 times the RHD-CRF; about ≥0.7 times
the RHD-C) (1).

It is not known if darbepoetin alfa crosses the human placenta. The very high
molecular weight (about 37,000) of this glycoprotein argues against transfer
across the placenta. A closely related drug, epoetin alfa, has a lower molecular
weight (about 30,000) and it does not cross to the fetus. (See Epoetin Alfa.)

A 2005 case report described the use of darbepoetin alfa in a 20-year-old
woman at 28 weeks’ gestation (2). Darbepoetin was given weekly. She had
received a kidney transplant about 4 years earlier and had been maintained on
rapamycin and iron therapy until 22 weeks’ gestation, at which time the
rapamycin was discontinued and replaced with cyclosporine. A cesarean
section was performed at 37 weeks’ because of fetal distress to deliver a
healthy 6-pound (about 2.224 kg) female infant with Apgar scores of 7 and 8 at
1 and 5 minutes, respectively (2).

A 2006 report described two pregnancies that were treated with darbepoetin
alfa (3). The women, a 33-year-old with chronic renal failure of unknown cause,
and a 31-year-old with insulin-dependent diabetes complicated by hypertension
and nephropathy, were treated with weekly doses of darbepoetin alfa from the
22nd and 20th week of gestation, respectively. The first mother gave birth at
37 weeks’ to a healthy, 2.010-kg infant (sex not specified) with an Apgar score
of 10, whereas the second gave birth by cesarean section at 32 weeks’ to a
1.730-kg female infant with Apgar scores of 9 and 10. The status of the first
infant was not specified, but the second infant was doing well (3).

A 21-year-old woman with nephrotic syndrome was treated with weekly
doses of darbepoetin alfa starting at 26 weeks’ (4). Because of worsening
renal failure, labor was induced and she gave birth at 36 weeks’. No information
of the infant was included in the report.

A 27-year-old woman with HbH disease, an intermediate clinical form of
alpha thalassemia, was treated with two doses of epoetin at 15 weeks’ then
darbepoetin alfa 500 IU every 3 weeks from 16 weeks’ until delivery by an
emergency cesarean section for fetal distress (umbilical cord around the neck
of the fetus) at 38 weeks’. The healthy, 3.13-kg male infant had Apgar scores
of 8 and 10 (5).

BREASTFEEDING SUMMARY



No reports describing the use of darbepoetin in human lactation have been
located. Darbepoetin is a 165-amino acid glycoprotein with a molecular weight
of 37,000. Passage into milk is not expected, but in the event that some
transfer did occur, digestion in the nursing infant’s gastrointestinal tract would
occur. Moreover, preterm infants have been treated with epoetin alfa, a closely
related agent. (See Epoetin Alfa.) Thus, the risk to a nursing infant from
ingestion of the drug via the milk appears to be nonexistent.
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DARIFENACIN
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of darifenacin in human pregnancy have been
located. The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents an assessment of the embryo–fetal
risk. Thus, the use of darifenacin during pregnancy is not recommended.
However, inadvertent exposure appears to represent a low risk of embryo–
fetal harm.

FETAL RISK SUMMARY
The anticholinergic agent darifenacin is a competitive muscarinic receptor
antagonist available in extended-release tablets. It is indicated for the treatment
of overactive bladder with symptoms of urge urinary incontinence, urgency and
urinary frequency. It is in the same subclass as flavoxate, oxybutynin,
solifenacin, tolterodine, and trospium. Darifenacin is extensively metabolized by
the liver to inactive metabolites by the cytochrome P450 isoenzymes CYP2D6
and CYP3A4. Protein binding, primarily to α1-acid-glycoprotein, is about 98%
and the elimination half-life is 13–19 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, a
dose about 59 times the maximum recommended human dose based on AUC
(MRHD) resulted in delayed ossification of the sacral and caudal vertebrae.
This effect was not observed at about 13 times the MRHD. Dystocia was
observed in dams and slight developmental delay occurred in pups at about 17
times the MRHD. The no-effect dose on dams and pups was about five times
the MRHD. In rabbits, a dose about 28 times the MRHD caused increased
postimplantation loss, but a dose about nine times the MRHD did not. At 28
times the MRHD, dilated ureter and/or kidney pelvis were observed in offspring.



There was also one case of this effect, along with urinary bladder dilation, at
nine times the MRHD, an effect consistent with the pharmacological action of
darifenacin. The no-effect dose in rabbits was 2.8 times the MRHD.

No evidence of carcinogenicity was observed in studies with mice and rats.
Darifenacin was neither mutagenic or clastogenic, and there was no evidence
of impaired fertility in male or female rats.

It is not known if darifenacin crosses the human placenta. The molecular
weight (about 508) and the long elimination half-life suggest that exposure of
the embryo and/or fetus should be expected. However, the extensive
metabolism and protein binding will decrease the amount of parent drug
available for transfer at the maternal:fetal interface.

BREASTFEEDING SUMMARY
No reports describing the use of darifenacin during human lactation have been
located. The molecular weight (about 508) and the long elimination half-life
suggest that the drug will be excreted into breast milk, but the extensive
metabolism and protein binding should decrease the amount of active drug in
milk. The effect of exposure on a nursing infant is unknown. If a mother taking
darifenacin is breastfeeding, the infant should be monitored for adverse effect,
particularly those involving the gastrointestinal tract (e.g., dry mouth,
constipation, abdominal pain, and nausea).
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DARUNAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Several reports have described the use of darunavir in human pregnancy.
The animal data suggest low risk, but the obtainable systemic exposures
were very low. If indicated, the drug should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Darunavir is an inhibitor of HIV type 1 (HIV-1) protease. Darunavir,
coadministered with 100 mg ritonavir, as well as other antiretroviral agents, is
indicated for the treatment of HIV infection in antiretroviral-experienced adult
patients, such as those with HIV-1 strains resistant to more than one protease
inhibitor. Darunavir and ritonavir are combined because darunavir is primarily
metabolized by CYP3A and ritonavir inhibits CYP3A, thereby markedly
increasing the plasma concentrations of darunavir (lopinavir and tipranavir are
combined with ritonavir for the same reason). The metabolites of darunavir are
basically inactive, only having about 10% of the activity of darunavir. Plasma
protein binding of darunavir is 95%, mainly to α1-acid glycoprotein. The terminal
elimination half-life is about 15 hours when combined with ritonavir (1).

Reproduction studies with darunavir have been conducted mice, rats, and
rabbits. No embryotoxicity or teratogenicity was observed in these species with
doses producing exposures (AUC) that were about 50%, 50%, and 5%,
respectively, of the human exposure obtained with the recommended clinical
dose boosted with ritonavir based on AUC. The low exposures in the animals
resulted from the limited oral bioavailability of darunavir and/or dosing
limitations. Long-term carcinogenicity studies in rodents have not been
completed. Assays for mutagenicity and chromosomal damage were negative.
There was no effect on fertility in rats (1).



Darunavir crosses the human placenta (2–4). The darunavir umbilical cord
plasma:maternal plasma ratios at term in two women taking 600/100 mg
(darunavir/ritonavir) twice daily during pregnancy were 0.154 and 0.315 (2).
The drug also was detected in cord blood at birth in two other women (3,4).
The presence of the drug in fetal blood is consistent with the molecular weight
(about 594) and prolonged elimination half-life.

Two case reports described the use of darunavir in two pregnancies
beginning at 28 and 30 weeks’ gestation (5,6). Both pregnancies ended with
births of healthy infants.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (7). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 51 outcomes exposed to darunavir (31 in
the 1st trimester and 20 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were two birth defects (two in the 1st trimester and
none in the 2nd/3rd trimesters). In reviewing the birth defects of prospective
and retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (7). (See Lamivudine for
required statement.)

In 1998, a public health advisory was issued by the FDA on the association
between protease inhibitors and diabetes mellitus (8). Because pregnancy is a
risk factor for hyperglycemia, there was concern that these antiretroviral agents
would exacerbate this risk. The manufacturer’s product information also notes
the potential risk for new-onset diabetes, exacerbation of preexisting diabetes,
and hyperglycemia in HIV-infected patients receiving protease inhibitor therapy
(1). An abstract published in 2000 described the results of a study involving 34
pregnant women treated with protease inhibitors compared with 41 controls
that evaluated the association with diabetes (9). No association between
protease inhibitors and an increased incidence of gestational diabetes was



found.
Two reviews, one in 1996 and the other in 1997, concluded that all women

currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (10,11). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (12). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (13). If indicated, therefore, protease inhibitors, including darunavir,
should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. Updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (14). Women receiving antiretroviral
therapy during pregnancy should continue the therapy, but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (14).

BREASTFEEDING SUMMARY
No reports describing the use of darunavir during lactation have been located.
The molecular weight (about 594) and prolonged elimination half-life (about 15
hours) suggest that the drug will be excreted into breast milk. The effect on a
nursing infant is unknown.

Reports on the use of darunavir during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infections. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (10,11,13,15–17). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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DASATINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited human experience involves therapy that was started before
conception and then discontinued when pregnancy was diagnosed. The
data are too limited to assess the embryo–fetal risk. There are human
pregnancy data for imatinib, a drug in the same subclass and with the
same mechanism of action as dasatinib. (See Imatinib.) Agents in this
subclass inhibit angiogenesis, a critical component of embryonic and fetal
development. Women of childbearing potential should use adequate
contraception to prevent pregnancy. However, leukemia can be fatal, so if
a woman requires dasatinib and informed consent is obtained, treatment
should not be withheld because of pregnancy. If an inadvertent pregnancy
occurs, the woman should be advised of the potential risk for severe
adverse effects in the embryo and fetus.

FETAL RISK SUMMARY
Dasatinib is an oral tyrosine kinase inhibitor that inhibits tumor growth,
pathologic angiogenesis, and metastatic progression of cancer. There are
several other agents in this antineoplastic subclass (see Appendix). Dasatinib is
indicated for the treatment of adults with chronic, accelerated, or myeloid or
lymphoid blast-phase chronic myeloid leukemia with resistance or intolerance to
prior therapy including imatinib. It is extensively metabolized in the liver. One of
the metabolites has activity that is equipotent to dasatinib. The exposure of the
active metabolite is about 5% of the dasatinib AUC. The mean plasma
elimination half-life is 3–5 hours. Elimination is primarily in the feces. The
binding of dasatinib and the active metabolite by human plasma proteins is high,
about 96% and 93%, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits, the lowest doses tested produced maternal AUCs that were



0.3 and 0.1 times, respectively, the human AUC in females at the
recommended dose of 70 mg twice daily. At this dose, fetal death was
observed in rats. Other embryo–fetal toxicities included skeletal malformations
at multiple sites (scapula, humerus, femur, radius, ribs, and clavicle), reduced
ossification (sternum; thoracic, lumbar, and sacral vertebrae; forepaw
phalanges; pelvis; and hyoid body), edema, and microhepatia (1).

Studies for carcinogenicity and effects on sperm counts, function, and fertility
have not been conducted. Dasatinib was not mutagenic or genotoxic in tests,
but was clastogenic in one test, with and without metabolic activation (1).

It is not known if dasatinib crosses the human placenta. The molecular weight
(about 486 for the nonhydrated form) is low enough, but the short plasma
elimination half-life and high plasma protein binding should limit the amount
crossing to the embryo–fetus. However, the drug has a very high volume of
distribution, suggesting that it is extensively distributed into extravascular space
(1).

A 2010 case report described a woman who was being treated with
dasatinib (80 mg/day) for chronic myeloid leukemia (2). An unplanned
pregnancy occurred and the drug was discontinued about 8 weeks after
conception. Treatment was changed to interferon alfa (9 million IU/day). At 33
weeks’ gestation, a cesarean section delivered a healthy, 2.1-kg male infant
with an Apgar score of 9 at 10 minutes. No malformations were evident and the
infant’s growth and development were normal through 8 months of age (2).

The authors of the above report also cited a study that had been presented
at a scientific meeting (3). Of eight women exposed to dasatinib during early
pregnancy, two had spontaneous abortions, three had elective abortions, and
three delivered apparently normal infants (3).

BREASTFEEDING SUMMARY
No reports describing the use of dasatinib during human lactation have been
located. The molecular weight (about 486 for the nonhydrated form) of the
parent compound is low enough, but the short plasma elimination half-lives of
dasatinib and its active metabolite and the high plasma protein binding should
limit the amounts excreted into breast milk. The risk to a nursing infant is
unknown, but there is potential for severe toxicity affecting multiple systems.
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DAUNORUBICIN
Antineoplastic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Human exposures to daunorubicin during organogenesis are too limited to
assess the risk magnitude for congenital defects. Bone marrow
suppression, a common toxicity in adults receiving the drug, is a potential
fetal complication.

FETAL RISK SUMMARY
Daunorubicin is a cytotoxic antibiotic used as an antineoplastic agent. It is
indicated, in combination with other approved anticancer drugs, for remission
induction in acute nonlymphocytic leukemia (myelogenous, monocytic, erythroid)
of adults and for remission induction in acute lymphocytic leukemia in children
and adults. It is in the same antineoplastic subclass of anthracyclines as
doxorubicin, epirubicin, idarubicin, and valrubicin (1).

In animal reproduction studies, exposure to daunorubicin during pregnancy
produced teratogenic and toxic effects in rabbits, rats, and mice (1). In rabbits,
a dose that was about 0.01 times the maximum recommended human dose
based on BSA (MRHD) resulted in an increased incidence of abortions and
fetal anomalies (parieto-occipital cranioschisis, umbilical hernias, or
rachischisis). Malformations in rats administered doses about 0.5 times the
MRHD included esophageal, cardiovascular, and urogenital malformations, as
well as fused ribs. Restricted fetal and neonatal growth was observed in mice
after maternal administration of daunorubicin (1).

The use of daunorubicin during pregnancy has been reported in 29 patients,
four during the 1st trimester (2–19). No congenital defects were observed in
the 22 (one set of twins) liveborns, but one of these infants was anemic and
hypoglycemic and had multiple serum electrolyte abnormalities (8). Two infants
had transient neutropenia at 2 months of age (4). Severe, transient, drug-
induced bone marrow hypoplasia occurred in one newborn after in utero



exposure to daunorubicin and five other antineoplastic agents (18). The
myelosuppression may have been secondary to mercaptopurine, but bone
marrow suppression also is a toxic effect of daunorubicin. The infant made an
uneventful recovery. Results of the remaining pregnancies were three elective
abortions (one with enlarged spleen), three intrauterine deaths (one probably
due to severe pregnancy-induced hypertension), one stillborn with diffuse
myocardial necrosis, and one maternal death (8,9,15,17). Thirteen of the
infants (including one set of twins) were studied for periods ranging from 6
months to 9 years and all showed normal growth and development
(4,9–11,14,15,17–19).

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (20). This finding was not related to timing of the
exposure. Except for the infants noted above, long-term studies of growth and
mental development in offspring exposed to daunorubicin during the 2nd
trimester, the period of neuroblast multiplication, have not been conducted (21).

In one report, the use of daunorubicin and other antineoplastic drugs in two
males was thought to be associated with congenital defects in their offspring
(22). The defects observed were tetralogy of Fallot and syndactyly of the first
and second digits of the right foot, and an anencephalic stillborn. Although the
authors speculated that the drugs damaged the germ cells without producing
infertility and thus were responsible for the defects, any relationship to paternal
use of daunorubicin is doubtful due to the lack of experimental evidence and
other confirming reports. In a third male, fertilization occurred during treatment
with daunorubicin and resulted in the birth of a healthy infant (23). Successful
pregnancies have also been reported in two women after treatment with
daunorubicin (24).

Chromosomal aberrations were observed in the fetus of a 34-year-old
woman with acute lymphoblastic leukemia who was treated with multiple
antineoplastic agents (12). Daunorubicin was administered for approximately 3
weeks beginning at 22 weeks’ gestation. A healthy female infant was delivered
18 weeks after the start of therapy. Chromosomal analysis of the newborn
revealed a normal karyotype (46,XX) but with gaps and a ring chromosome.
The clinical significance of these findings is unknown, but since these
abnormalities may persist for several years, the potential existed for an
increased risk of cancer as well as for a risk of genetic damage in the next
generation (12).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the



National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of daunorubicin during lactation have been
located. Because of the potential for severe toxicity in a nursing infant, the use
of this agent is contraindicated during breastfeeding.
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DECAMETHONIUM

[Withdrawn from the market. See 8th edition.]



DECITABINE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of decitabine in human pregnancy have been
located. The animal reproduction data at a small fraction of the human
dose suggest risk, but the absence of human pregnancy experience
prevents a more complete assessment of embryo–fetal risk. Pregnant
women should not be given this drug, especially in the 1st trimester. If an
inadvertent pregnancy occurs, the woman should be advised of the
potential risk for severe adverse effects in the embryo and fetus. In
addition, because of the animal fertility studies, men should be advised not
to father a child while receiving decitabine and for 2 months after treatment
(1).

FETAL RISK SUMMARY
Decitabine is an analog of the natural nucleoside 2′-deoxycytidine that is
administered by IV infusion every 8 hours for 3 days, and then repeated 6
weeks for at least four cycles. It is in the same antineoplastic subclass as
azacitidine and nelarabine. Decitabine is indicated for the treatment of patients
with myelodysplastic syndromes (MDS) including previously treated and
untreated, de novo and secondary MDS of all French-American-British
subtypes (refractory anemia, refractory anemia with ringed sideroblasts,
refractory anemia with excess blasts, refractory anemia with excess blasts in
transformation, and chronic myelomonocytic leukemia) and Intermediate-1,
Intermediate-2, and High-Risk International Prognostic Scoring System groups
(1). The metabolic fate of decitabine is not known, but the terminal-phase half-
life is about 0.5 hours. Plasma protein binding is <1% (1).

Reproduction studies have been conducted in mice and rats. In pregnant
mice, a single intraperitoneal (IP) dose, given on gestational days 8, 9, 10, or



11, that was 2% of the daily recommended clinical dose based on BSA
(DRCD) was associated with reduced fetal weight and supernumerary ribs. A
dose that was about 7% of the DRCD caused reduced fetal weight, fetal death,
and defects (supernumerary ribs, fused vertebrae and ribs, cleft palate,
vertebral defects, hindlimb defects, and digital defects of fore- and hindlimbs).
Moreover, when the 7% dose was given on gestational day 10, body weights
of offspring were significantly reduced at all postnatal time points. Neither the
2% nor 7% doses caused maternal toxicity (1).

In pregnant rats, single IP doses, given on gestational days 9–12, that were
about 5%, 8%, or 13% of the DRCD, respectively, were not maternal toxic but
did cause developmental toxicity. There were no surviving fetuses with any
dose given on day 9. A dose that was ≥8% of the DRCD given on day 10
caused a significant decrease in fetal survival and reduced fetal weight. Dose-
related malformations also were observed: Increased incidences of vertebral
and rib anomalies (all dose levels); fore-digit defects (doses ≥8% of the
DRCD); and exophthalmia, exencephaly, and cleft palate (13% of the DRCD).
The highest dose also was associated with reduced size and ossification of the
long bones in the limbs (1).

Studies for carcinogenicity have not been conducted with decitabine, but the
drug was mutagenic and caused chromosomal rearrangements in larvae of fruit
flies. Fertility tests have been conducted in mice. Untreated female mice, when
mated with males exposed in utero had decreased fertility. No adverse effects
on survival, body weight gain, or hematological measurements were observed
in male mice given IP doses that were about 0.3% to 1% of the DRCD 3 times
a week for 7 weeks. However, a dose about 0.7% of the DRCD was
associated with reduced testes weight, abnormal histology, and significant
decreases in sperm count. In female mice mated with these males, pregnancy
rates were reduced and postimplantation loss was significantly increased (1).

It is not known if decitabine crosses the human placenta. The molecular
weight (about 228) and lack of plasma protein binding suggest that the drug will
cross, but the very short terminal phase half-life will limit the amount of drug at
the maternal: fetal interface.

BREASTFEEDING SUMMARY
No reports describing the use of decitabine during human lactation have been
located.

The molecular weight (about 228) and lack of plasma protein binding suggest
that the drug will be excreted into breast milk, but the very short terminal-phase



half-life will limit the amount excreted. The effect of this exposure on a nursing
infant is unknown, but the potential toxicity may be severe. In adults, the most
common adverse effects are neutropenia, thrombocytopenia, anemia, fatigue,
pyrexia, nausea, cough, petechiae, constipation, diarrhea, and hyperglycemia
(1).
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DEFERASIROX
Antidote/Chelating Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Three reports describing the use of deferasirox in human pregnancy have
been located (1–3). Doses that were very low in comparison with the
human dose were used in the animal studies, presumably because higher
doses were maternally toxic. The lack of fetal harm in these studies
suggests that the risk in human pregnancy is low, but the limited human
pregnancy experience prevents a more complete assessment. Another
iron-chelating agent, deferoxamine, has been used in pregnancy without
any evidence of fetal toxicity (see Deferoxamine).

FETAL RISK SUMMARY
Deferasirox is an oral iron-chelating agent indicated for the treatment of chronic
iron overload due to blood transfusions. Although the affinity for zinc and copper
is much lower, deferasirox also may lower serum concentrations of these
metals. The absolute oral bioavailability is 70%, and the drug accumulates after
multiple doses. Protein binding, almost exclusively to albumin, is very high
(99%). Elimination of deferasirox and its metabolites is primarily by excretion in
the feces, with an elimination half-life of 8–16 hours (4).

Reproduction studies have been conducted in rats and rabbits. No evidence
of impaired fertility or fetal harm was observed in these species with oral doses
up to about 0.8 times the recommended human dose based on BSA (RHD). No
effects on fertility and reproductive performance were observed in male and
female rats at doses up to about 0.6 times the RHD. Studies for carcinogenicity
and mutagenicity also were negative (4).

It is not known if deferasirox crosses the human placenta. The molecular
weight (about 373) and long elimination half-life suggest that exposure of the



embryo and/or fetus will occur, but the very high protein binding should limit the
exposure.

Three case reports have described the use of deferasirox in pregnant women
with thalassemia (1–3). In each case, the drug was started before conception
and continued until pregnancy was diagnosed at 22, 20, and 12 weeks’. No
abnormalities related to the exposure were observed in the normal newborns
(1–3).

BREASTFEEDING SUMMARY
No reports describing the use of deferasirox during human lactation have been
located. The molecular weight (about 373) and long elimination half-life (8–16
hours) suggest that the drug will be excreted into breast milk. The amount of
oral absorption in an infant is unknown. However, in adults, the absolute oral
bioavailability is 70%, and the drug accumulates after multiple doses (4). The
recommended therapy with deferasirox is very long (months), and such therapy
during breastfeeding might deplete the infant’s iron stores. Therefore, if the
mother is taking deferasirox, the safest course is not to breastfeed.
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DEFEROXAMINE
Antidote/Chelating Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Deferoxamine produces toxicity and teratogenicity in various animal
species. Although the number of published human pregnancy exposures to
deferoxamine is limited, none of the reports have observed adverse human
developmental effects. In one the reports discussed, the authors reviewed
over 65 cases of human pregnancy exposure to the agent that occurred
during the management of thalassemia or iron overdose (1). No toxic or
teratogenic effects were documented. A 1998 review of metal-chelating
agents also failed to find any published evidence of human developmental
toxicity (2).

FETAL RISK SUMMARY
Deferoxamine is used for the treatment of acute iron intoxication and chronic
iron overload. Animal reproduction studies have shown delayed ossification in
mice and skeletal anomalies in rabbits with daily doses up to 4.5 times the
maximum daily human dose. No fetal adverse effects were observed in rats
administered similar doses (3).

In another animal reproduction study, pregnant mice were administered
intraperitoneal doses of deferoxamine (44, 88, 176, and 352 mg/kg/day) on
gestational days 6 through 15. On a weight basis, the lower two doses are
comparable to the therapeutic human dose. The no-observed-adverse-effect-
level (NOAEL) for maternal toxicity (reduced body weight) was <44 mg/kg/day,
whereas the NOAEL for fetal developmental toxicity was 176 mg/kg/day. The
only fetal toxic effect was a decrease in the number of live fetuses that was
observed at 352 mg/kg/day (4).

A number of reports have described the use of deferoxamine in human
pregnancy either for acute iron overdose or for transfusion-dependent



thalassemia (1,5–9). A brief mention of three other pregnant patients treated
with deferoxamine for acute overdose appeared in an earlier report, but no
details were given except that all of the infants were normal (10). The authors
have knowledge of a seventh patient treated in the 3rd trimester for overdose
with normal outcome (S.M. Lovett, unpublished data, 1985).

In a thalassemia patient, deferoxamine was given by continuous
subcutaneous infusion pump, 2 g every 12 hours, for the first 16 weeks of
pregnancy (5). A cesarean section was performed at 33 weeks’ gestation for
vaginal bleeding and premature rupture of the membranes, with delivery of a
normal preterm male infant. The neonatal period was complicated by
hypoglycemia and prolonged jaundice lasting 6 weeks, but neither problem was
thought to be related to deferoxamine. A 1999 report described the use of
deferoxamine in an 18-year-old pregnant woman with hemoglobin E beta zero
thalassemia, chronic hepatitis C, and iron overload (1). She conceived while
receiving an SC dose of 40 mg/kg 4 days/week plus an additional 50-mg/kg IV
every month with a transfusion. Therapy was stopped when the pregnancy was
diagnosed, but then was restarted at 18 weeks’ gestation because of
increased iron accumulation. The dose was increased in increments in
response to her high ferritin levels, eventually reaching a 50-mg/kg/day IV
dose. She delivered an approximately 2298-g, normal male infant at 38 weeks’
gestation. The boy was developing normally at 10 months of age and no toxic
effects on bone formation, the auditory system, or the ocular system were
found (1).

Several pregnant women have received deferoxamine therapy for iron
overdose that occurred at 15–38 weeks’ gestation (6–9). The women were
treated with IM deferoxamine, and one also received the drug nasogastrically.
Spontaneous labor with rupture of the membranes occurred 8 hours after iron
ingestion in a 34-week gestation patient, resulting in the vaginal delivery 6 hours
later of a normal male infant (6). The cord blood iron level was 121 mcg/dL
(normal 106–227 mcg/dL) but fell to 21 mcg/dL at 12 hours. The infant’s clinical
course was normal except for low iron levels requiring iron supplementation.
The authors suggested that the low neonatal iron levels were due to chelation
of iron by transplacentally transferred deferoxamine. In another case, a normal-
term male infant was delivered without evidence of injury from deferoxamine
(6). Normal infants were delivered also in the other two cases, both at times
distant from the use of deferoxamine (8,9).

BREASTFEEDING SUMMARY



No reports describing the use of deferoxamine in lactation have been located.
The molecular weight (about 657) is low enough that some excretion into breast
milk probably occurs. The effects, if any, on a nursing infant from this exposure
are unknown.
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DEHYDROEPIANDROSTERONE
Dietary Supplement
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports investigating the potential teratogenic effects from use of
dehydroepiandrosterone (DHEA) in human pregnancy have been located.
DHEA and its active metabolite (DHEA sulfate; DHEA-S) are weak
androgens and intermediates in the biosynthesis of testosterone and
estradiol. The animal reproduction data suggest that DHEA and/or DHEA-S
may cause virilization of the external genitalia in female fetuses and inhibit
implantation or development of the pregnancy when administered shortly
after conception. However, the doses used in these studies were not
compared with the human dose based on BSA or AUC, so the results might
not be interpretable for estimating human risk. Moreover, DHEA-S, and
probably also DHEA, crosses the human placenta. Although the intrauterine
fluid DHEA-S concentrations were very low, higher levels in the embryos
and fetuses may have been present. If the agent is used in pregnancy, the
patient should be informed of the animal data and limited human pregnancy
experience.

FETAL RISK SUMMARY
Although not approved by the FDA, DHEA is available as an over-the-counter
nutritional or dietary supplement. The dose of the drug in individual products is
not known. Endogenous DHEA and DHEA-S are secreted by the adrenal
cortex. In the systemic circulation, most DHEA is present as DHEA-S. DHEA
has been promoted for treatment of systemic lupus erythematosus, fat burn,
boosting libido, as an anti-aging treatment, and for other uses, but none of
these benefits has been demonstrated in controlled studies. In the plasma,
DHEA is weakly bound, whereas DHEA-S is strongly bound to albumin. The



half-lives of DHEA and DHEA-S are 1–3 hours and 10–20 hours, respectively
(1). The metabolic clearance rate of DHEA-S fluctuates throughout pregnancy
(2).

Developmental and reproductive toxicity of DHEA has been studied in three
species. In rats, DHEA was associated with failure of implantation (3) and
dose-related virilization of female fetuses (increased anogenital distance) and
reduced fetal weight (4). Rats exposed to DHEA on gestation days 6–17
demonstrated increased early resorptions (5). In mice, prenatal exposure to
DHEA on days 11–17 was associated with increased anogenital distance but
did not have a significant effect on behavior of the offspring (6). In another
study, maternal weight, number, survival, and weight of pups were affected by
DHEA (7). In rabbits, no effects on embryonic or fetal development were seen
at various doses of DHEA during gestation days 7–20 (5).

No studies on the carcinogenic or mutagenic potential of DHEA have been
located. However, a European case–control study found an association
between higher serum concentrations of DHEA-S and breast cancer (8).

DHEA-S, and most likely DHEA, crosses the human placenta. This is
consistent with the molecular weights of the two compounds, about 288 and
371, respectively. DHEA-S was found in intrauterine fluids only at the limit of
detection in a study of 12 pregnant women at a gestational age of 8–12 weeks
(9). The authors postulated that because the concentration of androgens was
much lower in the intrauterine fluids compared with maternal serum, that there
might be a mechanism for the protection of the embryo from higher
concentrations of these hormones. Concentrations in the embryos or fetuses
were not measured.

In a study of 25 women with diminished ovarian reserve, patients received 25
mg of DHEA three times daily for 16 weeks between two in vitro fertilization
(IVF) cycles (10). Significant increases in fertilized oocytes, normal 3-day
embryos, embryos transferred, and average embryo scores per oocyte were
observed. A follow-up case–control study with 190 women undergoing IVF
treatment due to diminished ovarian function demonstrated that DHEA
supplementation resulted in significantly higher cumulative pregnancy rates (11).

BREASTFEEDING SUMMARY
No reports on the use of DHEA during lactation have been located. Estrogens
have been associated with decreased milk production and concentrations of
nitrogen and protein (see Ethinyl Estradiol). As DHEA is an intermediate in the
biosynthesis of estrogen, it could decrease milk production as well (12).



Although it has not been studied, this effect should be dose-related. If used
during breastfeeding, infant weight gain should be closely monitored.
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DELAVIRDINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited human data do not allow a prediction as to the risk of
delavirdine during pregnancy. The animal data indicate that the drug may
represent a risk to the developing human fetus. If indicated, the drug should
not be withheld because of pregnancy.

FETAL RISK SUMMARY
Delavirdine is a synthetic nonnucleoside reverse transcriptase inhibitor (nnRTI)
that is used in the treatment of HIV type 1 (HIV-1). Because resistant viruses
emerge rapidly with delavirdine monotherapy, the drug should always be used
in combination with other antiretroviral agents (1). Other drugs in this class are
efavirenz and nevirapine.

Reproductive studies with delavirdine have been conducted in rats and
rabbits. Ventricular septal defects were produced when pregnant rats were
administered the agent during organogenesis at doses producing systemic
levels equal to or lower than the expected human exposure at the
recommended dose (EHE) (1). Reduced pup survival on the day of birth was
also noted at this dose. At doses producing 5 times the EHE, marked maternal
toxicity, embryo toxicity, fetal developmental delay, and reduced pup survival
were observed. Delavirdine administered during organogenesis to rabbits
caused maternal toxicity, embryo toxicity, and abortions (1). The lowest dose
producing these effects was about six times the EHE. No malformations were
observed in the surviving rabbit offspring, but only a few were available for
examination (1).

It is not known if delavirdine crosses the human placenta. The molecular
weight of the free base (about 457) is low enough that passage to the fetus
should be expected.



During premarketing clinical studies, seven unplanned pregnancies occurred,
resulting in three ectopic pregnancies, three healthy live births, and one
premature infant with a birth defect (1). The infant, exposed early in gestation
to about 6 weeks of delavirdine and zidovudine, had a small muscular
ventricular septal defect.

The Antiretroviral Pregnancy Registry reported, for January 1989 through
July 2009, prospective data (reported before the outcomes were known)
involving 4702 live births that had been exposed during the 1st trimester to one
or more antiretroviral agents (2). Congenital defects were noted in 134, a
prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 14 outcomes exposed to delavirdine (11 in
the 1st trimester and 3 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were no birth defects. In reviewing the birth defects
of prospective and retrospective (pregnancies reported after the outcomes
were known) registered cases, the Registry concluded that, except for isolated
cases of neural tube defects with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (2). (See
Lamivudine for required statement.)

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (3,4). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (5). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (6). If indicated, delavirdine should not be withheld in pregnancy
because the expected benefit to the HIV-positive mother outweighs the
unknown risk to the fetus. Updated guidelines for the use of antiretroviral drugs
to reduce perinatal HIV-1 transmission also were released in 2006 (7). Women
receiving antiretroviral therapy during pregnancy should continue the therapy
but, regardless of the regimen, zidovudine administration is recommended



during the intrapartum period to prevent vertical transmission of HIV to the
newborn (7).

BREASTFEEDING SUMMARY
No reports describing the use of delavirdine during lactation have been located.
The molecular weight of the free base (about 457) is low enough that excretion
into breast milk should be expected. The effect on a nursing infant is unknown.

Reports on the use of delavirdine during human lactation are unlikely,
however, because the antiviral agent is used in the treatment of HIV infections.
HIV-1 is transmitted in milk, and in developed countries, breastfeeding is not
recommended (3,4,6,8–10). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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DEMECARIUM

[Withdrawn from the market. See 9th edition.]



DEMECLOCYCLINE
Antibiotic (Tetracycline)

See Tetracycline.



DENILEUKIN DIFTITOX
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of denileukin diftitox in human pregnancy
have been located. The absence of both animal and human pregnancy
experience prevents an assessment of the embryo–fetal risk. The potential
for severe infusion-related toxicity is an important risk factor. Until human
pregnancy experience is available, the best course is to avoid use of this
agent in pregnancy. However, if a woman requires denileukin diftitox and
informed consent is obtained, it should not be withheld because of
pregnancy. If an inadvertent pregnancy occurs, the woman should be
advised of the unknown risk to her embryo and/or fetus.

FETAL RISK SUMMARY
The biological response modifier, denileukin diftitox, is a recombinant DNA-
derived cytotoxic protein composed of amino acid sequences for diphtheria
toxin fragments and for interleukin-2. It is in the same antineoplastic subclass
as aldesleukin. Denileukin diftitox is indicated for the treatment of patients with
persistent or recurrent cutaneous T-cell lymphoma. After an IV infusion, the
half-lives of the distribution phase (about 2–5 minutes) and the terminal
elimination phase (about 70–80 minutes) are rapid. Denileukin diftitox is
metabolized by proteolytic degradation (1).

Denileukin diftitox may cause severe, infusion-related toxicity, including
hypotension and other adverse effects. Treatment with IV antihistamines,
corticosteroids, and epinephrine may be required (1). Hypotension in a
pregnant woman could have deleterious effects on placental perfusion, resulting
in embryo and fetal harm. Moreover, the potent α-adrenergic properties of
epinephrine also can cause decreased placental perfusion. IV ephedrine might



be a better choice to treat maternal hypotension.
Neither animal reproduction studies nor fertility studies have been conducted

with denileukin diftitox. Studies for carcinogenicity also have not been
conducted, but there was no evidence of mutagenic effects.

It is not known if denileukin diftitox crosses the human placenta. The
molecular weight of the protein, about 58,000, suggests that it does not cross.
However, other proteins, such as the immunoglobulins, cross the placenta.
Moreover, the protein rapidly distributes into tissues (e.g., primarily into the
liver and kidneys in rats). The very short distribution and elimination half-lives
may limit the amount reaching the embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of denileukin diftitox during human lactation have
been located. The molecular weight of the protein , about 58,000, suggests
that it will not be excreted into breast milk. However, other proteins, such as
the immunoglobulins, are excreted into milk and so may denileukin diftitox. The
very short distribution (2–5 minutes) and elimination (70–80 minutes) half-lives
may limit the amount in milk. Waiting about 7 hours after a dose to breastfeed
should limit the potential exposure of the infant even more. The effect of
exposure on a nursing infant is unknown.
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DENOSUMAB
Immunologic Agent (Antiosteoporosis)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of denosumab in human pregnancy have
been located. Such reports are unlikely because the monoclonal antibody is
indicated only for postmenopausal women. The animal data in monkeys
suggest low risk. Although exposure to denosumab during pregnancy might
impair mammary gland development and subsequent lactation, the absence
of human pregnancy experience prevents an accurate assessment of the
maternal and embryo–fetal risk. If a woman becomes pregnant during
denosumab therapy, physicians are encouraged to enroll her in the Amgen
Pregnancy Surveillance Program by calling 800-77-AMGEN (800-772-
6436) (1). Pregnant patients also can enroll themselves by calling the same
number.

FETAL RISK SUMMARY
Denosumab is a human IgG2 monoclonal antibody that binds to a protein that is
essential for bone resorption, thereby decreasing bone resorption and
increasing bone mass. It is indicated for the treatment of postmenopausal
women with osteoporosis at high risk for fracture or for patients who have
failed or are intolerant to other available osteoporosis therapy. Denosumab is
given as an SC injection every 6 months. Because hypocalcemia may occur, all
patients should receive calcium (1000 mg/day) and vitamin D (at least 400
IU/day). The mean serum half-life of denosumab is about 25 days (1).

Reproduction studies have been conducted in cynomolgus monkeys. In
monkeys, during organogenesis, SC doses up to 13 times the recommended
human dose of 60 mg given once every 6 months based on body weight (RHD)
revealed no evidence of maternal toxicity or fetal harm. However, fetal lymph
nodes were not examined and the toxicity of the antibody in the 2nd and 3rd



trimesters, the periods when increasing amounts of monoclonal antibodies are
expected to cross the placenta was not studied (1).

In pregnant mice lacking the protein target of denosumab (knockout mice),
absence of the target led to fetal lymph node agenesis and postnatal
impairment of dentition and bone growth. The mice also had altered maturation
of the maternal mammary gland and impaired lactation (1).

Studies of carcinogenicity and mutagenicity have not been conducted. No
effects on female fertility or male reproductive organs were observed in
monkeys given doses that were 13–50 times the RHD (1).

It is not known if denosumab crosses the human placenta. The molecular
weight (about 147,000) suggests that transfer will be inhibited but the long
serum half-life will favor transfer. The manufacturer states that monoclonal
antibodies are transported across the placenta with the highest amounts in the
3rd trimester (1).

BREASTFEEDING SUMMARY
No reports describing the use of denosumab during human lactation have been
located. Such reports are unlikely because the monoclonal antibody is only
indicated for postmenopausal women. The molecular weight (about 147,000)
suggests that excretion into breast milk will be inhibited but the long serum half-
life may favor excretion. If there is excretion, digestion in the infant’s gut will
probably occur.

Reference
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DESFLURANE
General Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Desflurane is not teratogenic in two animal species, but there are no
reports of its use early in human gestation. The animal data are reassuring,
but the absence of human data during organogenesis precludes an
estimation of the risk for structural anomalies. In addition, general
anesthesia usually involves the use of several pharmacological agents.
Although no teratogenicity has been observed with three other halogenated
general anesthetic agents (halothane, isoflurane, and methoxyflurane), only
halothane has 1st trimester human exposure data (1). The use of
desflurane during cesarean section does not appear to affect the newborn
any differently from other general anesthetic agents. All such agents can
cause depression in the newborn that may last for 24 hours or more. The
potential reproductive toxicity (spontaneous abortion and infertility) of
occupational exposure to desflurane has not been studied but is a concern
based on the exposure concentration found in one study. In addition,
occupational exposure to nitrous oxide also was measured in that study,
and indicated that the nurses were exposed to both nitrous oxide and
volatile anesthetic agents at the same time.

FETAL RISK SUMMARY
Desflurane, a general inhalation anesthetic agent administered via vaporizer, is
indicated for the induction and/or maintenance of anesthesia during surgery. It
is a nonflammable, volatile liquid that is in the same class of halogenated
agents as enflurane, halothane, isoflurane, methoxyflurane, and sevoflurane.
Desflurane is closely related chemically to enflurane and isoflurane. The only
difference between desflurane and isoflurane is the substitution of fluorine in



desflurane for the single chlorine atom in isoflurane. This small change,
however, produces marked pharmacokinetic and clinical effects. The potency
of desflurane is 20% that of isoflurane, the blood–gas partition coefficient is
reduced (i.e., reduced solubility in blood) (0.42 vs. 1.46) as is tissue solubility
(brain–blood partition coefficient 1.3 vs. 1.6), and recovery from anesthesia is
faster (2).

Three mutagenic tests with desflurane found no evidence of genotoxicity (3).
No teratogenic effects were observed in reproduction tests with rats and
rabbits at doses of approximately 10 and 13 cumulative minimum alveolar
anesthetic concentration (MAC-hour) exposures at 1 MAC-hour/day,
respectively, during organogenesis. (Note: MAC is the concentration that
causes immobility in 50% of patients exposed to a noxious stimulus such as a
surgical incision; it represents the ED50 [4]). However, an approximately 6%
decrease in the body weight of male rat pups delivered prematurely by
cesarean section was noted at this dose. No treatment-related behavioral
changes or other toxicity (dystocia or decreased body weight) were observed
in rat offspring exposed to desflurane 1 MAC-hour/day from gestation day 15–
lactation day 21 (3).

The low molecular weight (about 168) and the presence of desflurane in the
brain suggest that it will cross the placenta to the fetus. Two reviews have
concluded that, in general, inhalational anesthetic agents are freely transferred
to fetal tissues (1,5) and, in most cases, the maternal and fetal blood
concentrations are approximately equivalent (5). The relatively low human
blood–gas partition coefficient and the rapid clearance from the maternal blood
also suggest that desflurane will be rapidly cleared from the fetus, thus
reducing the potential for neurobehavior depression of the newborn.

A brief 1993 report compared the closely related anesthetic agents,
desflurane and enflurane (10 patients in each group), during cesarean delivery
(6). Uterine tone increased significantly over time (a potential risk factor for
maternal bleeding), but there were no differences between the groups. The
mean umbilical vein:maternal artery ratios were 0.69 and 0.51, respectively. No
differences between the groups were measured in the Neurological and
Adaptive Capacity Scores (NACS) at 2 and 24 hours, 1 and 5 minute Apgar
scores (8.0 and 8.9 vs. 7.5 and 9.0, respectively), and cord arterial blood
gases or pH (6).

Two end-tidal concentrations of desflurane (3% and 6%) were compared
with enflurane (0.6%) for cesarean section delivery in a 1995 study (7). The
MACs for the three groups were 0.45, 0.90, and 0.40, respectively, thus



representing subanesthetic concentrations. A 50%–50% mixture of nitrous
oxide and oxygen was administered with the anesthetic agents (25 patients in
each group). Maternal blood loss was similar among the groups. In the
newborns, the time-to-sustained-respiration was >90 seconds in one (4%),
seven (28%), and five (20%), respectively. The increased incidence in the 6%
desflurane group was significantly longer than in the 3% desflurane group.
There were no significant differences in the NACS at 2 and 24 hours, but some
depression was noted: NACS <35 at 2 hours in four (16%), seven (28%), and
six (24%); and at 24 hours—one (4%), one (4%), and none, respectively. Low
Apgar scores (<7) were found at 1 minute in three (12%), seven (28%), and six
(24%), respectively (ns), and at 5 minutes in none, one (4%), and one (4%),
respectively (ns) (7).

A 1995 study compared desflurane (1.0%–4.5%) and oxygen (N = 40) with
nitrous oxide (30%–60%) in oxygen (N = 40) for analgesia during vaginal
delivery (8). Maternal analgesia scores and blood loss were similar between
the groups. Four (10%) of the desflurane group had an NACS < 35 at 2 hours
compared with seven (18%) of those exposed to nitrous oxide (ns). At 24
hours, none of desflurane group had an NACS <35 compared with three (8%)
in the nitrous oxide group (ns). Apgar scores <7 at 1 minute occurred in 13%
and 8% (ns), respectively, but all Apgar scores were ≥7 at 5 minutes.
However, nine patients in the desflurane group had amnesia for delivery, a
potentially undesirable effect in an obstetrical patient (8).

A study published in 1998 evaluated the exposure of nine nurses in a
postanesthesia care unit (PACU) to exhaled desflurane and isoflurane and
compared these exposures with the National Institute of Occupational Safety
and Health (NIOSH)-recommended exposure limits (9). The NIOSH
recommendation for volatile anesthetics (without concomitant nitrous oxide
exposure) is a maximum of 2 ppm, but it has not been adopted by the
Occupational Safety and Health Administration. Moreover, the recommended
limit is controversial and is thought by some to be inappropriately low.
However, a potential for reproductive risk (spontaneous abortion and infertility)
is thought to exist for some anesthetic agents. The study involved exposure in
the PACU to exhaled anesthetic gases from 50 adult patients (desflurane N =
31, isoflurane N = 19) over an approximate 1-hour recovery time. About half the
patients were extubated in the PACU. Exposure was continuously measured
from the shoulders (i.e., breathing zone) of the nurses. Breathing-zone
anesthetic concentrations of desflurane and isoflurane exceeded the NIOSH
limits in 87% and 37% of the cases, respectively. These exposures were above



the limit 49% of the time for desflurane and 12% of the time for isoflurane. The
investigators listed several limitations to their study and concluded that the
results might represent a “worst-case analysis” (9).

A 2004 study found a significant association between maternal occupational
exposure to waste anesthetic gases during pregnancy and developmental
deficits in their children, including gross and fine motor ability,
inattention/hyperactivity, and IQ performance (see Nitrous Oxide).

BREASTFEEDING SUMMARY
Although desflurane has been administered during labor and delivery, the
effects of this exposure on the infant that begins nursing immediately after birth
have not been described. Desflurane is probably excreted into colostrum and
milk as suggested by its presence in the maternal blood and its low molecular
weight (about 168), but the toxic potential of this exposure for the infant is
unknown. However, the risk to a nursing infant from exposure to desflurane is
probably very low (10). Moreover, the concentrations in milk should be less
than other halogenated anesthetic agents because of the decreased blood and
tissue solubility of desflurane and its rapid washout from the mother’s system.
The manufacturer states that excretion in milk was not clinically important 24
hours after anesthesia (3). Another halogenated inhalation anesthetic,
halothane, is classified as compatible with breastfeeding (see Halothane).
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DESIPRAMINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the data are limited, desipramine does not appear to be a major
human teratogen.

FETAL RISK SUMMARY
Desipramine, a tricyclic antidepressant, is an active metabolite of imipramine
(see also Imipramine). No reports linking the use of desipramine with congenital
defects have been located. Neonatal withdrawal symptoms, including cyanosis,
tachycardia, diaphoresis, and weight loss, were observed after desipramine
was taken throughout pregnancy (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 31 newborns had
been exposed to desipramine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (3.2%) major birth defect was observed (one
expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available. The number
of exposures is too small for comment.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (2). Multiple drug therapy occurred in
about two-thirds of the mothers. Desipramine was used in one pregnancy and
the outcome was a spontaneous abortion.

In an in vitro study, desipramine was shown to be a potent inhibitor of sperm
motility (3). A concentration of 27 µmol/L produced a 50% reduction in motility.

A 2002 prospective study compared two groups of mother-child pairs: one
group exposed to antidepressants throughout gestation (46 exposed to



tricyclics - 3 to desipramine; 40 to fluoxetine) and, the other group, 36
nonexposed, not depressed controls (4). Offspring between the ages 15 and
71 months were studied for effects of antidepressant exposure in terms of IQ,
language, behavior, and temperament. Exposure to antidepressants did not
adversely affect the measured parameters, but IQ was significantly and
negatively associated with the duration of depression, and language was
negatively associated with the number of depression episodes after delivery
(4).

BREASTFEEDING SUMMARY
Desipramine is excreted into breast milk (5–7). No reports of adverse effects
have been located. In one patient, milk:plasma ratios of 0.4–0.9 were
measured with milk levels ranging between 17 and 35 mcg/mL (5). A 35-year-
old mother in her 9th postpartum week took 300 mg of desipramine daily at
bedtime for depression (7). One week later, simultaneous milk and serum
samples were collected about 9 hours after a dose. Concentrations of
desipramine in the milk and serum were 316 and 257 ng/mL (ratio 1.2),
respectively, whereas levels of the metabolite, 2-hydroxydesipramine, were
381 and 234 ng/mL (ratio 1.6), respectively. The measurements were repeated
1 week later, 10.33 hours after the dose, and milk levels of the parent drug and
metabolite were 328 and 327 ng/mL, respectively. No drug was detected in the
infant’s serum nor were any clinical signs of toxicity observed in the infant after
3 weeks of maternal treatment (7).

A 1996 review of antidepressant treatment during breastfeeding found no
information that desipramine exposure during nursing resulted in quantifiable
amounts in an infant or that the exposure caused adverse effects (8). The
American Academy of Pediatrics classifies desipramine as a drug whose effect
on the nursing infant is unknown but may be of concern (9).
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DESIRUDIN
Hematological Agent (Thrombin Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of desirudin in human pregnancy have been
located. The animal reproductive data suggest risk, but the absence of
human pregnancy experience prevents an assessment of the embryo–fetal
risk. Desirudin probably does not cross the placenta in clinically significant
amounts but this needs study, especially in light of the teratogenicity
observed in two animal species. Both unfractionated and low-molecular-
weight heparin have been studied in pregnancy and probably are the
preferred agents for prophylaxis against deep vein thrombus after surgery
in a pregnant patient.

FETAL RISK SUMMARY
Desirudin, a specific inhibitor of human thrombin, is a single polypeptide chain
with a protein structure differing slightly from that of hirudin, the anticoagulant
present in the peripharyngeal glands of the medicinal leech, Hirudo medicinalis.
Desirudin is indicated for the prophylaxis of deep vein thrombosis, which may
lead to pulmonary embolism, in patients undergoing elective hip replacement
surgery. It is administered as an SC injection. Desirudin is metabolized and
eliminated by the kidney. The mean terminal elimination half-life is about 2 hours
(1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, daily SC doses that were 0.3–4 times the maximum recommended human
dose based on BSA (MRHD) were teratogenic. Defects observed were
omphalocele, asymmetric and fused sternebrae, shortened hind limbs, and
other nonspecified defects. Edema also was observed. In pregnant rabbits,
daily SC doses that were 0.3–3 times the MRHD were associated with spina



bifida, malrotated hindlimb, hydrocephaly, gastroschisis, and other nonspecified
defects (1).

Carcinogenic studies have not been performed. Desirudin was not genotoxic
in three tests but produced equivocal results in a fourth test. No effect on
fertility in male and female rats was observed with doses ≤2.7 times the MRHD
(1).

It is not known if desirudin crosses the human placenta. The animal data
suggest that the drug had either a direct or an indirect effect on the embryos.
However, the molecular weight, about 6964, and short elimination half-life
suggest that exposure of embryo or fetus is unlikely.

BREASTFEEDING SUMMARY
No reports describing the use of desirudin during human lactation have been
located. The molecular weight of this polypeptide (about 6964), and short
elimination half-life (about 2 hours) suggest that excretion into breast milk is
unlikely. However, even if the drug were excreted, it probably would be
digested in the infant’s gut because it is a protein. Thus, the risk to a nursing
infant appears to be low, if it exists at all.
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DESLANOSIDE
Cardiac Glycoside

See Digitalis.



DESLORATADINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproduction data suggest low risk, but the absence of human
pregnancy experience prevents a full assessment of the risk. Although
there are no reports describing the use of desloratadine in human
pregnancy, there are reports for loratadine, the parent compound. (See
Loratadine.) The data for loratadine are adequate to demonstrate that it is
not a major human teratogen. Because desloratadine is a major metabolite
of loratadine, it is reasonable to presume that desloratadine also is not a
major teratogen (1). Moreover, antihistamines, in general, are not thought
to cause human developmental toxicity at recommended doses. Although
subjects classified as slow metabolizers will probably have greater
embryo–fetal exposure to desloratadine, and possibly to its active
metabolite, there is no reported evidence that such exposure will result in
embryo–fetal toxicity. If an oral antihistamine is required during pregnancy,
first-generation agents such as chlorpheniramine or tripelennamine should
be considered. However, if a woman has taken desloratadine during a
known or unknown pregnancy, the absolute embryo–fetal risk appears to
be low.

FETAL RISK SUMMARY
Desloratadine is a second-generation, peripherally selective H1-receptor
histamine antagonist that is indicated for the relief of nasal and nonnasal
symptoms of allergic rhinitis. It is a major active metabolite of loratadine. (See
also Loratadine.) Desloratadine itself is metabolized to an active metabolite by
an enzyme that has not been identified. About 7% of the general population has
decreased ability (i.e., slow metabolizers) to metabolize desloratadine, but the



incidence is about 20% in blacks. The median exposure to desloratadine,
based on AUC, was about six-fold greater in subjects classified as slow
metabolizers than in those with unaltered metabolism. Protein binding of
desloratadine and its active metabolite is in the range of 82%–89%. In patients
with unaltered metabolism, the mean elimination half-life of desloratadine is 27
hours, but it exceeds 50 hours in slow metabolizers (2).

Reproduction studies with desloratadine have been conducted in rats and
rabbits. There was no evidence of teratogenicity or effect on fertility in rats at
desloratadine and active metabolite exposures up to about 210 and 130 times,
respectively, the AUC in humans at the recommended daily oral dose (RDOD).
However, at about 120 times the RDOD, an increase in preimplantation loss
and a decrease in the number of implantations and fetuses were observed. At
about 50 times the RDOD, reduced body weight and slow righting reflex were
noted. At about 7 times the RDOD, no effect was noted on pup development.
In rabbits, there was no evidence of teratogenicity at desloratadine exposure
up to about 230 times the RDOD (2).

It is not known if desloratadine (or its active metabolite) crosses the
placenta. The molecular weight of desloratadine (about 311) and the prolonged
elimination half-life suggest that it will cross to the embryo–fetal compartment.
Moreover, patients who are slow metabolizers will have much higher plasma
concentrations of desloratadine and an approximate doubling of the elimination
time. Both of these properties should increase the amount of drug reaching the
embryo–fetus.

BREASTFEEDING SUMMARY
Although there are no reports describing the use of desloratadine during human
lactation, the parent compound (loratadine) has been studied. Both loratadine
and desloratadine are excreted into human breast milk. The American Academy
of Pediatrics classifies loratadine as compatible with breastfeeding. (See
Loratadine.)
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DESMOPRESSIN
Pituitary Hormone, Synthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Desmopressin is a synthetic polypeptide structurally related to vasopressin.
Although the data are limited, no drug-induced toxicity related to its use in
pregnancy has been reported. (See also Vasopressin.)

FETAL RISK SUMMARY
Reproduction studies with desmopressin in rats and rabbits at doses up to
approximately 0.1 times and 38 times, respectively, the maximum systemic
human exposure based on BSA, did not reveal fetal harm (1).

A 1997 report described five women with diabetes insipidus that were
treated with desmopressin during six pregnancies (2). No desmopressin-related
adverse effects were observed in the eight newborns (two sets of twins). A
1998 review cited 53 cases of desmopressin use during all stages of
pregnancy for the management of diabetes insipidus (3). No adverse effects
were noted in the cases. In a 1998 case report, diabetes insipidus in a woman
with Sheehan’s syndrome was managed with intranasal desmopressin in two
pregnancies (4). No information on the status of the newborns was provided.

BREASTFEEDING SUMMARY
See Vasopressin.
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DESVENLAFAXINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of desvenlafaxine in human pregnancy have
been located. The drug is the major active metabolite of venlafaxine that
has some human pregnancy data (see also Venlafaxine). Neither the animal
reproduction nor the limited human pregnancy experience with venlafaxine
and other serotonin–norepinephrine reuptake inhibitors (SNRIs) suggest a
major risk for structural anomalies. However, SNRIs and selective serotonin
reuptake inhibitors (SSRIs) have been associated with spontaneous
abortions, low birth weight, and prematurity. Exposure in the latter part of
pregnancy has been associated with neonatal serotonin syndrome,
neonatal behavioral syndrome (withdrawal including seizures), possible
sustained abnormal neurobehavior beyond the neonatal period, and
respiratory distress. These symptoms are consistent with a direct toxic
effect, drug discontinuance syndrome, or a serotonin syndrome. Persistent
pulmonary hypertension of the newborn (PPHN) is an additional potential
risk, but confirmation is needed.

FETAL RISK SUMMARY
Desvenlafaxine, available as immediate- and extended-release formulations, is
in the same antidepressant subclass of SNRIs as duloxetine, milnacipran, and
venlafaxine. Desvenlafaxine is indicated for the treatment of major depressive
disorder. It undergoes partial metabolism to apparently inactive metabolites.
Plasma protein binding is low (30%) and the mean terminal half-life is about 11
hours (1).

Reproduction studies have been conducted in rats and rabbits. When these
species were given desvenlafaxine during organogenesis, no evidence of



structural anomalies was observed with doses up to 10 and 15 times,
respectively, the human dose of 100 mg/day based on BSA (HD). However,
fetal weights were decreased in rats, with a no-effect dose 10 times the HD.
Exposure of rats throughout gestation and lactation was associated with
decreased pup weights and increased pup deaths during the first 4 days of
lactation. The cause of the deaths was not known. The no-effect dose for pup
mortality was 10 times the HD. Postweaning growth and reproductive
performance of the offspring were not affected by maternal treatment at a
dose 29 times the HD (1).

Desvenlafaxine was not carcinogenic in 2-year studies in mice and rats.
Assays and studies for mutagenic and clastogenic effects also were negative.
Reduced fertility was observed in male and female rats given doses about 10
times the HD. There was no effect on fertility with doses that were about 3
times the HD (1).

At term, desvenlafaxine crosses the human placenta (2). This is consistent
with the molecular weight (about 381 for the nonhydrated form), low plasma
protein binding, moderately long terminal half-life, and the toxicity observed in
newborns. Although placental transfer of the drug has not been studied at other
times, exposure of the embryo–fetus should be expected throughout gestation.

The use of desvenlafaxine late in the pregnancy may result in functional and
behavioral deficits in the newborn infant. The observed toxicities with SNRIs
and SSRIs include respiratory distress, cyanosis, apnea, seizures, temperature
instability, feeding difficulty, vomiting, hypoglycemia, hypotonia, hypertonia,
hyperreflexia, tremor, jitteriness, irritability, and constant crying. The clinical
features are consistent with either a direct toxic effect or drug discontinuation
syndrome and, occasionally, may resemble a serotonin syndrome. The
complications may require prolonged hospitalization, respiratory support, and
tube feeding (1). (See Venlafaxine for additional information.)

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 381 for the nonhydrated form), low
plasma protein binding (30%), and moderately long elimination half-life (about
11 hours), desvenlafaxine is excreted into breast milk. (See also Venlafaxine.)

A 1998 study measured the excretion of venlafaxine and its active metabolite
desvenlafaxine in the milk of three breastfeeding women (3). The three
mothers, started on the antidepressant after delivery, had been taking a stable
dose (3.04–8.18 mg/kg/day) for 0.23–5 months. The ages of the infants were
0.37–6 months. The mean milk:plasma (M:P) ratio (in two cases based on AUC



and in one on a single point) for the parent drug was 4.14 (range 3.26–5.18),
whereas it was 3.06 (range 2.93–3.19) for the metabolite. The mean infant
doses for venlafaxine and metabolite were 3.49% and 4.08% of the mother’s
weight-adjusted dose, respectively. Venlafaxine was not detected in infant
plasma, but the median infant metabolite plasma concentration was 100 mcg/L
(range 23–225 mcg/L). The mean total infant dose was 7.57% (range 4.74%–
9.23%). No adverse effects in the infants were noted. Because of the relatively
high infant dose in comparison with other antidepressants, it was recommended
that close observation of the infant for short-term adverse effects (e.g.,
agitation, insomnia, poor feeding, or failure to thrive) was required (3).

A 2002 study determined the milk:plasma (M:P) ratios based on AUC and
infant doses of venlafaxine and its metabolite desvenlafaxine in six mothers
(mean age 34.5 years and weight 84.3 kg) and their seven nursing infants
(mean age 7.0 months and weight 7.3 kg) (4). The median venlafaxine dose
was 244 mg/day. The mean M:P ratios for the drug and its metabolite were 2.5
(range 2.0–3.2) and 2.7 (range 2.3–3.2), respectively, whereas the mean
maximum milk concentrations were 1161 and 796 mcg/L, respectively. Using an
estimated milk production rate of 150 mL/kg/day, the mean infant exposure
expressed as a percentage of the weight-adjusted maternal dose was 3.2%
(95% confidence interval [CI] 1.7–4.7) for venlafaxine and 3.2% (95% CI 1.9–
4.9) for desvenlafaxine. Venlafaxine was detected in the plasma of one infant (5
mcg/L), whereas desvenlafaxine was detected in four infants (range 3–38
mcg/L). All of the infants were healthy (4).

In a 2009 report, 13 women taking venlafaxine (mean dose 194.3 mg/day)
and their nursing infants (mean age about 21 weeks) were studied (5). The
highest venlafaxine and desvenlafaxine concentrations in milk occurred 8 hours
after maternal ingestion. For combined venlafaxine plus desvenlafaxine, the
mean M:P ratio was 2.75, and the theoretical infant dose was 0.208
mg/kg/day. The relative infant dose as a percentage of the mother’s weight-
adjusted dose was 8.1%. The theoretical and relative infant doses for
desvenlafaxine were 1.97 and 2.24 times higher than those for venlafaxine. No
adverse effects were observed or reported in the infants (5).

A study of a woman taking desvenlafaxine 250 mg/day and amisulpride (an
atypical antipsychotic not available in the United States) 100 mg/day for
depression and nursing her 5-month-old infant was reported in 2010 (6). The
absolute (theoretical) infant doses of the two drugs were 294 and 183
mcg/kg/day, respectively. The relative infant doses as a percentage of the
mother’s weight-adjusted doses were 7.8% and 6.1%, respectively. The infant



was achieving expected developmental progress for age and no adverse
effects were noted (6).

In a 2011 study of 10 women taking desvenlafaxine (50–150 mg/day) and
their nursing infants (mean age 4.3 months, range 0.9–12.7 months), 8 of
whom were exclusively breastfed, no adverse effects were noted in the infants
(7). The mean theoretical infant dose was 85 mcg/kg/day and the relative infant
dose as a percentage of the mother’s weight-adjusted dose was 6.8%.

Maternal plasma concentrations of desvenlafaxine and venlafaxine determine
the amount of drug excreted into milk. In this regard, a 2009 study appears to
have important implications for choosing which agent to use in a lactating
woman (8). The study evaluated the effect of cytochrome P450 2D6 extensive
metabolizer (EM) or poor metabolizer (PM) status on the pharmacokinetics of
single doses of venlafaxine extended release and desvenlafaxine in healthy
adults. The maximum plasma concentrations and AUC of desvenlafaxine were
statistically similar in the two groups. In contrast, venlafaxine concentrations
and AUC were significantly higher in the PM phenotype compared with the EM
phenotype, whereas the desvenlafaxine concentrations and AUC were
significantly lower in the PM group (8).

In summary, the available data suggest that exposure to desvenlafaxine from
milk does not represent a major risk to a nursing infant. However, nursing
preterm and newborn infants were not involved in the above studies and they
should be closely observed for excessive sedation and appropriate weight gain
if the agent is used by the mother. Additional studies, especially long-term
follow-up of exposed infants, are warranted.
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DEXAMETHASONE
Corticosteroid
FETAL RISK RECOMMENDATION:  Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Dexamethasone is a corticosteroid with potency similar to betamethasone.
Use in the 1st trimester has a small absolute risk of oral clefts. However,
depending on the indication, the benefit of therapy may outweigh the risk.

FETAL RISK SUMMARY
Although most sources have not linked the use of dexamethasone with
congenital defects, four large epidemiologic studies have found positive
associations between systemic corticosteroids and nonsyndromic orofacial
clefts. Specific corticosteroids were not identified in three of these studies (see
Hydrocortisone for details), but dexamethasone and other agents were listed in
a 1999 study discussed below.

In a case–control study, the California Birth Defects Monitoring Program
evaluated the association between selected congenital anomalies and the use
of corticosteroids 1 month before to 3 months after conception
(periconceptional period) (1). Case infants or fetal deaths diagnosed with
orofacial clefts, conotruncal defects, neural tubal defects (NTDs), and limb
anomalies were identified from a total of 552,601 births that occurred from
1987 through the end of 1989. Controls, without birth defects, were selected
from the same database. Following exclusion of known genetic syndromes,
mothers of case and control infants were interviewed by telephone, an average
of 3.7 years (cases) or 3.8 years (controls) after delivery, to determine various
exposures during the periconceptional period. The number of interviews
completed were orofacial cleft case mothers (N = 662, 85% of eligible),
conotruncal case mothers (N = 207, 87%), NTD case mothers (N = 265, 84%),
limb anomaly case mothers (N = 165, 82%), and control mothers (N = 734,



78%) (1). Orofacial clefts were classified into four phenotypic groups: isolated
cleft lip with or without cleft palate (ICLP, N = 348), isolated cleft palate (ICP,
N = 141), multiple cleft lip with or without cleft palate (MCLP, N = 99), and
multiple cleft palate (MCP, N = 74). A total of 13 mothers reported using
corticosteroids during the periconceptional period for a wide variety of
indications. Six case mothers of ICLP and 3 of ICP used corticosteroids
(unspecified corticosteroid N = 1, prednisone N = 2, cortisone N = 3,
triamcinolone acetonide N = 1, dexamethasone N = 1, and cortisone plus
prednisone N = 1). One case mother of an infant with NTD used cortisone and
an injectable unspecified corticosteroid, and three controls used corticosteroids
(hydrocortisone N = 1 and prednisone N = 2). The odds ratio for corticosteroid
use and ICLP was 4.3 (95% confidence interval [CI] 1.1–17.2), whereas the
odds ratio for ICP and corticosteroid use was 5.3 (95% CI 1.1–26.5). No
increased risks were observed for the other anomaly groups. Commenting on
their results, the investigators thought that recall bias was unlikely because they
did not observe increased risks for other malformations, and it was also unlikely
that the mothers would have known of the suspected association between
corticosteroids and orofacial clefts (1).

Maternal free estriol and cortisol are significantly depressed after
dexamethasone therapy, but the effects of these changes on the fetus have not
been studied (2–4).

Dexamethasone has been used in patients with premature labor at about 26–
34 weeks’ gestation to stimulate fetal lung maturation (5–15). Although this
therapy is supported by many clinicians, its use is still controversial since the
beneficial effects of steroids are greatest in singleton pregnancies with female
fetuses (16–19). These benefits are as follows:

Reduction in incidence of respiratory distress syndrome (RDS)
Decreased severity of RDS if it occurs
Decreased incidence of and mortality from intracranial hemorrhage
Increased survival of premature infants

Toxicity in the fetus and newborn following the use of dexamethasone is rare.
In studies of women with premature rupture of the membranes (PROM),

administration of corticosteroids does not always reduce the frequency of RDS
or perinatal mortality (20–22). In addition, an increased risk of maternal
infection has been observed in patients with PROM treated with corticosteroids
(21,22). A recent report, however, found no difference in the incidence of
maternal complications between treated and nontreated patients (23).



Dexamethasone crosses the placenta to the fetus (24,25). The drug is
partially metabolized (54%) by the perfused placenta to its inactive 11-
ketosteroid derivative, more so than betamethasone, but the difference is not
statistically significant (25).

Leukocytosis has been observed in infants exposed antenatally to
dexamethasone (26,27). The white blood cell counts returned to normal in
about a week.

The use of corticosteroids, including dexamethasone, for the treatment of
asthma during pregnancy has not been related to a significantly increased risk
of maternal or fetal complications (28). A slight increase in the number of
premature births was found, but it could not be determined whether this was an
effect of the corticosteroids. An earlier study also recorded a shortening of
gestation with chronic corticosteroid use (29).

In Rh-sensitized women, the use of dexamethasone may have prevented
intrauterine fetal deterioration and the need for fetal transfusion (30). Five
women, in the 2nd and 3rd trimesters, were treated with 24 mg of the steroid
weekly for 2–7 weeks resulting, in each case, in a live newborn.

Dexamethasone, 4 mg/day for 15 days, was administered to a woman late in
the 3rd trimester for the treatment of autoimmune thrombocytopenic purpura
(31). Therapy was given in an unsuccessful attempt to prevent fetal/neonatal
thrombocytopenia due to the placental transfer of antiplatelet antibody. Platelet
counts in the newborn were 38,000–49,000/mm3, but the infant made an
uneventful recovery.

The use of dexamethasone for the pharmacologic suppression of the fetal
adrenal gland has been described in two women with 21-hydroxylase deficiency
(32,33). This deficiency results in the overproduction of adrenal androgens and
the virilization of female fetuses. Dexamethasone, in divided doses of 1 mg/day,
was administered from early in the 1st trimester (5th week and 10th week) to
term. Normal female infants resulted from both pregnancies.

Although human studies have usually shown a benefit, the use of
corticosteroids in animals has been associated with several toxic effects
(34,35):

Reduced fetal head circumference
Reduced fetal adrenal weight
Increased fetal liver weight
Reduced fetal thymus weight
Reduced placental weight



Fortunately, none of these effects has been observed in human investigations.
Long-term follow-up evaluations of children exposed in utero to dexamethasone
have shown no adverse effects from this exposure (36,37).

BREASTFEEDING SUMMARY
No reports describing the use of dexamethasone during lactation have been
located. The molecular weight (about 516) is low enough for passage into
breast milk. Moreover, trace amounts of other corticosteroids are excreted into
milk (e.g., see Hydrocortisone and Prednisone) and the excretion of
dexamethasone into milk should be expected.
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DEXBROMPHENIRAMINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Dexbrompheniramine is the dextro-isomer of brompheniramine (see
Brompheniramine). No reports linking its use with congenital defects have
been located. In general, antihistamines are considered low risk in
pregnancy. However, exposure near birth of premature infants has been
associated with an increased risk of retrolental fibroplasia.

BREASTFEEDING SUMMARY
See Brompheniramine.



DEXCHLORPHENIRAMINE
Antihistamine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

In general, antihistamines are considered low risk in pregnancy. However,
exposure near birth of premature infants has been associated with an
increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
Dexchlorpheniramine is the dextro-isomer of chlorpheniramine (see also
Chlorpheniramine). No reports linking its use with congenital defects have been
located. One study recorded 14 exposures in the 1st trimester without evidence
for an association with malformations (1). Animal studies for chlorpheniramine
have not shown a teratogenic effect (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1080 newborns
had been exposed to dexchlorpheniramine during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). A total of 50 (4.6%) major birth defects
were observed (43 expected). Specific data were available for six defect
categories, including (observed/expected) 10/11 cardiovascular defects, 2/2
oral clefts, 0/0.5 spina bifida, 3/3 polydactyly, 0/2 limb reduction defects, and
4/3 hypospadias. These data do not support an association between the drug
and congenital defects.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of dexchlorpheniramine during human lactation
have been located. (See also Chlorpheniramine.)
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DEXFENFLURAMINE

[Withdrawn from the market. See 9th edition.]



DEXLANSOPRAZOLE
Gastrointestinal Drug (Antisecretory)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although there are no human data for dexlansoprazole, there are data for
racemic lansoprazole (see Lansoprazole). These data, combined with the
data for the other proton pump inhibitors (PPIs), suggest that the risk of
developmental toxicity, including structural anomalies, is low. Human
pregnancy experience with three other PPIs (see Lansoprazole,
Omeprazole, and Pantoprazole) has not shown a causal relationship with
congenital malformations. In some cases, malformations may have been
missed because of the design and size of the studies. The carcinogenic
and mutagenic data for lansoprazole and other PPIs are a potential
concern, but the absence of follow-up studies prevents a risk assessment
for exposed offspring. A study showing an association between in utero
exposure to gastric acid-suppressing drugs and childhood allergy and
asthma requires confirmation. As with all drug therapy, avoidance of
dexlansoprazole during pregnancy, especially during the 1st trimester, is
the safest course. If dexlansoprazole is required or if inadvertent exposure
does occur early in gestation, the known risk to the embryo–fetus for
congenital defects appears to be low. Long-term follow-up of offspring
exposed during gestation is warranted.

FETAL RISK SUMMARY
Dexlansoprazole is a PPI that blocks gastric acid secretion by a direct inhibitory
effect on the gastric parietal cell. It is indicated for healing of all grades of
erosive esophagitis for up to 8 weeks, the maintenance of healed erosive
esophagitis for up to 6 months, and for the treatment of heartburn associated
with nonerosive gastroesophageal reflux disease (GERD) for 4 weeks.



Dexlansoprazole is the R-enantiomer of racemic lansoprazole. It is in the same
drug class as esomeprazole, lansoprazole, omeprazole, pantoprazole, and
rabeprazole. The drug is extensively metabolized to inactive metabolites.
Plasma protein binding is about 96%–99% and the elimination half-life is about
1–2 hours (1).

Reproduction studies have been conducted in rabbits. At oral doses about 9
times the maximum recommended human dose, no evidence of fetal harm was
observed (1). (See also Lansoprazole.)

Studies for carcinogenicity, mutagenicity, and impairment of fertility were
conducted for lansoprazole (see Lansoprazole).

It is not known if dexlansoprazole crosses the human placenta. The molecular
weight (about 369) and the elimination half-life suggest that the drug will cross
to the embryo–fetus, but the high plasma protein binding might limit the
exposure.

A meta-analysis of PPIs in pregnancy was reported in 2009 (2). Based on
1530 exposed compared with 133,410 not exposed pregnancies, the OR for
major malformations was 1.12, 95% CI 0.86–1.45. There also was no
increased risk for spontaneous abortions (OR 1.29, 95% CI 0.84–1.97) or
preterm birth (OR 1.13, 95% CI 0.96–1.33) (2).

A population-based, observational, cohort study formed by linking data from
three Swedish national healthcare registers over a 10-year period (1995–2004)
was reported in 2009 (3). The main outcome measures were a diagnosis of
allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-
receptor antagonists, prostaglandins, PPIs, combinations for eradication of
Helicobacter pylori, and drugs for peptic ulcer and GERD. Of 585,716 children,
29,490 (5.0%) met the diagnosis and 5645 (1%) had been exposed to gastric
acid suppression therapy in pregnancy. Of these children, 405 (0.07%) were
treated for allergic disease. For developing allergy, the odds ratio (OR) was
1.43, 98% confidence interval (CI) 1.29–1.59, irrespective of the drug, time of
exposure during pregnancy, and maternal history of allergy. For developing
childhood asthma, but not other allergic diseases, the OR was 1.51, 95% CI
1.35–1.69, irrespective of the type of acid-suppressive drug and the time of
exposure in pregnancy. The authors proposed three possible mechanisms for
their findings: (a) exposure to increased amounts of allergens could cause
sensitization to digestion of labile antigens in the fetus; (b) maternal Th2
cytokine pattern could promote an allergy-prone phenotype in the fetus; and (c)
maternal allergen-specific immunoglobulin E could cross the placenta and



sensitize fetal immune cells to food and airborne allergens. Several limitations
of the study that might have affected their findings were identified, including a
general increase in childhood asthma but not necessarily an increase in allergic
asthma (3). The study requires confirmation.

Several reports and reviews describing the use of PPIs during human
pregnancy have observed no increased risk of developmental toxicity (see
Esomeprazole, Lansoprazole, Omeprazole, Pantoprazole, and Rabeprazole).

BREASTFEEDING SUMMARY
No reports describing the use of dexlansoprazole during human lactation have
been located. The molecular weight (about 369) and the elimination half-life
(about 1–2 hours) suggest that the drug will be excreted into breast milk, but
the high plasma protein binding (about 96%–99%) might limit the amount
excreted. The effect of this exposure on a nursing infant is unknown. Because
of the carcinogenicity observed in animals with lansoprazole, and the potential
for suppression of gastric acid secretion in the nursing infant, the use of
dexlansoprazole during lactation is best avoided.
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DEXMEDETOMIDINE
Sedative
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with dexmedetomidine is limited to short-
term use immediately before or during delivery in three women. The drug
crosses the human placenta at term. A 2009 editorial concluded that off-
label use of dexmedetomidine might be beneficial in providing pain relief for
laboring women unwilling or unable to receive neuraxial analgesia (1).
However, newborn toxicity, such as hypotension and sedation, is a potential
concern. Moreover, dexmedetomidine may increase uterine contractions
and this property should be considered if the drug is used during
pregnancy.

FETAL RISK SUMMARY
Dexmedetomidine, a relatively selective α2-adrenergic agonist with sedative
properties, is given as an IV infusion. It is indicated for sedation of initially
intubated and mechanically ventilated patients during treatment in an intensive
care setting and for sedation of nonintubated patients before and/or during
surgical and other procedures. At recommended doses, dexmedetomidine does
not cause respiratory depression. The drug undergoes nearly complete
metabolism to inactive metabolites. Plasma protein binding is 94% and the
terminal elimination half-life is about 2 hours (2).

Reproduction studies have been conducted in rats and rabbits. In rats,
dexmedetomidine crossed the placenta. No teratogenicity was observed in rats
given SC doses during organogenesis (gestation day 5–16) up to about the
maximum recommended human IV dose (MRHD) based on BSA (MRHD-BSA).
However, at the highest dose, postimplantation losses and a reduced number
of live pups were observed. The no-observed-effect-level (NOEL) was less



than the MRHD-BSA. In another rat study that used SC doses less than the
MRHD-BSA from gestation day 16 through weaning, lower offspring weights
were observed. Moreover, when offspring were allowed to mate, elevated fetal
and embryocidal toxicity and delayed motor development were observed in
second-generation offspring. No teratogenicity was noted in rabbits during
organogenesis (day 6–18) given IV doses up to about 0.5 times the exposure
at the MRHD based on AUC (2).

A study using pregnant rats evaluated the effects of chronic vs. acute
exposure on fetal development and postnatal behavior (3). The rats were given
either daily SC doses (gestation days 7–19) or a single SC dose on day 19. No
structural anomalies were observed and there were no differences between the
groups in terms of pup postnatal weight gain or behavioral performance (3).
Extrapolating from the aforementioned information, all of the doses appeared to
be less than the MRHD-BSA.

Studies for carcinogenicity have not been conducted. Assays for mutagenicity
were negative but the drug was clastogenic in some tests. Fertility in male and
female rats was not affected by SC doses that were less than the MRHD-BSA
(2).

The relatively low molecular weight (about 201 for the free base) suggests
that dexmedetomidine will cross the human placenta, but the plasma protein
binding and short terminal elimination half-life might limit the exposure of the
embryo and/or fetus, at least early in gestation. The manufacturer reported that
the drug crossed the human placenta in an in vitro study but provided no other
details (2). Term placentas were used in a single placental cotyledon study to
measure the amount of dexmedetomidine compared with clonidine that crossed
to the fetal circulation over a 2-hour period (4). Dexmedetomidine disappeared
faster than clonidine from the maternal circulation, but the amount of drug
appearing in the fetal circulation at 2 hours was less (12.5% vs. 22.1%). The
difference was explained by greater placental retention of dexmedetomidine
(48.1% vs. 11.3%). The fetal: maternal concentration ratio at 2 hours was 0.77
(4).

The sedative, analgesic, and hemodynamic controlling properties of
dexmedetomidine have been reported in three pregnant women in labor (5–7).
A 35-year-old woman with spinal muscular atrophy presented for cesarean
section at 35 weeks’ gestation (5). She was given an IV infusion of
dexmedetomidine with a total dose of 1.84 mcg/kg over 38 minutes, followed
by general anesthesia. A male infant (weight not specified) was delivered 68
minutes after discontinuation of the infusion. Apgar scores were 6 and 8 at 1



and 5 minutes, respectively. The initially oxygen saturation in the newborn was
88% but with treatment improved to 95% at 5 minutes. At delivery, the umbilical
arterial and maternal venous concentrations were 540 and 710 pg/mL,
respectively, a ratio of 0.76. The initial low Apgar score was thought to be
secondary to a combination of gestational age and residual inhalational
anesthetic. However, a contribution from dexmedetomidine could not be
excluded. The healthy infant was discharged home with his mother 1 week later
(5).

A 37-year-old woman at 38 weeks’ gestation with diabetes and preeclampsia
presented in labor (6). Because she refused epidural analgesia, an IV infusion
of dexmedetomidine was started. Three hours later, a cesarean section under
general anesthesia was conducted because of persistent late decelerations in
the fetal heart rate. A healthy, 3.7-kg female infant was delivered with Apgar
scores of 8 and 9. The mother and infant were doing well and discharged home
after 7 days (6).

In another 2009 report, a morbidly obese 31-year-old woman with spina
bifida occulta and a tethered spinal cord at L5-S1 presented at 40 weeks’ for
elective induction of labor (7). Patient-controlled analgesia with IV fentanyl was
started but was unsuccessful in controlling pain from her contractions. An IV
infusion of dexmedetomidine was added, which immediately resulted in a
marked decrease in her pain. Because of prolonged labor and the diagnosis of
chorioamnionitis, a cesarean section was conducted under general anesthesia.
The dexmedetomidine infusion was continued during the procedure. A healthy
male infant (weight not specified) was delivered with Apgar scores of 7 and 8.
The infant did well and was discharged 4 days later (7).

A 2005 in vitro study described the effects of dexmedetomidine on human
myometrium (8). At simulated clinical plasma concentrations, the drug
enhanced the frequency and amplitude of contractions.

BREASTFEEDING SUMMARY
No reports describing the use of dexmedetomidine during human lactation have
been located.

The relatively low molecular weight (about 201 for the free base) suggests
that the drug will be excreted into breast milk, but the plasma protein binding
(94%) and short terminal elimination half-life (2 hours) should limit the amount in
milk. However, as with other weak bases, accumulation in the relatively acidic
milk may occur. The oral absorption of the drug is unknown, as is the effect, if
any, of exposure in a nursing infant. Nevertheless, the sedative properties of



the drug in the mother will limit the opportunities for breastfeeding.
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DEXMETHYLPHENIDATE
Central Stimulant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of dexmethylphenidate in human pregnancy
have been located. No teratogenicity was observed in two animal species,
but the maximum maternal systemic exposures obtained were very close to
those measured in humans clinically. Reported pregnancy exposures to
methylphenidate, a closely related agent, are limited, but have not shown a
major risk for embryo–fetal harm (see also Methylphenidate). Until human
data are available for dexmethylphenidate, the safest course is to avoid the
drug in pregnancy. If the mother’s condition requires the drug, the lowest
effective dose, avoiding the 1st trimester if possible, should be used. Long-
term follow-up of exposed offspring may be warranted.

FETAL RISK SUMMARY
Dexmethylphenidate is a CNS stimulant that is indicated for the treatment of
attention deficit/hyperactivity disorder (ADHD). There are no active metabolites.
The mean plasma elimination half-life is about 2.2 hours (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of teratogenicity was observed in rats treated during organogenesis with doses
resulting in maternal plasma levels (AUC) up to five times the levels (AUC)
obtained in adult humans taking the recommended dose of 20 mg/day (RHD).
However, at the highest dose, delayed skeletal ossification was seen. When
doses resulting in plasma levels up to five times the RHD were given throughout
gestation and lactation, the highest dose resulted in decreased postweaning
body weight in male offspring. In rabbits, no evidence of teratogenicity was
observed at plasma levels up to one time the RHD (1).

It is not known if dexmethylphenidate crosses the human placenta. The



molecular weight (about 234 for the free base) suggests that the drug will
cross to the embryo and/or the fetus. The relatively short half-life, however,
should limit the amount crossing the placenta.

BREASTFEEDING SUMMARY
No reports describing the use dexmethylphenidate during human lactation have
been located. The molecular weight (about 234 for the free base) is low
enough that excretion into breast milk should be expected. However, the
relatively short plasma elimination half-life should limit the amount of the drug in
milk. The effect of this exposure on a nursing infant is unknown. If a mother
chooses to breastfeed while taking dexmethylphenidate, the infant should be
monitored for adverse effects observed in children and adults (e.g., abdominal
pain, fever, anorexia, and nausea).
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DEXPANTHENOL
Vitamin/Gastrointestinal Agent (Stimulant)
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of dexpanthenol in human pregnancy have
been located. The absence of animal and human pregnancy experience
prevents an assessment of the embryo–fetal risk. The potential dose over
a 24-hour period for postoperative adynamic ileus (500—2500 mg) ranges
from 50 to 250 times the U.S. recommended daily allowance in pregnancy
(10 mg) for pantothenic acid. Although a 1982 review (1) recommended
dexpanthenol for functional constipation in pregnant women, without
providing any data in pregnancy, the safest course is to avoid the drug in
pregnancy and certainly in the 1st trimester. Increased fluid intake and a
high fiber diet are still the best way to decrease constipation in pregnancy
(2).

FETAL RISK SUMMARY
Dexpanthenol is administered by IM or IV injection to prevent paralytic ileus, for
the treatment of intestinal atony causing abdominal distention, and for
postoperative or postpartum retention of flatus, or delay in resumption of
intestinal motility. It also is used topically for the treatment of minor skin
disorders. Dexpanthenol, the alcoholic analogue of d-pantothenic acid, is a
prodrug that is converted in vivo to pantothenic acid, a B complex vitamin. (See
Pantothenic Acid.) The vitamin is a precursor of coenzyme A, the cofactor for
enzyme-catalyzed reactions involving the transfer of acetyl groups. The plasma
elimination half-life and protein binding have not been reported (3).

Animal reproduction studies have not been conducted with dexpanthenol.
Neither have animal studies been performed for carcinogenicity, mutagenicity,
or impairment of fertility (3).



Studies describing the placental crossing of dexpanthenol have not been
located. The molecular weight (about 205) is low enough that exposure of the
embryo and fetus should be expected. Moreover, the active metabolite,
pantothenic acid, is required for good health and crosses the placenta to the
fetus (see Pantothenic Acid).

BREASTFEEDING SUMMARY
No studies describing the use of dexpanthenol during human lactation have
been located. The molecular weight (about 205) is low enough that excretion
into breast milk should be expected. The active metabolite, pantothenic acid, is
excreted into milk. (See Pantothenic Acid.) The U.S. recommended daily
allowance during lactation has not been established for pantothenic acid, but
the potential dose of dexpanthenol is very high. (See Pregnancy Summary.).
Although most of the dexpanthenol dose should be converted to the B vitamin,
excretion of unmetabolized prodrug could potentially cause colic and diarrhea in
a nursing infant.
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DEXRAZOXANE
Antineoplastic Cytoprotectant
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of dexrazoxane in human pregnancy have
been located. Developmental toxicity was observed in two animal species,
but the doses studied were greater than the dose causing maternal toxicity.
Nevertheless, the absence of human pregnancy experience prevents a
more complete assessment of the embryo–fetal risk. However,
dexrazoxane is intended to protect the patient from doxorubicin-induced
cardiomyopathy. Thus, if a pregnant woman requires dexrazoxane and
gives informed consent, the maternal benefit from the drug appears to
outweigh the potential embryo–fetal risk. If inadvertent exposure occurs
during pregnancy, the woman should be advised of the potential risk for
adverse effects in the embryo and fetus.

FETAL RISK SUMMARY
Dexrazoxane, a cyclic derivative of ethylenediaminetetraacetic acid (EDTA) that
readily penetrates cell membranes, is given as an IV dose immediately prior to
a dose of doxorubicin. It is indicated for reducing the incidence and severity of
cardiomyopathy associated with doxorubicin in women with metastatic breast
cancer who have received a cumulative doxorubicin dose of 300 mg/m2 and
who will continue to receive doxorubicin therapy to maintain tumor control.
Dexrazoxane is partially metabolized to inactive metabolites and is not bound to
plasma proteins. The mean dose-related plasma elimination half-lives were 2.1
and 2.5 hours (1).

Reproduction studies have been conducted in rats and rabbits, but the route
of administration was not specified in either species. Maternal toxicity was
observed in pregnant rats given a dose that was about 0.025 times the human



dose based on BSA (HD). When given daily to rats during organogenesis, a
dose that was about 0.1 times the HD was embryotoxic and teratogenic.
Teratogenic effects were imperforate anus, microphthalmia, and anophthalmia.
In rabbits, a daily dose during organogenesis that was about 0.1 times the HD
caused maternal toxicity. A higher dose, about 0.5 times the HD, was
embryotoxic and teratogenic, including skeletal malformations (short tail, rib,
and thoracic defects), soft tissue variations (subcutaneous, eye, and cardiac
hemorrhagic areas), and agenesis of the gallbladder and of the intermediate
lobe of the lung (1).

Long-term studies for carcinogenic potential have been conducted.
Dexrazoxane was not mutagenic in one test but was clastogenic in two other
tests. Fertility was impaired in mature male and female rats exposed in utero
during organogenesis to doses that were about 0.1 times the HD. Testicular
atrophy was observed in rats given a dose that was about 0.33 times the HD
for 6 weeks, and in dogs given a dose about equal to the HD for 13 weeks
(route of administration not specified) (1).

It is not known if dexrazoxane crosses the human placenta. The molecular
weight (about 268), lack of plasma protein binding, and elimination half-life
suggest that the drug will cross to the embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use dexrazoxane during human lactation have been
located.

The molecular weight (about 268), lack of plasma protein binding, and
elimination half-life (2.1 or 2.5 hours) suggest that the drug will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown.
However, because the drug is given as a short IV infusion immediately before
doxorubicin, and breastfeeding would be unlikely at this time, the risk of
exposing an infant to dexrazoxane when nursing is later resumed appears to be
nil.
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DEXTROAMPHETAMINE
Central Stimulant

See Amphetamine.



DEXTROMETHORPHAN
Respiratory Drug (Antitussive)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The available human data on the reproductive effects of dextromethorphan
do not demonstrate a major teratogenic risk. Except for one study involving
chick embryos, there are no published animal reproductive studies.
Unpublished pregnant rat and rabbit data have been cited, though, that
indicated there was no embryo or fetal harm with the doses used.
Extrapolation of the chick embryo data to humans is not possible because
of the lethal dose used and the absence of maternal and placental
metabolizing systems. Moreover, prior teratology studies have not shown
agreement between the chick and mammalian models (1). Fetuses of
women with the phenotype for slow dextromethorphan metabolism should
have higher concentrations of the drug than fetuses of mothers with normal
metabolism, but this may not be clinically significant in the absence of a
demonstrated dose–effect. Use of liquid preparations of dextromethorphan
that contain ethanol, however, should be avoided during pregnancy
because ethanol is a known teratogen.

Many authors consider dextromethorphan to be safe for consumption
during pregnancy. This opinion appears to have been based on the low
incidence of congenital defects reported in surveillance studies and its wide
appeal as a cough suppressant, rather than on evidence derived from
human pregnancy research with dextromethorphan or from studies in any
animal model. The latest data, however, provide more assurance that
dextromethorphan is not a major teratogen.

FETAL RISK SUMMARY
Dextromethorphan, a derivative of the narcotic analgesic levorphanol (see also
Levorphanol) that is widely used as a cough suppressant in over-the-counter
(OTC) preparations, produces little or no CNS depression. Although it is an



antitussive without expectorant, analgesic, or addictive characteristics, abuse of
the liquid product, possibly because of the ethanol vehicle used in some
proprietary mixtures, is a potential complication (see case below). The agent is
available either alone (as capsules, lozenges, or oral solutions) or in
combination with a large variety of other compounds used for upper respiratory
tract symptoms. Combination products containing ethanol should be avoided
during pregnancy (see also Ethanol).

No information is available on the placental transfer of dextromethorphan.
The molecular weight (about 271) is low enough that transfer to the fetus
should be expected.

Only one published animal reproduction study involving dextromethorphan has
been located (see reference 2 for unpublished data). A 1998 report examined
the effects of dextromethorphan on chick embryos (3). The authors
hypothesized that N-methyl-D-aspartate (NMDA) receptor antagonists, such as
ethanol and dextromethorphan, induced neural crest (craniofacial and cardiac
septal defects) and neural tube defects (NTDs). Dextromethorphan, an NMDA
receptor antagonist that acts as a channel blocker at the receptor, was injected
into chick embryos in ovo for 3 consecutive days at doses of 0.5, 5, 50, and
500 nmol/embryo/day. The embryos were examined 24 hours after the third
dose (none of the embryos were allowed to hatch). Dextromethorphan caused
a dose-related increase in embryo mortality with rates of 14.1% with the 50-
nmol dose (p <0.05 vs. controls) and 56.7% with the 500-nmol dose (p <0.001
vs. controls). Seven (1.2%) of the 595 control embryos injected only with the
vehicle (normal saline) had anomalies (spinal defect [N = 1], craniofacial
defects [N = 4], and multiple defects [N = 2]), whereas 30 (8.0%) of all
dextromethorphan-treated embryos had anomalies (spinal defect [N = 1],
craniofacial defects [N = 12], multiple defects [N = 16], and other defects [N =
1]). Only the number of defects (about 15%) in the 500-nmol group, however,
was significantly increased (p <0.001) over the number in the control group.
The authors cited published evidence that the receptors blocked by
dextromethorphan in the chick embryos are analogous to receptors in other
animals, including humans, during early development and that the drug would
also block these receptors, resulting in similar malformations (3).

Interpretation of the results of the above study have been criticized (1,2,4)
and defended (5). The primary concerns raised were the inappropriateness of
the chick embryo model for determining human teratogenicity and the design of
the study (1,4). Of particular concern, no embryos were allowed to hatch (the
doses used were lethal) so it could not be determined if dextromethorphan was



actually teratogenic. In addition, one author cited unpublished animal
reproduction data from a drug manufacturer showing that in pregnant rats and
rabbits, daily doses up to 20 and 100 times the human therapeutic dose on a
body weight basis, respectively, caused no embryo or fetal harm in comparison
with controls (1).

Metabolism of dextromethorphan has been shown to be primarily a result of
O-demethylation to dextrorphan (6). The ability to metabolize many drugs,
including O-demethylation of dextromethorphan, is genetically determined in
adults. In this study of 155 adult volunteers, 144 (93%) metabolized
dextromethorphan rapidly, and 11 (7%) were poor metabolizers, but the poor
(slow) drug metabolizer phenotype has been reported in 5%–10% of whites
(6). In poor metabolizers, unmetabolized drug was the main excretion product,
implying that these individuals had much higher and more prolonged plasma
concentrations of dextromethorphan than did those who were extensive
metabolizers. Moreover, using microsomal preparations obtained from aborted
10- to 30-week-old human fetuses and live newborn infants, the average
activity of O-demethylation was less than 1% of the adult value and did not
begin to rise until after birth (6). Thus, accumulation of unmetabolized
dextromethorphan in the fetal compartment is a potential result of maternal
ingestion of the drug during pregnancy (6).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 300
of whom took dextromethorphan during the 1st trimester (7, p. 378). Twenty-
four of the infants exposed in utero had a congenital malformation, a
standardized relative risk (SRR) of 1.18. When only malformations showing
uniform rates by hospital were considered, 17 (SRR 1.21) infants had a
congenital defect (7, p. 379). Of these 17, 9 had major defects (SRR 1.10) and
8 had minor defects (SRR 1.30) (7, p. 382). For use anytime during pregnancy,
580 exposures were recorded, 15 of which had a malformation (SRR 1.39) (7,
pp. 438, 442). Ten of these defects were inguinal hernias (7, p. 496). The
SSRs do not support a relationship between the drug and congenital
malformations.

A case report published in 1981 described a woman who consumed 480–840
mL/day of a cough syrup throughout pregnancy (8). The potential maximum
daily doses based on 840 mL of syrup were 1.68 g of dextromethorphan, 16.8
g of guaifenesin, 5.0 g of pseudoephedrine, and 79.8 mL of ethanol. The infant
had facial features of the fetal alcohol syndrome (bilateral epicanthal folds;
short palpebral fissures; short, upturned nose; hypoplastic philtrum and upper
lip with thinned vermilion; and a flattened midface [8]). (See also Ethanol.)



Other defects noted were an umbilical hernia and labia that appeared
hypoplastic. The infant displayed irritability, tremors, and hypertonicity. It is not
known if dextromethorphan or the drugs other than ethanol were associated
with the adverse effects observed in the infant.

The use of dextromethorphan in four of five cases of a rare and distinct
malformation complex was reported in 1984 (9). The complex of defects
included absence of external genitalia, urinary, genital, and anal orifices, and
persistence of the cloaca (9).

Chromosome analysis in four of the cases was normal and genetics did not
appear to be a cause of the defects. Although a causative relationship could
not be determined, the authors noted that three of the pregnancies, possibly all
five, were exposed to doxylamine during the first 50 days of pregnancy (9).
Dextromethorphan, however, was not thought to be related to the outcomes
because only four of the mothers had symptoms of respiratory infection or took
dextromethorphan during the critical period.

A surveillance study published in 1985 examined the prevalence of certain
major birth defects among liveborn infants of 6509 mothers (10).
Dextromethorphan was assumed to have been used by 59 of the mothers, only
one of whom gave birth to an infant with a major anomaly. This study found no
strong association between any of the commonly used drugs and the congenital
malformations surveyed (10).

Data from the Spanish Collaborative Study of Congenital Malformations
(ECEMC) evaluating prenatal exposure to cough medicines containing
dextromethorphan were published in 2001 (11). Using standardized methods,
all newborn infants born in more than 77 hospitals throughout Spain were
examined during the first 3 days of life for major and/or minor congenital
defects. The case–control study was conducted between 1976 and 1998 and
included 1,575,388 liveborn infants, 27,864 of whom had congenital defects
detected during the first 3 days. Each case infant (those with defects) and its
control (the next nonmalformed, same sex-infant born) were obtained from the
same hospital. Among the case and control mothers, 0.26% (N = 70) and
0.18% (N = 48), respectively, had taken cough medicines containing
dextromethorphan during the 1st trimester. The data were primarily analyzed
for NTD and cardiac defects to test the hypothesis raised in the chick embryo
study cited above (reference 3), but about 600 different categories of defects
were also examined. Most of these categories, however, had no cases or
controls. The adjusted (for maternal age, fever, drugs other than
dextromethorphan, flu/cold, first-degree relatives with the same defects) odds



ratio and 95% confidence intervals for selected anomalies were NTD 0.67
(0.09–4.94), CNS defects 1.36 (0.39–4.72), hydrocephaly 3.39 (0.38–30.35),
congenital heart defects 0.92 (0.13–6.61), oral clefts 4.72 (0.55–40.24), and
cleft palate 3.26 (0.35–30.34). When data on the amount consumed were
available, the estimated total dextromethorphan dose and duration for cases
and controls was about 101 mg/2.69 days and 117 mg/3.96 days, respectively.
The investigators concluded that the use of dextromethorphan during the 1st
trimester was not associated with an increase in congenital defects (11).

A 1984 review on the effect of OTC drugs on human pregnancy concluded
that dextromethorphan was safe to use during this period (12). Other reference
sources (13–16) have also concluded that this antitussive does not pose a risk
to the human fetus, and a 1998 source states that dextromethorphan is one of
the drugs of choice during pregnancy for cough (17). Two of these references
recommended a combination of guaifenesin plus dextromethorphan as the
preferred antitussive in pregnant asthmatic patients (15,16).

A study published in 2001 described the outcomes of 184 pregnancies
exposed to dextromethorphan, 128 of which were exposed in the 1st trimester,
compared with 184 matched controls (18). The subjects were women who had
called a teratogen information service concerning their use of dextromethorphan
during pregnancy. There were six major birth defects (type not specified) in the
subject group. One was a chromosomal abnormality and two were born to
women who had used the antitussive after the 1st trimester. Among controls,
there were five major birth defects (type not specified), one of which was a
chromosomal abnormality. There were also no statistical differences between
all subjects and controls in other outcomes: live births (172 vs. 174),
spontaneous abortions (10 vs. 8), therapeutic abortions (1 vs. 2), stillbirths (1
vs. 0), minor malformations (10 vs. 8), and birth weight (3381 g vs. 3446 g)
(18).

BREASTFEEDING SUMMARY
No reports describing the use of dextromethorphan during human lactation or
measuring the amount, if any, excreted into milk have been located. The
relatively low molecular weight of dextromethorphan (about 271) suggests that
passage into milk probably occurs. Many preparations containing
dextromethorphan also contain ethanol. These products should be avoided
during nursing (see Ethanol). Preparations without ethanol, however, are
probably safe to use during breastfeeding.
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DEXTROTHYROXINE
Antilipemic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although formerly used to treat hypothyroidism, the drug is now used
exclusively for the therapy of hyperlipidemia. Except for the one report
below, no mention of its use in human pregnancy has been located.

FETAL RISK SUMMARY
Dextrothyroxine is the dextro-isomer of levothyroxine (see also Levothyroxine).
In a study of placental passage of dextrothyroxine, approximately 9% of a
radiolabeled dose given 2–8 hours before delivery was found in the cord blood
(1).

BREASTFEEDING SUMMARY
No reports describing the use of dextrothyroxine during human lactation have
been located.

Reference
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DIATRIZOATE
Diagnostic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Diatrizoate is available as diatrizoate sodium for IV use (1) and as
diatrizoate meglumine for instillation into the bladder (retrograde
cystourethrography) (2). When administered alone, neither form of
diatrizoate has been associated with suppression of the fetal thyroid. The
guidelines of the Contrast Media Safety Committee of the European
Society of Urogenital Radiology recommend that iodinated contrast media
may be used in pregnancy if such use is essential. However, neonatal
thyroid function should be checked during the 1st week (3).

FETAL RISK SUMMARY
Diatrizoate sodium is a water-soluble organic iodide contrast medium that is
given IV. It is indicated for excretory urography, cerebral and peripheral
angiography, aortography, intraosseous venography, direct cholangiography,
hysterosalpingography, splenoportography, and contrast enhancement of
computed tomographic head imaging. It is not metabolized but excreted
unchanged in the urine. The alpha and beta half-lives are 30 and 120 minutes,
respectively, but, in patients with renal impairment, the beta half-life can be up
to several days (1).

Diatrizoate meglumine is a water-soluble contrast medium of organically
bound iodine that is instilled directly into the bladder. It is indicated for
retrograde cystourethrography.

Studies of reproduction, carcinogenicity, mutagenicity, or fertility have not
been conducted with either salt form of diatrizoate.

The use of diatrizoate (both salt forms) for amniography has been described
in several studies (4–13). Except for inadvertent injection of the contrast media



into the fetus during amniocentesis, the use of diatrizoate was not thought to
result in fetal harm. More recent studies have examined the effect of the drug
on fetal thyroid function.

All of the various preparations of diatrizoate contain a high concentration of
organically bound iodine. Twenty-eight pregnant women received intra-amniotic
injections (50 mL) of diatrizoate meglumine for diagnostic indications (14).
When compared with nontreated controls, no effect was observed on cord
blood levothyroxine (T4) or liothyronine resin uptake values regardless of the
time interval between injection and delivery. The authors concluded that the
iodine remained organically bound until it was eliminated in 2–4 days from the
amniotic fluid (14).

In another report, seven patients within 13 days or less of term were injected
intra-amniotically with a mixture of ethiodized oil (12 mL) and diatrizoate
meglumine (30 mL) (15). Thyrotropin (TSH) levels were determined in the cord
blood of five newborns and in the serum of all seven infants on the 5th day of
life. TSH was markedly elevated in three of five cord samples and six of seven
neonatal samples. Three of the infants had signs and symptoms of
hypothyroidism:

Elevated TSH/normal T4; apathy and jaundice clearing immediately with
thyroid therapy (1 infant)

Elevated TSH/decreased T4 (1 infant)
Elevated TSH/decreased T4 with goiter (1 infant)

In contrast to the initial report, the severity of thyroid suppression seemed
greater when the time interval between injection and delivery was longer. The
explanation offered for these different results was the use of the more sensitive
TSH serum test and the use of only water-soluble contrast media in the first
study (15).

BREASTFEEDING SUMMARY
Diatrizoate was not detected in breast milk in one study. A woman, 7 weeks
postpartum, received the contrast medium (a mixture of sodium and meglumine
salts) for urography (16). Nine hours after the dose, no measurable drug was
identified by spectrophotometer. Based on this report, the American Academy
of Pediatrics classifies diatrizoate as compatible with breastfeeding (17). In
addition, a 2005 review concluded that breastfeeding may be continued
normally when iodinated agents are given to the mother (3).
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DIAZEPAM
Sedative
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The effects of benzodiazepines, including diazepam, on the human embryo
and fetus are controversial. Although a number of studies have reported an
association with various types of congenital defects, other studies have not
found such associations. Maternal denial of exposure, as reported in one
study, and the concurrent exposure to other toxic drugs and substances
(e.g., alcohol and smoking) may be confounding factors. If the drug does
cause birth defects, the risk appears to be low. Continuous use during
gestation has resulted in neonatal withdrawal and a dose-related syndrome
is apparent if diazepam is used close to delivery. Consequently, if the
maternal condition requires the use of diazepam during pregnancy, the
lowest possible dose should be taken. Moreover, abrupt discontinuance of
diazepam should be avoided.

FETAL RISK SUMMARY
Shepard (1) reviewed six studies of the reproductive effects of the
benzodiazepine, diazepam in rats and mice in 1989. Cleft palates in mice and
delayed neurobehavioral development and postnatal malignancies in rats were
the only adverse effects noted (1).

Diazepam and its metabolite, desmethyldiazepam, freely cross the placenta
and accumulate in the fetal circulation with newborn levels about 1–3 times
greater than maternal serum levels (2–13). Transfer across the placenta has
been demonstrated as early as 6 weeks’ gestation (12). Of interest, fetal drug
levels were independent of maternal serum concentrations and time from drug
administration to sampling. These data suggest that diazepam accumulates in
the fetal circulation and tissues during organogenesis (12). At term, equilibrium



between mother and fetus occurs in 5–10 minutes after IV administration (11).
The maternal and fetal serum binding capacity for diazepam is reduced in
pregnancy and is not correlated with albumin (14,15). The plasma half-life in
newborns is significantly increased due to a decreased clearance of the drug.
Because the transplacental passage is rapid at term, timing of the IV
administration with uterine contractions will greatly reduce the amount of drug
transferred to the fetus (7).

In a case of gross overdose, a mother who took 580 mg of diazepam as a
single dose on about the 43rd day of gestation delivered an infant with cleft lip
and palate, craniofacial asymmetry, ocular hypertelorism, and bilateral
periauricular tags (16). The authors concluded that the drug ingestion was
responsible for the defects. An association between diazepam and an
increased risk of cleft lip or palate has been suggested by several studies
(17–20). The findings indicated that 1st or 2nd trimester use of diazepam, and
selected other drugs, is significantly greater among mothers of children born
with oral clefts. However, a review of these studies, published in 1976,
concluded that a causal relationship between diazepam and oral clefts had not
yet been established, but even if it had, the actual risk was only 0.2% for cleft
palate and only 0.4% for cleft lip with or without cleft palate (21). In addition,
large retrospective studies showing no association between diazepam and cleft
lip/palate have been published (22–25). The results of one of these studies has
been criticized and defended (26,27). Although no association was found with
cleft lip/palate, a statistically significant association was discovered between
diazepam and inguinal hernia (27). This same association, along with others,
was found in another investigation (28).

In 1427 malformed newborns compared with 3001 controls, 1st trimester use
of tranquilizers (diazepam most common) was associated with inguinal hernia,
cardiac defects, and pyloric stenosis (28). Second trimester exposure was
associated with hemangiomas and cardiac and circulatory defects. The
combination of cigarette smoking and tranquilizer use increased the risk of
delivering a malformed infant by 3.7-fold as compared with those who smoked
but did not use tranquilizers (28). A survey of 390 infants with congenital heart
disease matched with 1254 normal infants found a higher rate of exposure to
several drugs, including diazepam, in the offspring with defects (29). Other
congenital anomalies reported in infants exposed to diazepam include absence
of both thumbs (two cases), spina bifida (one case), and absence of left
forearm and syndactyly (one case) (30–32). Any relationship between
diazepam and these defects is unknown.



A 1989 report described dysmorphic features, growth restriction, and central
nervous system defects in eight infants exposed either to diazepam, 30 mg/day
or more, or oxazepam, 75 mg/day or more throughout gestation (33). Three of
the mothers denied use of drugs during pregnancy, but diazepam and its
metabolite were demonstrated in their plasma in early pregnancy. The mothers
did not use alcohol or street drugs, had regular prenatal care, and had no
record of criminality or prostitution. The mean birth weight of the infants was
1.2 standard deviations below the Swedish average, only one having a weight
above the mean, and one was small for gestational age. Six of the newborns
had low Apgar scores primarily due to apnea, five needed resuscitation, all
were hypotonic at birth, and all had neonatal drug withdrawal with episodes of
opisthotonos and convulsions. Seven of the eight infants had feeding difficulties
caused by a lack of rooting and sucking reflexes. Craniofacial defects observed
in the infants (number of infants with defect shown in parenthesis) were short
nose with low nasal bridge (six), uptilted nose (six), slanted eyes (eight),
epicanthic folds (eight), telecanthus (two), long eyelashes (three), highly arched
palate (four), cleft hard palate and bifid uvula (two), low-set/abnormal ears
(four), webbed neck (three), flat upper lip (five), full lips (four), hypoplastic
mandible (five), and microcephaly (two). Other defects present were small,
wide-spaced nipples (two), renal defect (one), inguinal hernia (two), and
cryptorchidism (two). An infant with severe psychomotor retardation died of
possible sudden infant death syndrome at 11 weeks of age. Microscopic
examination of the brain demonstrated slight cortical dysplasia and an
increased number of single-cell neuronal heterotopias in the white matter. Six
other children had varying degrees of mental retardation, some had severely
disturbed visual perception, all had gross motor disability, and hyperactivity and
attention deficits were common. Extensive special examinations were
conducted to identify other possible etiologies, but the only common factor in
the eight cases was maternal consumption of benzodiazepines (33). Based on
the apparent lack of other causes, the investigators concluded that the clinical
characteristics observed in the infants probably represented a teratogenic
syndrome due to benzodiazepines.

A 1992 study reported on heavy benzodiazepine exposure during pregnancy
from Michigan Medicaid data collected during 1980–1983 (34). Of the 2048
women, from a total sample of 104,339, who had received benzodiazepines, 80
had received 10 or more prescriptions for these agents. The records of these
80 women indicated frequent alcohol and substance abuse. Their pregnancy
outcomes were three intrauterine deaths, two neonatal deaths in infants with



congenital malformations, and 64 survivors. The outcome for 11 infants was
unknown. Six of the 64 surviving infants had diagnoses consistent with
congenital defects and neurological abnormalities. No cases of oral clefts were
found in 1354 1st trimester benzodiazepine exposures. The investigators
concluded that the high rate of congenital anomalies was suggestive of multiple
alcohol and substance abuse and may not have been related to benzodiazepine
exposure. However, subtle defects, developmental abnormalities, and
retardations may not have been included in the records (34).

A 1992 letter correspondence suggested that the Möbius’ syndrome
observed in a 3-week-old infant was the result of in utero exposure to
benzodiazepines (diazepam and oxazepam) (35). The mother had been treated
for hypertension starting at 16 weeks’ gestation with methyldopa. Diazepam
(20 mg/day) was added at 25 weeks’, and shortly thereafter, hyoscine
butylbromide, oxazepam (20 mg/day), and ritodrine were added. The infant had
normal weight, length, and head circumference but was markedly hypotonic at
birth. In addition to an expressionless face, malformations observed were
epicanthal folds, short palpebral fissures, convergent strabismus, low nasal
bridge, short upturned nose, hypertelorism, and high arched palate (35). An
electromyogram confirmed bilateral cranial nerve VII palsy. The authors
speculated that the Möbius’ syndrome and the strabismus were caused by the
benzodiazepine therapy based on previous reports. At least one mechanism of
Möbius’ syndrome (VI and VII nerve palsy), however, was thought to be a
result of mechanical trauma induced by uterine contractions early in gestation
that results in ischemia in the cranial nuclei VI and VII (see Shepard, 1995, in
Misoprostol).

The pregnancy outcomes of five women who had attempted suicide with
diazepam combined with other drugs early in gestation were described in a
1997 report (36). The gestational ages when the overdoses occurred were 3–4
weeks and the diazepam doses ranged from 90 mg to 200 mg. All five of the
infants were delivered at term and, except for an infant with bilateral
undescended testes, were normal. The undescended testes were not thought
to have been related to the self-poisoning (36).

A meta-analysis of cohort and case–control studies involving the association
of 1st trimester exposure to benzodiazepines and major malformations was
published in 1998 (37). Analysis of nine cohort studies (nonepileptic patients)
showed no relationship to major malformations (odds ratio [OR] 0.90, 95%
confidence interval [CI] 0.61–1.35) or to oral clefts (OR 1.19, 95% CI 0.34–
4.15). Two cohort studies involving epileptic patients were also negative. In



contrast, pooled data from nine case–control studies showed an association
with major defects (OR 3.01, 95% CI 1.32–6.84) or to oral clefts alone (OR
1.79, 95% CI 1.13–2.82) (37). In correspondence concerning this study,
objections were raised as to the exclusion of certain studies and to the
statistical methods used (38–40).

Another 1998 study described the outcomes of 460 pregnancies (subjects)
exposed to benzodiazepines, 98% during the 1st trimester, compared with 424
control pregnancies (41). Subjects and controls had called the Israeli Teratogen
Information Service concerning exposure to either benzodiazepines (subjects)
or various other nonteratogenic exposures (controls). Diazepam was used by
89 women, but several subjects in the total group used more than one type of
benzodiazepine. Subjects were older (31.7 vs. 29.4 years, p = 0.001) and
called earlier in pregnancy (10.3 vs. 12.9 weeks’, p = 0.001) than controls.
There were also more spontaneous and induced abortions in subjects, 8.7% vs.
5.2% p = 0.047 and 14.1% vs. 4.7% p = 0.001, respectively. None of the
induced abortions involved major congenital defects. The higher rates of
spontaneous and induced abortions were thought to be related to the lower
gestational ages at calling and to the counseling of the callers, respectively
(41). The gestational ages and birth weights of the two groups were similar.
Major malformations were observed in 11 of the 355 subject live births (3.1%)
and in 10 of 382 control live births (2.6%) (ns). The birth defects in infants of
subjects were four cases of congenital heart disease (ventricular septal defect,
pulmonic stenosis, and two unspecified with one neonatal death;
carbamazepine used in two cases), two cases of polydactyly, two cases of
hydronephrosis, and one each of esophageal atresia, cerebral palsy, and
Down’s syndrome (41).

Several investigators have observed that the use of diazepam during labor is
not harmful to the mother or her infant (42–49). A dose response is likely as the
frequency of newborn complications rises when doses exceed 30–40 mg or
when diazepam is taken for extended periods, allowing accumulation to occur
(50–56). Two major syndromes of neonatal complications have been observed:

Floppy infant syndrome:
Hypotonia
Lethargy
Sucking difficulties

Withdrawal syndrome:
Intrauterine growth restriction



Tremors
Irritability
Hypertonicity
Diarrhea/vomiting
Vigorous sucking

Under miscellaneous effects, diazepam may alter thermogenesis, cause loss of
beat-to-beat variability in the fetal heart rate, and decrease fetal movements
(33,57–62).

Abrupt discontinuance of benzodiazepines should be avoided because severe
withdrawal symptoms (physical and psychological) may occur in the mother and
could result in the substitution of other substances (e.g., alcohol) to treat the
symptoms (63). Fetal withdrawal, such as that observed with narcotics, has not
been reported, but should be considered.

BREASTFEEDING SUMMARY
Diazepam and its metabolite, n-demethyldiazepam, enter breast milk
(61,62,64–69). Lethargy and loss of weight have been reported (67,69).
Milk:plasma ratios varied between 0.2 and 2.7 (66).

A mother who took 6–10 mg daily throughout pregnancy delivered a full-term,
normally developed male infant (69). The infant was breastfed and the mother
continued to take her diazepam. Sedation was noted in the infant if nursing
occurred less than 8 hours after taking a dose. Paired samples of maternal
serum and breast milk were obtained on five occasions between 1 and 4
months after delivery. Milk concentrations of diazepam and desmethyldiazepam
varied between 7.5 and 87 ng/mL and 19.2 and 77 ng/mL, respectively. The
milk:serum ratios for diazepam varied between 0.14 and 0.21 in four samples
but was 1.0 in one sample. The ratio for desmethyldiazepam varied from 0.10
to 0.18 in four samples and was 0.53 in the sample with the high diazepam
ratio. A serum level was drawn from the infant on one occasion, revealing levels
of diazepam and the metabolite of 0.7 and 46 ng/mL, respectively (69).

Diazepam may accumulate in breastfed infants, and its use in lactating
women is not recommended. The American Academy of Pediatrics classifies
the effects of diazepam on the nursing infant as unknown but may be of
concern (70).
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DIAZOXIDE
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Because other antihypertensive drugs are available for severe maternal
hypertension and the long-term effects on the infant have not been
evaluated, diazoxide should be used with caution, if at all, during
pregnancy. If diazoxide is needed after other therapies have failed, small
doses are recommended.

FETAL RISK SUMMARY
Diazoxide readily crosses the placenta and reaches fetal plasma concentrations
similar to maternal levels (1). The drug has been used for the treatment of
severe hypertension associated with pregnancy (1–12). Daily doses of 30, 21,
and 10 mg/kg in rats, rabbits, and dogs, respectively, were associated with
reduced fetal and pup survival, and reduced fetal growth (13).

Some investigators have cautioned against the use of diazoxide in pregnancy
(14,15). In one study, the decrease in maternal blood pressure was sufficient
to produce a state of clinical shock and endanger placental perfusion (14).
Transient fetal bradycardia has been reported in other studies following a rapid,
marked decrease in maternal blood pressure (7,16). Fatal maternal
hypotension has been reported in one patient after diazoxide therapy (17).
Recommendations have been made that the infusion technique, rather than
rapid IV boluses, is preferred to prevent maternal and fetal complications (18).
However, small IV boluses at frequent intervals (30 mg every 1–2 minutes)
have successfully controlled maternal hypertension without producing fetal
toxicity (19).

Diazoxide is a potent relaxant of uterine smooth muscle and may inhibit
uterine contractions if given during labor (2,3,5–7,20–22). The degree and



duration of uterine inhibition are dose dependent (21). Augmentation of labor
with oxytocin may be required in patients receiving diazoxide.

Hyperglycemia in the newborn (glucose 500–700 mg/dL) secondary to IV
diazoxide therapy in a mother just prior to delivery has been observed to persist
for up to 3 days (23). In some series, all of the mothers and newborns had
hyperglycemia without ketoacidosis (14). The glucose levels returned to near
normal within 24 hours.

The use of oral diazoxide for the last 19–69 days of pregnancy has been
associated with alopecia, hypertrichosis lanuginosa, and decreased ossification
of the wrist (1). However, long-term oral therapy has not caused similar
problems in other newborns exposed in utero (4).

BREASTFEEDING SUMMARY
No reports describing the use of diazoxide during lactation have been located.
The molecular weight (about 231), however, suggests that the drug will be
excreted into breast milk.
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DICHLORALPHENAZONE
Sedative
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

There is limited information on the use of dichloralphenazone during human
pregnancy. The lack of developmental toxicity in one animal species and
the absence of human reports describing embryo–fetal toxicity suggest that
the risk, if any, is low.

FETAL RISK SUMMARY
Dichloralphenazone is a sedative hypnotic composed of two molecules of
chloral hydrate (a sedative/hypnotic) (see also Chloral Hydrate) bound together
with the analgesic/antipyretic, phenazone (see also Antipyrine) (1). Antipyrine
and chloral hydrate are derived from dichloralphenazone and the latter drug is
metabolized to the active agent, trichloroethanol. Little information is available
on the reproductive effects of antipyrine, chloral hydrate, or the prodrug,
dichloralphenazone, a component, along with isometheptene and
acetaminophen, of several proprietary mixtures commonly used for tension and
vascular (migraine) headaches (see also Isometheptene and Acetaminophen).

Two studies have been located that examined the effect of
dichloralphenazone in pregnant rats (1,2). No teratogenic or other adverse fetal
effects were observed when doses ranging from 50 to 500 mg/kg/day were fed
to rats throughout gestation.

No published reports describing the use of dichloralphenazone in human
pregnancy have been located, although one reference commented that the drug
has been “widely used” during pregnancy (3). The Collaborative Perinatal
Project recorded 71 1st trimester exposures to chloral hydrate (4, pp. 336–
344), one of the drugs derived from dichloralphenazone. From this group, eight
infants with congenital defects were observed (standardized relative risk (SRR)



1.68). When only malformations with uniform rates by hospital were examined,
the SRR was 2.19. Neither of these relative risks reached statistical
significance. Moreover, when chloral hydrate was combined with all
tranquilizers and nonbarbiturate sedatives, no association with congenital
malformations was found (SRR 1.13; 95% confidence interval [CI] 0.88–1.44).
For use anytime during pregnancy, 358 exposures to chloral hydrate were
discovered (4, p. 438). The nine infants with anomalies yielded an SRR of 0.98
(95% CI 0.45–1.84). (See also Antipyrine for additional information.)

BREASTFEEDING SUMMARY
Dichloralphenazone is a prodrug composed of the sedative/hypnotic, chloral
hydrate, bound together with the analgesic/antipyretic, phenazone.
Trichlorethanol, an active metabolite of chloral hydrate, is excreted into human
breast milk as is phenazone (see Antipyrine).

Mild morning drowsiness was observed in a nursing infant of a woman taking
1300 mg (13 times the dose per capsule in the proprietary headache products
mentioned above) of dichloralphenazone at bedtime (5). The mother was also
taking chlorpromazine, 100 mg 3 times daily. Milk concentrations of
trichloroethanol were 60% to 80% of the maternal serum levels. The metabolite
was not detected in the infant’s plasma 20 hours after a dose. Infant growth
and development remained normal during the exposure and at follow-up 3
months after the drug was stopped. Apparently, no attempt was made in this
study to determine the milk concentration of phenazone, the other component
of dichloralphenazone. The American Academy of Pediatrics classifies chloral
hydrate as compatible with breastfeeding (see Chloral Hydrate).
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DICHLORPHENAMIDE
Diuretic (Carbonic Anhydrase Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports of human use of dichlorphenamide during pregnancy have been
located. The drug is best avoided during organogenesis.

FETAL RISK SUMMARY
Dichlorphenamide is a carbonic anhydrase inhibitor used in the treatment of
glaucoma. Its mechanism of action is similar to, but much more potent than,
acetazolamide or methazolamide (see also Acetazolamide and
Methazolamide). The drug is teratogenic in chicks, mice, and rats, producing
otolith deficits and forelimb deformities in the fetuses of the latter two species,
respectively (1). Skeletal anomalies were observed in rats at a dose 100 times
the human dose (2).

It is not known if dichlorphenamide crosses the human placenta. The
molecular weight (about 305) is low enough, however, that passage to the
embryo or fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of dichlorphenamide during lactation have been
located. The molecular weight (about 305) is low enough that excretion into milk
should be expected.
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DICLOFENAC
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy, as is inhibition of labor, prolongation of pregnancy, and
suppression of fetal renal function (see also Indomethacin) (1). As indicated
above and published cases with other nonsteroidal anti-inflammatory drugs
(NSAIDs), persistent pulmonary hypertension of the newborn may occur if
these agents are used in the 3rd trimester close to delivery (1,2). Women
attempting to conceive should not use any prostaglandin synthesis inhibitor,
including diclofenac, because of the findings in a variety of animal models
that indicate these agents block blastocyst implantation (3,4). Moreover, as
noted below, NSAIDs have been associated with spontaneous abortions
(SABs) and congenital malformations (see also Ibuprofen). The risk for
these defects, however, appears to be low.

FETAL RISK SUMMARY
Diclofenac is an NSAID used for the treatment of arthritis, acute and chronic
pain, and primary dysmenorrhea. Similar to other agents in this class, it also
has antipyretic activity. Diclofenac is in the same subclass (acetic acids) as
three other NSAIDs (indomethacin, sulindac, and tolmetin).

In reproduction studies in mice, rats, and rabbits, the drug was not
teratogenic with doses up to those that produced maternal and fetal toxicity.
Maternal toxic doses, however, were associated with dystocia, prolonged
gestation, decreased fetal survival (5), and intrauterine growth restriction (5,6).

A 1990 report described an investigation on the effects of several
nonsteroidal anti-inflammatory agents on mouse palatal fusion both in vivo and



in vitro (7). The compounds, including diclofenac, were found to induce cleft
palate. In the rat, diclofenac, presumably by inhibiting prostaglandin synthesis,
has been shown to inhibit implantation and placentation.

The tocolytic effect of diclofenac was demonstrated in a study that used
mifepristone (RU 486) to induce preterm labor in rats (8). Diclofenac inhibited
preterm delivery but had no effect on mifepristone-induced cervical maturation.

Diclofenac crosses the human placenta. In a 2000 study, 30 women
undergoing termination of pregnancy at a mean gestational age of 10.2 weeks
(range 8–12 weeks) were given two 50-mg oral doses at a mean 13.5 and 2.5
hours before the procedure (9). Diclofenac was detected in all maternal serum
(mean 183.9 ng/mL) and fetal tissue (mean 279.2 ng/mL) samples, producing a
mean maternal serum:fetal tissue ratio of 0.95 (range 0.05–4.26). Only 7 of the
30 amniotic fluid samples contained detectable diclofenac (range 0.6–3.5
ng/mL), whereas 17 of 30 coelomic fluid samples contained the drug (range
1.1–33.4 ng/mL) (9).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 51 newborns had
been exposed to diclofenac during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One unspecified major birth defect was observed
(two expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available. Although the
number of exposures is small, these data do not support an association
between the drug and congenital defects.

A 29-year-old woman at 33 weeks’ gestation was diagnosed by clinical
symptoms and ultrasound as having a spontaneous rupture of the right renal
pelvis with a small amount of perinephric extravasation of urine (10). She was
treated conservatively with diclofenac while hospitalized (50 mg twice daily;
duration not specified) and delivered a healthy female infant 5 weeks later. A
follow-up examination of her kidney by ultrasonography 5 days postpartum was
normal (10).

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (11). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and



orofacial clefts (12). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (13). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (14).

A 2003 case–control study was conducted to identify drug use in early
pregnancy that was associated with cardiac defects (15). Cases
(cardiovascular defects without known chromosome anomalies) were drawn
from three Swedish health registers (N = 5015) and controls consisting of all
infants born in Sweden (1995–2001) (N = 577,730). Among the NSAIDs, only
naproxen had a positive association with the defects (see Naproxen). For
diclofenac, there were 1362 pregnant women exposed and 15 cases of cardiac
defects (odds ratio 1.30, 95% confidence interval [OR] 0.78–2.16) (15).

A 2006 case–control study found a significant association between congenital
anomalies, specifically cardiac septal defects, and the use of NSAIDs in the 1st
trimester (16). A population-based pregnancy registry (N = 36,387) was
developed by linking three databases in Quebec. (See Naprosyn for other
study details.) Case infants were those with any congenital anomaly diagnosed
in the first year of life and were compared with matched controls. There were
93 infants (8.8%) with congenital defects from 1056 mothers who had filled
prescriptions for NSAIDs in the 1st trimester. In controls, there were 2478
infants (7%) with anomalies from 35,331 mothers who had not filled such a
prescription. The adjusted OR was 2.21 (95% CI 1.72–2.85). The adjusted OR
for cardiac septal closure was 3.34 (95% CI 1.87–5.98). There also was a
significant association for anomalies of the respiratory system OR 9.55 (95%
CI 3.08–29.63), but this association disappeared when cases coded as
“unspecified anomaly of the respiratory system” were excluded. For the cases
involving septal closure, 61% were atrial septal defects and 31% were
ventricular septal defects. There were no significant associations for oral clefts
or defects involving other major organ systems. The five most common NSAIDs
were naproxen (35%), ibuprofen (26%), rofecoxib (15%), diclofenac (9%), and
celecoxib (9%). Among these agents, the only significant association was for
ibuprofen prescriptions in the 1st trimester and congenital defects (p <0.01)
(16).

Premature closure of the ductus arteriosus in a fetus who was exposed to
diclofenac, 50 mg twice daily, for 2 weeks from the 34th week of gestation was



reported in 1998 (17). The mother had taken the drug for musculoskeletal back
pain and carpal tunnel syndrome. At 41 weeks’ gestation, a fetal
echocardiogram revealed the ductus defect, enlargement of the right side of
the heart, and early cardiac failure. An emergency cesarean section was
performed and the baby was successfully resuscitated (17). Another 1998
case described the effects of diclofenac in late gestation (18). The woman, in
the 35th week of pregnancy, was treated for thrombophlebitis with a 5-day
course of diclofenac (75 mg twice daily) and heparin. Thirteen days after
completion of therapy, she delivered a 3200-g female infant with Apgar scores
of 6 and 2 at 1 and 5 minutes, respectively. The infant was treated for severe
pulmonary hypertension secondary to intrauterine ductal closure. Normal motor
and mental development was noted at 2 years of age, but the infant still had
cardiac dysfunction (18).

A 1999 report described constriction of the fetal ductus following a single 75-
mg IM dose of diclofenac administered at 36 weeks’ gestation (19). The
constriction resolved within 24 hours and, 32 hours after the dose, the mother
delivered 2780-g female infant with an Apgar score of 9 at 1 minute.

In another 1999 case, a woman took diclofenac (50 mg twice daily) for
severe arthritis of the hands for 10 days during gestational weeks 34 and 35
(20). She also was occasionally taking Chinese herbs in what was thought to
be homeopathic doses. Fetal distress was noted at 41 weeks’ gestation and an
ultrasound revealed hydrops fetalis with cardiomegaly and right atrial and right
ventricular dilatation. An emergency cesarean section delivered a 3980-g
female infant with Apgar scores of 6, 7, and 9, at 1, 5, and 10 minutes,
respectively. The infant was flaccid with profound bradycardia requiring
resuscitation. An echocardiogram within 30 minutes of birth revealed a severely
dilated, poorly contractile right ventricle, dilated right atrium, a patent foramen
ovale with right to left shunt, moderate tricuspid regurgitation, and a closed
ductus arteriosus. The findings were compatible with pulmonary hypertension.
The infant markedly improved over the next 4 weeks and was asymptomatic
with normal growth and intellectual development at 18 months of age (20).

A 2004 case report described severe pulmonary hypertension in a newborn
exposed in utero to diclofenac near delivery (21). The mother, at about 38
weeks’ gestation, had been prescribed diclofenac (25 mg three times daily for
3 days) for flu-like symptoms. Immediately after completion of the prescribed
course, fetal bradycardia was detected and the mother was delivered of a 3.4-
kg male infant by cesarean section. The nonhydropic infant was cyanotic with
respiratory distress and required mechanical ventilation. An echocardiogram



was consistent with severe neonatal pulmonary hypertension and transient
right-sided hypertrophic cardiomyopathy caused by premature closure of the
ductus arteriosus. The condition was thought to have resulted from diclofenac.
By 40 days of age, the pulmonary hypertension had resolved and the right
ventricular hypertrophy had markedly regressed (21).

BREASTFEEDING SUMMARY
No reports describing the use of diclofenac during lactation have been located.
The manufacturer states that diclofenac is excreted into the milk of nursing
mothers but does not cite quantitative data (5). One reviewer classified
diclofenac as one of several low-risk alternatives, because of its short adult
serum half-life (1.1 hours) and toxicity profile compared with other similar
agents, if an NSAID was required while nursing (22). Other reviewers have also
stated that diclofenac can be safely used during breastfeeding (23,24). Another
NSAID in the same subclass as diclofenac is classified as compatible with
breastfeeding by the American Academy of Pediatrics (see Indomethacin).
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DICLOXACILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the reported pregnancy experience with dicloxacillin is limited, all
penicillins are considered low risk in pregnancy.

FETAL RISK SUMMARY
Dicloxacillin is a penicillin antibiotic (see also Penicillin G). The drug crosses the
placenta into the fetal circulation and amniotic fluid. Levels are low compared
with other penicillins due to the high degree of maternal protein binding (1,2).
Following a 500-mg IV dose, the fetal peak serum level of 3.4 mcg/mL
occurred at 2 hours (8% of maternal peak) (2). A peak of 1.8 mcg/mL was
obtained at 6 hours in the amniotic fluid.

No reports linking the use of dicloxacillin with congenital defects have been
located. The Collaborative Perinatal Project monitored 50,282 mother–child
pairs, 3546 of whom had 1st trimester exposure to penicillin derivatives (3, pp.
297–313). For use anytime in pregnancy, 7171 exposures were recorded (3, p.
435). In neither case was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 46 newborns had
been exposed to dicloxacillin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.2%) major birth defect was observed (two
expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available. Although the
number of exposures is small, these data do not support an association
between the drug and congenital defects.

BREASTFEEDING SUMMARY



No reports describing the use of dicloxacillin during lactation have been located.
Because other penicillins are excreted into breast milk in low concentrations
(e.g., see Ampicillin and Penicillin G) the presence of dicloxacillin should also be
expected. Although adverse effects from other penicillins in breast milk are
rare, three potential problems exist for the nursing infant: modification of bowel
flora, direct effects on the infant (e.g., allergic response), and interference with
the interpretation of culture results if a fever workup is required.
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DICYCLOMINE
Parasympatholytic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of dicyclomine during human pregnancy does not appear to
represent a risk to the fetus or newborn. A 1990 review on the teratogenic
risk of commonly used drugs categorized the risk from dicyclomine as
“none” (1).

FETAL RISK SUMMARY
This anticholinergic/antispasmodic agent was a component of a proprietary
mixture (Bendectin, others) used for the treatment and prevention of
pregnancy-induced nausea and vomiting from 1956 until 1976, when the
product was reformulated. Dicyclomine was removed at that time because it
was discovered that it did not contribute to the effectiveness of the mixture as
an antiemetic (see also Doxylamine).

Animal studies conducted with dicyclomine alone, and in combination with
doxylamine and pyridoxine (i.e., Bendectin), have found no evidence of impaired
fertility or adverse fetal effects (2,3).

In the Collaborative Perinatal Project, 1024 mother–child pairs of the 50,282
studied were exposed to dicyclomine during the 1st trimester (4, pp. 346–356).
It was the most common parasympatholytic agent consumed by the women
studied. A statistically significant association (standardized relative risk (SRR)
1.46) was discovered for minor malformations with 21 malformed children (4, p.
353). Other defects with an SRR greater than 1.5, and the number of affected
newborns, were polydactyly in blacks (SRR 1.89; N = 6; 277 black mothers),
macrocephaly (SRR 8.8; N = 3), diaphragmatic hernia (SRR 12.0; N = 3), and
clubfoot (SRR 1.8; N = 7) (3, pp. 353, 477). For use anytime during pregnancy,
1593 women consumed dicyclomine and an increased SRR was measured for
macrocephaly (6.2; N = 3) and pectus excavatum (1.8; N = 9) (4, p. 492). The



authors of this study, however, strongly cautioned that a causal relationship
could not be inferred from any of these data, especially when the drug was
used after the 1st trimester, and that independent confirmation was required
with other studies.

A retrospective study published in 1971, involving more than 1200 mothers,
examined the relationship between drugs and congenital malformations (5).
This investigation found that significantly fewer mothers of infants with major
anomalies, as compared with normal controls, took antiemetics during the first
56 days of pregnancy. Dicyclomine was the fourth most frequently ingested
antiemetic.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 642 newborns had
been exposed to dicyclomine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 31 (4.8%) major birth defects were
observed (27 expected). Specific data were available for six defect categories,
including (observed/expected) 5/6 cardiovascular defects, 1/1 oral clefts, 0/0.5
spina bifida, 0/1 limb reduction defects, 0/2 hypospadias, and 3/1 polydactyly.
Only with the latter defect is there a suggestion of a possible association, but
other factors, including the mother’s disease, concurrent drug use, and chance
may be involved.

BREASTFEEDING SUMMARY
No published reports on the excretion of dicyclomine into breast milk have been
located. The manufacturer has received a case report of apnea in a breastfed
12-day-old infant whose mother was receiving dicyclomine (personal
communication, N.G. Dahl, Marion Merrell Dow, Inc., 1992). Following the
adverse event, the mother was administered a single, 20-mg dose of the drug
and breastfeeding was suspended for 24 hours. Plasma and milk
concentrations of dicyclomine 2 hours after the dose were 59 ng/mL and 131
ng/mL (milk:plasma ratio 2.2), respectively. Although a causal relationship
between dicyclomine and apnea was not established, similar adverse reactions
have occurred when the drug was administered directly to infants (1).
Consequently, the safest course is to avoid dicyclomine during nursing.
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DIDANOSINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit
>>Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

An increased risk of congenital defects after 1st trimester exposure to
didanosine was reported by the Antiretroviral Pregnancy Registry, but the
rate has decreased as the number of exposures has increased.
Theoretically, exposure to didanosine at the time of implantation could
result in impaired fertility due to embryonic cytotoxicity, but this has not
been studied in humans. Mitochondrial dysfunction in offspring exposed in
utero or postnatally to nucleoside reverse transcriptase inhibitors (NRTIs)
has been reported (see Lamivudine and Zidovudine). However, if indicated,
the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Didanosine (2′,3′-dideoxyinosine; ddI) inhibits viral reverse transcriptase and
DNA synthesis. It is classified as an NRTI used for the treatment of HIV
infections. Its mechanism of action is similar to that of five other nucleoside
analogues: abacavir, lamivudine, stavudine, zalcitabine, and zidovudine.
Didanosine is converted by intracellular enzymes to the active metabolite,
dideoxyadenosine triphosphate (ddATP).

No evidence of teratogenicity or toxicity was observed in pregnant rats and
rabbits administered doses of didanosine up to 12 and 14.2 times the human
dose, respectively (1). In another report, didanosine was given to pregnant
mice in doses ranging from 10 to 300 mg/kg/day, through all or part of
gestation, without resulting in teratogenic effects or other toxicity (2).

The reproductive toxicity of 2′,3′-dideoxyadenosine (ddA; the
unphosphorylated active metabolite of didanosine) in rats was compared in a
combined in vitro/in vivo experiment with four other nucleoside analogs
(vidarabine phosphate, ganciclovir, zalcitabine, and zidovudine), and these



results were then compared with previous data obtained under identical
conditions with acyclovir (3). Utilizing various concentrations of the drug in a
whole-embryo culture system and direct administration to pregnant females
(200 mg/kg subcutaneously every 4 hours for three doses) during
organogenesis, in vitro vidarabine showed the highest potential to interfere with
embryonic development, whereas in vivo acyclovir had the highest teratogenic
potential. In this study, the in vitro reproductive toxicity of ddA was less than
that of the other agents, except for zidovudine. The in vivo toxicity was less
than that of acyclovir, vidarabine, and ganciclovir, and equal to that observed
with zalcitabine and zidovudine.

Antiretroviral nucleosides have been shown to have a direct dose-related
cytotoxic effect on preimplantation mouse embryos. A 1994 report compared
this toxicity among zidovudine and three newer compounds, didanosine,
stavudine, and zalcitabine (4). Whereas significant inhibition of blastocyst
formation occurred with a 1 µmol/L concentration of zidovudine, stavudine, and
zalcitabine toxicity was not detected until 100 µmol/L, and no toxicity was
observed with didanosine up to 100 µmol/L. Moreover, postblastocyst
development was severely inhibited in those embryos that did survive exposure
to 1 µmol/L zidovudine. As for the other compounds, stavudine, at a
concentration of 10 µmol/L (2.24 mcg/mL), inhibited postblastocyst
development, but no effect was observed with concentrations up to 100 µmol/L
of didanosine or zalcitabine. An earlier study found no cytotoxicity in
preimplantation mouse embryos exposed to didanosine concentrations ≤500
µmol/L (2). Although there are no human data, the authors of the 1994 study
concluded that the three newer agents may be safer than zidovudine to use in
early pregnancy (4).

A 1995 report described the effect of exposure to a relatively high
concentration of didanosine (20 µmol/L vs. recommended therapeutic
concentrations of 3–5 µmol/L) for prolonged periods (2–11 days) on
trophoblasts from term and 1st trimester placentas (5). No significant effects
on trophoblast function, as measured by human chorionic gonadotropin (hCG)
secretion, protein synthesis, progesterone synthesis, and glucose consumption,
were observed.

A 1999 study also investigated the effects of a single 24-hour exposure of
zidovudine (AZT) or didanosine on human trophoblast cells using a human
choriocarcinoma cell line that exhibited many characteristics of the early
placenta (6). Two drug concentrations (7.6 mM or 0.076 mM) were studied for
their effects on trophoblast cell proliferation and hormone production (hCG,



estradiol (E2) and progesterone (P4)). The higher concentrations of AZT or ddI
resulted in significant decreases in cell numbers and growth rate (38% and
51% of control values, respectively), but increased production of hCG, E2, and
P4. The decrease in trophoblast cell proliferation may have been the
mechanism for the increased incidence of rodent embryo loss observed with
AZT (6). In contrast, the lower concentrations of AZT and ddI did not cause
changes in cell numbers, producing only significant increases in E2 production.
Because of these findings, the researchers concluded that high therapeutic
doses of either AZT or ddI during early human gestation were potentially
embryo toxic (6).

Didanosine crosses the placenta to the fetus in both animals and humans
(1,7–13). In pregnant macaques, didanosine was administered by constant
infusion at a dose of either 42.5 or 425 mcg/minute/kg (7). The compound
crossed the placenta by simple diffusion, resulting in fetal:maternal
concentration ratios for both doses of approximately 0.5. In near-term rhesus
monkeys, a single IV bolus (2.0 mg/kg) of didanosine resulted in mean fetal
concentrations of unmetabolized drug of 33% of the maternal plasma
concentrations (8). Concentrations of didanosine were 20% of those in the fetal
plasma by 3 hours. However, ddATP was not found in any fetal tissue.

Using a perfused term human placenta, investigators concluded in a 1992
publication that the placental transfer of didanosine was most likely due to
passive diffusion (9). Two other studies, again using perfused human placenta,
found that only about 50% of the drug would be passively transferred to the
fetal circulation (10), and at approximately half the rate of zidovudine (11). In
contrast to zidovudine (see Zidovudine), no metabolite was detected in the
placenta (10).

Two HIV-positive women, at 21 and 24 weeks’ gestation, respectively, were
given a single 375-mg oral dose of didanosine immediately prior to pregnancy
termination (12). Drug concentrations in the maternal blood, fetal blood, and
amniotic fluid at slightly more than 1 hour after the dose were 295, 42, and <5
ng/mL, respectively, in the first patient, and 629, 121, and 135 ng/mL,
respectively, in the second woman. The fetal:maternal blood ratios were 0.14
and 0.19, respectively. Although single-drug-level determinations are difficult to
interpret, a study published in 1993 found that human placental first-pass
metabolism was not the reason for these low fetal and amniotic fluid levels
(13).

Three experimental in vitro models using perfused human placentas to predict
the placental transfer of NRTIs (didanosine, stavudine, zalcitabine, and



zidovudine) were described in a 1999 publication (14). For each drug, the
predicted fetal:maternal plasma drug concentration ratios at steady state with
each of the three models were close to those actually observed in pregnant
macaques. Based on these results, the authors concluded that their models
would accurately predict the mechanism, relative rate, and the extent of in vivo
human placental transfer of NRTIs (14).

The pharmacokinetics of IV (1.6 mg/kg/hr) and oral (200 mg twice daily)
didanosine have been studied in pregnant women with HIV infection at 31
weeks’ gestation, during labor, and 6 weeks postpartum (15). This study also
described the pharmacokinetics of oral didanosine (60 mg/m2) in infants at day
1 and at week 6 after birth.

The Antiretroviral Pregnancy Registry reported, for January 1989 through
July 2009, prospective data (reported before the outcomes were known)
involving 4702 live births that had been exposed during the 1st trimester to one
or more antiretroviral agents (16). Congenital defects were noted in 134, a
prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 627 outcomes exposed to didanosine (370
in the 1st trimester and 257 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were 22 birth defects (17 in the 1st trimester and 5
in the 2nd/3rd trimesters). In reviewing the birth defects of prospective and
retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (16). (See Lamivudine for
required statement.)

A case of life-threatening anemia following in utero exposure to antiretroviral
agents was described in 1998 (17). A 30-year-old woman with HIV infection
was treated with zidovudine, didanosine, and trimethoprim/sulfamethoxazole
(three times weekly) during the 1st trimester. Vitamin supplementation was also
given. Because of an inadequate response, didanosine was discontinued and
lamivudine and zalcitabine were started in the 3rd trimester. Two weeks before
delivery the HIV viral load was undetectable. At term, a pale, male infant was
delivered, who developed respiratory distress shortly after birth. Examination



revealed a hyperactive precordium and hepatomegaly without evidence of
hydrops. The hematocrit was 11% with a reticulocyte count of zero. An
extensive work-up of the mother and infant failed to determine the cause of the
anemia. Bacterial and viral infections, including HIV, parvovirus B19,
cytomegalovirus, and others, were excluded. The infant received a transfusion
and was apparently doing well at 10 weeks of age. Because no other cause of
the anemia could be found, the authors attributed the condition to bone morrow
suppression, most likely to zidovudine (17). A contribution of the other agents to
the condition, however, could not be excluded.

A 2000 case report described the adverse pregnancy outcomes, including
NTD, of two pregnant women with HIV infection who were treated with the anti-
infective combination, trimethoprim/sulfamethoxazole, for prophylaxis against
Pneumocystsis carinii, concurrently with antiretroviral agents (18). Exposure to
didanosine occurred in one of these cases. A 31-year-old woman presented at
15 weeks’ gestation. She was receiving trimethoprim/sulfamethoxazole,
didanosine, stavudine, nevirapine, and vitamin B supplements (specific vitamins
and dosage not given) that had been started before conception. A fetal
ultrasound at 19 weeks’ gestation revealed spina bifida and ventriculomegaly.
The patient elected to terminate her pregnancy. The fetus did not have HIV
infection. Defects observed at autopsy included ventriculomegaly, an Arnold–
Chiari malformation, sacral spina bifida, and a lumbosacral meningomyelocele.
The authors attributed the NTDs in both cases to the antifolate activity of
trimethoprim (18).

No data are available on the advisability of treating pregnant women who
have been exposed to HIV via occupational exposure, but one author
discourages this use (19).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (20,21). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (22). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV type 1 (HIV-1)-infected patients continued the
recommendation that therapy, with the exception of efavirenz, should be
continued during pregnancy (23). If indicated, didanosine should not be withheld
in pregnancy because the expected benefit to the HIV-positive mother
outweighs the unknown risk to the fetus. The updated guidelines for the use of



antiretroviral drugs to reduce perinatal HIV-1 transmission also were released
in 2010 (24). Women receiving antiretroviral therapy during pregnancy should
continue the therapy, but, regardless of the regimen, zidovudine administration
is recommended during the intrapartum period to prevent vertical transmission
of HIV to the newborn (24).

BREASTFEEDING SUMMARY
No reports describing the use of didanosine during lactation have been located.
The molecular weight (about 236) is low enough that excretion into milk should
be expected. The effect on a nursing infant is unknown.

Reports on the use of didanosine during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infections. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (20,21,23,25–27). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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DIETHYLPROPION
Central Stimulant/Anorexiant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports, in humans or animals, linking the use of diethylpropion with
congenital defects have been located.

FETAL RISK SUMMARY
Diethylpropion has been studied as an appetite suppressant in 28 pregnant
patients and, although adverse effects were common in the women, no
problems were observed in their offspring (1). A retrospective survey of 1232
patients exposed to diethylpropion during pregnancy found no difference in the
incidence of defects (0.9%) when compared with a matched control group
(1.1%) (2). No impairment of fertility, teratogenicity, or fetotoxicity was
observed in animal studies with doses up to nine times those used in humans
(3,4).

BREASTFEEDING SUMMARY
Diethylpropion and its metabolites are excreted into breast milk (4). No reports
of adverse effects in a nursing infant have been located.
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DIETHYLSTILBESTROL
Estrogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Diethylstilbestrol (DES) is a known human teratogen. It causes
developmental toxicity in both female and male offspring. It is
contraindicated in pregnancy.

FETAL RISK SUMMARY
Between 1940 and 1971, an estimated 6 million mothers and their fetuses were
exposed to DES to prevent reproductive problems such as miscarriage,
premature delivery, intrauterine fetal death, and toxemia (1–4). Controlled
studies have since proven that DES was not successful in preventing these
disorders (5,6). This use has resulted, however, in significant complications of
the reproductive system in both female and male offspring (1–12). Two large
groups have been established to monitor these complications: the Registry for
Research on Hormonal Transplacental Carcinogenesis and the Diethylstilbestrol
Adenosis (DESAD) Project (4). The published findings and recommendations of
the DESAD project through 1980 plus a number of other studies including the
Registry were reviewed in a 1981 National Institutes of Health booklet available
from the National Cancer Institute (4). This information was also reprinted in a
1983 journal article (13). The complications identified in female and male
children exposed in utero to DES are as follows:

Female
Lower müllerian tract
Vaginal adenosis
Vaginal and cervical clear cell adenocarcinoma
Cervical and vaginal fornix defects (10)
Cock’s comb (hood, transverse ridge of cervix)
Collar (rim, hood, transverse ridge of cervix)
Pseudopolyp



Hypoplastic cervix (immature cervix)
Altered fornix of vagina
Vaginal defects (exclusive of fornix) (10)
Incomplete transverse septum
Incomplete longitudinal septum
Upper müllerian tract
Uterine structural defects
Fallopian tube structural defects

Male
Reproductive dysfunction
Altered semen analysis
Infertility

The Registry was established in 1971 to study the epidemiologic, clinical, and
pathologic aspects of clear cell adenocarcinoma of the vagina and cervix in
DES-exposed women (2). More than 400 cases of clear cell adenocarcinoma
have been reported to the Registry. Additional reports continue to appear in the
literature (14). The risk of carcinoma is apparently higher when DES treatment
was given before the 12th week of gestation and is estimated to be 0.14–
1.4/1000 for women younger than 25 years (2,4).

The first-known case of adenosquamous carcinoma of the cervix in an
exposed patient was described in 1983 (15). In a second case, a fatal
malignant teratoma of the ovary developed in a 12-year-old exposed girl (16).
The relationship between these tumors and DES is unknown.

The frequency of dysplasia and carcinoma in situ (CIS) of the cervix and
vagina in 3980 DESAD Project patients was significantly increased over
controls with an approximately 2- to 4-fold increase in risk (11). These results
were different from earlier studies of these same women, which had indicated
no increased risk for dysplasia and CIS (17,18). Researchers speculated that
the increased incidence now observed was related to the greater amount of
squamous metaplasia found in DES-exposed women (11). Scanning electron
microscopy of the cervicovaginal transformation zone has indicated that
maturation of epithelium is slowed or arrested at the stage of immature
squamous epithelium in some DES-exposed women (19). This process may
produce greater susceptibility to factors such as herpes and papillomavirus
obtained through early coitus with multiple partners and result in the observed
increased rates of dysplasia/CIS (11). Of interest in this regard, a 1983 article
reported detectable papillomavirus antigen in the cervical–vaginal biopsies of 16



(43%) of 37 DES-exposed women (20).
The incidence of cervical or vaginal structural changes has been reported to

occur in up to 85% of exposed women, although most studies place the
incidence in the 22%–58% range (2,3,5,7,12,21–24). The structural changes
are outlined earlier. The DESAD Project reported an incidence of approximately
25% in 1655 women (10). Selection bias was eliminated by analyzing only
those patients identified by record review. Patients referred by physicians and
self-referrals had much higher rates of defects, about 49% and 43%,
respectively. Almost all of the defects were confined to the cervical–vaginal
fornix area, with only 14 patients having vaginal changes exclusive of the fornix
and nearly all of these being incomplete transverse septums (10).

Reports linking the use of DES with major congenital anomalies have not
been located. The Collaborative Perinatal Project monitored 614 mother–child
pairs with 1st trimester exposure to estrogens, including 164 with exposure to
DES (25, pp. 389, 391). Evidence for an increase in the expected frequency for
cardiovascular defects, eye and ear anomalies, and Down’s syndrome was
found for estrogens as a group, but not for DES (25, pp. 389, 391, 395).
Reevaluation of these data in terms of timing of exposure, vaginal bleeding in
early pregnancy, and previous maternal obstetric history, however, failed to
support an association between estrogens and cardiac malformations (26). An
earlier study also failed to find any relationship with nongenital malformations
(27).

Alterations in the body of the uterus have led to concern regarding increased
pregnancy wastage and premature births (8,22,28–31). Increased rates of
spontaneous abortions, premature births, and ectopic pregnancies are well
established by these latter reports, although the relationship to the abnormal
changes of the cervix and/or vagina is still unclear (8). Serial observations of
vaginal epithelial changes indicate that the frequency of such changes
decreases with age (4,17,24).

Spontaneous rupture of a term uterus has been described in a 25-year-old
primigravid with DES-type changes in her vagina, cervix, and uterus (32). Other
reports of this type have not been located.

In a 1984 study, DES exposure had no effect on the age at menarche, first
coitus, pregnancy, or live birth, or on a woman’s ability to conceive (33). One
group of investigators found that although anomalies in the upper genital tract
increased the risk for poor pregnancy outcome, they could not relate specific
changes to specific types of outcomes (34).

Hirsutism and irregular menses were found in 72% and 50%, respectively, of



32 DES-exposed women (35). The degree of hirsutism was age related, with
the mean ages of severely and mildly hirsute women being 28.8 and 24.7
years, respectively. Based on various hormone level measurements, the
authors concluded that in utero DES exposure might result in hypothalamic–
pituitary–ovarian dysfunction (35). However, other studies in much larger
exposed populations have not observed disturbances of menstruation or
excessive hair growth (36).

Data on DES-exposed women who had undergone major gynecologic
surgical procedures, excluding cesarean section, were reported in a 1982 study
(37). Of 309 exposed women, 33 (11%) had a total of 43 procedures. The
authors suggested that DES exposure resulted in an increased incidence of
adnexal disease involving adhesions, benign ovarian cysts, and ectopic
pregnancies (37). Surgical manipulation of the cervix (cryocautery or conization)
in DES-exposed patients results in a high incidence of cervical stenosis and
possible development of endometriosis (38,39). Both studies concluded,
however, that the causes of infertility in these patients were comparable to
those in a non–DES-exposed population.

Adverse effects in male offspring attributable to in utero DES exposure have
been reported (1,5,40–46). Abnormalities thought to occur at greater
frequencies include the following:

Epididymal cysts
Hypotrophic testis
Microphallus
Varicocele
Capsular induration
Altered semen (decreased count, concentration, motility, and morphology)

An increase in problems with passing urine and urogenital tract infections has
also been observed (40).

DES exposure has been proposed as a possible cause of infertility in male
offspring (1). However, in a controlled in vitro study, no association was found
between exposure to DES and reduced sperm penetration of zona-free
hamster eggs (46). In addition, a study of 828 exposed males found no
increase over controls for risk of genitourinary abnormalities, infertility, or
testicular cancer (47). Based on their data, the authors proposed that previous
studies showing a positive relationship might have had selection biases,
differences in DES use, or both.

Testicular tumors have been reported in three DES-exposed patients (6,48).



In one case, a teratoma was discovered in a 23-year-old male (6). Two
patients, 27 and 28 years of age, were included in the second report (48). Both
had left-sided anaplastic seminomas, and one had epididymal cysts. A male
sibling of one of the patients, also exposed to DES, had severe oligospermia,
and two exposed sisters had vaginal adenosis and vaginal adenocarcinoma.

Changes in the psychosexual performance of young boys have been
attributed to in utero exposure to DES and progesterone (49,50). The mothers
received estrogen/progestogen regimens for diabetes. A trend to less
heterosexual experience and fewer masculine interests than controls was
shown. A 2-fold increase in psychiatric disease, especially depression and
anxiety, has been observed in both male and female exposed offspring (6).

BREASTFEEDING SUMMARY
No data are available. Decreased milk volume and nitrogen–protein content
may occur if DES is used during lactation (see Mestranol and Ethinyl Estradiol).
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DIFLUNISAL
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1,2). These drugs also have been shown to
inhibit labor and prolong pregnancy, both in humans (3) (see also
Indomethacin) and in animals (4). Women attempting to conceive should
not use any prostaglandin synthesis inhibitor, including diflunisal, because of
the findings in a variety of animal models that indicate these agents block
blastocyst implantation (5,6). Moreover, nonsteroidal anti-inflammatory
drugs (NSAIDs) have been associated with spontaneous abortions (SABs)
and congenital malformations. The absolute risk for these defects,
however, appears to be low.

FETAL RISK SUMMARY
Diflunisal is an NSAID used in the treatment of mild-to-moderate pain,
osteoarthritis, and rheumatoid arthritis. The drug is teratogenic and embryotoxic
in rabbits administered 40–60 mg/kg/day, the highest dose equivalent to 2
times the maximum human dose (7). Similar results were not observed in mice
and rats treated with 45–100 mg/kg/day (7,8) or in monkeys treated with 80
mg/kg during organogenesis (9). No published reports describing the use of this
drug in human pregnancy have been located.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 258 newborns had
been exposed to diflunisal during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). A total of 19 (7.4%) major birth defects were
observed (10 expected). Specific data were available for six defect categories,
including (observed/expected) 1/3 cardiovascular defects, 1/0.4 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 0/0 limb reduction defects, and 1/1 hypospadias.
It remains to be investigated whether an unusual frequency distribution of the
other 15 defects is in the overall excess of birth defects.

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (10). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAID and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (11). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (12). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with cyclooxygenase 2
(COX-2) affinity, had a lower risk of this toxicity in humans than aspirin (13).

BREASTFEEDING SUMMARY
Diflunisal is excreted into human milk. Milk concentrations range from 2% to 7%
of the levels in the mother’s plasma (7). No reports describing the use of this
agent during lactation have been located.
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DIGITALIS
Cardiac Glycoside
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking digitalis or the various digitalis glycosides with congenital
defects have been located. Animal studies have not shown a teratogenic
effect (1).

FETAL RISK SUMMARY
Rapid passage to the fetus has been observed after administration of digoxin
and digitoxin (2–9). One group of investigators found that the amount of
digitoxin recovered from the fetus depended on the length of gestation (2). In
the late 1st trimester, only 0.05%–0.10% of the injected dose was recovered
from three fetuses. Digitoxin metabolites accounted for 0.18%–0.33%. At 34
weeks’ gestation, digitoxin recovery was 0.85% and metabolite recovery was
3.49% from one fetus. Average cord concentrations of digoxin in three reports
were 50%, 81%, and 83% of the maternal serum (3,4,9). The highest fetal
concentrations of digoxin in the second half of pregnancy were found in the
heart (5). The fetal heart has only a limited binding capacity for digoxin in the
first half of pregnancy (5). In animals, amniotic fluid acts as a reservoir for
digoxin, but no data are available in humans after prolonged treatment (5). The
pharmacokinetics of digoxin in pregnant women have been reported (10,11).

Digoxin has been used for both maternal and fetal indications (e.g.,
congestive heart failure and supraventricular tachycardia) during all stages of
gestation without causing fetal harm (12–25). Direct administration of digoxin to
the fetus by periodic IM injections has been used to treat supraventricular
tachycardia when indirect therapy via the mother failed to control the arrhythmia
(26).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 34 newborns had
been exposed to digoxin during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). One (2.9%) major birth defect was observed (one
expected), an oral cleft. Although the number of exposures is small, these data
are supportive of previous experience for a lack of association between the
drug and congenital defects.

Fetal toxicity resulting in neonatal death has been reported after maternal
overdose (27). The mother, in her 8th month of pregnancy, took an estimated
8.9 mg of digitoxin as a single dose. Delivery occurred 4 days later. The baby
demonstrated digitalis cardiac effects until death at age 3 days from prolonged
intrauterine anoxia.

In a series of 22 multiparous patients maintained on digitalis, spontaneous
labor occurred more than 1 week earlier than in 64 matched controls (28). The
first stage of labor in the treated patients averaged 4.3 hours vs. 8 hours in the
control group. In contrast, others found no effect on duration of pregnancy or
labor in 122 patients with heart disease (29).

BREASTFEEDING SUMMARY
Digoxin is excreted into breast milk. Data for other cardiac glycosides have not
been located. Digoxin milk:plasma ratios have varied from 0.6 to 0.9
(4,7,30,31). Although these amounts seem high, they represent very small
amounts of digoxin due to significant maternal protein binding. No adverse
effects in the nursing infant have been reported. The American Academy of
Pediatrics classifies digoxin as compatible with breastfeeding (32).
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DIGITOXIN
Cardiac Glycoside

See Digitalis.



DIGOXIN
Cardiac Glycoside

See Digitalis.



DIGOXIN IMMUNE FAB (OVINE)
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Several reports have described the use of digoxin immune Fab (ovine) in
pregnancy, but all involved patients who had preeclampsia. Although no
fetal harm related to digoxin immune Fab (ovine) was observed, none of
the cases involved exposure during organogenesis. Nevertheless, in cases
of digoxin overdose, the maternal benefits of therapy should take priority
over the embryo–fetus. Thus, if indicated, therapy with this product should
not be withheld because of pregnancy (1).

FETAL RISK SUMMARY
Digoxin immune Fab (ovine) is given IV. It is indicated for the treatment of
patients with life-threatening or potentially life-threatening digoxin toxicity or
overdose. Digoxin immune Fab (ovine) binds digoxin, thereby preventing the
cardiac agent from binding to cells. The Fab-digoxin complex is then excreted in
the urine. The elimination half-life is approximately 15–20 hours. Reproduction
studies in animals have not been conducted (2).

It is not known if digoxin immune Fab (ovine) can cross the human placenta
to the embryo–fetus. The antibody fragments probably do not cross, at least
early in pregnancy, because of their high molecular weight (about 46,000), but
some antibodies are able to cross the placenta in the 3rd trimester (e.g., see
Immune Globulin Intravenous).

A 1988 case report described the use of digoxin immune Fab (ovine) in a
woman with severe preeclampsia (3). In five additional reports involving 56
women, 13 in the immediate postpartum period (4) and 44 in the 2nd and 3rd
trimesters (5–8), the drug was used for the same indication. No drug-induced
adverse effects were observed in the fetuses or newborns.



BREASTFEEDING SUMMARY
No reports describing the use of digoxin immune Fab (ovine) during lactation
have been located. It is doubtful that clinically significant amounts are excreted
into breast milk. Even if some excretion did occur, it would be digested in the
nursing infant’s stomach. Therefore, the risk to a nursing infant appears to be
nil. In addition, the maternal benefits of therapy in cases of digoxin overdose
should outweigh the unknown risk to a nursing infant.
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DIHYDROCODEINE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of dihydrocodeine with congenital defects have
been located. Usage in pregnancy is primarily confined to labor.
Respiratory depression in the newborn has been reported to be less than
that with meperidine, but depression is probably similar when equianalgesic
doses are compared (1–4). If dihydrocodeine is used in pregnancy,
healthcare professionals are encouraged to call the toll-free number (800-
670-6126) for information about patient enrollment in the Motherisk study.

BREASTFEEDING SUMMARY
No reports describing the use of dihydrocodeine bitartrate during lactation have
been located. Because other opiates are excreted into milk (e.g., see
Morphine) and the molecular weight (about 452) of dihydrocodeine bitartrate is
low enough, the presence of the narcotic in milk should be expected. The long-
term effects on neurobehavior and development in a nursing infant are unknown
but warrant study.
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DIHYDROERGOTAMINE
Sympatholytic (Antimigraine)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Dihydroergotamine is a potent semi-synthetic ergot alkaloid that has
oxytocic and sympatholytic properties. The animal data suggest a risk of
intrauterine growth restriction probably resulting from reduced
uteroplacental blood flow and/or increased myometrial tone. Although there
is no evidence that it is a teratogen, dihydroergotamine is contraindicated in
pregnancy, especially near term. Inadvertent exposure early in gestation,
however, does not appear to represent a major risk.

FETAL RISK SUMMARY
Dihydroergotamine is the hydrogenated derivative of ergotamine (see also
Ergotamine). It is available only in formulations for injection and nasal spray
because oral absorption is poor. Both preparations are indicated for the acute
treatment of migraine headaches with or without aura. In addition, the injectable
formulation is indicated for the acute treatment of cluster headaches. The mean
bioavailability of the nasal spray is 32% relative to the injectable administration.
Plasma protein binding is 93% and the elimination half-life is about 9 hours
(1,2). Another source, however, states that elimination is biphasic with half-lives
of about 1–2 hours and 22–32 hours, respectively (3).

The oxytocic properties of ergotamine have been known since the early
1900s, producing a prolonged and marked increase in uterine tone that may
lead to fetal hypoxia (4). The pharmacologic properties of dihydroergotamine
are different from ergotamine, as the former is a much more potent
sympatholytic (4). In a 1952 study, the oxytocic and toxic effects of
dihydroergotamine were demonstrated (5). Twenty women at term were given
1 mg of dihydroergotamine in 500 mL distilled water IV over a period of 2–4
hours to induce labor. Labor induction was successful in eight women (40%),
but in six other women the outcomes were four stillborns, one neonatal death



1.25 hours after delivery, and one severely depressed infant that developed
seizures 3 days after delivery (progressing satisfactorily at 3 months of age
with no abnormal neurological signs). The investigators concluded that
dihydroergotamine should not be used to induce labor (5).

Reproduction studies have been conducted in rats and rabbits. In rats,
intranasal administration throughout the period of organogenesis at doses
producing maternal plasma exposures (AUC) about 0.4–1.2 times the human
exposure (AUC) from the maximum recommended daily dose of ≥4 mg (MRDD)
resulted in decreased fetal body weights and/or skeletal ossification.
Administration of the dose throughout pregnancy and lactation resulted in
reduced body weights and impaired reproductive function in the offspring. The
no-effect level for rat embryo–fetal toxicity was not established. In rabbits
administered the nasal spray during organogenesis, maternal exposures at
about 7 times the MRDD also resulted in delayed skeletal ossification. The no-
effect dose for rabbit embryo–fetal toxicity was about 2.5 times the MRDD.
The embryo–fetal toxic doses in both species did not cause maternal toxicity.
The in utero growth restriction in the animal studies was thought to have
resulted from reduced uteroplacental blood flow and/or increased myometrial
tone (1,2).

A study in guinea pigs quantified the effect of dihydroergotamine on
uteroplacental blood flow (6). Pregnant guinea pigs were given the drug (14
mcg/kg/day) from day 30 to 60 of pregnancy (gestational length for guinea pigs
is 64–68 days). At term, placental blood flow was decreased by 51% and, fetal
weight and fetal weight/placental weight ratio were significantly decreased
compared with controls (6).

It is not known if dihydroergotamine crosses the human placenta. The
molecular weight of the free base (about 584) and long elimination half-life
suggest that the drug will cross the placenta, but the extensive protein binding
will limit passage.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 32
of whom were exposed to ergot derivatives (three to dihydroergotamine) other
than ergotamine during the 1st trimester (7). Three malformed children were
observed from this group, but the numbers are too small to draw any
conclusion.

A brief 1993 report described a 31-year-old woman with depression, panic
disorder, and migraine headaches who was exposed to a number of drugs in
the first 6 weeks of pregnancy, including dihydroergotamine, citalopram,
buspirone, thioridazine, and etilefrine (a sympathomimetic agent) (8). An



elective abortion was performed at 12 weeks’ gestation. A thorough
macroscopic and microscopic examination of the male fetus revealed no
evidence of malformation. A detailed neuropathological examination and
chromosome analysis (46,XY karyotype) was normal (8).

BREASTFEEDING SUMMARY
No reports describing the use of dihydroergotamine during human lactation
have been located. The molecular weight of the free base (about 584) and long
elimination half-life (may be as long as 22 hours) suggest that the drug will be
excreted into breast milk, but the high protein binding (about 93%) will limit this
excretion. The closely related agent ergotamine is excreted into milk (see
Ergotamine). An ergot product has been associated with symptoms of ergotism
(vomiting, diarrhea, and convulsions) in nursing infants of mothers taking the
agent for the treatment of migraine (see Ergotamine). Moreover,
dihydroergotamine is a member of the same chemical family as bromocriptine,
an agent that is used to suppress lactation. Although no specific information has
been located relating to the effects of dihydroergotamine on lactation, ergot
alkaloids may hinder lactation by inhibiting maternal pituitary prolactin secretion
(9).
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DIHYDROTACHYSTEROL
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Dihydrotachysterol is a synthetic analog of vitamin D. It is converted in the
liver to 25-hydroxydihydrotachysterol, an active metabolite. See Vitamin D.

BREASTFEEDING SUMMARY
See Vitamin D.



DILTIAZEM
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproductive data suggest high risk, but it is based on body
weight comparison, not on BSA or AUC. The limited human pregnancy data
suggest that the risk is low, if it exists at all.

FETAL RISK SUMMARY
Diltiazem is a calcium channel inhibitor used for the treatment of angina.
Reproductive studies in mice, rats, and rabbits at doses ≤5–10 times (on a
body weight basis) the daily recommended human dose found increased
mortality in embryos and fetuses. These doses also produced abnormalities of
the skeletal system. An increased incidence of stillbirths was observed in
perinatal animal studies at ≥20 times the human dose (1). In fetal sheep,
diltiazem, like ritodrine and magnesium sulfate, inhibited bladder contractions,
resulting in residual urine (2).

A 34-year-old woman, in her 1st month of pregnancy, was treated with
diltiazem, 60 mg 4 times/day, and isosorbide dinitrate, 20 mg 4 times/day, for
symptomatic myocardial ischemia (3). Both medications were continued
throughout the remainder of gestation. Normal twins were delivered by repeat
cesarean section at 37 weeks’ gestation. Both infants were alive and well at 6
months of age.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 27 newborns had
been exposed to diltiazem during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (14.8%) major birth defects were observed
(one expected), two of which were cardiovascular defects (0.3 expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which data



were available. Although the number of exposures is small, the total number of
defects and the number of cardiovascular defects are suggestive of an
association, but other factors, including the mother’s disease, concurrent drug
use, and chance may be involved.

A prospective, multicenter cohort study of 78 women (81 outcomes; 3 sets of
twins) who had 1st trimester exposure to calcium channel blockers, including
13% to diltiazem, was reported in 1996 (4). Compared with controls, no
increase in the risk of major congenital malformations was found.

A 22-year-old woman with Eisenmenger syndrome that was managed with
sildenafil 50 mg/day was diagnosed with an atrial septal defect that was closed
surgically (5). Eight days after surgery, the patient reported 7 weeks of
amenorrhea and a pregnancy test was positive. Sildenafil 150 mg/day and
diltiazem 60 mg/day were started. Two weeks later sildenafil was discontinued
because of its high cost and the dose of diltiazem was increased to 180
mg/day. Because of worsening pulmonary hypertension at 31 weeks, sildenafil
150 mg/day was restarted and diltiazem was discontinued. The fetal weight
was estimated to be in the 15th percentile. At 32 weeks, L-arginine (a nitric
oxide donor) 3 g/day was started. During the next 2 weeks, the estimated fetal
weight increased to the 35th percentile. Because of superimposed
preeclampsia, a cesarean section was performed at 36 weeks to deliver a
2.290-kg male infant with Apgar scores of 9 and 9. No additional information on
the infant was provided (5).

Diltiazem has been used as a tocolytic agent (6). In a prospective
randomized trial, 22 women treated with the agent were compared with 23
treated with nifedipine. No differences between the groups in outcomes or
maternal effects were observed.

BREASTFEEDING SUMMARY
Diltiazem is excreted into human milk (7). A 40-year-old woman, 14 days
postpartum, was unsuccessfully treated with diltiazem, 60 mg 4 times/day, for
resistant premature ventricular contractions. Her infant was not allowed to
breastfeed during the treatment period. Simultaneous serum and milk levels
were drawn at several times on the 4th day of therapy. The peak level in milk
was approximately 200 ng/mL, almost the same as the peak serum
concentration. Milk and serum concentrations were nearly the same during the
measurement interval, with changes in the concentrations closely paralleling
each other. The data indicated that diltiazem freely diffuses into milk (7). In a
separate case described earlier, a mother nursed twins for at least 6 months



while being treated with diltiazem and isosorbide dinitrate (3). Milk
concentrations were not determined, but both infants were alive and well at 6
months of age. The American Academy of Pediatrics classifies diltiazem as
compatible with breastfeeding (8).

References
1. Product information. Cardizem. Hoechst Marion Roussel, 1997.
2. Kogan BA, Iwamoto HS. Lower urinary tract function in the sheep fetus: studies of autonomic control

and pharmacologic responses of the fetal bladder. J Urol 1989;141:1019–24.
3. Lubbe WF. Use of diltiazem during pregnancy. NZ Med J 1987;100:121.
4. Magee LA, Schick B, Donnenfeld AE, Sage SR, Conover B, Cook L, McElhatton PR, Schmidt MA,

Koren G. The safety of calcium channel blockers in human pregnancy: a prospective, multicenter
cohort study. Am J Obstet Gynecol 1996;174:823–8.

5. Lacassie HJ, Germain AM, Valdes G, Fernandez MS, Allamand F, Lopez H. Management of
Eisenmenger syndrome in pregnancy with sildenafil and L-arginine. Obstet Gynecol 2004;103:1118–20.

6. El-Sayed Y, Holbrook RH Jr. Diltiazem (D) for the maintenance tocolysis of preterm labor (PTL): a
prospective randomized trial (abstract). Am J Obstet Gynecol 1996;174:468.

7. Okada M, Inoue H, Nakamura Y, Kishimoto M, Suzuki T. Excretion of diltiazem in human milk. N Engl J
Med 1985;313:992–3.

8. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



DIMENHYDRINATE
Antihistamine/Antiemetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

In general, antihistamines are considered low risk in pregnancy. However,
exposure near birth of premature infants has been associated with an
increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
Dimenhydrinate is the chlorotheophylline salt of the antihistamine
diphenhydramine. A prospective study in 1963 compared dimenhydrinate usage
in three groups of patients: 266 with malformed infants and two groups of 266
each without malformed infants (1). No difference in usage of the drug was
found between the three groups.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 319
of whom had 1st trimester exposure to dimenhydrinate (2, pp. 367–370). For
use anytime in pregnancy, 697 exposures were recorded (2, p. 440). In neither
case was evidence found to suggest a relationship to large categories of major
or minor malformations. Two possible associations with individual
malformations were found: cardiovascular defects (five cases) and inguinal
hernia (eight cases). Independent confirmation is required to determine the
actual risk for these anomalies (2, p. 440).

A number of reports have described the oxytocic effect of IV dimenhydrinate
(3–13). When used either alone or with oxytocin, most studies found a
smoother, shorter labor. However, in one study of 30 patients who received a
100-mg dose during 3.5 minutes, some (at least two, but exact number not
specified) also showed evidence of uterine hyperstimulation and fetal distress
(e.g., bradycardia and loss of beat-to-beat variability) (13). Owing to these
effects, dimenhydrinate should not be used for this purpose.

Dimenhydrinate has been used for the treatment of hyperemesis gravidarum



(14). In 64 women presenting with the condition prior to 13 weeks’ gestation, all
were treated with dimenhydrinate followed by various other antiemetics. Three
of the newborns had integumentary abnormalities consisting of one case of
webbed toes with an extra finger, and two cases of skin tags (one preauricular
and one sacral). The defects were not thought to be related to the drug therapy
(14).

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of dimenhydrinate during lactation have been
located. The molecular weight (about 470) is low enough that excretion into milk
should be expected. For a closely related product, see Diphenhydramine.
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DIMERCAPROL
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the limited animal data suggest low embryo–fetal risk, there are
no reports of dimercaprol use during organogenesis in humans. This
absence of data prevents an assessment of the human embryo risk.
However, the maternal benefit, and indirect embryo–fetal benefit, appears
to far outweigh the unknown embryo–fetal risk. Therefore, if indicated,
dimercaprol should not be withheld because of pregnancy (1).

FETAL RISK SUMMARY
Dimercaprol is a chelating agent indicated in the treatment of arsenic, gold, and
acute mercury poisoning, and for lead poisoning when used concomitantly with
edetate calcium disodium. It is not very effective for chronic mercury poisoning.
Dimercaprol is administered by IM injection. The mechanism of action involves
dimercaprol sulfhydryl groups forming complexes with certain heavy metals,
thereby preventing or reversing the metal from binding sulfhydryl-containing
enzymes (2).

A 1998 review cited five studies that evaluated the reproductive toxicity of
dimercaprol in animals (3). The antidote was given to pregnant mice in doses of
15–60 mg/kg/day for 4 days to protect against methylmercury-induced
developmental toxicity. Similar single or multiple doses given to mice daily did
not alleviate arsenate-induced fetal toxicity, but no dimercaprol-induced
developmental toxicity was noted. In another study, SC dimercaprol (125
mg/kg/day) in mice on gestational days 9–12 resulted in embryotoxicity (growth
restriction, increased mortality) and teratogenicity (digits with abnormal
direction and situation, cleft palate, and cerebral hernia) (3). (Note: the human
IM dose, depending on the type of poisoning, varies from 2.5 mg/kg/day to 18
mg/kg/day with up to 13-day courses.)



It is not known if dimercaprol can cross the human placenta. The low
molecular weight (about 124) suggests that the drug does cross to the
embryo–fetal compartment.

The first reported case of dimercaprol in a human pregnancy appeared in
1948 (4). An 18-year-old woman at about 26 weeks’ gestation was given
dimercaprol for arsenical encephalopathy. The woman had received several
arsenic-containing injections for vaginal and perineal warts 10 days earlier. She
was given a total dose of 5440 mg over 13 days. Labor was induced at about
36 weeks’ gestation because of eclampsia, and she delivered a 5.5-lb male
infant who required resuscitation but was otherwise healthy. Long-term follow-
up of the infant was not reported (4).

A 1969 case report detailed the pregnancy outcome of a 17-year-old patient
at 30 weeks’ gestation who had ingested approximately 30 mL of arsenic
trioxide containing 1.32% of total elemental arsenic (5). About 24 hours after
ingestion, she was treated with 150 mg of IM dimercaprol but developed renal
failure over the next 72 hours. Spontaneous labor occurred, and she delivered a
1.1-kg female infant with an Apgar score of 4 at 1 minute. A qualitative test for
arsenic on the baby’s plasma was negative. The infant died 11 hours later of
respiratory distress syndrome. At autopsy, toxicologic analysis for arsenic
(reported as arsenic trioxide per 100 g of wet tissue) revealed that the metal
had crossed the placenta to the fetus with the following concentrations: 0.740
mg (liver), 0.150 mg (kidneys), and 0.0218 mg (brain). The arsenic levels in the
infant were all significantly higher than those measured in adult autopsy
material. The authors could locate only one other similar case of inorganic
arsenic poisoning in pregnancy. In that case, published in 1928 in a French
journal, both the mother and infant died. Arsenic levels for the infant were not
reported, but the level in the maternal liver was 0.56 g/100 g, less than the level
found in the current infant (5).

A 2002 report described the use of IV edetate and IM dimercaprol (dose not
specified) in a woman at 30 weeks’ gestation with a high blood lead
concentration (5.2 µmol/L; goal ≤0.48 µmol/L) (6). Twenty-four hours after
initiation of chelation therapy, her lead level was 2.3 µmol/L. Twelve hours later,
labor was induced because of uterine hemorrhage and she gave birth to a 1.6-
kg (75th percentile) female infant. Lead concentration in the cord blood was 7.6
µmol/L. The Apgar scores were 4 and 6 (presumably at 1 and 5 minutes,
respectively). The newborn was flaccid with absent reflexes, no movement to
noxious stimuli, and no gag reflex, but she did have spontaneous eye
movement. Bilateral diaphragmatic palsy was confirmed by fluoroscopy. During



her 7 months of hospitalization, the infant received multiple courses of chelation
to treat the intrauterine lead intoxication. In spite of this therapy, she had right
sensorineural deafness and neurodevelopment delay at discharge. Oral
succimer was continued at home because the blood lead level was still
elevated (0.95 µmol/L). The mother’s lead source was identified as herbal
tablets that had been prescribed for a gastrointestinal complaint. She had taken
the tablets periodically over the past 9 years and throughout her pregnancy.
Mercury also was present in some of the tablets. The lead intake during
pregnancy was estimated to be 50 times the average weekly intake of Western
populations (6). In a 2003 case report and review of severe lead poisoning in
pregnancy, seven new cases and eight from the literature were identified (7).
Ten of the women admitted to intentional ingestion of pica. Among the 15
cases, five underwent chelation while they were pregnant, four with edetate
calcium disodium, including one who also received IM dimercaprol, and one
who received succimer. No lead-induced congenital defects were noted in the
infants, but all received chelation therapy in the neonatal period (7).

BREASTFEEDING SUMMARY
No reports describing the use of dimercaprol during human lactation have been
located. The molecular weight (about 124) and the typical prolonged therapy
(13 days) suggest that the antidote will be excreted into breast milk. The effect,
if any, of this exposure on a nursing infant is unknown. Because the use of
dimercaprol implies poisoning with arsenic, gold, mercury, or lead, these metals
also will be excreted into milk and are toxic to a nursing infant. Therefore,
breastfeeding is contraindicated in women receiving dimercaprol.
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DIMETHINDENE

[Withdrawn from the market. See 9th edition.]



DIMETHOTHIAZINE

[Withdrawn from the market. See 9th edition.]



DINOPROSTONE
Endocrine/Metabolic Agent (Prostaglandin)
PREGNANCY RECOMMENDATION: First 28 Weeks of Pregnancy—
Contraindicated Unless for Termination/Evacuation of Pregnancy Near or At
Term—Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing human pregnancy outcomes following use of
dinoprostone in failed medical abortions have been located. In animals,
prostaglandin E2 exposure has resulted in embryotoxicity and an increase
in skeletal anomalies. Another prostaglandin analog, misoprostol, when
used unsuccessfully in the 1st trimester as an abortifacient, has been
associated with cranial nerve defects in the fetus. Use of dinoprostone for
cervical ripening near term has not been associated with an excess of
adverse outcomes for the infant.

FETAL RISK SUMMARY
Dinoprostone is a naturally occurring prostaglandin E2 that is available in
vaginal suppository form and is used for induced abortion between 12 and 20
weeks’ gestation, for evacuation of uterine contents in the case of missed
abortion or intrauterine death up to 28 weeks’ gestation, and in the
management of benign hydatidiform mole. Dinoprostone is also available as a
controlled-release vaginal insert and in gel form, and is used for cervical
ripening in term or near-term pregnancies. Dinoprostone, when given as a
vaginal suppository, functions to stimulate the myometrium of the uterus to
contract. Dinoprostone has a short half-life of 2.5–5 minutes (1,2).

Reproductive studies have been conducted with prostaglandin E2 in rats and
rabbits. In both species given the agent during organogenesis, embryotoxicity
and fetal skeletal variations were observed (1,2).

No carcinogenicity or fertility studies have been conducted for dinoprostone.
No evidence of mutagenicity was observed in the various assays (1,2).



It is not known if prostaglandin E2 crosses the placenta. The molecular
weight (about 352) suggests that exogenous prostaglandin E2 will cross the
placenta. However, the indicated uses for the drug and the very short
elimination half-life (2.5–5 minutes) suggest that little drug may actually cross to
the embryo–fetus (1,2).

No reports describing the outcomes of human pregnancies following the use
of dinoprostone in failed medical abortions have been located. Although a failed
attempted abortion would typically be followed by completion of the procedure
by some other means, in rare cases a woman may wish to maintain the
pregnancy. Isolated case reports suggest that the failed procedure(s)
themselves may result in damage to the placenta and therefore damage to the
fetus (3). First trimester exposure to another prostaglandin, misoprostol, in
failed induced abortion, has been associated with an increased risk for 6th and
7th cranial nerve damage leading to Möbius’ syndrome (see Misoprostol).
However, in the case of dinoprostone, the most common use of the product
would be after the first trimester.

BREASTFEEDING SUMMARY
No reports describing the use of dinoprostone during human lactation have
been located. The molecular weight of dinoprostone (about 352) suggests that
it will be excreted in breast milk. However, the local use of the product and the
very short elimination half-life (2.5–5 minutes) suggest that clinically significant
amounts will not be present in milk (1,2).
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DIOXYLINE

[Withdrawn from the market. See 8th edition.]



DIPHEMANIL
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DIPHENHYDRAMINE
Antihistamine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Both the animal data and the published human experience suggest that
diphenhydramine is safe for use in human pregnancy. The exception is the
case–control study discussed below that showed an association with cleft
palate. In addition, premature infants exposed within 2 weeks of birth may
be at risk for toxicity. At least one review has concluded that
diphenhydramine is the drug of choice if parenteral antihistamines are
indicated in pregnancy (1).

FETAL RISK SUMMARY
Diphenhydramine is a first-generation antihistamine agent. Reproductive studies
with diphenhydramine in rats and rabbits at doses up to 5 times the human
dose revealed no evidence of impaired fertility or fetal harm (2). Rapid
placental transfer of diphenhydramine has been demonstrated in pregnant
sheep with a fetal:maternal ratio of 0.85 (3). Peak fetal concentrations
occurred within 5 minutes of a 100-mg IV dose.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 595
of whom had 1st trimester exposure to diphenhydramine (4, pp. 323–337). For
use anytime during pregnancy, 2948 exposures were recorded (4, p. 437). In
neither case was evidence found to suggest a relationship to large categories
of major or minor malformations. Several possible associations with individual
malformations were found, but independent confirmation is required to
determine the actual risk: genitourinary (other than hypospadias) (5 cases);
hypospadias (3 cases); eye and ear defects (3 cases); syndromes (other than
Down’s syndrome) (3 cases); inguinal hernia (13 cases); clubfoot (5 cases);
any ventricular septal defect (open or closing) (5 cases); and malformations of
diaphragm (3 cases) (4, pp. 323–337, 437, 475).



Cleft palate and diphenhydramine usage in the 1st trimester were statistically
associated in a 1974 case–control study (5). A group of 599 children with oral
clefts was compared with 590 controls without clefts. In utero exposures to
diphenhydramine in the groups were 20 and 6, respectively, a significant
difference. However, in a 1971 report significantly fewer infants with
malformations were exposed to antihistamines in the 1st trimester as compared
with controls (6). Diphenhydramine was the second most commonly used
antihistamine. In addition, a 1985 study reported 1st trimester use of
diphenhydramine in 270 women from a total group of 6509 (7). No association
between the use of the drug and congenital abnormalities was found.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1461 newborns
had been exposed to diphenhydramine during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). A total of 80 (5.5%) major birth defects
were observed (62 expected). Specific data were available for six defect
categories, including (observed/expected) 14/14 cardiovascular defects, 3/2
oral clefts, 0/1 spina bifida, 9/4 polydactyly, 1/2 limb reduction defects, and 3/4
hypospadias. Possible associations with congenital defects are suggested for
the total number of anomalies and for polydactyly, but other factors, including
the mother’s disease, concurrent drug use, and chance may be involved.

Diphenhydramine withdrawal was reported in a newborn infant whose mother
had taken 150 mg/day during pregnancy (8). Generalized tremulousness and
diarrhea began on the 5th day of life. Treatment with phenobarbital resulted in
the gradual disappearance of the symptoms.

A stillborn, full-term, 1000-g female infant was exposed during gestation to
high doses of diphenhydramine, theophylline, ephedrine, and phenobarbital, all
used for maternal asthma (9). Except for a ventricular septal defect, no other
macroscopic internal or external anomalies were observed. However, complete
triploidy was found in lymphocyte cultures, which is unusual because very few
such infants survive until term (9). No relationship between the chromosome
abnormality or the congenital defect and the drug therapy can be inferred from
this case.

A 1996 report described the use of diphenhydramine, droperidol,
metoclopramide, and hydroxyzine in 80 women with hyperemesis gravidarum
(10). The mean gestational age at the start of treatment was 10.9 weeks. The
patients received 200 mg/day IV of diphenhydramine for 2–3 days and 12
(15%) required a second course of therapy when their symptoms recurred.
Three of the mothers (all treated in the 2nd trimester) delivered offspring with



congenital defects: Poland’s syndrome, fetal alcohol syndrome, and
hydrocephalus and hypoplasia of the right cerebral hemisphere. Only the latter
anomaly is a potential drug effect, but the most likely cause was thought to be
the result of an in utero fetal vascular accident or infection (10).

A 2001 study, using a treatment method similar to the above study,
described the use of droperidol and diphenhydramine in 28 women hospitalized
for hyperemesis gravidarum (11). Pregnancy outcomes in the study group were
compared with a historical control of 54 women who had received conventional
antiemetic therapy. Oral metoclopramide and hydroxyzine were used after
discharge from the hospital. Therapy was started in the study and control
groups at mean gestational ages of 9.9 and 11.1 weeks’, respectively. The
study group appeared to have more severe disease than controls as suggested
by a greater mean loss from the prepregnancy weight, 2.07 vs. 0.81 kg (ns.),
and a slightly lower serum potassium level, 3.4 vs. 3.5 mmol/L (ns.). Compared
with controls, the droperidol group had a shorter duration of hospitalization
(3.53 vs. 2.82 days, p = 0.023), fewer readmissions (38.9% vs. 14.3%, p =
0.025), and lower average daily nausea and vomiting scores (both p <0.001).
There were no statistical differences (p >0.05) in outcomes (study vs. controls)
in terms of spontaneous abortions (N = 0 vs. N = 2 [4.3%]), elective abortions
(N = 3 [12.0%] vs. N = 3 [6.5%]), Apgar scores at 1, 5, and 10 minutes, age at
birth (37.3 vs. 37.9 weeks’), and birth weight (3114 vs. 3347 g). In controls,
there was one (2.4%) major malformation of unknown cause, an acardiac fetus
in a set of triplets, and one newborn with a genetic defect (Turner’s syndrome).
There was also one unexplained major birth defect (4.4%) in the droperidol
group (bilateral hydronephrosis), and two genetic defects (translocation of
chromosomes 3 and 7; tyrosinemia) (11).

A potential drug interaction between diphenhydramine and temazepam
resulting in the stillbirth of a term female infant has been reported (12). The
mother had taken diphenhydramine 50 mg for mild itching of the skin and
approximately 1.5 hours later, had taken 30 mg of temazepam for sleep. Three
hours later she awoke with violent intrauterine fetal movements, which lasted
several minutes and then abruptly stopped. The stillborn infant was delivered
approximately 4 hours later. Autopsy revealed no gross or microscopic
anomalies. In an experiment with pregnant rabbits, neither of the drugs alone
caused fetal mortality, but when combined, 51 (81%) of 63 fetuses were
stillborn or died shortly after birth (12). No definite mechanism could be
established for the suggested interaction.

A 1980 report described the oxytocic properties of diphenhydramine when



used in labor (13). Fifty women were given 50 mg IV over 3.5 minutes in a
study designed to compare its effect with dimenhydrinate (see also
Dimenhydrinate). The effects on the uterus were similar to those of
dimenhydrinate but not as pronounced. Although no uterine hyperstimulation or
fetal distress was observed, the drug should not be used for this purpose due
to these potential complications (13).

Regular (every 1–2 minutes with intervening uterine relaxation), painful uterine
contractions were observed in a 19-year-old woman at 26 week’s gestation,
following ingestion of about 35 capsules of diphenhydramine and an unknown
amount of acetaminophen in a suicide attempt (14). The uterine contractions
responded promptly to IV magnesium sulfate tocolysis and 5 hours later, after
treatment with oral activated charcoal for the overdose, no further contractions
were observed. The eventual outcome of the pregnancy was not mentioned.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
Diphenhydramine is excreted into human breast milk, but levels have not been
reported (15). Although the levels are not thought to be sufficiently high to
affect the infant after therapeutic doses, the manufacturer considers the drug
contraindicated in nursing mothers (2). The reason given for this is the
increased sensitivity of newborn or premature infants to antihistamines.
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DIPHENOXYLATE
Antidiarrheal
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Neither the animal data, although based on body weight, nor the limited
human pregnancy data suggest that the combination of diphenoxylate and
atropine causes developmental toxicity.

FETAL RISK SUMMARY
Diphenoxylate is a narcotic related to meperidine. It is available only in
combination with atropine (to discourage overdosage) for the treatment of
diarrhea. Diphenoxylate is rapidly metabolized to diphenoxylic acid (difenoxin), a
biologically active metabolite (1).

Reproduction studies have been conducted in mice, rats, and rabbits with
oral doses of 0.4–20 mg/kg/day (1). Because of the experimental design and
small numbers of litters, embryotoxic, fetotoxic, and teratogenic effects could
not be adequately assessed, but examination of the available fetuses did not
reveal any evidence of teratogenicity (1).

No reports describing the placental transfer of diphenoxylate to the fetus
have been located. The molecular weight of the active, major metabolite
difenoxin (425 for the free base) is low enough that the presence of this agent
in the fetus should be expected.

In one study, no malformed infants were observed after 1st trimester
exposure in seven patients (2). A single case of a female infant born at 36
weeks’ gestation with multiple defects, including Ebstein’s anomaly, was
described in a 1989 report (3). In addition to the cardiac defect, other
abnormalities noted were hypertelorism, epicanthal folds, low-set posteriorly
rotated ears, a cleft uvula, medially rotated hands, deafness, and blindness.
The mother had taken Lomotil (diphenoxylate and atropine) for diarrhea during



the 10th week of gestation. Since exposure was beyond the susceptible stages
of development for these defects, the drug combination was not considered
causative. A possible viremia in the mother as a cause of the diarrhea and the
defects could not be excluded.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 179 newborns had
been exposed to diphenoxylate (presumably combined with atropine) during the
1st trimester (F. Rosa, personal communication, FDA, 1993). Nine (5.0%)
major birth defects were observed (seven expected). Specific data were
available for six defect categories, including (observed/expected) 3/2
cardiovascular defects, 0/0.3 oral clefts, 1/0 spina bifida, 1/0.5 polydactyly,
1/0.3 limb reduction defects, and 1/0.4 hypospadias. These data do not
support an association between the drug and congenital defects.

BREASTFEEDING SUMMARY
The manufacturer reports that the active metabolite, diphenoxylic acid
(difenoxin), is probably excreted into breast milk, and the effects of that drug
and atropine may be evident in the nursing infant (1). One source recommends
that the drug should not be used in lactating mothers (4). However, the
American Academy of Pediatrics classifies atropine (diphenoxylate was not
listed) as compatible with breastfeeding (5).
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DIPHTHERIA/TETANUS TOXOIDS (ADULT)
Toxoid
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Diphtheria and tetanus produce severe morbidity in the mother with
mortality rates of 10% and 30%, respectively (1). In neonates, the tetanus
mortality rate is 60%. The risk to the fetus from diphtheria/tetanus toxoids
(Td) is unknown, but there is no evidence of teratogenicity (1,2). The CDC
and the American College of Obstetricians and Gynecologists (ACOG)
recommend Td booster vaccination in pregnancy if ≥10 years have elapsed
since a previous Td booster or if booster protection against diphtheria is
needed (3,4). If tetanus or diphtheria protection is needed during
pregnancy, the diphtheria and reduced tetanus toxoids/acellular pertussis
vaccine (Tdap; see Vaccine, Pertussis [Acellular]), instead of Td, may be
considered in the 2nd or 3rd trimesters, or earlier if protection is needed
urgently. Tdap should only be given once during a lifetime.

FETAL RISK SUMMARY
Diphtheria/tetanus toxoids (Td) for adult use are the specific toxoids of
Corynebacterium diphtheriae and Clostridium tetani adsorbed onto aluminum
compounds. Reproduction studies in animals have not been conducted with this
product (2).

In a 1999 study using the Hungarian Case-Control Surveillance of Congenital
Abnormalities, 1980–1994, database, exposure to tetanus toxoid during
pregnancy was examined in 21,563 women who had offspring with congenital
defects (5). The control group consisted of 35,727 women who had infants
without defects. Exposure to tetanus toxoid occurred in 25 (0.12%) case
women (13 in the 1st trimester) compared with 33 (0.09%) control women (17
in the 1st trimester). The difference was not significant (5).



BREASTFEEDING SUMMARY
No reports describing the use of Td during human lactation have been located.
The CDC and ACOG recommend Tdap in breastfeeding women who have not
received the vaccine previously or 2 years or more have elapsed since the
most recent Td administration (3,4).
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DIPHTHERIA/TETANUS TOXOIDS/ACELLULAR
PERTUSSIS VACCINE ADSORBED
Vaccine/Toxoid

See Vaccine, Pertussis (Acellular)



DIPYRIDAMOLE
Hematological Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Neither the animal nor the limited human pregnancy data suggest that
dipyridamole causes developmental toxicity.

FETAL RISK SUMMARY
Dipyridamole is a platelet inhibitor that is indicated as an adjunct to coumarin
anticoagulants in the prevention of postoperative thromboembolic complications
of cardiac valve replacement. The drug has a terminal elimination half-life of
about 10 hours and is highly bound to plasma proteins (1).

Reproduction studies have been conducted in mice, rats, and rabbits at
doses up to 1.3, 20, and 1.6 times the maximum recommended daily human
dose based on BSA, respectively. No evidence of fetal harm was found in
these studies (1).

No reports linking the use of dipyridamole with congenital defects have been
located. The drug has been used in pregnancy (2–9). A single IV 30-mg dose
of dipyridamole was shown to increase uterine perfusion in the 3rd trimester in
10 patients (10). In one pregnancy, a malformed infant was delivered, but the
mother was also taking warfarin (2). The multiple defects in the infant were
consistent with the fetal warfarin syndrome (see Coumarin Derivatives).

In a randomized, nonblinded study to prevent preeclampsia, 52 high-risk
patients treated from the 13th week of gestation through delivery with daily
doses of 300 mg of dipyridamole plus 150 mg of aspirin were compared with
50 high-risk controls (11). Four treated patients were excluded from analysis
(spontaneous abortions before 16 weeks) vs. five controls (two lost to follow-
up plus three spontaneous abortions). Hypertension occurred in 41 patients—
19 treated and 22 controls. The outcome of pregnancy was significantly better



in treated patients in three areas: preeclampsia (0 vs. 6), fetal and neonatal
loss (0 vs. 5), and severe intrauterine growth restriction (0 vs. 4). No fetal
malformations were observed in either group. Other reports and reviews have
documented the benefits of this therapy, namely a reduction in the incidence of
stillbirth, placental infarction, and intrauterine growth restriction (12–18).

BREASTFEEDING SUMMARY
Dipyridamole is excreted into breast milk (1). The effect of this exposure on a
nursing infant is unknown.
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DIRITHROMYCIN

[Withdrawn from the market. See 9th edition.]



DISOPYRAMIDE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of disopyramide with congenital defects in
humans or animals have been located. The drug is indicated for the
treatment of cardiac arrhythmias. There is evidence that disopyramide has
oxytocic effects.

FETAL RISK SUMMARY
Reproduction studies of disopyramide have been conducted in rats and rabbits.
Maternal toxicity (decreased food consumption and weight gain),
embryotoxicity (decreased number of implantation sites), and fetotoxicity
(decreased growth and pup survival) were observed in pregnant rats dosed at
≥20 times the recommended human dose of 12 mg/kg/day, assuming a patient
weighing at least 50 kg (RHD) (1). Increased resorption rates occurred in
rabbits dosed at doses ≥5 times the RHD, but implantation rates, fetal growth,
and offspring survival were not evaluated.

At term, a cord blood level of 0.9 mcg/mL (39% of maternal serum) was
measured 6 hours after a maternal 200-mg dose (2). A 27-year-old woman
took disopyramide throughout a full-term gestation, 1350 mg/day for the last 16
days, and delivered a healthy, 2920-g female infant (2). Concentrations of
disopyramide and the metabolite N-monodesalkyl disopyramide in the cord and
maternal serum were 0.7 and 0.9 mcg/mL, and 2.7 and 2.1 mcg/mL,
respectively. The cord:maternal ratios for the parent drug and metabolite were
0.26 and 0.43, respectively (3). In a separate study, the mean fetal:maternal
total plasma ratio was 0.78 when the mother’s plasma concentration was within
the therapeutic range of 2.0–5.0 mcg/mL (4).

Disopyramide has been used throughout other pregnancies without evidence



of congenital abnormalities or growth restriction (2,5,6) (M.S. Anderson,
personal communication, G.D. Searle and Company, 1981). Early onset of
labor has been reported in one patient (7). The mother, in her 32nd week of
gestation, was given 300 mg orally, followed by 100 or 150 mg every 6 hours
for posterior mitral leaflet prolapse. Uterine contractions, without vaginal
bleeding or cervical changes, and abdominal pain occurred 1–2 hours after
each dose. When disopyramide was stopped, symptoms subsided over the
next 4 hours. Oxytocin induction 1 week later resulted in the delivery of a
healthy infant.

The oxytocic effect of disopyramide was studied in 10 women at term (8).
Eight of the 10 women, treated with 150 mg every 6 hours for 48 hours,
delivered within 48 hours, compared with none in a placebo group. In one
patient, use of 200 mg twice daily during the 18th and 19th weeks of pregnancy
was not associated with uterine contractions or other observable adverse
effects in the mother or fetus (9). Most reviews of antiarrhythmic drug therapy
consider the drug probably safe during pregnancy (5,10), but one does not
recommend it for routine therapy (11), and one warns of its oxytocic effects
(12).

BREASTFEEDING SUMMARY
Disopyramide is excreted into breast milk (3,6,13,14). In a woman taking 200
mg 3 times daily, samples obtained on the 5th–8th days of treatment revealed
a mean milk:plasma ratio of 0.9 for disopyramide and 5.6 for the active
metabolite (13). Neither drug was detected in the infant’s plasma. In a second
case, a mother was taking 450 mg of disopyramide every 8 hours 2 weeks
postpartum (3). Milk and serum samples were obtained at 0, 2, 4, and 8 hours
after the dose following an overnight fast. Milk concentrations of disopyramide
and its metabolite, N-monodesalkyl disopyramide, ranged from 2.6 to 4.4
mcg/mL and from 9.6 to 12.3 mcg/mL, respectively. In both cases, the lowest
levels occurred at the 8-hour sampling time. The mean milk:plasma ratios for
the two were 1.06 and 6.24, respectively. Disopyramide was not detected in
the infant’s serum (test sensitivity 0.45 mcg/mL), but both disopyramide and the
metabolite were found in the infant’s urine, 3.3 and 3.7 mcg/mL, respectively. A
brief 1985 report described a woman taking 100 mg five times a day
throughout pregnancy who delivered a normal female infant (6). On the 2nd
postpartum day and 2 hours after a dose, paired milk and serum sample were
obtained. The concentrations of disopyramide in the aqueous phase of the milk
and the serum were 4.0 and 10.3 µmol/L, respectively, a milk:serum ratio of



0.4. The same ratio was obtained 2 weeks later with samples drawn 3 hours
after a dose and levels of 5.0 and 11.5 µmol/L, respectively. No disopyramide
was found in the infant’s serum (limit of test accuracy 1.5 µmol/L) during the
second sampling. A woman taking 200 mg twice daily had milk and serum
samples drawn before and 3.5 hours after a dose (14). The concentrations in
the serum were 3.7 and 5.5 µmol/L, and those in the milk were 1.7 and 2.9
µmol/L, respectively. The milk:serum ratios were 0.46 before and 0.53 after the
dose. No adverse effects were noted in the nursing infants in any of the above
cases. The American Academy of Pediatrics classifies disopyramide as
compatible with breastfeeding (15).
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DISULFIRAM
Antialcoholic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The lack of teratogenicity in animals and the absence of a clustering of
similar birth defects in human pregnancies exposed to disulfiram suggest
that this drug is not a major human teratogen. Obviously, women taking
disulfiram should not drink alcohol, but this is occasionally the case
because of the findings of fetal alcohol syndrome and defects that are
suggestive of fetal alcohol exposure.

FETAL RISK SUMMARY
Disulfiram is used to prevent alcohol consumption in patients with a history of
alcohol abuse. In animals, disulfiram is embryotoxic, possibly due to copper
chelation, but it is not teratogenic (1).

No reports describing the placental transfer of disulfiram have been located.
The molecular weight (about 297) is low enough that transfer to the fetus
probably occurs.

Published reports describing the use of disulfiram in gestation involve 36
pregnancies (2–9). Eleven of the 38 exposed fetuses (two sets of twins) had
congenital defects, 6 pregnancies were terminated electively, a spontaneous
abortion occurred in 1 case, 1 was stillborn, 5 were lost to follow-up, and 14
newborns were normal. No congenital malformations were observed in
autopsies conducted on three of the elective terminations (4). The
malformations observed, some of which were or may have been related to
alcohol exposure or other causes, were as follows:

Clubfoot (two cases) (2)
Multiple anomalies with VACTERL syndrome (radial aplasia, vertebral fusion,

tracheoesophageal fistula) (twin) (3)



Phocomelia of lower extremities (one case) (3)
Microcephaly, mental retardation (possible fetal alcohol syndrome) (one

case) (5)
Pierre–Robin sequence, pulmonary atresia (one case) (6)
Cleft soft palate, short palpebral fissure (twin) (8)
Limb reduction right forearm (radius and ulna), 2 rudimentary fingers without

nails, short palpebral fissure (twin) (8)
Fetal alcohol syndrome (two cases; both mothers continued to drink) (9)
Fetal hydantoin syndrome (mother also took phenytoin) (one case) (9)

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 25 newborns had
been exposed to disulfiram during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (4.0%) major birth defect was observed (one
expected), a cardiovascular defect.

BREASTFEEDING SUMMARY
No reports describing the use of disulfiram during lactation have been located.
Because of the relatively low molecular weight (about 297), excretion into milk
should be expected. The potential effect of this exposure on a nursing infant is
unknown.
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DOBUTAMINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the animal data suggest low risk, the limited human pregnancy
experience prevents an assessment of the embryo–fetal risk.

FETAL RISK SUMMARY
Dobutamine, an inotropic agent, is structurally related to dopamine.
Reproduction studies in rats (at doses up to the normal human dose of 10
mcg/kg/min for 24 hours for a total daily dose of 14.4 mg/kg [NHD]) and rabbits
(at doses up to 2 times the NHD) did not reveal any evidence of fetal harm (1).

No reports describing the placental transfer of dobutamine or studying its
effects during human pregnancy have been located (see also Dopamine). The
relatively low molecular weight (about 301) suggests that exposure of the
embryo and fetus probably occurs. Short-term use in one patient with a
myocardial infarction at 18 weeks’ gestation was not associated with any
known fetal adverse effects (2).

In a 1996 abstract, eight women with severe preeclampsia who required
pulmonary artery catheter monitoring were given an IV infusion of dobutamine
(3). The drug was effective in improving oxygen delivery in patients with
depressed left ventricular function. No mention was made of fetal effects.

A 2009 report described a pregnant woman with dilated cardiomyopathy who
was treated with dobutamine starting at 22 weeks’ (4). She underwent a
cesarean section at 28 weeks’ and the 830-g infant was in stable condition.

BREASTFEEDING SUMMARY
No reports describing the use of dobutamine during human lactation have been
located. The relatively low molecular weight (about 301) suggests that the drug



will be excreted into breast milk. The effect of this exposure on a nursing infant
is unknown.
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DOCETAXEL
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Docetaxel, always in combination with other antineoplastics, has been
reported in eight pregnancies, two of which involved the 1st trimester but
only one during organogenesis. Both of the 1st trimester exposures had
normal infant outcomes. Mild hydrocephalus, which resolved
spontaneously, was observed in one fetus exposed in the 2nd and 3rd
trimesters; the cause is unknown. In another case, multiple anomalies were
identified before chemotherapy was started and the infant died shortly after
birth. The animal reproduction data suggest risk at doses that were a small
fraction of the human dose, but maternal toxicity also was evident. Based
on the very limited human pregnancy experience, docetaxel, if indicated,
should not be withheld because of pregnancy, but avoiding organogenesis
should be considered.

FETAL RISK SUMMARY
Docetaxel is an antineoplastic with antimitotic activity. It is in the same
antineoplastic subgroup of taxoids as cabazitaxel and paclitaxel. Docetaxel is
indicated either alone or in combination with other antineoplastics for the
treatment of breast cancer, non-small-cell lung cancer, prostate cancer, gastric
adenocarcinoma, and head and neck cancer. Plasma protein binding of the
highly lipophilic drug is about 94%, mainly to α1-acid glycoprotein, albumin, and
lipoproteins. The terminal half-life is 11.1 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses given during organogenesis, which were 1/50 and 1/300 the
daily maximum recommended human dose based on BSA, were embryotoxic
and fetotoxic, manifested as intrauterine death, increased resorption, reduced
fetal weight, and fetal ossification delay. These doses also caused maternal



toxicity (1).
Long-term studies for carcinogenic potential have not been conducted. The

drug was clastogenic in several tests but did not induce mutagenicity in assays.
No impairment of fertility was noted in rats, but decreased testicular weights
did occur. In a 10-cycle toxicity study (dosing once every 21 days for 6 months)
in rats and dogs, testicular atrophy or degeneration was observed (1).

It is not known if docetaxel crosses the human placenta. The molecular
weight (about 862), highly lipophilic nature, and the long terminal half-life
suggest that the drug will cross to the embryo–fetus. However, the plasma
protein binding might limit the transfer.

The first case of docetaxel use in pregnancy was reported in 2000 (2). A 34-
year-old woman presented at 15 weeks’ gestation with recurrent breast
cancer. Approximately 1 year before presentation, she had undergone a
modified radical mastectomy followed by chemotherapy for treatment of breast
cancer. Chemotherapy at that time had been epirubicin, cyclophosphamide,
fluorouracil, and methotrexate. At 19 weeks’, vinorelbine was given, but,
because of rapid disease progress, that agent was discontinued and docetaxel
was given every 3 weeks for 3 cycles. A planned cesarean section was
performed at 32 weeks’ that delivered a normal, 1620-g female infant with
Apgar scores of 8 and 9 presumably at 1 and 5 minutes, respectively. The
infant did well and her psychophysical development was normal at 20 months of
age.

In a 2006 report, a 35-year-old woman at 13 weeks’ gestation with breast
cancer was treated with four 21-day cycles of fluorouracil, doxorubicin, and
cyclophosphamide (3). No response was noted and at 25 weeks’ her therapy
was changed to 21-day cycles of docetaxel. She gave birth at 39 weeks to a
healthy, 3.09-kg, length 51-cm male infant with normal Apgar scores and blood
counts (3). No other information on the infant was provided.

A second 2006 report described two cases of docetaxel exposure in
pregnancy (4). In the first case, a 29-year-old woman at 12 weeks’ gestation
was diagnosed with breast cancer. Treatment with doxorubicin and
cyclophosphamide every 2 weeks for four cycles was started at 14 weeks’. At
17 weeks’, a fetal ultrasound revealed hydrocephalus (dilated lateral and third
ventricle). A modified radical mastectomy and axillary node dissection was
conducted at 24 weeks’, followed by docetaxel every 2 weeks between 26 and
32 weeks’ gestation for four cycles. At 34 weeks’, she gave birth to an infant
with mild hydrocephalus that regressed spontaneously over several months.
The child’s development at 28 months was normal (no other details of the infant



were provided). The second case involved a 38-year-old woman who was
diagnosed with breast cancer at 10 weeks’ gestation. At 14 weeks’, docetaxel
and doxorubicin every 3 weeks for six cycles was started. She developed
preeclampsia and a cesarean section was conducted at 35 weeks’ to deliver a
healthy infant with no detectable malformations. The infant was developing
normally at 9 months of age (no additional details were provided) (4).

A brief case report described a 44-year-old woman with advanced-stage
breast cancer (5). She was treated with fluorouracil, epirubicin, and
cyclophosphamide before undergoing a mastectomy before she became
pregnant. During pregnancy, she was treated with five weekly doses of
docetaxel because of symptomatic bone metastases starting at about 35
weeks’ gestation. She gave birth at 40 weeks to a normal male infant who was
doing well and developing normally at 15 months of age (5).

A 2007 case report described a 28-year-old woman with a history of radical
mastectomy, chemotherapy, and radiotherapy 1 year before pregnancy (6).
Because of metastases, she was treated with docetaxel and trastuzumab at 23
and 26 weeks’ gestation, trastuzumab alone at 27 weeks’, and docetaxel alone
at 30 weeks’. Trastuzumab was omitted at 30 weeks’ because an ultrasound
revealed anhydramnios and fetal growth at the fifth percentile. The
anhydramnios was thought to be due to trastuzumab. At 33 weeks’,
oligohydramnios was noted. An elective cesarean section was conducted at 36
weeks’ to deliver a 2.23-kg male infant with Apgar scores of 7 and 9 at 1 and 5
minutes, respectively. No evidence of positional deformations or respiratory
abnormalities from the prolonged low amniotic fluid was noted and the neonatal
urine output was normal. The development of the infant also was normal (6).

A 35-year-old woman with metastatic non-small-cell lung cancer was treated
in the 1st and 2nd trimesters with chemotherapy of an unknown pregnancy (7).
After undergoing a craniotomy to remove the metastatic tumor and whole brain
irradiation early in pregnancy, she was treated with docetaxel and cisplatin on
days 1 and 8 every 21 days for four cycles (gestational weeks 9–18). Because
of lack of response, treatment was changed to two cycles of gemcitabine and
cisplatin (gestational weeks 19 and 22). About 2 months after the last dose her
pregnancy was diagnosed. At 33 weeks’, a cesarean section delivered a
normal 1490-g female infant (normal karyotype 46,XX) with Apgar scores of 8,
9, and 10 at 1, 5, and 10 minutes, respectively, and normal blood counts. An
extensive examination of the infant failed to find any abnormalities. The infant
was developing normally at 10 months of age (7).

A 32-year-old woman underwent surgery at 20 weeks’ gestation (from in



vitro fertilization) for a ruptured ovarian cyst (8). Ovarian cancer was diagnosed
and she was given four cycles of docetaxel and cisplatin before a cesarean
section at 34 weeks. The 2245-g female infant had Apgar scores of 3 and 6 at
1 and 10 minutes, respectively. The infant died at 5 days of age from multiple
congenital anomalies that had been diagnosed before starting chemotherapy
(8).

BREASTFEEDING SUMMARY
No reports describing the use of docetaxel during human lactation have been
reported. The molecular weight (about 862), highly lipophilic nature, and the
long terminal half-life (11.1 hours) suggest that the drug will be excreted into
breast milk, although the plasma protein binding (about 94%) might limit the
excretion. The effect of this exposure on a nursing infant is unknown, but
serious toxicities (e.g., bone marrow depression, allergic reactions, nausea,
vomiting, and diarrhea) have been reported in adults and are a potential
complication. If a mother is receiving this drug, she should not breastfeed.
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DOCUSATE CALCIUM
Laxative

See Docusate Sodium.



DOCUSATE POTASSIUM
Laxative

See Docusate Sodium.



DOCUSATE SODIUM
Laxative
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of docusate sodium (DSS) with congenital
defects have been located. DSS is a common ingredient in many over-the-
counter laxative preparations.

FETAL RISK SUMMARY
In a large prospective study, 116 patients were exposed to this drug during
pregnancy (1). No evidence for an association with malformations was found.
Similarly, no evidence of fetal toxicity was noted in 35 women treated with a
combination of docusate sodium and dihydroxyanthraquinone (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 232 newborns had
been exposed to a docusate salt during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Nine (3.9%) major birth defects were observed
(nine expected), including one cardiovascular defect (two expected) and one
polydactyly (one expected). No anomalies were observed in four other
categories of defects (oral clefts, spina bifida, limb reduction defects, and
hypospadias) for which specific data were available. These data do not support
an association between the drug and congenital defects.

Chronic use of 150–250 mg/day or more of docusate sodium throughout
pregnancy was suspected of causing hypomagnesemia in a mother and her
newborn (3). At 12 hours of age, the neonate exhibited jitteriness, which
resolved spontaneously. Neonatal serum magnesium levels ranged from 0.9 to
1.1 mg/dL between 22 and 48 hours of age with a maternal level of 1.2 mg/dL
on the 3rd postpartum day. All other laboratory parameters were normal.

BREASTFEEDING SUMMARY
A combination of docusate sodium and dihydroxyanthraquinone was given to 35



postpartum women in a 1973 study (2). One infant developed diarrhea, but the
relationship between the symptom and the laxative is unknown.
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DOFETILIDE
Antiarrhythmic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of dofetilide during human pregnancy have
been located. Although the antiarrhythmic is teratogenic and toxic in
animals at exposures slightly above those expected in humans, the lack of
human data prevents an assessment of the potential embryo–fetal risk.
However, if dofetilide therapy is required in a pregnant woman, the benefits
appear to outweigh the unknown risk.

FETAL RISK SUMMARY
Dofetilide is an antiarrhythmic agent with Class III (cardiac action potential
duration prolongation) properties that is indicated for the maintenance of normal
sinus rhythm in patients with atrial fibrillation/flutter. Only about 20% of the drug
is metabolized.

In reproduction studies in mice and rats, oral doses of dofetilide equal to or
greater than 4 and 2 times, respectively, the maximum likely human exposure
based on AUC (MHE), caused sternebral and vertebral anomalies in both
species (1). In addition, an increased incidence of unossified calcaneum was
noted in mice. In rats given doses approximately equal to the MHE, an
increased incidence of unossified metacarpals and the occurrence of
hydroureter and hydronephroses were observed. When the dose was doubled
(twice the MHE) in rats, additional defects noted were cleft palate, adactyly,
levocardia, and dilation of cerebral ventricles. The no-effect adverse-effect
dose in mice was approximately equal to the MHE, whereas in rats it was
about half the MHE (1).

Dofetilide had no effect on mating and fertility in rats at doses up to three
times the MHE (1). It was also not mutagenic in various assays nor was it



carcinogenic in tests with mice and rats. Chronic administration of dofetilide did
cause testicular atrophy, decreased testicular weight, and/or epididymal
oligospermia in mice, rats, and dogs at doses greater than 3, 4, and 1.3 times,
respectively, the MHE (1).

In a 1996 study, the embryo toxicity and teratogenicity of dofetilide in rats
were shown to be gestational age related and resulted from dose-dependent
bradycardia in in vitro (rat embryo culture) and in vivo (pregnant rat)
experiments (2). In the embryo cultures, the minimum effective concentration
for significant bradycardia (22 ng/mL) was about six times the human peak
plasma concentration achieved after an oral dose of 12 mcg/kg (3.5 ng/mL)
(2). An embryo culture dose twice the minimum effective dose caused an
almost complete cessation of the heartbeat. In pregnant rats, single oral doses
of various concentrations were given on different gestational days. On
gestational day (GD) 10, a high incidence of resorptions occurred, but no
malformations except one fetus with a short tail. Defects and/or toxicity seen on
other days included GD 11 (right-sided cleft lip), GD 12 (small number of
defects; 100% lethality at highest dose), and GD 13 (most sensitive day;
hindlimb defects; resorptions at higher doses). The defects were preceded by
hemorrhage, but the investigators could not determine if the hemorrhage
caused the defect or if the hemorrhage and defect were caused by the
bradycardia-induced hypoxia (2).

It is not known if dofetilide crosses the human placenta. The molecular
weight (about 442) is low enough that transfer to the fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of dofetilide in human lactation have been
located. The molecular weight (about 442) is low enough that excretion in
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. Until the effects on a nursing infant from exposure to the drug in
milk have been clarified, women receiving this agent should probably not
breastfeed.
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DOLASETRON
Antiemetic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Summary: No reports describing the use of dolasetron during human
pregnancy have been located. Among other agents with similar
mechanisms of actions and indications (see Granisetron and Ondansetron),
only ondansetron has published human pregnancy experience. Based on
this experience and the lack of embryo–fetal toxicity in two animal species,
dolasetron appears to represent minimal, if any, risk to a human fetus.

FETAL RISK SUMMARY
Dolasetron is a specific and selective serotonin subtype 3 (5-HT3) receptor
antagonist that is used for the treatment and prevention of nausea and vomiting
in the postoperative period and after chemotherapy. The drug has no effect on
plasma prolactin levels (1).

Dolasetron had no effect on fertility and reproductive performance in female
rats at doses up to 8 times the recommended human dose based on BSA
(RHD) or in male rats at doses up to 32 times the RHD. No evidence of
impaired fertility or fetal harm was observed in pregnant rats and rabbits at oral
doses up to 8 and 16 times, respectively, the RHD (1). In 24-month
carcinogenicity studies, there was a dose-related significant increase in
combined hepatocellular adenomas and carcinomas in male mice, but not in
female mice or in male and female rats. No mutagenicity was observed in
various tests (1).

It is not known if dolasetron crosses the human placenta. The molecular
weight of the free base (about 325 for the free base) is low enough that
transfer to the fetus should be expected.



BREASTFEEDING SUMMARY
No reports describing the use of dolasetron in human lactation have been
located. The molecular weight (about 325 for the free base) is low enough that
excretion into breast milk should be expected. The effect of this exposure on a
nursing infant is unknown.

Reference
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DOMPERIDONE

[Withdrawn from the market. See 9th edition.]



DONEPEZIL
Cholinesterase Inhibitor (CNS Agent)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of donepezil in human pregnancy have been
located. Because of its indication, such reports should be rare. Moreover,
the animal data suggest that the risk to the embryo and/or fetus is low.
Therefore, inadvertent exposure to donepezil during pregnancy should not
be a reason for pregnancy termination.

FETAL RISK SUMMARY
Donepezil (known previously as E2020) is a reversible cholinesterase inhibitor
that is indicated for the treatment of mild-to-moderate dementia of the
Alzheimer’s type. Two metabolites of donepezil are known to be active. The
drug is extensively protein bound (about 96%) in the plasma, primarily to
albumin (about 75%) and α1-acid glycoprotein. The plasma elimination half-life
is about 70 hours (1,2).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
up to about 13 times the maximum recommended human dose based on BSA
(MRHD) were not teratogenic. At 8 times the MRHD given from gestational day
17 through postpartum day 20, there was a slight increase in stillbirths and a
slight decrease in pup survival through postpartum day 4. Donepezil had no
effect on rat fertility at doses up to about 8 times the MRHD. In rabbits, no
teratogenic effects were observed at a dose 16 times the MRHD (1,2).

It is not known if donepezil or its active metabolites cross the human
placenta. The molecular weight of the parent compound (about 416) and its
long plasma elimination half-life suggest that the drug will cross to the embryo–
fetus, but the extensive protein binding will limit this transfer.



BREASTFEEDING SUMMARY
No reports describing the use of donepezil during human lactation have been
located. Because of its indication, such reports should be rare. Donepezil has
two active metabolites. The molecular weight of the parent compound (about
416) and its long plasma elimination half-life (about 70 hours) suggest that
donepezil, and possible the active metabolites, will be excreted into breast milk.
The extensive protein binding (about 96%), however, should limit this excretion.
The effects of this exposure on a nursing infant are unknown.
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DOPAMINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo-Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Experience with dopamine in human pregnancy is limited. No reports of
embryo–fetal harm have been located. Since dopamine is indicated only for
life-threatening situations, chronic use would not be expected.

FETAL RISK SUMMARY
Animal studies have shown both increases and decreases in uterine blood flow
(1,2). In a study in pregnant baboons, dopamine infusion increased uterine
vascular resistance and thus impaired uteroplacental perfusion (1). Because of
this effect, the investigators concluded that the drug should not be used in
patients with severe preeclampsia or eclampsia (1).

However, although human studies on uterine perfusion have not been
conducted, the use in women with severe toxemia has not been associated with
fetal harm. The drug has been used to prevent or treat renal failure in 10
oliguric or anuric eclamptic patients by reestablishing diuresis (3,4).

In another study of six women with severe preeclampsia and oliguria, low-
dose dopamine infusion produced a significant rise in urine and cardiac output
(5). No significant changes in blood pressure, central venous pressure, or
pulmonary capillary wedge pressure occurred. In another case, low-dose
dopamine was successful in treating oliguria due to severe maternal pulmonary
hypertension (6).

Dopamine has been used to treat hypotension in 26 patients undergoing
cesarean section (2). No adverse effects attributable to dopamine were
observed in the fetuses or newborns of the mothers in these studies.

BREASTFEEDING SUMMARY



No reports describing the use of dopamine during lactation have been located.
Because it is only indicated for life-threatening situations, it is doubtful if such
reports will occur.
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DORIPENEM
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of doripenem in human pregnancy have been
located. In two animal species, the low exposures were not associated
with teratogenicity or other developmental toxicity. Moreover, there is no
evidence that β-lactam antibiotics (e.g., penicillins and cephalosporins)
cause developmental toxicity in humans at therapeutic doses. Therefore, if
the maternal condition requires the use of doripenem, the antibiotic should
not be withheld because of pregnancy.

FETAL RISK SUMMARY
Doripenem, an antibiotic that is structurally related to β-lactam antibiotics, has
activity against aerobic and anaerobic gram-positive and gram-negative
bacteria. It is given as an IV infusion. It was approved by the FDA in 2007.
Doripenem is classified as a carbapenem in the same class as ertapenem,
imipenem–cilastatin, and meropenem. Both plasma protein binding (about
8.1%) and metabolism (about 18%) are low. The mean terminal plasma
elimination half-life is about 1 hour (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, IV doses producing exposures that were at least 2.4 and 0.8 times,
respectively, the human exposure based on AUC from a 500-mg dose every 8
hours (HE) were not teratogenic and did not produce effects on ossification,
developmental delays, or fetal weight (1).

It is not known if doripenem crosses the human placenta. The molecular
weight (about 421), low metabolism, and minimal plasma protein binding
suggest that exposure of the embryo–fetus probably occurs, but the short
elimination half-life should limit the amount of exposure.



BREASTFEEDING SUMMARY
No reports describing the use of doripenem during human lactation have been
located. It is not known if doripenem is excreted into breast milk. The molecular
weight (about 421), low metabolism (18%), and minimal plasma protein binding
(about 8.1%) suggest that it will be excreted into milk. However, the short
elimination half-life (about 1 hour) should limit the amount of exposure. The
effect on a nursing infant from this exposure is unknown but of doubtful clinical
significance. Most antibiotics are excreted into breast milk in low
concentrations, and adverse effects are rare. Potential problems for the nursing
infant are modification of bowel flora, direct effects on the infant (e.g., allergic
response), and interference with the interpretation of culture results if a fever
workup is required.
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DORNASE ALFA
Respiratory Agent (Mucolytic)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of dornase alfa in human pregnancy have
been located. The animal data suggest low risk for developmental toxicity.
Moreover, inhalation of dornase alfa does not result in higher
concentrations of endogenous DNase in the maternal circulation. These
data suggest that the risk of using dornase alfa during pregnancy is
negligible.

FETAL RISK SUMMARY
Dornase alfa is recombinant human deoxyribonuclease I (rhDNase), an enzyme
that selectively cleaves DNA. Dornase alfa is produced from Chinese hamster
ovary cells. It is a glycoprotein containing 260 amino acids with a molecular
weight of about 37,000. The primary amino acid sequence is identical to that of
the native human enzyme. Dornase alfa is administered by inhalation of an
aerosol mist to improve pulmonary function in the management of cystic fibrosis
patients (1).

Reproduction studies have been conducted in rats and rabbits. There was no
evidence of impaired fertility, fetal harm, or effects on development with IV
doses that were >600 times the systemic exposures expected with the
recommended human dose (1).

It is not known if dornase alfa crosses the human placenta. Cynomolgus
monkeys were given IV dornase alfa at term in a study to determine if the
enzyme crosses the monkey placenta (2). Consistent with the high molecular
weight, dornase alfa was not detected in either the fetus or the amniotic fluid.
Native human DNase is an endogenous enzyme in the maternal circulation. In
humans, inhaled dornase alfa does not produce serum levels of DNase



significantly higher than normal endogenous levels, and no accumulation has
been noted after prolonged use (1). Because the monkey and human placentas
are similar (both are hemomonochorial), the absence of transfer in the former
suggests that the agent is not transferred to the fetal compartment in the latter.

BREASTFEEDING SUMMARY
No reports describing the use of dornase alfa during lactation have been
located. Inhaled dornase alfa does not result in a significant increase in the
serum concentrations of endogenous DNase. Therefore, it would not be
expected in the milk (1). Because the enzyme is a natural constituent of the
mother’s circulation, the risk to a nursing infant from the mother’s use of
dornase alfa is negligible.
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[Withdrawn from the market. See 9th edition.]



DOXAPRAM
Central Stimulant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of doxapram in human pregnancy have been
located. The animal data are limited but do not suggest a major risk for the
embryo and/or fetus. Moreover, although the elimination half-life of the drug
is unknown, the duration of effect is very short and the agent is extensively
metabolized. Thus, the embryo and/or fetal exposure are probably limited
except when continuous infusions are administered. The commercial
product contains 0.9% benzyl alcohol as a preservative. Since benzyl
alcohol can cross the placenta, the use of doxapram near term, especially
continuous infusions, should be avoided because of the potential for toxicity
in the newborn. However, if indicated, the maternal benefit from single
injections of doxapram at any time in pregnancy appears to outweigh the
unknown embryo–fetal risk.

FETAL RISK SUMMARY
Doxapram is a short-acting respiratory stimulant. It is administered IV to
stimulate respiration in acute situations such as postanesthesia, mild-to-
moderate respiratory and central nervous system depression due to drug
overdosage, and hypercapnia in patients with chronic obstructive pulmonary
disease. The duration of effect varies from 5 to 12 minutes (1). Doxapram is
extensively metabolized by the liver after IV injection (2).

Reproduction studies have been conducted in mice and rats. In rats, doses
up to 1.6 times the human dose revealed no evidence of impaired fertility or
fetal harm. The dose, assumed to be based on weight, was given by the IM
and oral routes, but the human dose (either a single dose of 1–2 mg/kg, or an
IV infusion of 1–3 mg/kg/hr) are given IV (1). In another study, no teratogenicity



was observed in rats (3). In pregnant mice, a dose of 144 mg/kg/day was
given intraperitoneal during organogenesis (4). No gross defects were
observed, but fetal death and growth restriction were noted. In addition, minor
skeletal defects occurred in the fetuses of one pregnancy (4).

Doxapram crosses the sheep placenta and stimulates fetal breathing (5).
Doxapram was infused into a maternal vein over 2–5 minutes and peak fetal
plasma levels occurred between 0.08 and 0.17 hours after the start of the
infusion. The increase in fetal breathing, up to about 41% during the infusion,
was dose related (5).

It is not known if doxapram crosses the human placenta. The drug does
cross the placenta in dogs (1) and sheep (5). The molecular weight of the free
base (about 379) is low enough for transfer, but the very short duration of
action suggests that limited amounts will be available at the maternal:fetal
interface after single injections. However, continuous infusions of doxapram
probably allows for placental passage to the embryo–fetus.

In an in vitro study, doxapram was shown to undergo substantial metabolism
by the human fetal liver (6). The fetal livers were obtained from elective
abortions conducted at 10–20 weeks’ gestation.

BREASTFEEDING SUMMARY
No reports describing the use of doxapram during human lactation have been
located. In addition, the indications for the drug suggest that such reports will
be rare. However, doxapram has been given to newborns at risk for respiratory
depression when narcotic analgesics or general anesthetics were used during
delivery (7). No adverse effects attributable to doxapram were observed. The
molecular weight of the free base (about 379) suggests that the drug will be
excreted into breast milk. The maternal plasma elimination half-life is unknown,
but the relatively short duration of effect combined with the extensive hepatic
metabolism, probably indicates a short half-life, at least for the parent
compound. Of note though, doxapram is a basic drug and accumulation in the
relatively acidic breast milk by ion trapping is a potential concern, especially if
continuous infusions are used. An additional concern involves benzyl alcohol, the
preservative used in the commercial preparation that is known to be toxic in
newborns.
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DOXAZOSIN
Sympatholytic (Antiadrenergic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report describing the use of doxazosin in human pregnancy has been
located.

FETAL RISK SUMMARY
Doxazosin is a peripherally acting α1-adrenergic blocking agent used in the
treatment of hypertension.

No adverse fetal effects were observed when pregnant rats and rabbits were
given oral doses 4 and 10 times the human serum levels achieved with a 12
mg/day therapeutic dose (HD), respectively. However, reduced fetal survival
occurred in rabbits dosed at 20 times the HD and delayed postnatal
development was observed in rat pups whose mothers were given doses 8
times the HD during the perinatal and postnatal periods. Doxazosin crosses the
placenta in rats (1).

It is not known if doxazosin crosses the human placenta. The molecular
weight (about 548) suggests that the drug will cross to the embryo and/or
fetus.

In a 2012 report, a 36-year-old pregnant woman developed
pheochromocytoma at 26 weeks’ (2). She was initially treated with proroxan
(an alpha adrenergic blocker not available in the United States) (15 mg three
times daily). Eleven days after treatment started, her condition worsened and
doxazosin (dose not specified), a calcium channel blocker (name and dose not
specified), and an ACE inhibitor (name and dose not specified) were added.
The four-drug combination was continued until a cesarean section was
performed at 30 4/7 weeks’ gestation to deliver a 1.700-kg male infant. A
simultaneous laparatomic right-sided adrenalectomy also was performed.



Apgar scores were 6 and 8 at 1 and 5 minutes, respectively. No further details
on the premature infant were provided. The woman underwent a hysterectomy
for placenta increta (2).

BREASTFEEDING SUMMARY
No reports describing the use of doxazosin during human lactation have been
located.
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DOXEPIN
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Doxepin was not teratogenic in four animal species. One large database
reported a possible association with birth defects, but no confirming reports
have been located. In general, tricyclic antidepressants are not thought to
cause structural anomalies.

FETAL RISK SUMMARY
Doxepin is a tricyclic antidepressant in the same class as amitriptyline,
clomipramine, imipramine, and trimipramine. It was not teratogenic in rats,
rabbits, monkeys, and dogs (1–3). At the highest doses used, however, an
increase in neonatal death was observed in rats and rabbits (1,2). Because of
the relatively low molecular weight (280 for the free base), placental transfer of
the drug to the fetus should be expected.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 118 newborns had
been exposed to doxepin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 12 (10.2%) major birth defects were
observed (4.5 expected), including (observed/expected) cardiovascular defects
(2/1), oral clefts (2/0.2), and polydactyly (2/0.3). No anomalies were observed
in three other categories of malformations (spina bifida, limb reduction defects,
and hypospadias) for which specific data were available. The total number of
major birth defects and the cases of polydactyly are suggestive of an
association, but other factors, including concurrent drug use and chance, may
be involved.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (4). Multiple drug therapy occurred in



about two-thirds of the mothers. Doxepin was used in 14 pregnancies. The
outcomes of these pregnancies were four elective abortions, one spontaneous
abortion, one stillbirth, and eight normal newborns.

Paralytic ileus has been observed in an infant exposed to doxepin at term (5).
The condition was thought to be primarily due to chlorpromazine, but the
authors speculated that the anticholinergic effects of doxepin worked
synergistically with the phenothiazine.

A 2002 prospective study compared two groups of mother–child pairs
exposed to antidepressants throughout gestation, 46 exposed to tricyclics (2 to
doxepin) and 40 exposed to fluoxetine, with 36 nonexposed, nondepressed
controls (6). Offspring were studied between the ages 15 and 71 months for
effects of antidepressant exposure in terms of IQ, language, behavior, and
temperament. Exposure to antidepressants did not adversely affect the
measured parameters, but IQ was significantly and negatively associated with
the duration of depression, and language was negatively associated with the
number of depression episodes after delivery (6).

BREASTFEEDING SUMMARY
Doxepin and its active metabolite, N-desmethyldoxepin, are excreted into
breast milk (7–9). A 36-year-old woman was treated with doxepin, 10 mg daily,
for approximately 5 weeks starting 2 weeks after the birth of her daughter (7).
The dose was increased to 25 mg 3 times daily 4 days before the wholly
breastfed 8-week-old infant was found pale, limp, and near respiratory arrest.
Although drowsiness and shallow respirations continued on admission to the
hospital, the baby made a rapid recovery and was normal in 24 hours. A peak
milk concentration of doxepin, 29 ng/mL, was measured 4–5 hours after a
dose, whereas two levels obtained just prior to a dose (12 hours after the last
dose in each case) were 7 and 10 ng/mL, respectively. Milk concentrations of
the metabolite ranged from “not detectable” (lower limit of detection 7 ng/mL)
to 11 ng/mL. The averages of nine determinations for doxepin and the
metabolite in the milk were 18 and 9 ng/mL, respectively. Maternal serum
doxepin and N-desmethyldoxepin levels ranged from trace to 21 ng/mL
(average 15 ng/mL) and 33 to 66 ng/mL (average 57 ng/mL), respectively. The
milk:serum ratio for doxepin on two determinations was 0.9, whereas ratios for
the metabolite were 0.12 and 0.17. Doxepin was almost undetectable
(estimated to be 3 ng/mL) in the infant’s serum, but the levels of the metabolite
on two occasions were 58 and 66 ng/mL, demonstrating marked accumulation
in the infant’s serum. The initial infant urine sample contained 39 ng/mL of the



metabolite (7).
A 26-year-old woman, 30 days postpartum, was treated with doxepin (150

mg/day) (8). Blood samples were obtained a mean 18 hours after a dose on
days 7, 14, 22, 28, 36, 43, 50, and 99 days of treatment. On the same days
that blood specimens were drawn, milk samples were collected at the start of
feeding (17.2 hours after the last dose) and at the end of feeding (17.7 hours
after the last dose). Plasma concentrations of doxepin varied between 35 and
68 ng/mL, with a mean value of 46 ng/mL. Levels for the metabolite, N-
desmethyldoxepin, ranged from 65 to 131 ng/mL, with a mean of 90 ng/mL.
Mean pre- and postfeed milk:plasma ratios for doxepin were 1.08 (range 0.51–
1.44) and 1.66 (range 0.79–2.39), respectively, and for the metabolite, 1.02
(range 0.54–1.45) and 1.53 (range 0.85–2.35), respectively. A plasma sample
drawn from the infant on day 43 showed no detectable doxepin (sensitivity 5
ng/mL) and 15 ng/mL of the metabolite. No adverse effects of the exposure to
doxepin were observed in the infant (8).

Muscle hypotonia, drowsiness, poor sucking and swallowing, and vomiting
were reported in a 9-day-old breastfed, 2950-g male baby whose mother was
taking doxepin 35 mg/day (9). The mother had started doxepin in the 3rd
trimester and continued it postpartum. The normal, full-term, 3030-g infant had
Apgar scores of 10 and 10 at 1 and 5 minutes, respectively. Breastfeeding
began 8 hours after birth. Hyperbilirubinemia (indirect bilirubin 17 mg/dL) was
diagnosed at age 3 days. He was discharged at age 5 days with a bilirubin of 9
mg/dL and a weight of 3100 g. At presentation 9 days after birth, jaundice was
again present (indirect bilirubin 18 mg/dL) and was treated with 24 hours of
phototherapy. The concentrations of doxepin and metabolite in the infant’s
serum at 11 days of age, 2 hours after breastfeeding, were about 10 ng/mL
and <10 ng/mL, respectively. The milk:plasma ratio, 13–15 hours after the last
dose, was estimated to be 1.0–1.7 (doxepin plus metabolite). The calculated
infant dose, based on 150–200 mL milk/kg/day, was 10–20 mcg/kg/day, or
about 2.5% of the weight-adjusted maternal dose. Breastfeeding was stopped
at age 14 days because of persistent drowsiness and vomiting and, about 24
hours later, his symptoms resolved. He was asymptomatic when discharged
home 2 days later (9).

Adverse effects were observed in two of the three cases cited above and
were potentially lethal to one infant. Based on these reports, doxepin should be
avoided during lactation. The American Academy of Pediatrics classifies
doxepin as an agent whose effect on the nursing infant is unknown but may be
of concern (10).
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DOXORUBICIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Doxorubicin caused structural anomalies and death in two animal species,
and has been associated with similar outcomes in humans after exposure
during organogenesis. Exposure during the 1st trimester should be avoided.
[See Rituximab for additional data.]

FETAL RISK SUMMARY
Doxorubicin is an antineoplastic agent used for the treatment of various types
of cancer. It is in the same antineoplastic subclass of anthracyclines as
daunorubicin, epirubicin, idarubicin, and valrubicin. The drug is embryotoxic and
teratogenic in rats and embryotoxic and abortifacient in rabbits (1).

Several reports have described the use of doxorubicin in pregnancy, including
three during the 1st trimester (2–21). One of the fetuses exposed during the
1st trimester to doxorubicin, cyclophosphamide, and unshielded radiation was
born with an imperforate anus and rectovaginal fistula (15). At about 3 months
of age, the infant was small with a head circumference of 46 cm (<5th
percentile) but was doing well after two corrective surgeries (15). A 1983
report described the use of doxorubicin and other antineoplastic agents in two
pregnancies, one of which ended in fetal death 36 hours after treatment had
begun (18). Other than maceration, no other fetal abnormalities were observed.
The investigators could not determine the exact cause of the outcome but
concluded that the chemotherapy was probably not responsible. The only other
complication observed in exposed infants was transient polycythemia and
hyperbilirubinemia in one subject. Infants who have been evaluated have shown
normal growth and development.

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (18).
The first cycle of chemotherapy occurred at a mean gestational age of 26



weeks with delivery occurring at a mean 34.7 weeks. A total of 38 cycles were
administered during pregnancy with a median of two cycles per woman. None
of the women received radiation therapy during pregnancy. The pregnancy
outcomes included two spontaneous abortions (both exposed in the 1st
trimester), one intrauterine death (exposed in the 2nd trimester), and 17 live
births, one of whom died at 8 days of age without apparent cause. The 16
surviving children were developing normally at a mean follow-up of 42.3 months
(18). Doxorubicin (D), in combination with cyclophosphamide (C), fluorouracil
(F), or vincristine (V), was administered to four of the women at a mean dose
of 68.7 mg/m2 (range 50–100 mg/m2). The outcomes were four surviving
liveborn infants (two exposed to DCF and one each to DF and DV in the 2nd or
3rd trimesters).

Three studies have investigated the placental passage of doxorubicin
(2,19,20). In one, the drug was not detected in the amniotic fluid at 20 weeks’
gestation, which suggested that the drug was not transferred in measurable
amounts to the fetus (2). Placental transfer was demonstrated in a 17-week-
old aborted fetus, however, using high-performance liquid chromatography
(HPLC) (20). High concentrations were found in fetal liver, kidney, and lung.
The drug was not detected in amniotic fluid (<1.66 ng/mL), brain, intestine, or
gastrocnemius muscle. A third study examined the placental passage of
doxorubicin in two pregnancies, one resulting in the birth of a healthy infant at
34 weeks’ gestation and one ending with a stillborn fetus at 31 weeks’
gestation (19). Using HPLC, doxorubicin was demonstrated in the first case, 48
hours after a 45-mg/m2 dose (total cumulative dose, 214 mg/m2), on both sides
of the placenta and in the umbilical cord but not in cord blood plasma. In the
stillborn, doxorubicin was not detected in any fetal tissue, 36 hours after a
single dose of 45 mg/m2. However, a substance was detected in all fetal
tissues analyzed that the investigators concluded may have represented an
unknown doxorubicin metabolite (19).

In a 2004 case report, a 17-year-old woman at 22 weeks’ gestation was
diagnosed with an extraskeletal Ewing’s sarcoma (21). She was treated with
doxorubicin 50 mg/m2 by 48-hour continuous infusion and ifosfamide 2 g/m2 as
a single injection, both given at 25, 28, and 30 weeks’. Mild fetal growth
restriction was noted from the 29th week of gestation. An elective cesarean
section delivered a 1.245-kg male infant with Apgar scores of 7 and 9 at 1 and
5 minutes, respectively. Based on weight and length (38 cm), the infant was
small for gestational age. The infant had no congenital anomalies and no
respiratory distress syndrome, but did have mild hyperbilirubinemia. He was



growing well at 8 months of age (21).
A 2006 case report described the pregnancy outcome of a 21-year-old

woman with Burkitt’s lymphoma who was treated with intensive chemotherapy
(22). Beginning at 26 weeks’, she was treated with two cycles of
chemotherapy that included ifosfamide, cyclophosphamide, vincristine,
doxorubicin, cytarabine, etoposide, cytarabine, and mesna. At 32 weeks’, a
cesarean section delivered a 1.731-kg male infant with Apgar scores of 8 and 9
at 1 and 5 minutes, respectively. His weight, length, and head circumference
were within normal limits for gestational age. No anomalies were noted but
respiratory distress was evident. At 9 months of age, his weight was 6.36 kg.
He had mild delayed motor skills that were thought to result from his premature
birth. Otherwise he was healthy (22).

Long-term studies of growth and mental development of offspring exposed to
doxorubicin and other antineoplastic agents in the 2nd trimester, the period of
neuroblast multiplication, have not been conducted (23).

Doxorubicin may cause reversible testicular dysfunction (24,25). Similarly,
normal pregnancies have occurred in women treated before conception with
doxorubicin (26). In 436 long-term survivors treated with chemotherapy for
gestational trophoblastic tumors between 1958 and 1978, 33 (8%) received
doxorubicin as part of their treatment regimens (26). Of the 33 women, five
(15%) had at least one live birth (data given in parentheses refer to
mean/maximum doxorubicin dose in milligrams) (100/100), two (6%) had no live
births (150/200), one (3%) failed to conceive (100/100), and 25 (76%) did not
try to conceive (140/400). Additional details, including congenital anomalies
observed, are described in the monograph for methotrexate (see
Methotrexate).

The long-term effects of combination chemotherapy on menstrual and
reproductive function have been described in a 1988 report (27). Only one of
the 40 women treated for malignant ovarian germ cell tumors received
doxorubicin. The results of this study are discussed in the monograph for
cyclophosphamide (see Cyclophosphamide).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents, including doxorubicin, are presented in the
monograph for cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY



Doxorubicin is excreted into human milk. A 31-year-old woman, 7 months
postpartum, was given doxorubicin (70 mg/m2), infused over 15 minutes, for the
treatment of ovarian cancer (28). Both doxorubicin and the metabolite,
doxorubicinol, were detected in the plasma and the milk. Peak concentrations
of the two substances in the plasma occurred at the first sampling time (0.5
hour) and were 805 and 82 ng/mL, respectively. In the milk, the peak
concentrations occurred at 24 hours with levels of 128 and 111 ng/mL,
respectively. The AUC of the parent compound and metabolite in the plasma
were 8.3 and 1.7 µmol/L × hours, respectively, while the AUC in the milk were
9.9 and 16.5 µmol/L × hours, respectively. The highest milk:plasma ratio, 4.43,
was measured at 24 hours. Although milk concentrations often exceeded those
in the plasma, the total amount of active drug available in the milk was only
0.24 mcg/mL (28). If the infant consumed 150 mL/kg/day, the estimated dose
would be 0.036 mg/kg/day

Although the above amounts might be considered negligible, the American
Academy of Pediatrics classifies doxorubicin as a drug that may interfere with
the cellular metabolism of the nursing infant (29).
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DOXYCYCLINE
Antibiotic (Tetracycline)
PREGNANCY RECOMMENDATION: Contraindicated in 2nd and 3rd
Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

See Tetracycline.

BREASTFEEDING SUMMARY
Doxycycline is excreted into breast milk. Oral doxycycline, 200 mg, followed
after 24 hours by 100 mg, was given to 15 nursing mothers (1). Milk:plasma
ratios determined at 3 and 24 hours after the second dose were 0.3 and 0.4,
respectively. Mean milk concentrations were 0.77 and 0.38 mcg/mL.

Theoretically, dental staining and inhibition of bone growth could occur in
breastfed infants whose mothers were consuming doxycycline. However, this
theoretical possibility seems remote, because in infants exposed to a closely
related antibiotic, tetracycline, serum levels were undetectable (less than 0.05
mcg/mL) (2).

The American Academy of Pediatrics classifies tetracycline as compatible
with breastfeeding (3). Three potential problems may exist for the nursing infant
even though there are no reports in this regard: modification of bowel flora,
direct effects on the infant, and interference with the interpretation of culture
results if a fever workup is required.
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DOXYLAMINE
Antihistamine/Antiemetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The preponderance of data supports the assessment that the fixed
combination of doxylamine–pyridoxine is safe in human pregnancy, including
the 1st trimester. Positive associations with congenital malformations have
been observed but probably reflect outcomes that have occurred by
chance or are the consequences of nausea and vomiting itself. Moreover,
these reports do not consistently describe a specific syndrome or group of
malformations. Therefore, pregnant women who request medication for
nausea and vomiting can be offered this drug combination, but, as with any
treatment during pregnancy, the available evidence should be reviewed with
them to obtain their informed consent before initiating therapy.

FETAL RISK SUMMARY
Doxylamine, an antihistamine of the ethanolamine class, is approved for use as
a sedative, either alone or in combination with other agents in cough and cold
preparations. It is not used in the United States for the symptomatic relief of
hypersensitivity reactions, most likely because of its pronounced sedative
effects.

The antihistamine was a component of the proprietary product, Bendectin,
which contained equal concentrations of doxylamine, pyridoxine (vitamin B6),
and dicyclomine (an antispasmodic). Bendectin was marketed in 1956 for the
prevention and treatment of nausea and vomiting during pregnancy. The
product was reformulated in 1976 to eliminate dicyclomine because that
component was not found to contribute to the antiemetic effectiveness. A
similar Canadian two-drug formulation (doxylamine and pyridoxine), Diclectin,
was marketed in 1978. More than 30 million women have taken this product
during pregnancy, making it one of the most heavily prescribed drugs for this



condition. The US manufacturer ceased producing the drug combination in 1983
because of litigation and adverse media coverage over its alleged association
with congenital limb defects. The fixed two-drug combination, although no
longer available in the United States, continues to be produced in Canada and
the individual components are marketed worldwide by various manufacturers.

Six studies in rodents and nonhuman primates have not observed teratogenic
effects with Bendectin or its components (1–6), but dose-related toxicity was
observed in three studies. In a 1968 publication, the reproductive effects of
dicyclomine, doxylamine, and Bendectin (the three-drug combination of
doxylamine [10 mg], dicyclomine [10 mg], and pyridoxine [10 mg]) in rats and
rabbits were reported (1). Dicyclomine and doxylamine were given as pure
compounds, whereas Bendectin was administered as pulverized tablets. In
rats, dicyclomine and doxylamine (10–100 mg/kg/day) (15–150 times the
maximum recommended human dose [four tablets] for a 60-kg human [MRHD])
were given orally for 80 days or more before pregnancy and continued during
one (dicyclomine) or two (doxylamine) successive liters. The Bendectin group
received 3–60 mg/kg/day (5–90 times the MRHD) orally beginning on the first
day of gestation and continued throughout the remainder of the study. First-
generation male and female offspring from the control and 60 mg/kg/day
groups were then bred (nonsibling matings) and their progeny examined.
Compared with nonexposed controls, no increase in congenital malformations
or other adverse effects were noted in the pregnancy outcomes of the three
drug groups. The one exception appeared to be a small dose-related decrease
in fetal weight that was observed in the dicyclomine and doxylamine groups.
Pregnant rabbits were administered 10–100 mg/kg/day (15–150 times the
MRHD) orally of dicyclomine or doxylamine, or 3–30 mg/kg/day (5–45 times the
MRHD) orally of Bendectin on days 9 through 16 of gestation (1). Similar to the
study with rats, no adverse effects in pregnancy outcomes were noted when
compared with controls except when toxic (100 mg/kg/day) doses were used in
the pure drug groups (1).

A 1993 reference studied the effects of three antiemetic histamine H1
antagonists, doxylamine, chlorcyclizine, and promethazine, on the skeletons of
rat fetuses exposed during organogenesis (days 7–13) (2). Doxylamine was
given orally at doses of 500 and 750 mg/kg (750 and 1125 times the MRHD).
Compared with controls, a dose-dependent loss of skeletal integrity and
marked fragility occurred with each antihistamine (2). The investigators
concluded that the fragility was due to a defect in joint development rather than
to intrauterine growth restriction.



No increase in malformations was observed in rats given Bendectin (two-drug
combination) during organogenesis in doses of 0, 200, 500, and 800 mg/kg/day
(3). Both maternal and fetal toxicity were evident at the two highest doses. The
developmental toxicity observed was reduced prenatal viability (800 mg/kg/day)
and reduced fetal body weight/litter (500 and 800 mg/kg/day).

Three of the reproduction studies involved nonhuman primates (4–6). In an
unpublished study, rhesus monkeys were given a dose of 7 mg/kg/day (10
times the MRHD) without producing malformations (4). A second study,
published in 1985, administered pulverized Bendectin (10 mg doxylamine plus
10 mg pyridoxine) to pregnant cynomolgus monkeys, rhesus monkeys, and
baboons (5). A commercial preparation of doxylamine (Decapryn) was used in
some baboons to reduce the total amount of drug if they would not take
Bendectin. Nonexposed controls were used in each species. Most animals
received the study drugs daily from gestation day 22–50, the major period of
organogenesis (5). Cynomolgus and rhesus monkeys were given doses 10–40
times the MRHD, whereas baboons received doses 1–10 times the MRHD of
Bendectin or 10 times the MRHD of doxylamine. A few cynomolgus monkeys
(short-term exposure group) received Bendectin doses 20 times the MRHD for
4 consecutive days on gestation days 22–25, 26–29, 30–33, 34–37, or 38–41.
Some of the long-term exposure monkey groups, all of the short-term exposure
groups, and all of the baboon fetuses were removed by hysterotomy prenatally
at day 100 of gestation. The remaining monkey fetuses were delivered at term
(150–160 days). In the offspring examined prenatally, the incidence of
ventricular septal defect (VSD) was 40% (6 of 15) in cynomolgus monkeys, 0%
(0 of 8) in cynomolgus monkey short-term exposure groups, 18% (2 of 11) in
rhesus monkeys, 23% (3 of 13) in Bendectin-exposed baboons, and 20% (1 of
5) in doxylamine-exposed baboons. The VSD was restricted to the muscular
portion of the septum in 91% (11 of 12). No other defects were observed in the
monkeys and no dose response was evident among the long-term-treated
groups. In addition to the VSD, one baboon fetus (drug group not specified)
had exophthalmia, micrognathia, reduction of first and fifth digits on both hands,
facial hemangioma, and ambiguous genitalia, and was small for gestational
age. The cause of the multiple defects was unknown, but a genetic basis for
the anomalies could not be excluded. (Karyotyping was not available at that
time.) (5). At term, no cases of VSD were found in nine cynomolgus and four
rhesus monkey offspring, but one cynomolgus monkey had a mitral valve
defect. Data from the author’s laboratory indicated a very low incidence of
spontaneous VSD in the three species: 0.3% (1 of 297) cynomolgus monkeys;



0% (0 of 1692) rhesus monkeys; 1.6% (1 of 61) baboons (5). The authors
concluded, therefore, that the results suggested a delay in closure of the
ventricular septum but that closure would occur before birth (5).

In the second part of the above investigation, daily Bendectin (doxylamine
plus pyridoxine) doses 2, 5, and 20 times the MRHD were administered double-
blind to cynomolgus monkeys (N = 69) from gestational days 22 through 50 (6).
A control group (N = 21) received placebo tablets containing inert excipients
and coatings similar to those in Bendectin. The doses for the four groups (three
active, one placebo) were prepared by the manufacturer, and their identity was
unknown to the researchers. Delivery occurred at term (approximately 155
days of gestation). No congenital malformations were noted, and no evidence
of embryo, fetal, or maternal toxicity was observed.

More than 160 cases of congenital defects have been reported in the
literature or to the FDA as either “Bendectin-induced” or associated with use of
the drug in the 1st trimester (7–12). Defects observed included skeletal, limb,
and cardiac anomalies as well as cleft lip or palate. A 1983 study found an
association between Debendox (three-drug formulation) and clefts of the lip,
palate, or both, although the authors stated that the association may have been
due to chance alone (13).

In a 1989 study, the association between maternal use of marijuana and
childhood acute nonlymphoblastic leukemia (ANLL) was investigated (see
Marijuana) (14). An incidental finding was that the relative risk (RR) for ANLL in
offspring of case mothers who used antinauseant medication was 1.75 (95%
confidence interval [CI] 0.98–3.20) (p = 0.06). A statistically significant dose–
response relationship was observed when the RR increased to 2.81 if the use
of antinauseant medication continued for more than 10 weeks. Although not all
of the mothers used Bendectin, most of them specifically named the product
(14). However, several factors make a causal relationship between Bendectin
and ANLL unlikely, including the possibility of recall bias between cases and
controls, the absence of biological plausibility, the likelier possibility that the
leukemia was induced by other toxins (e.g., marijuana, herbicides, or
pesticides), and the lack of other reports of such an association.

A possible association between doxylamine–pyridoxine and diaphragmatic
hernia was reported in 1983 and was assumed to reflect earlier findings of a
large prospective study (12). Authors of the latter study, however, cautioned
that their results could not be interpreted, even when apparently strong
associations existed, without independent confirmation (15,16). In a large
case–control study, infants exposed to the combination in utero had a slightly



greater RR of 1.40 for congenital defects (17). The risk was more than doubled
(RR 2.91) if the mother also smoked. An increased risk for heart valve
anomalies (RR 2.99) was also found. A minimal relationship was found
between congenital heart disease and doxylamine (Bendectin) use in early
pregnancy in another 1985 report comparing 298 cases with 738 controls (18).
The authors went to great efforts to establish that their drug histories were
accurate. Their findings provided evidence that if an association existed, it was
very small.

In one of the above studies, an association was discovered between
Bendectin and pyloric stenosis (RR 4.33–5.24), representing about a 4-fold
increase in risk for this anomaly (17). Similarly, the Boston Collaborative Drug
Surveillance Programs reported preliminary findings to the FDA indicating a 2.7-
fold increase in risk (19). A 1983 case–control study, however, found no
association between Bendectin use and the anomaly (20). In evaluating these
three reports, the FDA considered them the best available information on the
topic but concluded that no definite causal relationship had been shown
between Bendectin and pyloric stenosis (19). In addition, the FDA commented
that even if there were evidence for an association between the drug and the
defect, it did not necessarily constitute evidence of a causal relationship since
the nausea and vomiting themselves, or the underlying disease causing the
condition, could be responsible for the increased risk (19). A 1984 study, which
was not included in the above FDA evaluation, found a possible association with
pyloric stenosis but could not eliminate the possibility that it was due to other
factors (21). Compared with a control group, the odds ratio (OR) for pyloric
stenosis in the offspring of mothers using Bendectin was 2.5 (95% CI 1.2–5.2).
However, the authors stated that a conclusion supporting a causal association
was not warranted because of the absence of a plausible biologic basis for the
defect and conflicting results from other studies (21). Of interest, the Birth
Defects Encyclopedia describes the etiology of pyloric stenosis (i.e., congenital
hypertrophic pyloric stenosis) as probably polygenic and sex-modified, with an
occurrence rate of 1/250 births (1200 males; 1/1000 females) (22).

The evidence indicating that doxylamine–pyridoxine is safe in pregnancy is
impressive. A number of large studies, many reviewed in a 1983 article (23),
have discovered no relationship between the drug combination and birth weight
or length, head circumference, gestational age, congenital malformations, or
other adverse fetal outcomes (24–40). An editorial accompanying the review
article pointed out that Bendectin met none of the criteria for judging that a drug
was a teratogen (41). One study was unable to observe chromosomal



abnormalities associated with the drug combination, whereas a second study
found that use of the drugs was not related to the Poland anomaly (unilateral
absence of the pectoralis major muscle with or without ipsilateral hand defect)
(42,43).

The Northern California Kaiser Permanente Birth Defects Study, published in
1989, prospectively studied the occurrence of 58 categories of major
congenital defects in 31,564 newborns in relation to maternal Bendectin use
(44). The OR for any major anomaly and Bendectin was 1.0 (95% CI 0.8–1.4).
Three categories of defects were statistically associated with the drug:
microcephaly (OR 5.3, 95% CI 1.8–15.6); congenital cataract (OR 5.3, 95% CI
1.2–24.3); and lung malformations (OR 4.6, 95% CI 1.9–10.9). However, this
was the exact number of associations that would have been expected by
chance alone (44). The authors then reviewed an earlier independent study that
did not involve Bendectin and found strong positive associations of
microcephaly and congenital cataract with vomiting in pregnancy (44). They
concluded, therefore, that Bendectin use during the 1st trimester was not
associated with an increase in congenital malformations and that the
associations found were unlikely to be causal (44).

A meta-analysis of 17 studies involving the use of Bendectin in pregnancy
was published in 1988 (45). The OR 1.01 (95% CI 0.66–1.55) for all studies
indicated that Bendectin was not related to congenital defects. The studies
were then separated by study type (cohort and case–control studies), and
again, no relationship to birth defect outcomes was found (45). Another meta-
analysis, published in 1994, examined 16 cohort and 11 case–control studies
that had reported birth defects in pregnancies exposed to Bendectin during the
1st trimester (46). The RR of any birth defect in association with exposure to
Bendectin was 0.95 (95% CI 0.88–1.04). The RR and 95% CI intervals for
specific defects were cardiac (0.90, 0.77–1.05), central nervous system (1.00,
0.83–1.20), neural tube (0.99, 0.76–1.29), limb reduction (1.12, 0.83–1.48),
genital tract (0.98, 0.79–1.22), oral clefts (0.81, 0.64–1.03), and pyloric
stenosis (1.04, 0.85–1.29). These results indicate that the use of Bendectin
during the 1st trimester is unlikely to be associated with congenital
malformations (46).

A five-part analysis of the medical literature involving Bendectin and
pregnancy outcomes, published in 1995, was used as a demonstration of
methodology to determine if a drug presented a human reproductive hazard
(47). Some of the legal history surrounding Bendectin’s alleged reproductive
hazards was also reviewed. The analysis included: (a) analysis of human



epidemiologic studies, (b) the relationship between the secular trend of birth
defects and the population exposure to drugs, (c) the ability to develop an
animal model, (d) analysis of dose–response relationships and
pharmacokinetics of the drug in animals and humans, and (e) the biological
plausibility for the alleged teratogenicity (47). The author reviewed eight in vitro
studies that examined the toxicity, mutagenicity, teratogenicity, and other
toxicities of doxylamine. None of these studies found toxicity at serum
concentrations obtainable in humans. Moreover, the author emphasized the fact
that in vitro studies, by themselves, cannot establish human teratogenicity (47).
Based on the total data presented in this analysis, a strong case was made for
the contention that Bendectin has no measurable teratogenic effects. In
response to this and other publications, however, an intense debate in the
scientific literature has developed between some who contend that Bendectin is
safe and a proponent of the view that Bendectin induces limb reduction defects
(48–53).

Interestingly, a population-based case–control study conducted in 1982–
1983 by the Atlanta Birth Defects Case–Control Study and published in 1999
found a protective effect from Bendectin for congenital heart defects (54). The
use of antiemetic medication, particularly Bendectin (two- and three-drug
combinations), in early moderate to severe nausea during pregnancy was
associated with a lower risk for heart defects compared with the absence of
nausea (OR 0.67, 95% CI 0.50–0.92), and nausea without medication use (OR
0.70, 95% CI 0.50–0.94). The authors concluded that the results suggested
that pregnancy hormones, other factors, or a component of Bendectin (most
likely pyridoxine) may be important for normal heart development (54).

In spite of the abundant evidence supporting the safety of doxylamine–
pyridoxine in pregnancy, the adverse media publicity and litigation proceedings
surrounding Bendectin have affected the use of the combination in other
countries. A 1995 article briefly reviewed the history of Bendectin in the United
States and compared it with a similar Canadian product, Diclectin (55).
Diclectin is the drug of choice for the treatment of emesis in pregnancy as
specified by a Canadian Department of Health and Welfare task force, and is
labeled for this indication. It is used less frequently, however, than another
antihistamine, dimenhydrinate (Gravol; Dramamine in the United States), that is
not specifically labeled for pregnancy use. The reason for this appears to be a
fear of possible teratogenicity and subsequent litigation (55).

A 2003 ecological analysis of Bendectin found no evidence of a teratogenic
effect (56). This study was accompanied by a historical review of the drug and



a recommendation that the combination be reintroduced in the American market
(57).

A double-blind, placebo-controlled trial published in 2010 was designed to
evaluate the effectiveness of a delayed release formulation of doxylamine and
pyridoxine (Diclectin), similar to Bendectin, for the treatment of nausea and
vomiting of pregnancy (58). Pregnant women were randomized to a 14-day
treatment regimen of either the drug combination (N = 131) or placebo (N =
125). The drug combination was significantly better in controlling nausea and
vomiting and significantly more women (48.9% vs. 32.8%) wanted to continue
the combination at the end of the study (58).

BREASTFEEDING SUMMARY
No reports describing the use of doxylamine or the fixed combination of
doxylamine–pyridoxine during human lactation have been located. Both
components of the fixed combination, however, are available as single agents.
Pyridoxine is excreted into breast milk but presents no risk to a nursing infant
(see Pyridoxine). Doxylamine is an antihistamine that is used not only as an
antiemetic, but also as a hypnotic and in cough and common cold preparations.
The molecular weight of doxylamine succinate, about 389, is low enough that
passage into breast milk should be expected. The effect on a nursing infant is
unknown, but sedative and other antihistamine actions are a potential concern.
The manufacturer of at least one doxylamine preparation states that the drug is
contraindicated during nursing (59).
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DRONABINOL
Antiemetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Only one report has described the use of dronabinol in human pregnancy.
Studies in animals revealed no teratogenicity, but dose-related maternal
toxicity resulting in embryo–fetal death was observed. The human data are
too limited to assess the risk to the embryo–fetus. Marijuana is
contraindicated in pregnancy (see Marijuana) but that product is usually
smoked, whereas dronabinol is taken orally. Nevertheless, the use of
dronabinol in a pregnant woman should be classified as a “last resort”
option.

FETAL RISK SUMMARY
Dronabinol (delta-9-tetrahydrocannabinol [delta-9-THC, THC]) is a synthetic
formulation of the naturally occurring component of marijuana. It is indicated for
the treatment of anorexia associated with weight loss in patients with AIDS and
nausea and vomiting associated with cancer chemotherapy in patients who
have failed to respond adequately to conventional antiemetic treatments.
Dronabinol undergoes extensive hepatic metabolism to both active and inactive
metabolites. Dronabinol and its principal active metabolite, 11-OH-delta-9-THC,
are present in approximately equal concentrations in the plasma. Plasma
protein binding of dronabinol and its metabolites is about 97% and the terminal
elimination half-life is 25–36 hours (1).

Reproduction studies have been conducted in mice and rats. Pregnant mice
were given doses that were 0.2–5 times the maximum recommended human
dose based on BSA (MRHD) in patients with cancer (MRHD-C) or 1–30 times
the MRHD in patients with AIDs (MRHD-A), whereas rats received doses that
were 0.8–3 times the MRHD-C or 5–20 times the MRHD-A. No evidence of
teratogenicity was observed in these studies. However, dose-dependent



maternal toxicity was observed, resulting in decreased maternal weight gain
and number of viable pups, and increased fetal mortality and early resorptions
(1).

In 2-year carcinogenicity studies, no evidence of carcinogenic effects was
observed in rats. In mice, similar studies produced thyroid follicular cell
adenoma in males and females but the tumors were not observed at higher
doses. Three assays for mutagenicity were negative, whereas one assay
produced a weak positive response. Fertility studies were conducted in rats
with doses that were 0.3–1.5 times the MRHD-C or 2–10 times the MRHD-A.
At these doses, reduced ventral prostate, seminal vesicle, and epididymal
weights were observed, as well as decreases in seminal volume,
spermatogenesis, number of developing germ cells, and number of Leydig cells
in the testis. However, sperm count, mating success, and testosterone
concentrations were not affected (1).

THC and one of its metabolites, 9-carboxy-THC, cross the human placenta at
term. Data for other periods of gestation and for other metabolites are not
available (see Marijuana).

A 2009 case report described the use of dronabinol in pregnancy (2). A 26-
year-old woman who had been treated for 2 years with dronabinol (5 mg three
times daily) for a complex hyperkinetic movement disorder became pregnant.
Because the drug had improved her condition, treatment was continued during
pregnancy. No signs of tolerance or need for dose escalation were noted. Her
appetite was stimulated and she gained a total of 21 kg weight and her BMI
increased to 31. She gave birth vaginally to a healthy baby (additional details
not provided) (2).

BREASTFEEDING SUMMARY
No reports describing the use of dronabinol during human lactation have been
located. THC is excreted and concentrated in breast milk (see Marijuana).

A 1990 report studied 68 breastfed infants exposed to marijuana in the
mother’s milk in the first month postpartum and compared their development at
1 year with 68 infants not exposed (3). The exposure appeared to be
associated with a decrease in infant motor development at 1 year of age. On
the basis of this report, additional research is warranted to confirm or refute
these effects. Until such data are available, mothers taking dronabinol should
not breastfeed.
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DRONEDARONE
Antiarrhythmic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of dronedarone in human pregnancy have
been located. Major structural anomalies in two animal species and
embryo–fetal death in one species were caused by doses equal to or less
than the human dose based on BSA. These data strongly suggest that
dronedarone should not be used in the 1st trimester of human pregnancy.
The manufacturer states that women of childbearing potential must use
effective contraception while taking dronedarone (1). The effects of
exposure later in pregnancy are completely unknown.

FETAL RISK SUMMARY
Dronedarone is an oral benzofuran derivative that has antiarrhythmic properties
belonging to all four Vaughan–Williams classes. It is indicated to reduce the risk
of cardiovascular hospitalization in patients with paroxysmal atrial fibrillation
(AF) or atrial flutter (AFL), with a recent episode of AF/AFL and associated
cardiovascular risk factors (i.e., age >70, hypertension, diabetes, prior
cerebrovascular accident, left atrial diameter ≥50 mm, or left ventricular
ejection fraction <40%), who are in sinus rhythm or who will be cardioverted.
Dronedarone is extensively metabolized to a less potent but active metabolite.
Further metabolism results in a large number of inactive metabolites. Plasma
protein binding of dronedarone and the active metabolite is >98%. The
elimination half-life of the parent compound is 13–19 hours (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, doses equal to or greater than the maximum recommended human dose
based on BSA (MRHD) resulted in increased rates of external, visceral, and
skeletal malformations (cranioschisis, cleft palate, incomplete evagination of



pineal body, brachygnathia, partially fused carotid arteries, truncus arteriosus,
abnormal lobation of the liver, partially duplicated inferior vena cava,
brachydactyly, ectrodactyly, syndactyly, and anterior and/or posterior club
feet). In pregnant rabbits, a dose that was about half the MRHD (the lowest
dose tested) caused an increased rate of skeletal abnormalities (anomalous
ribcage and vertebrae, pelvic asymmetry) (1).

In 2-year studies for carcinogenicity, an increased incidence of histiocytic
sarcomas in male mice, mammary adenocarcinomas in female mice, and
hemangiomas in male rats were observed. No genotoxic potential was noted in
multiple assays. In fertility studies with female rats, a dose 0.12 times the
MRHD given before breeding and implantation caused an increase in irregular
estrus cycles and cessation of cycling. Doses that were 1.2 times the MRHD
were associated with decreased corpora lutea, implantations, and live fetuses.
However, doses up to 1.2 times the MRHD had no effect on the mating
behavior or fertility of male rats (1).

It is not known if dronedarone and its active metabolite cross the human
placenta. The molecular weight of the parent drug (about 557 for the free base)
and long elimination half-life suggest that it will cross to the embryo–fetus,
although the high plasma protein binding might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of dronedarone during human lactation have been
located. The molecular weight of the parent drug (about 457 for the free base)
and long elimination half-life (13–19 hours) suggest that it will cross to the
embryo–fetus, although the high plasma protein binding (>98%) of dronedarone
and its active metabolite might limit the exposure. The effect of this exposure
on a nursing infant is unknown. Adverse reactions that were most common in
patients treated with the drug included diarrhea, nausea, abdominal pain,
vomiting, dyspeptic signs and symptoms, weakness, and bradycardia (1). If a
nursing mother chooses to breastfeed while taking this drug, her infant should
be closely observed for these effects.
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DROPERIDOL
Antiemetic/Antipsychotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The limited animal and human data suggest that droperidol does not
represent a significant risk to the fetus for major anomalies. The drug is a
potent antiemetic that is effective for the treatment of severe nausea and
vomiting of pregnancy.

FETAL RISK SUMMARY
Droperidol is a butyrophenone derivative structurally related to haloperidol (see
also Haloperidol). The agent is not teratogenic in animals, but has produced a
slight increase in the mortality of newborn rats (1). After IM administration, the
increased pup mortality was attributed to CNS depression of the dams resulting
in their failure to remove the placentae from the offspring (1).

The relatively low molecular weight of droperidol (about 379) suggests that
the drug crosses the placenta to the fetus. In humans, the placental transfer of
droperidol is slow (2).

Droperidol promotes analgesia for patients undergoing cesarean section
without affecting the respiration of the newborn (2,3). The drug was also
administered during labor as a sedative in a study comparing 48 women
treated with droperidol with 52 women receiving promethazine (4). These
investigators noted eight other reports in which the drug was used in a similar
manner. No serious maternal or fetal adverse effects were observed.

Droperidol has been used for the treatment of severe nausea and vomiting
occurring during pregnancy (5,6). A 1996 report described the use of
droperidol and other drugs (diphenhydramine, metoclopramide, and
hydroxyzine) in 80 women with hyperemesis gravidarum (6). The mean
gestational age at the start of treatment was 10.9 weeks and the mean total
dose received for the approximately 2 days of therapy was 49.6 mg. Twelve



(15%) of the women required a second hospitalization and were again treated
with the same therapy. Three of the mothers (all treated in the 2nd trimester)
delivered offspring with congenital defects: Poland’s syndrome, fetal alcohol
syndrome, and hydrocephalus and hypoplasia of the right cerebral hemisphere.
Only the latter anomaly is a potential drug effect, but the most likely cause was
thought to be the result of an in utero fetal vascular accident or infection (6).

A 2001 study, using a treatment method similar to the above study,
described the use of droperidol and diphenhydramine in 28 women hospitalized
for hyperemesis gravidarum (7). Pregnancy outcomes in the study group were
compared with a historical control of 54 women who had received conventional
antiemetic therapy. Oral metoclopramide and hydroxyzine were used after
discharge from the hospital. Therapy was started in the study and control
groups at mean gestational ages of 9.9 and 11.1 weeks’, respectively. The
study group appeared to have more severe disease than controls, as
suggested by a greater mean loss from the prepregnancy weight, 2.07 vs. 0.81
kg (ns), and a slightly lower serum potassium level, 3.4 vs. 3.5 mmol/L (ns).
Compared with controls, the droperidol group had a shorter duration of
hospitalization (3.53 vs. 2.82 days, p = 0.023), fewer readmissions (38.9% vs.
14.3%, p = 0.025), and lower average daily nausea and vomiting scores (both
p <0.001). There were no statistical differences (p >0.05) in outcomes (study
vs. controls) in terms of spontaneous abortions (N = 0 vs. N = 2 [4.3%]),
elective abortions (N = 3 [12.0%] vs. N = 3 [6.5%]), Apgar scores at 1, 5, and
10 minutes, age at birth (37.3 vs. 37.9 weeks’), and birth weight (3114 vs.
3347 g) (7). In controls, there was one (2.4%) major malformation of unknown
cause, an acardiac fetus in a set of triplets, and one newborn with a genetic
defect (Turner’s syndrome). There was also one unexplained major birth defect
(4.4%) in the droperidol group (bilateral hydronephrosis), and two genetic
defects (translocation of chromosomes 3 and 7; tyrosinemia) (7).

In a nonrandomized, prospective study, two doses (0.5 and 1.0 mg/hr) of
droperidol plus diphenhydramine for hyperemesis gravidarum were compared
with historical controls (8). The number of patients in each group was 34, 67,
and 54, respectively. Data were available for major anomalies in 26, 53, and 21
infants, respectively. Major anomalies, excluding those that were obviously not
drug-induced (i.e., genetic, chromosomal, or amniotic bands), observed in the
study were one (clubfoot—possible genetic defect), one (bilateral
hydronephrosis), and none, respectively (8).

BREASTFEEDING SUMMARY



No reports describing the use of droperidol during lactation have been located.
The molecular weight (about 379) is low enough that excretion into human milk
should be expected. Because the drug is only available as an injectable
formulation, the opportunity for exposure of a nursing infant appears to be
limited. The effect of exposure on a nursing infant is unknown.
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DROTRECOGIN ALFA (ACTIVATED)
Hematologic Agent (Thrombolytic)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The lack of animal reproductive studies and the near absence of human
pregnancy experience prevent an assessment of the embryo–fetal risk. The
drug does not appear to cross the placenta so that a direct risk to the
embryo or fetus seems unlikely. However, drotrecogin alfa (activated) has
been associated with a nonsignificant trend to more maternal hemorrhage
and this would be a major risk to both the mother and fetus (1).
Nevertheless, as demonstrated by the two case reports below, if the drug
is indicated, it should not be withheld because of pregnancy (2,3).

FETAL RISK SUMMARY
Drotrecogin alfa (activated), a serine protease, is a recombinant (from a human
cell line) form of human activated protein C. This glycoprotein is indicated for
the reduction of mortality in adult patients with severe sepsis who have a high
risk of death. It is administered as a continuous IV infusion because of its very
short elimination half-life. The antithrombotic action of drotrecogin alfa
(activated) is a result of inhibition of Factors Va and VIIIa. The agent is
inactivated by endogenous plasma protease inhibitors. Animal reproduction
studies have not been conducted with drotrecogin alfa (activated) (4).

It is not known if drotrecogin alfa (activated) crosses the human placenta to
the embryo or fetus, but the molecular weight (about 55,000) of this
glycoprotein should inhibit transfer. In addition, because the fetus can
synthesize coagulation factors from early in gestation, there are no known
physiologic processes in which endogenous maternal activated protein C would
be actively transported across the placenta (1). Further, in vitro studies have
found no evidence that endogenous protein C crosses the placenta or that it is



metabolized by the placenta (1). However, the effect on these processes from
high maternal plasma concentrations of activated protein C resulting from
infusion of the drug has not been studied.

Drotrecogin alfa (activated) has been recommended for the treatment of
preeclampsia because this disease is similar in some ways to severe sepsis:
diffuse effects on the maternal vascular endothelium resulting in multiple organ
dysfunctions (1,5). A 2002 publication reviewed previous reports on the
pathogenesis of preeclampsia to determine whether administration of
drotrecogin alfa (activated) could be beneficial in the treatment of this disease
(1). The authors of this in-depth assessment concluded that, although the data
were limited, there was adequate evidence to support phase II clinical studies
in women with early-onset preeclampsia (before 33 weeks’ gestation) or
severe or worsening postpartum disease (1).

A preliminary report of a phase II study describing the use of human
activated protein C for the treatment of disseminated intravascular coagulation
(DIC) was published in 1999. A total of 16 women with moderate-to-severe
placental abruption were treated over a 2-day period (4). The activated protein
C was prepared by extracting protein C from human plasma and activating it
with human thrombin. Clinical signs were markedly improved and all
coagulation/fibrinolysis parameters, except for the number of platelets,
demonstrated significant changes toward normal values. No adverse effects
attributable to the treatment were observed (6).

Two case reports described the successful use of drotrecogin alfa
(activated) in the 2nd and 3rd trimesters of two women with severe sepsis
(2,3). Use of the drug in these cases was indicated because severe sepsis is
characterized, among other problems, by dysregulation of coagulation. The
women received a continuous infusion of drotrecogin alfa (activated) for 96
hours and their conditions significantly improved. Both eventually gave birth to
normal infants (2,3).

BREASTFEEDING SUMMARY
No reports describing the use of drotrecogin alfa (activated) during human
lactation have been located. It is doubtful if a nursing infant would have access
to the breast milk of a woman treated with this drug because of its indication
for severe, life-threatening disease. The very high molecular weight of this
glycoprotein (about 55,000) should inhibit excretion into milk, but even if such
excretion occurred, the drug would most likely be digested in the infant’s gut.
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DULOXETINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Duloxetine causes developmental toxicity in animals (growth restriction in
rats and rabbits; behavior deficits and death in rats) at doses <10 times the
maximum recommended human dose of 60 mg/day based on BSA
(MRHD). No structural anomalies were observed in these species. The
human data for duloxetine are limited and incomplete. However, the
pharmacologic action of duloxetine is similar to that of venlafaxine and
selective serotonin reuptake inhibitors (SSRIs). SSRIs and venlafaxine have
been associated with developmental toxicities, including spontaneous
abortions, low birth weight, prematurity, neonatal serotonin syndrome,
neonatal behavioral syndrome (withdrawal), possible sustained abnormal
neurobehavior beyond the neonatal period, respiratory distress, and
persistent pulmonary hypertension of the newborn (PPHN). Some of these
symptoms are thought to be consistent with a direct toxic effect, drug
discontinuance syndrome, or a serotonin syndrome. If duloxetine is used in
pregnancy, healthcare professionals are encouraged to call the toll-free
number (800-670-6126) for information about patient enrollment in the
Motherisk study.

FETAL RISK SUMMARY
Duloxetine is a selective serotonin and norepinephrine reuptake inhibitor (SNRI).
It has both antidepressant and central pain inhibitory action. Other drugs in the
same class are desvenlafaxine, milnacipran, and venlafaxine. Duloxetine is
extensively metabolized to inactive metabolites. The parent compound is highly
bound (>90%) to plasma albumin and α1-acid glycoprotein. The elimination half-
life is about 12 hours (range 8–17 hours) (1).



Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, there was no evidence of fetal structural defects at doses up to seven
times the MRHD administered during organogenesis. However, fetal weights
were decreased at this dose. The no-effect dose was twice the MRHD. When
duloxetine was administered throughout gestation and lactation, pup survival to
1 day postpartum and pup body weights at birth and during lactation were
decreased at a dose five times the MRHD. In addition, pup behavior was
adversely affected as shown by increased reactivity (e.g., increased startle
response to noise and decreased habituation of locomotor activity). No adverse
effects were observed on postweaning growth and reproductive performance.
In pregnant rabbits, no evidence of fetal structural defects was observed at
doses up to 15 times the MRHD during organogenesis, but fetal growth
restriction was noted. The no-effect dose was three times the MRHD (1).

Duloxetine crosses the human placenta, at least at term. In a 2009 case
report, the cord blood duloxetine concentration about 14 hours after a 60-mg
extended release dose was 65 mcg/L (2). This is consistent with the molecular
weight (about 298 for the free base) and the long elimination half-life of the
drug.

Approximately 10 women became pregnant in a study of duloxetine in the
treatment of depression (3). Treatment was discontinued and no additional
information was provided.

A 2007 review conducted a literature search to determine the risk of major
congenital malformations after 1st trimester exposure to SSRIs and SNRIs (4).
Fifteen controlled studies were analyzed. The data were adequate to suggest
that citalopram, fluoxetine, sertraline, and venlafaxine were not associated with
an increased risk of congenital defects. In contrast, the analysis did suggest an
increased risk with paroxetine. The data were inadequate to determine the risk
for the other SSRIs and SNRIs (4).

A case–control study, published in 2006, found that exposure to SSRIs in late
pregnancy was associated with persistent pulmonary hypertension of the
newborn (PPHN) (5) (see Paroxetine or other SSRIs). Although there were no
exposures to duloxetine in this study, the action of duloxetine is similar enough
to the SSRIs that it might cause the same effect.

A brief report in 2008 described a case of poor neonatal behavioral
syndrome due to duloxetine (6). The 36-year-old mother had been treated with
monotherapy duloxetine 90 mg/day during pregnancy. Her female infant was
born at 38 weeks’ with Apgar scores of 7 and 9 (birth weight not provided). At
delivery, the infant was blue, with minimal respiratory effort and oxygen



saturation was in the 80s. Laboratory and other tests to determine the cause of
the infant’s condition were normal. “Jerky rhythmic movements” or “twitchiness”
and episodes of shaking began on day 3. The initial electroencephalogram
(EEG) showed nonspecific encephalopathy, but a repeat test at 7 days was
suggestive of subclinical seizures. The infant was treated with phenobarbital but
continued occasional twitching. At 7 weeks, the EEG was normal and
phenobarbital was discontinued. At age 2 years, the child is healthy with normal
neurobehavioral development (6).

A 2009 report described the use of duloxetine during the second half of
pregnancy (2). The 20-year-old woman, treated for depression, was taking 60
mg once daily (868 mcg/kg/day or 34 mg/m2). She gave birth to a healthy,
2.916-kg female infant at 38 weeks’. The Apgar scores were 8 and 9 at 1 and
5 minutes, respectively. The concentration of duloxetine in the cord blood (see
above) was greater than the mother’s peak plasma concentration obtained 6
hours after a dose 32 days after birth (see Breastfeeding Summary below). No
evidence of developmental toxicity or other toxicity was observed in the infant
(2).

Using the Lilly Safety System, a database for the collection, storage, and
reporting of adverse events involving Lilly products, investigators identified 400
pregnancies (233 prospective; 167 retrospective) with known outcomes (7).
The data collection period was from 2004 (drug approval) through October
2011. Of the prospectively reported cases, 170 (73%) were spontaneous
reports, 58 (25%) were from clinical trials, and 5 (2%) involved post-marketing
studies. In addition, 176 reports involving duloxetine from the FDA Adverse
Events Reporting System through September 2011 were also examined.
Analysis of the two data sources suggested that the frequency of abnormal
outcomes were generally consistent with historic control rates in the general
population (7).

BREASTFEEDING SUMMARY
Duloxetine is excreted into breast milk (2,8). A 2008 study conducted by the
manufacturer described the use of duloxetine 40 mg every 12 hours for 3.5
days in six healthy women, at least 12 weeks postpartum, who had stopped
nursing when the study was started (8). Seven paired milk and blood samples
were collected on day 4 (probably at steady state). The mean milk:plasma
ratio was 0.25 (90% confidence interval 0.18–0.35). The theoretical infant dose
(TID) was 1.72 mcg/kg/day (range 0.59–3.05) and the mean maternal weight-
adjusted dose was 1210 mcg/kg/day, resulting in a relative infant dose (RID) of



0.14% (range 0.068–0.249) (8).
In the case described in the Fetal Risk Summary, the mother exclusively

breastfed her infant and, on day 32, milk and plasma samples (peak and
trough) and a peak infant plasma sample were obtained (2). The milk:plasma
ratios for the peak and trough collections were 1.2 and 1.3, respectively,
whereas the drug was not detected in the infant plasma. The TID was 7.1
mcg/kg/day, whereas the mother’s weight-adjusted dose was 868 mcg/kg/day.
This yielded an RID of 0.82%. No signs of toxicity were noted in the infant at
any time (2).

A 2010 study using human and animal models found that drugs that disturb
serotonin balance such as SSRIs and SNRIs can impair lactation (9). The
authors concluded that mothers taking these drugs may need additional support
to achieve breastfeeding goals.

The presence of duloxetine in milk is consistent with the molecular weight
(about 298 for the free base) and long elimination half-life (12 hours).
Moreover, because milk is relatively acidic compared with blood, the
milk:plasma ratio that was >1 also is consistent. Although no toxicity was
observed in the above case, the long-term effects of exposure to duloxetine
and similar antidepressants have not been adequately studied. The long-term
effects on neurobehavior and cognitive development from exposure to potent
SNRIs and SSRIs during a period of rapid CNS development have not been
adequately studied. Therefore, the best course is to avoid duloxetine, if
possible, during nursing. The American Academy of Pediatrics classifies
antidepressants as drugs for which the effect on nursing infants is unknown but
may be of concern (10).
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DYPHYLLINE
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The absence of animal reproductive data and the very limited human
pregnancy experience prevent a complete assessment of the embryo–fetal
risk. However, this xanthine derivative is closely related to theophylline, an
agent considered compatible in pregnancy. (See also Theophylline.)

FETAL RISK SUMMARY
No published reports describing the use of dyphylline in human pregnancy have
been located. In a surveillance study of Michigan Medicaid recipients involving
229,101 completed pregnancies conducted between 1985 and 1992, 97
newborns had been exposed to dyphylline during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). Seven (7.2%) major birth defects were
observed (four expected), including (observed/expected) cardiovascular
defects (3/1), and polydactyly (1/0.3). No anomalies were observed in four
other categories of defects (oral clefts, spina bifida, limb reduction defects, and
hypospadias) for which specific data were available. Only with cardiovascular
defects is there a suggestion of a possible association, but other factors,
including the mother’s disease, concurrent drug use, and chance may be
involved.

BREASTFEEDING SUMMARY
Dyphylline is excreted into breast milk. In 20 normal lactating women, a single 5
mg/kg IM dose produced an average milk:plasma ratio of 2.08 (1). The milk
and serum elimination rates were equivalent. Although the drug accumulates in
milk, the American Academy of Pediatrics classifies dyphylline as compatible
with breastfeeding (2).
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ECALLANTIDE
Hematological Agent (Kallikrein Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ecallantide in human pregnancy have been
located. The protein caused developmental toxicity (death) in one animal
species, but the dose comparison was based on body weight, not BSA or
AUC, and maternal toxicity was present. Although a rare genetic disorder,
acute episodic attacks of hereditary angioedema can cause localized
swelling, inflammation, and pain. If a pregnant woman requires ecallantide,
consideration should be given to avoiding early gestation. She should be
informed of the lack of human pregnancy experience and the potential risk
of embryo death. Moreover, the woman should be informed of the risk of
anaphylaxis that has occurred in 3.9% of treated patients (1).

FETAL RISK SUMMARY
Ecallantide, a small protein, is a human plasma kallikrein inhibitor. There are no
other agents in this class. It is indicated for the treatment of acute attacks of
hereditary angioedema in patients 16 years of age and older. After a single SC
dose in healthy subjects, the mean elimination half-life was 2 hours. No
information was provided for metabolism and plasma protein binding (1).

Reproduction studies have been conducted in rats and rabbits. In rats, an IV
dose that was about 13 times the maximum recommended human dose
(MRHD) based on body weight (MRHD-BW) caused increased numbers of
early resorptions and percentages of resorbed conceptuses in the presence of



mild maternal toxicity. No developmental toxicity was observed with IV doses
that were about eight times the MRHD-BW. There were no adverse effects on
rat embryo–fetal development with SC doses resulting in exposures up to about
2.4 times the MRHD based on AUC (MRHD-AUC). In rabbits, IV doses
resulting in exposures up to about six times the MRHD-AUC were not
associated with adverse effects on embryo–fetal development (1).

Studies for carcinogenic or mutagenic potential have not been conducted. SC
doses up to about 21 times the MRHD-BW had no effect on fertility and
reproductive performance in rats (1).

It is not known if ecallantide crosses the human placenta. The drug is a small
protein with a molecular weight of 7054 and a short elimination half-life. These
characteristics suggest that clinically significant amounts of the drug will not
reach the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ecallantide during human lactation have been
located. The drug is a small protein with a molecular weight of 7054 and a
short 2-hour elimination half-life. These characteristics suggest that clinically
significant amounts of the drug will not be excreted into breast milk. The risks
to a nursing infant from exposure to the protein appear to be low, if they exist
at all.
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ECHINACEA
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Echinacea is an ancient preparation that has recently undergone
resurgence in use. Use during pregnancy creates the potential for exposure
of the embryo and fetus to multiple chemical compounds that have not
undergone reproductive toxicity testing in animals or humans. Moreover,
standardization of any herbal product as to its constituents, concentrations,
and the presence of contaminants are generally lacking. Two sources
recommend that parenteral administration of the herb (a product form not
available in the United States) should not be used in pregnancy (1,2).
Another source states that echinacea should be avoided during pregnancy
because of the lack of information (3). There is only one published report
describing human pregnancy exposure. Although this study found no
increased risk for major malformations, it was limited by its small sample
size, the self-selection of the study group, and the lack of dose
standardization (4). Thus, the safety of echinacea products during
pregnancy remains to be established and, until such additional evidence is
published, pregnant women should be counseled of such.

FETAL RISK SUMMARY
The traditional uses of echinacea are topically to enhance wound healing and
systemically as an immunostimulant (5). It was used by the Native Americans
before colonization of the continent and was a common medicine in the United
States in the late 19th and early 20th centuries (6). The herb is available orally
as capsules, as expressed, fresh juice, and as tinctures. In Germany, an
intravenous preparation is also available (7). Specific indications for systemic
echinacea listed in one publication are prophylaxis and treatment of viral upper



respiratory tract infections and combined with conventional anti-infective agents
in the treatment of more severe infections (6). Specific topical indications listed
are the treatment of eczema, psoriasis, and herpes simplex. Another
publication lists antiseptic and antiviral indications (8).

Echinacea angustifolia, the plant most commonly used for medicinal
purposes, is a perennial herb of the Compositae family that grows to a height
of 3 feet, terminating in a single colorful flower head. The plant is indigenous to
the central United States. Related species that have been used in traditional
medicine include E. purpurea and E. pallida (5,9). Because E. angustifolia and
E. pallida closely resemble each other, preparations of echinacea may be
mislabeled or contain mixtures of the two species. German authors recommend
the use of the above-ground parts (not the roots) of E. purpurea or the roots of
E. angustifolia for medicinal purposes (9).

The principal anti-inflammatory and immunostimulant compounds are found in
the hydrophilic and lipophilic fractions of the root, leaves, and flowers (5,6). The
specific active ingredients accounting for the medicinal effects of the herb have
not been identified. The water-soluble polysaccharides in the roots, however,
appear to be a major component of the anti-inflammatory and immune-
stimulating properties (6). Essential oil from the root also contains unsaturated
alkyl ketones and isobutylamides. Although not all components from the various
parts of the plant have been identified, the chemical compounds that have been
isolated include echinacoside (a caffeic acid glycoside), a volatile germacrene
alcohol (not usually found in dried plant material), echinacein (an isobutylamide
responsible for the pungent odor), echinacin B, chicoric acid, cyanrine,
chlorogenic acid, caftaric acid, (z)-1,8-pentadecadiene (also known as Z-
pentadeca-1,8-diene), and arabinogalactan (5,6).

No animal studies examining the reproductive effects of any of the species of
echinacea or their components have been located. One prospective report,
however, described the use of this herb in human pregnancies (4). Between
1996 and 1998, 206 women contacted a teratogen information service
regarding their exposure to echinacea products (primarily E. angustifolia and E.
purpurea) during gestation. Of these, 112 used echinacea during the 1st
trimester. The total cohort was disease matched to 206 women exposed to
nonteratogenic agents by maternal age, alcohol, and cigarette use. There were
three sets of twins in the study group and none in the control group. Both
groups were followed prospectively to determine pregnancy outcomes. No
statistically significant differences between the study and control women were
found for the following outcomes: live birth (94.7% vs. 96.1%), spontaneous



abortion (6.3% vs. 3.4%), induced abortion (0.5% vs. 0.5%), vaginal delivery
(83.1% vs. 81.3%), maternal weight gain (15.2 vs. 14.4 kg), gestational age at
delivery (39.2 vs. 39.2 weeks), birth weight (3466 vs. 3451 g) (excluding
twins), fetal distress (23.6% vs. 21.1%), major malformations (in total group)
(3.6% vs. 3.5%), and minor malformations (3.6% vs. 3.5%). Among the 98
newborns exposed during the 1st trimester, there were four (4.1%) major
defects: left inguinal hernia requiring surgical repair; bilateral hydronephrosis;
syndactyly of the second and third toes; and duplicate left renal pelvis. The
authors concluded that there was no increased risk for major anomalies (4).

An in vitro study using E. purpura reported adverse effects in human sperm
(10). In a sperm penetration assay, zona-free hamster oocytes were incubated
for 1 hour with two concentrations of E. purpura, 0.8 and 8 mg/mL, dissolved in
HEPES-buffered synthetic human tubal fluid (modified HTF). Fresh human
donor sperm was suspended in the modified HTF and then mixed with the
oocytes for 3 hours. Modified HTF served as the control. At the 0.8 mg/mL
concentration, 5 of 9 (56%) of the oocytes were penetrated, whereas at
8 mg/mL, only 1 of 8 (13%) of oocytes was penetrated. The decrease in
penetration was not associated with a decrease in sperm motility. In the
second part of the study, sperm were incubated with the herbal solutions for 7
days. Both concentrations caused significant sperm DNA denaturation
concomitant with decreases in sperm viability compared with controls.
Extrapolation of these data to the reproductive risk of echinacea in males is
difficult, in part because the concentration of echinacea in semen or sperm has
not been studied (10). Moreover, although the doses used in this study are
small fractions of the actual recommended human dose, there is no published
evidence that the adverse effects observed have occurred in vivo.

BREASTFEEDING SUMMARY
No reports describing the use of echinacea during lactation have been located.
For the reasons discussed above, and because of the immaturity of an infant’s
metabolic and elimination systems, use of this herb should probably be avoided
during nursing.
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ECHOTHIOPHATE
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Echothiophate is a long-acting, relatively irreversible organophosphate that
is used in the eye for its anticholinesterase activity. One report of its use in
pregnancy has been located.

FETAL RISK SUMMARY
As a quaternary ammonium compound, echothiophate is ionized at physiologic
pH and transplacental passage in significant amounts would not be expected
(see also Neostigmine). However, 1968 case report suggested otherwise. A
22-year-old woman was treated with echothiophate iodide 0.125% instilled
daily into both eyes and acetazolamide 1 g/day (1). She became pregnant
shortly after starting this treatment, which was continued until 32 weeks’ at
which time the therapy was changed to pilocarpine and betamethasone eye
drops. Two months later, a normal, full-term female infant was born.
Pseudocholinesterase activity was measured in the mother and infant at 10
days, 28 days, and 3 months after birth. Increasing activity with time was
shown in both mother and infant. The authors concluded that the drug had
crossed the placenta to lower the enzyme activity in the fetus (1).

BREASTFEEDING SUMMARY
No reports describing the use of echothiophate during human lactation have
been located.
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ECONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Topical econazole does not appear to represent a risk to the human fetus.
No teratogenic effects were observed in three animal species following oral
and SC dosing that produced systemic exposures far greater than those
obtained in humans. The very low systemic bioavailability of this antifungal
agent after topical or vaginal application prevents clinically significant
amounts from reaching the maternal circulation. Although details of the
available human pregnancy experience are incomplete, the risk to an
embryo or fetus from the maternal use of econazole appears to be nil.
However, one study speculated that antifungals that inhibit placental
aromatase, such as econazole, have a potential to cause spontaneous
abortions. Until additional data are available on this potential association,
the best course is to avoid the use of econazole for vaginitis treatment in
the 1st trimester or the application of the antifungal to large areas of skin at
any time in pregnancy.

FETAL RISK SUMMARY
Econazole is available only in a topical cream formulation. Vaginal
suppositories, spray powder, lotion, and spray solution are available outside of
the United States. Econazole is in the same antifungal class of imidazole
derivatives as butoconazole, clotrimazole, ketoconazole, miconazole,
oxiconazole, sertaconazole, sulconazole, and tioconazole. It is indicated for the
treatment of dermatologic fungal infections including candidiasis. Systemic
absorption from the skin or vagina is minimal, with less than 1% of a dose
absorbed and recovered in the urine and feces (1–3).

In reproduction studies with oral econazole, no evidence of teratogenicity
was observed in mice, rats, or rabbits. Oral doses 10–80 times the human



dermal dose, however, did cause embryo and fetal toxicity in some or all
members of these species. In addition, prolonged gestation was observed in
rats (1). SC doses have also been studied in pregnant mice and rabbits (4).
Although no teratogenicity was observed, prolonged gestation and/or fetal
death were noted.

It is not known if econazole nitrate crosses the human placenta. The
molecular weight (about 445) is low enough, but the amount of drug in the
systemic circulation is very low. It is doubtful that clinically significant amounts
of the antifungal agent reach the embryo or fetus.

A 1979 report described the use of econazole vaginal suppositories (150 mg
at bedtime for 3 days) for the treatment of vaginal candidiasis (5). Some
patients required a second course of therapy. Among the patients treated, 24
were pregnant, but the gestational timing of the treatment and pregnancy
outcomes were not provided. In a 1981 study, 33 women in various phases of
gestation used the same dose and route of administration (6). A second 3-day
course of treatment was given to nine of these patients. No details on
pregnancy outcomes were reported.

Pregnancy outcome after treatment with a 3-day regimen of econazole
vaginal suppositories for vaginal candidiasis was detailed in a 1985 open study
(7). Treated were 117 pregnant women with a mean gestational age of
30 weeks (range 10–42 weeks), 44.4% at or after the 36th week of gestation.
The number of patients in each trimester was not specified. In 106 pregnancies
for which outcome data were available (107 infants, including one set of twins),
13 deliveries were premature. No prolongation of gestation was observed.
There were three stillbirths among the 107 infants: one twin; one after
intrauterine infection (no fungus recovered); and one death in utero. No
congenital defects were observed in the 104 healthy newborns. The mean
weight and height were 3301 g and 50.3 cm, respectively. One newborn
developed oral thrush, but the mother was still infected at delivery (7).

A 2002 study evaluated azole antifungals commonly used in pregnancy for
their potential to inhibit placental aromatase, an enzyme that is critical for the
production of estrogen and for the maintenance of pregnancy (8). The authors
speculated that the embryotoxicity observed in animals and humans (see also
Clotrimazole, Miconazole, and Sulconazole) might be explained by inhibition of
aromatase. They found that the most potent inhibitors of aromatase were
(shown in order of decreasing potency) econazole, bifonazole (not available in
the United States), sulconazole, clotrimazole, and miconazole. However, an
earlier study reported a pregnancy that was maintained even when there was



severe fetal and placental aromatase deficiency (<0.3% of that of controls)
caused by a rare genetic defect (9). In this case, both the fetus and mother
were virilized because of diminished conversion of androgens to estrogen.
Because the pregnancy was maintained and the virilization, the case suggested
that the main function of placental aromatase was to protect the mother and
fetus from exposure to adrenal androgens (9).

A population-based case–control study of vaginal econazole in pregnancy
was conducted using the Hungarian Case–Control Surveillance of Congenital
Abnormalities (10). The study compared 22,843 case women who had
newborn infants with a congenital defect with 38,151 controls. Vaginal
econazole treatment was used in 68 cases and 122 controls. The crude
prevalence odds ratio was 0.9, 95% confidence interval 0.7–1.3 (ns). There
also was no evidence that econazole use in the 2nd and 3rd month of
pregnancy was associated with teratogenicity (10).

BREASTFEEDING SUMMARY
Although no reports describing the use of topical or vaginal econazole during
lactation have been located, the very low systemic bioavailability after topical
use suggests that little, if any, of this antifungal will be excreted into breast
milk. Therefore, the risk of this exposure to a nursing infant appears to be nil.
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ECSTASY
Central Stimulant
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The use of amphetamines under controlled conditions, such as 3,4-
methylenedioxymethamphetamine (MDMA) in the animal studies above and
as amphetamines in the treatment of human disease (see Amphetamine),
suggests that these agents are not teratogenic when used alone and do
not cause clinically significant fetal toxicity. Other abuse drugs (e.g.,
lysergic acid diethylamide [LSD] and marijuana) are also not teratogenic
(see Lysergic Acid Diethylamide and Marijuana), but alcohol and cocaine
are well-known teratogens and/or fetal toxins (see Cocaine and Ethanol).
However, ecstasy is not used under controlled conditions. Neither the
dosage nor the actual chemical consumed is usually known and, in many
cases, the product is taken with other abuse drugs. Because both human
studies involved voluntary reporting, a true incidence of major congenital
defects cannot be determined, but there does not appear to be a clustering
of similar anomalies.

FETAL RISK SUMMARY
In the United States, ecstasy (“Adam”), a central stimulant, is an illicit
substance of abuse that is used for its mind-altering properties. It has been
associated with dance events known as “raves” (1). Chemically, ecstasy is a
member of the amphetamine (3,4-methylenedioxymethamphetamine; MDMA)
class of drugs (see also Amphetamine) (1,2).

A brief 2000 publication reported the results of a chemical analysis of 107
pills of ecstasy that were voluntarily and anonymously donated to the authors
for analysis after a nationwide solicitation (1). However, because the donors
were required to pay a fee for the analysis, the findings may not represent
what is actually available. Of the total, only 67 pills (63%) contained some
MDMA or a closely related analog (either 3,4-methylenedioxy-ethyl-



amphetamine or 3,4-methylenedioxyamphetamine) (1). Forty (37%) contained
no MDMA or related amphetamine. Of these, 23 (58%) contained the
antitussive dextromethorphan (see also Dextromethorphan) and 9 (23%)
contained no identifiable drug. Other substances identified were caffeine,
ephedrine, pseudoephedrine, and salicylates (1).

MDMA was not teratogenic in pregnant rats at oral doses of 2.5 or 10
mg/kg/day administered on alternate days from gestational day 6 to day 18 (3).
The drug had no effect on gestational duration, litter sizes, or birth weights.
Although most pup neurobehavior parameters were unaffected, olfactory
discrimination was enhanced in both males and females, and negative geotaxis
was delayed in females. However, the density of brain serotonin-uptake sites
and levels of brain serotonin and 5-hydroxyindoleacetic acid (5-HIAA;
metabolite of serotonin) were not affected. There was a significant reduction of
maternal weight and a dose-dependent decrease in maternal brain serotonin
(5-HT) (3).

In another study with pregnant rats, MDMA 20 mg/kg SC was administered
twice daily on days 14–17 of gestation (4). Marked, long-lasting maternal
hyperthermia was observed after the first dose, but the response was
attenuated with further doses. The body weight of the dams decreased during
treatment and there was a 20% decrease in litter size. There was a slight
reduction in pup weights on postnatal day 7, but the difference was not
statistically significant compared with controls. In the dams, a significant
decrease in the concentration of 5-HT and 5-HIAA in the hippocampus,
striatum, and cortex of the brain were measured 1 week after parturition (i.e.,
nearly 2 weeks after the last dose). In contrast, neither the 5-HT nor 5-HIAA
level in the dorsal telencephalon of the pups was different from that of controls.
The lack of MDMA-induced toxicity in the fetal brains suggested that either
MDMA was not being metabolized to free radical-producing entities or the fetal
brains were more efficient than adult brains in eliminating the toxic free radical
metabolites (4).

Although there is no information on the placental passage of MDMA, other
amphetamines rapidly cross the human placenta (see Amphetamine).
Moreover, the relatively low molecular weight of MDMA (about 179, compared
with about 135 for amphetamine) suggests that it also rapidly crosses to the
fetus.

An abstract published in 1998 described the pregnancy outcomes of 49
women who had called a teratology information service (TIS) in Holland
concerning their exposure to pure MDMA or to closely related amphetamines



(methylene dioxyamphetamine [MDA]; methylene dioxyethylamphetamine
[MDEA]; or other) (5). In 47 cases, the exposure occurred during the 1st
trimester; the other 2 were in the 2nd trimester. The mean age of the women
was 26 (range 17–44). Other abuse drugs, usually cocaine or marijuana, were
taken by 43%, 34% of the women drank alcohol, and 63% of the women
smoked cigarettes. Eleven pregnancies were still ongoing. The outcomes of the
remaining 38 pregnancies were 2 spontaneous abortions, 2 elective abortions
(1 fetus with a defect suggestive of an omphalocele), and 36 liveborn infants (6
premature including one set of triplets). One term newborn, exposed in utero to
ecstasy alone, had a congenital heart defect and died a few hours after birth
(5).

A 1999 report from the United Kingdom National TIS cited 302 inquiries from
pregnant women concerning ecstasy from January 1989 to June 1998 (6). Of
the total, 31 pregnancies were ongoing and 135 were lost to follow-up.
Outcome data were available for 136 pregnancies (1 set of twins). Among this
group, 74 women took only ecstasy, and 62 took ecstasy with other drugs,
including amphetamines (N = 37), cocaine (N = 20), marijuana (N = 16), alcohol
(N = 13), and/or LSD (N = 9). Exposure to ecstasy was limited to the 1st
trimester in 127 pregnancies (71 to ecstasy alone, 56 to ecstasy plus other
drugs of abuse), to the 1st and 2nd trimesters in 2, to the 2nd trimester in 2, to
the 3rd trimester in 1, and throughout gestation in 4. Thus, 133 of the
pregnancies (98%) were exposed to ecstasy in the 1st trimester. The
outcomes included 11 spontaneous abortions (8%) and 48 elective abortions
(35%). One elective abortion occurred at 22 weeks’ gestation because of a
fetus with absent upper limbs, left scapula, clavicles, and hypoplasticity of the
first rib pair. The mother said she had taken only ecstasy during the 1st
trimester. No data were available on the other aborted fetuses. There were 12
infants with congenital defects among the 78 born live infants (15.4%, 95%
confidence interval [CI] 8.2–25.4). One newborn (without apparent birth
defects), who was exposed in utero to ecstasy, heroin, and methadone
throughout pregnancy died from an unknown cause. The birth defects and drug
exposures (all in the 1st trimester except 1 case) were ecstasy only (6 cases):
left 4th toe underlying 3rd toe, right-sided plagiocephaly, 2 with unilateral
talipes, bilateral talipes, pyloric stenosis; ecstasy and amphetamine (2 cases):
clicking hips, intrauterine growth restriction, ambiguous sex (1 of twins born at
25 weeks’); ecstasy, amphetamine, and gamma hydroxybutyric acid (1 case):
ventricular septal defect (VSD) (possibly atrial and ventricular), bilateral
hydronephrosis, bilateral clinodactyly; ecstasy and alcohol (3 cases): VSD,



pigmentation of the right thigh, ptosis of left eye (exposed in 2nd trimester).
There were three female infants with talipes (3.8%, 95% CI 8–109) compared
with the expected rate of 0.1% (6). In addition, in Great Britain, there is a 3:1
male predominance of idiopathic talipes equinovarus (6). Neither the sex ratio
nor birth weights of term infants (specific data not provided) were adversely
affected by the exposures (6).

BREASTFEEDING SUMMARY
No reports describing the use of ecstasy or MDMA during human lactation have
been located. The molecular weight (about 179) is low enough, however, that
excretion into milk should be expected. The closely related drug amphetamine
is concentrated in breast milk with milk:plasma ratios ranging from 2.8 to 7.5
(see Amphetamine). The American Academy of Pediatrics classifies
amphetamines as contraindicated during breastfeeding (7).
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ECULIZUMAB
Immunologic Agent (Antihemolysis)
PREGNANCY RECOMMENDATION: Maternal Benefit >> Embryo–Fetal
Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with eculizumab is very limited. The
animal data from one species, using a murine version of the antibody,
suggest risk. However, eculizumab is indicated for paroxysmal nocturnal
hemoglobinuria (PNH), a high-risk complication in pregnancy manifested by
hemolytic anemia, bone marrow failure, and thrombosis (1–3). Significant
morbidity and mortality have occurred from PNH-induced venous
thromboembolism with maternal and perinatal mortality up to 20% and
10%, respectively (1). Supportive therapy (red blood cells and platelet
transfusions) and routine prophylactic anticoagulation are recommended.
Moreover, there also is a need for additional iron and folic acid
supplements because of the hemolysis. In nonpregnant and the limited
number of pregnant patients, the use of eculizumab, usually in combination
with low-molecular-weight heparin (LMWH), has reduced the need for
transfusions and the rate of hemolytic episodes and thrombosis (1–3).
Thus, if indicated, the maternal benefit appears to far outweigh the
unknown embryo–fetal risk.

FETAL RISK SUMMARY
Eculizumab, an anti-C5 antibody, is a recombinant humanized monoclonal
IgG2/4K antibody that contains human constant regions from IgG2 and IgG4
sequences. It is given as an IV infusion once weekly for 5 weeks and then
every 2 weeks. The antibody binds to the complement protein C5 to inhibit its
cleavage thereby preventing terminal complement mediated intravascular
hemolysis. Eculizumab is indicated for the treatment of patients with PNH to
reduce hemolysis. Eculizumab increases a patient’s susceptibility to serious



meningococcal infections (septicemia and/or meningitis), so all patients must be
given meningococcal vaccine at least 2 weeks before starting eculizumab
therapy and revaccinated according to current medical guidelines. The half-life
of the antibody is 272 hours (4).

Reproduction studies have been conducted in mice using a murine anti-C5
antibody. Mice were given doses that were about 2–4 times (low dose) or 4–8
times (high dose) the recommended human dose based on body weight (RHD).
When maternal exposure occurred during organogenesis, two cases of retinal
dysplasia and one case of umbilical hernia were observed in the high-dose
group among 230 offspring. There was no increase in fetal loss or neonatal
death. When the antibody was given from implantation through weaning, male
offspring had an increased risk of death (1/25 controls, 2/25 low-dose group,
and 5/25 high-dose group). Surviving offspring had normal development and
reproductive performance (4).

Carcinogenic and mutagenic studies have not been conducted with
eculizumab. No effects on reproductive performance or fertility were observed
in male and female mice given IV doses of the murine anti-C5 antibody up to 4–
8 times the RHD (4).

Although the molecular weight (about 148,000) is very high, the manufacturer
states that the antibody is expected to cross the human placenta (4). There are
data suggesting that all IgG subtypes can potentially cross the placenta but the
IgG2 sequence having the least transfer of the subtypes (3). However, in two
newborns (one at term and the other at 28 weeks’), the antibody was not
detected in cord blood; in two others (twins at 35 weeks’), low levels within the
background level for the assay were found (see reference 8). These cases
suggest that the fetus will not be exposed to clinical significant concentrations
of eculizumab.

In a 2006 correspondence, brief mention was made of a woman who
became pregnant during a study of eculizumab in PNH, even though pregnancy
was a study exclusion (5). Eculizumab therapy was discontinued and the
woman had a successful full-term birth without complications.

A 34-year-old woman with PNH was treated with eculizumab in a twin
pregnancy resulting from in vitro fertilization (6). Her first pregnancy 2 years
earlier had ended with a spontaneous abortion (SAB) at 6 weeks’ despite
anticoagulation with LMWH. Ongoing active hemolysis before and during the
current pregnancy was documented and the patient was treated with
therapeutic LMWH. At 30 weeks’, eculizumab was started with the
recommended induction dose of 600 mg weekly for 4 weeks, followed by 900



mg every other week and LMWH was continued. At 35 weeks’,
thrombocytopenia (60,000/μL) and increasing peripheral edema were
observed. One week later, a cesarean section was conducted to deliver a
2919-g male infant and a 2199-g female infant with Apgar scores of 9 and 10
and 8 and 9, respectively. The female twin had an obstructed duplicated kidney
that had been diagnosed early in the pregnancy. No additional information was
provided on the status of the twins (6).

A 2010 reference described the pregnancy outcomes of seven women
exposed to eculizumab for the treatment of PNH (7). All of the patients were
initially on the standard maintenance dose of 900 mg every 2 weeks unless
specified otherwise. Five of these cases were from the 106 women enrolled in
clinical trials of the antibody in PNH. In one case, the woman underwent an
elective abortion (EAB) and continued on eculizumab. In three cases,
eculizumab was discontinued at 4, 5, and 14 weeks’ gestation, respectively. All
delivered healthy newborns without any adverse effects. The fifth patient
conceived after having been on eculizumab for 5 years. She withdrew from the
trial and continued the antibody combined with LMWH throughout pregnancy.
Because of breakthrough hemolysis, the eculizumab dosing interval was
reduced to 12 days. She gave birth vaginally at term to a healthy, 4-kg male
infant. The mother had a therapeutic eculizumab concentration (116.1 mcg/mL;
time from last dose not specified) at delivery but the antibody was not detected
in cord blood. The sixth patient, with twins, was treated with eculizumab for 2
years before stopping therapy for embryo implantation. She was maintained on
therapeutic LMWH. At 27 weeks’, eculizumab was restarted with the
recommended induction regime (600 mg every week for 4 weeks, then 900 mg
every 2 weeks) but, because of continued intravascular hemolysis and
hemoglobinuria, the 900 mg maintenance dosing interval was shortened to once
weekly. An elective cesarean section at 35 weeks’ delivered two healthy infants
(sex not specified) weighing 2.4 kg and 2 kg, respectively. At delivery, the
mother had a therapeutic antibody concentration (80.5 mcg/mL; time from last
dose not specified). The cord blood samples from the twins had subtherapeutic
eculizumab concentrations (19.2 and 14.4 mcg/mL) that were within the
background level for the assay. Patient number 7 had been receiving
eculizumab and warfarin for PNH before conception. She also had chronic
hypertension. At 5 weeks’ gestation, warfarin was discontinued and replaced
with LMWH. At 28 weeks’, preeclampsia developed and a cesarean section
delivered a 900-g infant (sex not specified). The mother had a therapeutic
eculizumab concentration (63.2 mcg/mL; time from last dose not specified) at



delivery but the antibody was not detected in cord blood. The mother and baby
were doing well (7,8).

Another 2010 report described the pregnancy outcome of a 29-year-old
woman with PNH who had been treated with eculizumab for 3 years before
conception (9). Although the patient had never had thrombotic complications,
LMWH was added when her pregnancy was discovered. Eculizumab and
LMWH were continued throughout an uneventful pregnancy. At 38 weeks’, she
vaginally delivered a healthy 3.43-kg male infant with Apgar scores of 9 and 10
at 1 and 5 minutes, respectively. At 9 months of age, the infant was developing
normally (9).

In a 2013 case report, a 26-year-old white woman at 17 weeks’ had a
recurrence of atypical hemolytic uremic syndrome that was initially controlled
with multiple plasma exchanges with fresh-frozen plasma (10). The disease
recurred at 26 weeks’ and she was treated with IV eculizumab 900 mg every
14 days until a cesarean section at 38 weeks’. The healthy, 3650-g female
infant had Apgar scores of 9 and 10 at 1 and 5 minutes, respectively. The
infant had normal laboratory values and was discharged home after
1 week (10).

BREASTFEEDING SUMMARY
No reports describing the use of eculizumab during human lactation have been
located. In a case described above where the mother received eculizumab
(900 mg) at 12-day intervals and had a therapeutic serum concentration (116.1
mcg/mL) at delivery, the antibody was not detected in milk samples obtained
on postpartum days 1, 2, 3, 9, and 10 (8). Neither the time of the last dose nor
the detection limit of the assay was specified. Nevertheless, the findings are
compatible with the high molecular weight (about 148,000) of eculizumab.
However, because human IgG is found in milk, additional reports are required
to confirm that eculizumab is not excreted in detectable amounts.

The manufacturer states that published data suggest that breast milk
antibodies are not systemically absorbed by nursing infants in substantial
amounts (4). Consequently, breastfeeding by women receiving eculizumab is
probably compatible, but meningococcal infections are a serious potential risk.
Moreover, nursing infants should be closely observed for the most common
(>10%) adverse effects observed in adults: headache, nasopharyngitis, back
pain, nausea, fatigue, and cough.
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EDETATE CALCIUM DISODIUM
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Only two reports of human pregnancy experience with edetate, both
involving a short course in late gestation, have been located. Moreover,
interpretation of the rat study is hindered by the presumed oral
administration of edetate, a drug that is poorly absorbed from the
gastrointestinal (GI) tract. That study did suggest, however, that the
observed fetal malformations were induced by zinc deficiency. The human
cases and limited animal data are insufficient to assess the risk for the
human embryo and fetus. Dietary zinc supplementation might be an option
if prolonged treatment with edetate calcium disodium was required during
pregnancy, but this has not been studied. In addition, hypotension is a
reported adverse effect in adults, and in a pregnant patient, this could
jeopardize placental perfusion and the fetus. However, lead is a well-known
reproductive toxicant that has significant associations with preterm birth,
reduced birth weight and postnatal growth, minor congenital anomalies, and
deficits in postnatal neurological or neurobehavioral status (1). Therefore, if
indicated, the maternal, and possibly the embryo–fetal, benefit of therapy
appear to outweigh any unknown direct or indirect risks (2).

FETAL RISK SUMMARY
The chelating agent edetate calcium disodium (edetate) is the calcium chelate
of disodium ethylenediaminetetraacetate. It is indicated for the reduction of
blood levels and depot stores of lead in acute or chronic lead poisoning and
lead encephalopathy. Edetate also forms stable chelates with other divalent or
trivalent metals that can displace calcium, such as cadmium, iron, manganese,
mercury, and zinc, but not copper. However, insignificant amounts of iron and
manganese are chelated, and mercury is either too tightly bound to be chelated



or is stored in inaccessible body compartments. In contrast, the excretion of
zinc is significantly increased. Edetate must be given by injection (IM preferred
but also by IV) because it is poorly absorbed from the GI tract. The drug is not
metabolized and is excreted by the kidneys with an elimination half-life of 20–60
minutes (3).

Reproduction studies have been conducted in pregnant rats. In one study,
doses up to 13 times the human dose (presumed to be based on body weight)
revealed no evidence of impaired fertility or fetal harm. In a second study,
doses up to about 25–40 times the human dose caused fetal malformations,
but the anomalies were prevented by simultaneous supplementation of dietary
zinc (3).

A 1998 review summarized the developmental toxicity of metal chelating
agents, including ethylenediaminetetraacetic acid (EDTA) and its salts
(disodium, trisodium, calcium disodium, and tetrasodium edetate) (4). The
author cited several animal studies showing teratogenicity that was proven to
be secondary to EDTA-induced zinc deficiency. Different incidences of
teratogenicity were observed depending on the route of administration (IV, SC,
gavage, or diet) and dose. In one study, oral administration of EDTA and its
salts, even at maternally toxic doses, had little or no teratogenic effects in rats.
The different outcomes were thought to be partially due to poor absorption of
the compounds after oral administration (4).

It is not known if edetate crosses the human placenta to the embryo or fetus.
The molecular weight (about 374) is low enough for transfer to the fetus. In
addition, small amounts of the drug cross the blood–brain barrier as about 5%
of the plasma concentration can be found in spinal fluid. However, the very
short elimination half-life will limit the amount of drug at the maternal–fetal
interface.

The first known case of lead poisoning treated with edetate in a pregnant
woman was reported in 1964 (5). A family of six (father, mother, and four male
siblings) was diagnosed with lead poisoning caused by using battery cases as
fuel in the living room stove for several months. The mother, who was 8 months
pregnant, had a blood lead level of 0.24 mg/dL. She was treated with a 7-day
course of edetate (75 mg/kg/day). Four weeks later, she delivered an
apparently healthy 3.2-kg male infant. The cord blood lead level was
undetectable (<0.06 mg/dL). At follow-up, the physical and neurologic
examination and developmental assessment were normal at 4.25 years (5).

An unusual case of lead poisoning in a 17-year-old pregnant woman was
apparently reported by two different groups of authors from the same New



York hospital (6,7). The patient had eaten paint from the walls of her apartment
for several months during pregnancy. She was hospitalized at about 38 weeks’
gestation because of abdominal pain, paresthesias in her feet, and calf pain. A
blood sample yielded a lead level of 86 mcg/mL, whereas the amniotic fluid
lead level was 90 mcg/mL. She was treated with IV edetate 1 g twice daily for
3 days. Two days after chelation therapy, her blood level was 41 mcg/mL. Six
days later, she delivered a 2665-g female infant spontaneously. The cord blood
lead concentration was 60 mcg/mL, whereas the maternal level at discharge
was 26 mcg/mL. The small-for-date infant’s head circumference was 32 cm
(10th percentile), and the length was 45 cm (25th percentile). Radiographs
revealed a dense skull with delayed deciduous dental development and
abnormal long bones. At about 2 years of age, the girl’s growth and
development were normal (6,7).

A 2002 report described the use of IV edetate (dose not specified) and IM
dimercaprol in a woman at 30 weeks’ gestation with a high blood lead
concentration (5.2 μmol/L; goal ≤0.48 μmol/L) (8). Twenty-four hours after
initiation of chelation therapy, her lead level was 2.3 μmol/L. Twelve hours later,
labor was induced because of uterine hemorrhage, and she gave birth to a 1.6-
kg (75th percentile) female infant. Lead concentration in the cord blood was 7.6
μmol/L. The Apgar scores were 4 and 6 (presumably at 1 and 5 minutes,
respectively). The newborn was flaccid with absent reflexes, no movement to
noxious stimuli, and no gag reflex, but she did have spontaneous eye
movement. Bilateral diaphragmatic palsy was confirmed by fluoroscopy. During
her 7 months of hospitalization, the infant received multiple courses of chelation
to treat the intrauterine lead intoxication. In spite of this therapy, she had right
sensorineural deafness and neurodevelopment delay at discharge. Oral
succimer was continued at home because the blood lead level was still
elevated (0.95 μmol/L). The mother’s lead source was identified as herbal
tablets that had been prescribed for a GI complaint. She had taken the tablets
periodically over the last 9 years and throughout pregnancy. Mercury also was
present in some of the tablets. The lead intake during pregnancy was
estimated to be 50 times the average weekly intake of Western populations
(8).

In a 2003 report, four women with severe lead poisoning were treated with
IV edetate during the 3rd trimester, including one also treated with dimercaprol.
The source of the lead in most cases was the ingestion of pica (soil/clay-based
substances). No lead-induced congenital defects were noted in the infants, but
all received chelation therapy in the neonatal period (9).



BREASTFEEDING SUMMARY
No reports describing the use of edetate calcium disodium (edetate) during
lactation have been located. The molecular weight (about 374) suggests that
the drug will be excreted into breast milk, but the very short elimination half-life
will limit the amount excreted. Moreover, edetate is poorly absorbed after oral
dosing, at least from the adult GI tract. The risk to a nursing infant from
exposure to the drug in milk is unknown but appears to be very low or
nonexistent. However, because the use of edetate implies poisoning with lead,
this metal also will be excreted into milk and is toxic to a nursing infant.
Therefore, breastfeeding is contraindicated in women receiving edetate.
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EDROPHONIUM
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Edrophonium is a short-acting quaternary ammonium chloride with
anticholinesterase activity used in the diagnosis of myasthenia gravis. The
drug has been used in pregnancy without producing fetal malformations
(1–7).

FETAL RISK SUMMARY
Because it is ionized at physiologic pH, significant amounts of edrophonium
would not be expected to cross the placenta. The molecular weight (about 202
for edrophonium chloride) is low enough that placental transfer of the
nonionized fraction probably occurs.

Caution has been advised against the use during pregnancy of IV
anticholinesterases because they may cause premature labor (1,3). This effect
on the pregnant uterus increases near term. IM neostigmine has been
recommended as an alternative to IV edrophonium if diagnosis of myasthenia
gravis is required in a pregnant patient (3). However, vaginal bleeding and
abortion have occurred with IM neostigmine and are potential complications
(see Neostigmine). In one report, IV edrophonium was given to a woman in the
2nd trimester in an unsuccessful attempt to treat tachycardia secondary to
Wolff–Parkinson–White syndrome (6). No effect on the uterus was mentioned
and she continued with an uneventful full-term pregnancy.

Transient muscular weakness has been observed in about 20% of newborns
of mothers with myasthenia gravis (8). The neonatal myasthenia is caused by
transplacental passage of anti-acetylcholine receptor immunoglobulin G
antibodies (8).



BREASTFEEDING SUMMARY
No reports describing the use of edrophonium during lactation have been
located. Edrophonium is ionized at physiologic pH and is not expected to be
excreted into breast milk (9). The molecular weight (about 202 for edrophonium
chloride) is low enough that excretion of the nonionized fraction into milk may
occur. The effects, if any, on a nursing infant from this exposure are unknown
(9).
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EFALIZUMAB
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of efalizumab in human pregnancy have been
located. The animal data suggest that the human embryo and fetal risk are
low, but the absence of human pregnancy experience prevents a full
assessment of the risk. Because psoriasis is common in women of
childbearing potential, the long elimination half-life of efalizumab suggests
that exposure of inadvertent pregnancies is highly probable. Based on the
animal data, suppression of the antibody response in infants exposed in
utero late in gestation is a potential complication.

FETAL RISK SUMMARY
Efalizumab is an immunosuppressant recombinant humanized immunoglobulin
(IgG1) kappa isotype monoclonal antibody. It is indicated for the treatment of
chronic moderate to severe plaque psoriasis in patients who are candidates for
systemic therapy or phototherapy. It is administered by SC injection. After the
last steady-state dose, the mean time to eliminate efalizumab was 25 days
(range 13–35 days) (1). (Note: This corresponds to a mean elimination half-life
of about 5 days.)

Animal reproduction studies with efalizumab have not been conducted.
However, a study was conducted in mice during organogenesis using an
antimouse CD11a antibody with SC doses up to 30 times the equivalent of the
recommended clinical dose of efalizumab (ERCD). In this study, no evidence of
maternal toxicity, embryotoxicity, or teratogenicity was observed. When doses
3–30 times the ERCD were administered in late gestation and during lactation,
no adverse effects on behavior, reproduction, or growth were noted. However,
at 11 weeks of age, offspring exhibited a significant reduction in their ability to



mount an antibody response. There was evidence at 25 weeks of age that this
effect was partially reversible.

The transplacental passage of efalizumab in humans has not been studied.
However, immunoglobulin G is known to cross the human placenta. Thus,
exposure of the human embryo or fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of efalizumab during human lactation have been
located. As an immune globulin, efalizumab is probably excreted into breast
milk. Because of the long elimination time (about 25 days), holding
breastfeeding after a dose to allow clearance from the mother’s system does
not appear to be practical. The effect of this exposure on a nursing infant is
unknown, but the immune globulin would most likely undergo some degree of
digestion in the infant’s gut. However, suppression of the infant’s antibody
response is a potential complication. Until data are available, avoiding nursing
during use of efalizumab is the safest course.
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EFAVIRENZ
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The human data are too limited to allow a prediction as to the risk of
efavirenz during pregnancy. The teratogenicity observed in cynomolgus
monkeys and the embryo toxicity in rats suggests that there is a potential
for risk in the developing human. Exposure of the human embryo–fetus is
likely to occur because the agent was found to easily cross the placenta of
all animal species tested. Moreover, the case report of a
myelomeningocele was considered to be consistent with the toxicity
observed in monkeys. Taken in sum, however, the total data do not support
the concept that efavirenz is a major teratogen. If indicated, the drug
should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Efavirenz is an orally active, nonnucleoside reverse transcriptase inhibitor
(nnRTI) that is specific for HIV-1. It is indicated, in combination with other
antiretroviral agents, for the treatment of HIV-1 infections. Efavirenz has a
terminal half-life of 52–76 hours after a single dose and 40–55 hours after
multiple dosing (1). The shorter elimination time after chronic dosing is a result
of cytochrome P450 enzyme induction that induces its own metabolism.

In reproduction studies, cynomolgus monkeys were administered oral
efavirenz (60 mg/kg/day) throughout pregnancy (postcoital days 20–150). This
dose produced plasma drug concentrations similar to those achieved in humans
given 600 mg/day. Three of 20 exposed newborns had major congenital
malformations, compared with 0 of 20 in nonexposed control monkeys. The
defects observed were one case each of anencephaly and unilateral
anophthalmia, microphthalmia, and cleft palate. In pregnant rats, doses
producing plasma concentrations similar to those in humans resulted in an



increase in fetal resorptions. Neither mating nor fertility was impaired in rats at
these doses. No teratogenic or toxic effects were observed in rabbits given
doses producing plasma concentrations similar to those in humans (1).

It is not known if efavirenz crosses the human placenta to the fetus. The
relatively low molecular weight (about 316) suggests that the drug is
transferred to the fetus. Placental transfer of efavirenz has been documented in
cynomolgus monkeys, rats, and rabbits, with fetal blood concentrations
approximately the same as maternal plasma concentrations (1).

A 2002 case report described the pregnancy outcome of a 34-year-old
woman with asymptomatic HIV infection (2). The woman was taking zidovudine,
stavudine, efavirenz, and folic acid before and during the first 24 weeks of
gestation, at which time pregnancy was diagnosed. Therapy was then changed
to lamivudine, stavudine, and nelfinavir. At 38 weeks’ gestation, a 3450-g male
infant was born with length 49 cm and head circumference 34.5 cm. The infant
had a large sacral myelomeningocele lesion (10 cm diameter) and a
triventricular hydrocephalus. The serologic test for HIV was positive. Surgical
repair of the neural tube defect was performed along with ventriculoperitoneal
shunting. Because of the reproduction studies in monkeys, the authors
attributed the infant’s defect to efavirenz (2).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 liveborn infants who had been exposed during the 1st
trimester to one or more antiretroviral agents (3). Congenital defects were
noted in 134, a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In
the 6100 live births with earliest exposure in the 2nd/3rd trimesters, there were
153 infants with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the
two periods did not differ significantly. There were 288 infants with birth defects
among 10,803 live births with exposure anytime during pregnancy (2.7%, 95%
CI 2.4–3.0). The prevalence rate did not differ significantly from the rate
expected in a nonexposed population. There were 556 outcomes exposed to
efavirenz (501 in the 1st trimester and 55 in the 2nd/3rd trimesters) in
combination with other antiretroviral agents. There were 16 birth defects (14
exposures in the 1st trimester and 2 in the 2nd/3rd trimesters). One of the
defects from a 1st trimester exposure was a neural tube defect. In reviewing
the birth defects of prospective and retrospective (pregnancies reported after
the outcomes were known) registered cases, the Registry concluded that,
except for isolated cases of neural tube defects with efavirenz exposure in
retrospective reports, there was no other pattern of anomalies (isolated or



syndromic) (3). (See Lamivudine for required statement.)
Two reviews, one in 1996 and the other in 1997, concluded that all women

receiving antiretroviral therapy should continue to receive therapy during
pregnancy and that treatment of the mother with monotherapy should be
considered inadequate (4,5). The same conclusion was reached in a 2003
review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (6). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1 infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (7). The guidelines recommended avoiding efavirenz in pregnancy,
particularly during the 1st trimester, because of the teratogenic effects
observed in primates and the report of a neural tube defect in a newborn (7).
Updated guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (8). Women receiving antiretroviral
therapy during pregnancy should continue the therapy but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (8).

BREASTFEEDING SUMMARY
No reports describing the use of efavirenz during human lactation have been
located. The molecular weight (about 316) is low enough that excretion into
breast milk should be expected. The effect on a nursing infant is unknown.

Reports on the use of efavirenz during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infection. HIV-1 is transmitted
in milk, and in developed countries, breastfeeding is not recommended
(4,5,7,9–11). In developing countries, breastfeeding is undertaken, despite the
risk, because there are no affordable milk substitutes available. Until 1999, no
studies had been published that examined the effect of any antiretroviral
therapy on HIV-1 transmission in milk. In that year, a study involving zidovudine
was published that measured a 38% reduction in vertical transmission of HIV-1
infection despite breastfeeding when compared with controls (see Zidovudine).
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ELECTRICITY
Miscellaneous
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (Mother)

PREGNANCY SUMMARY

Exposure of the pregnant woman to electric current may produce
dramatically different fetal outcomes depending on the source and type of
current. Based on published reports previous to 1997, otherwise harmless
maternal exposure to household alternating current was usually fatal to the
fetus. In contrast, a 1997 prospective controlled cohort study cited below
described live births in 94% of their cases (1,2); the difference between
this report and the previous published experience is most likely due to
selective reporting of adverse outcomes, the level of voltage involved (110
vs. 220 V), and whether the current passed through the uterus. Although
the new data should lessen a woman’s concern for her fetus after electric
shock, pregnant women who have experienced this type of injury, even
when deemed to be minor, should be advised to consult their health care
provider. Oligohydramnios, intrauterine growth restriction, and fetal death
may be late effects of exposure to alternating current (3). Lightning strikes
of any human are often fatal, but in those rare cases in which the victim is
pregnant and survives, about half of the fetuses will also survive.
Electroconvulsive therapy (ECT) and direct-current cardioversion do not
seem to pose a significant risk to the fetus. The most frequent adverse
effect of ECT in the mother was premature contractions and labor,
whereas in the fetus it was bradyarrhythmias. Based on one report, the
use of a Taser weapon on a pregnant woman may result in spontaneous
abortion.

FETAL RISK SUMMARY
Published reports have described the exposure of pregnant women to electric
currents through five different means: accidental electric injury in the home,



lightning strikes, ECT, antiarrhythmic direct-current cardioversion, and from a
Taser weapon. Dramatically different fetal outcomes have occurred based on
the type of exposure.

Four reports involving 14 women described accidental electric shock with
alternating current, either 110 or 220 V, from appliances or wiring in the home
(3–6). In each of the cases, the electric current took a presumed hand-to-foot
pattern through the body and, thus, probably through the uterus. Gestational
ages varied from 12 to 40 weeks. Although none of the mothers was injured or
even lost consciousness, in these otherwise harmless events, fetal death
occurred in 10 (71%). In at least five of the cases, immediate cessation of fetal
movements was noted. One mother, who received the shock at about 28
weeks’ gestation, subsequently developed hydramnios and delivered an infant 4
weeks later (4). Burn marks were evident on the newborn, who died 3 days
after birth. A second growth-restricted infant was stillborn at 33 weeks’
gestation, 12 weeks after the electrical injury (3). In most cases, no specific
clinical or pathologic signs could be noted (3). However, oligohydramnios was
observed in two cases in which the fetuses survived. The accidents occurred at
20 and 32 weeks’ gestation, with injury-to-delivery intervals of 6 and 21 weeks,
respectively. The specific cause of fetal damage has not been determined. It
may be due to changes in fetal heart conduction resulting in cardiac arrest (4,5)
or by lesions in the uteroplacental bed (3).

A 1997 paper described 20 cases from the literature of electric shock during
pregnancy with healthy newborn outcomes occurring in only 5 cases (1). An
abstract of their preliminary findings was published in 1995 (2). The authors of
this report then described the outcomes of 31 women studied prospectively
after exposure to home appliances with 110 V (N = 26) or 220 V (N = 2), or to
high voltage (2000 and 8000 V) from electrified fences (N = 2), or to a low-
voltage (12 V) telephone line (N = 1). An additional 16 women who had
received electric shocks during pregnancy were either lost to follow-up (N = 10)
or had not yet given birth (N = 6). Of the 31 outcomes, there were 2
spontaneous abortions, one of which may have been caused by the electric
shock. In that case, the abortion occurred 2 weeks after the mother had
received the shock. One of the live newborns had a ventricular septal defect
that eventually closed spontaneously. In comparison to the group of 20 cases
from the literature, there were significant differences discovered in the number
of live births (94% vs. 25%), voltage involved (77% to 110 V vs. 76% to 220
V), and current crossing the uterus (i.e., hand-to-foot transmission suggesting
that the current crossed the uterus) (10% vs. 62%) (1).



Lightning strikes of pregnant women are rare, with only 12 cases described
since 1833 (4,7–11). All mothers survived the event, but 6 (50%) of the fetuses
died. A 1965 reference reported a lightning strike of a woman in approximately
the 11th week of gestation (4). The woman briefly lost consciousness, but
other than transient nausea and anxiety that decreased as the pregnancy
progressed, she was unhurt. She subsequently delivered a healthy term infant
who was developing normally at 5 months of age. This report also described
five other cases of lightning strikes of pregnant women that occurred between
1833 and 1959 with two fetal deaths. In one of the latter cases, the electrical
injury caused uterine rupture in a mother at 6 months’ gestation requiring an
immediate cesarean section that was unable to save the fetus. Two cases of
lightning strikes in term pregnant women were reported in 1972 (7). Both
women were in labor when examined shortly after the events. One infant was
delivered 12.5 hours after the maternal injury but died 15.5 hours after birth
apparently secondary to congestive heart failure. In the other case, a healthy
infant was delivered 14 hours after the lightning strike. A 1979 report described
a near-fatal lightning strike in the chest of a 21-year-old woman at 34 weeks’
gestation (8). Successful cardiopulmonary resuscitation was performed on the
mother, but fetal heart tones were absent on initial examination. A stillborn fetus
was delivered 48 hours after admission while the mother was still comatose.
No fetal movements were felt by a 12-year-old mother at term after awakening
from a lightning strike (9). She went into labor 9 days after the accident and
delivered a macerated male fetus. Both the fetus and the placenta appeared
grossly normal. A case of a woman in her 7th month of pregnancy who was
struck in the right arm by lightning was published in 1982 (10). She apparently
did not lose consciousness. Examination revealed minimal maternal injury and
normal fetal heart tones. A healthy infant was delivered 10 weeks later who is
developing normally at 19 months of age. Finally, the picture and brief
description of a 41-year-old woman, in her 26th week of pregnancy, who was
struck by lightning, was presented in 1994 (11). The woman, but not the fetus,
survived. Interestingly, the direction of the lightning strike in the mother was
discussed in later correspondence (12,13).

ECT for depression and psychosis in pregnant patients has been the subject
of a large number of references (14–45). The procedure has been used in all
trimesters of pregnancy and has been considered safe for the fetus. However,
the published data suggest that a better assessment is low risk.

General guidelines for ECT established by the National Institutes of Health
(NIH) were published in 1985 (34). The NIH report recommended that ECT,



instead of drug therapy, be considered for pregnant patients with severe
depression or psychosis in their 1st trimester but did not mention use in the
other phases of gestation. Guidelines for the use of ECT in pregnant women
were first proposed in 1978 (29) and then later expanded in 1984 (33). The
combined guidelines from these two sources are (a) thorough physical
examination, including a pelvic examination, if not completed earlier; (b) the
presence of an obstetrician; (c) endotracheal intubation; (d) low-voltage,
nondominant ECT with EEG monitoring; (e) ECG monitoring of the mother; (f)
evaluation of arterial blood gases during and immediately after ECT; (g)
Doppler ultrasonography of fetal heart rate (FHR); (h) tocodynamometer
recording of uterine tone; (i) administration of glycopyrrolate (see
Glycopyrrolate) as the anticholinergic of choice during anesthesia; and (j)
weekly nonstress tests.

One report described mental retardation in a 32-month-old child whose
mother had received 12 ECT treatments in the 2nd and 3rd trimesters for
schizophrenia, but the investigators did not believe the treatments were
responsible (37). A 1955 reference examined 16 children who had been
exposed in utero to maternal ECT between the 9th and 21st weeks of
pregnancy (38). The age of the children at examination ranged from 14 to 81
months and all exhibited normal mental and physical development. Transient
(2.5 minutes) fetal heart rate deceleration was observed in a twin pregnancy in
which the mother was receiving ECT under general anesthesia (39). A total of
eight ECT treatments were given, two before the observed deceleration and
five afterwards.

Only one report has been located that described arterial blood gas analyses
during ECT in a pregnant patient (28). As observed in previous studies,
maternal blood pressure (average systolic blood pressure increase 10 mmHg)
and heart rate (average pulse increase 15 beats/minute) rose slightly
immediately after the shock, but no maternal hypoxia was measured. A fetal
arrhythmia lasting about 15 minutes occurred that was apparently unrelated to
oxygen changes in the mother (28).

Transient maternal hypotension after ECT was described in a 1984 case
report (32). The adverse effect was attributed to decreased intravascular
volume. IV hydration preceded subsequent ECT treatments in the patient, and
no further episodes of hypotension were observed (32).

A 1991 report noted mild, bright red vaginal bleeding and uterine contractions
after each of seven weekly ECT treatments between 30 and 36 weeks’
gestation (35). A cesarean section, performed at 37 weeks’ gestation because



of bleeding, confirmed a diagnosis of abruptio placentae. The authors attributed
the complication to the transient marked hypertension caused by the ECT. Only
one other report, however, has described vaginal bleeding after ECT (26).
Three women, all in the 8th or 9th month of pregnancy, complained either of
severe recurrent abdominal pain (N = 2) or vaginal bleeding (N = 1) after ECT.
Therapy was stopped in these cases, and normal infants were eventually
delivered.

A 2007 case report described the pregnancy outcome of woman that had
received ECT every 2 weeks throughout pregnancy (40). Labor was induced at
36 weeks’ because of preeclampsia to deliver a 2.550-kg male infant with
Apgar scores of 4 and 7. The infant had multiple brain infarcts that were
attributed to the ECT. An accompanying editorial, however, thought that the
infarcts were unlikely to have been caused by the ECT (41). Multiple ECT
sessions were associated with premature labor in two reports (42,43).

A 2009 review cited 339 cases of ECT in pregnancy that had been reported
over a 65-year interval (1941–2007) (44). Of the 25 fetal or neonatal
complications that occurred in these cases, the authors thought that 11, which
included 2 deaths, were likely related to ECT. The 11 cases included 8 cases
of transient fetal arrhythmias, 1 fetal death due to maternal status epilepticus, 1
miscarriage in the 1st trimester, and 1 case of multiple brain infarcts (same
case as reference 40). The review did not cite the above editorial (reference
41). The most frequent adverse effect of ECT in the mother was premature
contractions and labor, whereas in the fetus it was bradyarrhythmias (44).

Antiarrhythmic, direct-current cardioversion is considered a safe procedure
during gestation (45–48). Cardioversion has been used in the 2nd trimester in a
woman with atrial fibrillation after mitral valvulotomy (45), in the 1st trimester in
a patient with atrial flutter in 1:1 atrioventricular conduction (46), seven times
during three pregnancies in one patient for atrial tachycardia resistant to drug
therapy (47), and twice in a single patient in two pregnancies for atrial
fibrillation (48). No fetal harm was noted from the procedure in any of these
cases. Two review articles on cardiac arrhythmias during pregnancy
considered cardioversion (with energies of 10–50 J (49)) to be safe and usually
effective in this patient population (49,50).

A 1992 reference described the effect from using a Taser (an electronic
immobilization and defense weapon) on a pregnant woman at an estimated 8–
10 weeks’ gestation (51). The subject, in custody at the time because of drug
abuse, was struck by one dart above the uterus and by a second dart in the left
thigh, thereby establishing a current path through the uterus. Vaginal spotting



began the next day and heavy vaginal bleeding began 7 days after the Taser
incident. Uterine curettage performed 7 days later confirmed the presence of
an incomplete spontaneous abortion (51).

BREASTFEEDING SUMMARY
No data are available.
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ELETRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports describing the use of eletriptan in human pregnancy have been
located. The animal data suggest moderate risk, but an assessment of the
actual risk cannot be determined until human pregnancy experience is
available. Although a 2008 review of triptans in pregnancy found no
evidence for teratogenicity, the data did suggest a possible increase in the
rate of preterm birth (1).

FETAL RISK SUMMARY
Eletriptan is an oral selective serotonin (5-hydroxytryptamine; 5HT1B/1D)
receptor agonist that has high affinity for 5HT1B, 5HT1D, and 5HT1F receptors.
The drug is closely related to almotriptan, frovatriptan, naratriptan, rizatriptan,
sumatriptan, and zolmitriptan. It is indicated for the acute treatment of migraine
with or without aura in adults. Protein binding is moderate (about 85%). One
active metabolite has been identified. The elimination half-life of eletriptan is
about 4 hours, whereas the half-life of the active metabolite is about 13 hours
(2).

Reproduction studies have been conducted in rats and rabbits. In rats,
eletriptan was given during organogenesis at doses ranging from about 1.2 to
12 times the maximum recommended human daily dose of 80 mg based on
BSA (MRHDD). At 12 times the MRHDD, fetal weights were decreased and
the incidence of vertebral and sternebral variations were increased, but this
dose was also maternal toxic (decreased body weight gain). The no-effect-
dose for developmental toxicity in rats was about four times the MRHDD. When
rabbits were administered doses ranging from about 1.2 to 12 times the
MRHDD throughout organogenesis, fetal weights were reduced at the highest
dose. All doses were associated with increased incidences of fused sternebrae



and vena cava deviations. Maternal toxicity was not observed with the doses
used. A no-effect-dose for development toxicity in rabbits was not determined
(2).

It is not known if eletriptan or its active metabolite crosses the human
placenta to the fetus. The molecular weight of the parent compound (about 382
for the free base) is low enough that passage to the fetus should be expected.
In addition, the moderate protein binding and elimination half-life suggest that
the drug will be available for transfer at the maternal–fetal interface.

BREASTFEEDING SUMMARY
Eletriptan is excreted into human breast milk. In a study conducted by the
manufacturer, eight women were given a single oral dose of 80 mg (2). The
mean amount of drug recovered from milk over a 24-hour period was
approximately 0.02% of the maternal dose. The mean milk:plasma ratio was
1:4, but there was great variability. At 18–24 hours after the dose, the drug
was still present in milk in low concentrations (mean 1.7 ng/mL). The active
metabolite was not measured in the milk (2).

The effect of this exposure on a nursing infant is unknown. However, the very
low concentrations measured in milk suggest that eletriptan is compatible with
breastfeeding.
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ELTROMBOPAG
Hematological Agent (Hematopoietic)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Eltrombopag is in a pharmacologic class by itself. Only one report
describing the use of eltrombopag in human pregnancy has been located.
The animal reproduction data suggest low risk, but the doses tested were
very low. A more complete assessment of the potential for human embryo–
fetal risk cannot be made until human data are available. Nevertheless, if
eltrombopag is indicated, the maternal benefit appears to outweigh the
unknown embryo–fetal risk, and the drug should not be withheld because of
pregnancy. Health care professionals are encouraged to enroll exposed
patients in the Promacta Pregnancy Registry by calling 888-825-5249.

FETAL RISK SUMMARY
Eltrombopag is a hematopoietic agent that is in the subclass of thrombopoietin
receptor agonists. There are no other agents in the subclass. Because of the
risk of hepatotoxicity and other risks, the drug only is available through a
restricted distribution program. Eltrombopag is indicated for the treatment of
thrombocytopenia in patients with chronic immune (idiopathic) thrombocytopenic
purpura (ITP) who have had an insufficient response to corticosteroids,
immunoglobulins, or splenectomy. Moreover, it should only be given if the
patient’s degree of thrombocytopenia and clinical condition increase the risk of
bleeding (1). Eltrombopag is extensively metabolized. The drug is highly bound
to plasma proteins (>99%). Elimination is primarily via feces with a half-life of
21–32 hours in healthy subjects and 26–35 hours in ITP patients. Systemic
concentrations approximately 40% higher in healthy African-American subjects
were noted in one clinical study (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant



rats, a dose that was seven times the human clinical exposure based on AUC
(HCE) was maternal toxic (decreases in body weight gain and food
consumption). At this dose, fetal weights were significantly reduced and there
was a slight increase in the presence of cervical ribs. No maternal or fetal
adverse effects were observed in rats at a dose that was twice the HCE. In
pregnant rabbits, no evidence of fetotoxicity, embryolethality, or teratogenicity
was observed with doses up to 0.6 times the HCE (1).

Carcinogenicity studies have been conducted in mice and rats. No
carcinogenic effect was observed with doses up to 4–5 times the HCE. The
drug was not mutagenic or clastogenic in various assays, but was marginally
positive (more than threefold increase in mutation frequency) in a mouse
lymphoma assay. Eltrombopag had no effect on the fertility of female and male
rats at doses that were two and five times the HCE, respectively (1).

It is not known if eltrombopag crosses the human placenta. The molecular
weight (about 443 for the free acid) and the long elimination half-life suggest
that the drug will cross the placenta, but the high-protein binding should limit the
amount crossing the placenta. The drug was detected in the plasma of rat
offspring exposed during gestation (1).

A 2012 case report described the pregnancy of a 34-year-old woman at 27
weeks’ with systemic lupus erythematosus who developed severe
thrombocytopenia (2). She was treated with high-dose corticosteroids, IV
immunoglobulin, rituximab (weekly for four doses), one dose of
cyclophosphamide, and anti-D immunoglobulin. At about 32 weeks’, she
received eltrombopag, 50–75 mg/day for about 3 days, but the
thrombocytopenia was resistant to all of these agents. Romiplostim (weekly for
three doses) was then given and the platelet count rose from 4 × 109/L to 91 ×
109/L. Because her platelet count began to fall, she was given the third dose of
romiplostim 1 day before induction of labor at 34 weeks’. A healthy normal
female baby was born with a normal platelet count (no additional details were
provided) (2).

BREASTFEEDING SUMMARY
No reports describing the use of eltrombopag during human lactation have been
located. The molecular weight (about 443 for the free acid) and the long
elimination half-life suggest that the drug will be excreted into breast milk, but
the high protein binding should limit the amount excreted. The risk to a nursing
infant from exposure to the drug in milk is unknown.

The maximum oral absorption of eltrombopag in adults is approximately 52%,



but the absorption in infants is unknown. However, eltrombopag chelates
polyvalent cations such as calcium and iron, and, in adults, this interaction can
decrease plasma systemic exposure by as much as 70% (1). Thus, chelation
by the calcium in milk might prevent clinically significant amounts from being
absorbed. Nevertheless, the safest course is not to breastfeed if the mother is
taking eltrombopag. If she chooses to do so, the infant should be monitored for
the same adverse effects observed in adults: nausea and vomiting, myalgia,
dyspepsia, ecchymosis, hepatotoxicity (increases in alanine aminotransferase
[ALT], aspartate aminotransferase [AST], and bilirubin), conjunctival
hemorrhage, and cataracts.
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EMTRICITABINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The animal data suggest low risk, but the limited human pregnancy
experience prevents a complete assessment of the embryo–fetal risk. If
indicated, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Emtricitabine is a synthetic nucleoside analog reverse transcriptase inhibitor. It
is indicated, in combination with other antiretroviral agents, for the treatment of
HIV-1 infections. Emtricitabine is in the same antiviral class as abacavir,
didanosine, lamivudine, stavudine, tenofovir, zalcitabine, and zidovudine. Plasma
protein binding of emtricitabine is <4% and the plasma elimination half-life is
about 10 hours (1).

Reproduction studies have been conducted in mice, rats, and rabbits. In mice
and rabbits, no evidence of fetal variations or congenital malformations was
observed at systemic exposures (AUC) about 60 and 120 times, respectively,
the human exposure at the recommended human daily dose of 200 mg based
on AUC (HE). Fertility was normal in mice offspring exposed in utero through
sexual maturity at about 60 times the HE. In addition, no effects on fertility
were observed in male rats exposed to about 140 times the HE, or in male and
female mice exposed to about 60 times the HE (1,2).

Emtricitabine crosses the placenta to the fetus in mice and rabbits. The
average fetal plasma:maternal plasma ratio was about 0.40 in mice and 0.50 in
rabbits (2). The placental passage is consistent with the relatively low
molecular weight (about 247), low plasma protein binding, and long plasma
elimination half-life of the antiviral. These factors suggest also that the agent
will cross the human placenta.

The Antiretroviral Pregnancy Registry reported, for the period January 1989



through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (3). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 631 outcomes exposed to emtricitabine
(384 exposed in the 1st trimester and 247 exposed in the 2nd/3rd trimesters) in
combination with other antiretroviral agents. There were 16 birth defects (11 in
the 1st trimester exposure and 5 in the 2nd/3rd trimesters). In reviewing the
birth defects of prospective and retrospective (pregnancies reported after the
outcomes were known) registered cases, the Registry concluded that, except
for isolated cases of neural tube defects with efavirenz exposure in
retrospective reports, there was no other pattern of anomalies (isolated or
syndromic) (3). (See Lamivudine for required statement.)

Two reviews, one in 1996 and the other in 1997, concluded that all women
receiving antiretroviral therapy should continue to receive therapy during
pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (4,5). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (6). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1 infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (7). If indicated, emtricitabine should not be withheld in pregnancy
because the expected benefit to the HIV-positive mother outweighs the
unknown risk to the fetus. Updated guidelines for the use of antiretroviral drugs
to reduce perinatal HIV-1 transmission also were released in 2010 (8). Women
receiving antiretroviral therapy during pregnancy should continue the therapy
but, regardless of the regimen, zidovudine administration is recommended
during the intrapartum period to prevent vertical transmission of HIV to the
newborn (8).

Three studies have reported the pharmacokinetics of emtricitabine in
pregnant women with HIV (9–11).

A brief 2009 study reported multi-class HIV resistance in a 38-year-old



pregnant woman with twins (12). Starting at 25 weeks’, she was successfully
treated with a multidrug combination that included emtricitabine. The twins were
born at 32 weeks’. Both had negative blood tests for HIV (12).

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 247), low plasma protein binding
(<4%), and long plasma elimination half-life (about 10 hours), emtricitabine is
excreted into human breast milk. Five women in Abidjan, Cote d’Ivoire, who
were exclusively breastfeeding their infants were given emtricitabine/tenofovir
at the start of labor and one tablet daily for 7 days postpartum (13). Maternal
blood and milk samples were drawn on days 1, 2, 3, and 7. The median breast
milk doses of emtricitabine and tenofovir were 2% and 0.03%, respectively, of
the proposed oral infant doses (13).

In developed countries, reports on the use of emtricitabine during lactation
are unlikely because the drug is indicated in the treatment of patients with HIV
infection. HIV-1 is transmitted in milk, and in developed countries, breastfeeding
is not recommended (4,5,7,14–16). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available.
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ENALAPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of enalapril in the 2nd and 3rd trimesters is similar to other
angiotensin-converting enzyme (ACE) inhibitors. The use of this drug during
the 2nd and 3rd trimesters may cause teratogenicity and severe fetal and
neonatal toxicity. Fetal toxic effects may include anuria, oligohydramnios,
fetal hypocalvaria, intrauterine growth restriction (IUGR), prematurity, and
patent ductus arteriosus. Anuria-associated anhydramnios/oligohydramnios
may produce fetal limb contractures, craniofacial deformation, and
pulmonary hypoplasia. Severe anuria and hypotension, resistant to both
pressor agents and volume expansion, may occur in the newborn following
in utero exposure to valsartan. Newborn renal function and blood pressure
should be closely monitored.

FETAL RISK SUMMARY
Enalapril, an ACE inhibitor, is used for the treatment of hypertension. Following
oral administration, the prodrug enalapril is bioactivated by hydrolysis to the
active agent, enalaprilat. Use of the drug in pregnant rats produced fetal growth
restriction and, in two fetuses, incomplete skull ossification (1).

Enalaprilat crosses the human placenta. In an in vitro experiment using a
human placental lobe, enalaprilat crossed to the fetal side with a mean transfer
of 2.99% (2). The maximum concentration on the fetal side was about 20–48
ng/mL.

A number of references on the use of enalapril during pregnancy have
appeared (3–22). A 1991 review summarized the cases of enalapril-exposed
pregnancies published prior to January 1, 1990 (23). Use of enalapril limited to
the 1st trimester does not appear to present a significant risk to the fetus, but



fetal exposure after this time has been associated with teratogenicity and
severe toxicity in the fetus and newborn, including death. Of interest, an
apparent autosomal recessive syndrome of renal tubular dysplasia with
fetal/neonatal anuric renal failure, IUGR, and skull ossification defects, but
without exposure to ACE inhibitors, has been described in five infants from two
separate kindreds (24).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 40 newborns had
been exposed to enalapril during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (10.0%) major birth defects were observed
(two expected), including (observed/expected) 2/0.4 cardiovascular defects
and 1/0.1 polydactyly. No anomalies were observed in four other categories of
defects (oral clefts, spina bifida, limb reduction defects, and hypospadias) for
which specific data were available.

A European survey on the use of ACE inhibitors in pregnancy briefly reviewed
the results obtained in nine mother–child pairs (3). Two spontaneous abortions
occurred: one at 7 weeks in a 44-year-old woman and one at 11 weeks in a
41-year-old diabetic patient. Enalapril, 20 mg/day, had been used from
conception until abortion in the first case and from conception until 6 weeks’
gestation in the second. In both cases, factors other than the drug therapy
were probably responsible for the pregnancy losses. In a third case, enalapril
(30 mg/day) was started at 24 weeks; the patient, with severe glomerulopathy,
delivered a stillborn infant 2 weeks later. It is not known whether enalapril
therapy was associated with the adverse outcome. The remaining six women
were being treated at the time of conception with 10–20 mg/day for essential
hypertension or lupus-induced hypertension. Therapy was discontinued by 7
weeks’ gestation in four pregnancies, and at 28 weeks in one, and enalapril
was continued throughout gestation (40 weeks) in one. Two infants were small
for gestational age; one had been exposed only during the first 4 weeks, and
one was exposed throughout (40 weeks). No anomalies were mentioned, nor
were any other problems in the exposed liveborn infants. The growth restriction
was probably due to the severe maternal disease (3).

A 1988 case report described a woman with pregnancy-induced
hypertension who was treated with methyldopa and verapamil for 6 weeks with
poor control of her blood pressure (4). At 32 weeks’ gestation, methyldopa
was discontinued and enalapril (20 mg/day) was combined with verapamil
(360 mg/day), resulting in good control. An elective cesarean section was
performed after 17 days of combination therapy. Oligohydramnios was noted,



as was meconium staining. The 2100-g female infant was anuric during the first
2 days, although tests indicated normal kidneys without obstruction. A renal
biopsy showed hyperplasia of the juxtaglomerular apparatus. She began
producing urine on the 3rd day (2 mL in a period of 24 hours), 12 hours after
the onset of peritoneal dialysis. She remained oliguric when dialysis was
stopped at age 10 days, producing only 30 mL of urine in a period of 24 hours.
By the 19th postnatal day, her urine output had reached 125 mL/24 hours. The
plasma enalaprilat concentration was 28 ng/mL before dialysis and then fell to
undetectable (<0.16 ng/mL) levels after dialysis. ACE levels (normal 95
nmol/mL-minute) were <1 (days 2 and 3), 2.1 (day 5), 15.6 (day 8), 127 (day
31), and >130 nmol/mL (day 90). Angiotensin II concentrations (normal 182
fmol/mL) were still suppressed (39.8) on day 31; plasma renin activity, active
renin, and total renin were all markedly elevated until day 90. By this time, renal
function had returned to normal. Clinical follow-up at 1 year of age was normal
(4).

A renal transplant patient was treated with enalapril, azathioprine, atenolol,
and prednisolone (doses not given) throughout pregnancy (5). Ultrasound at 32
weeks’ gestation indicated oligohydramnios and asymmetrical growth
restriction. A 1280-g (10th percentile) male infant with a head circumference of
25.7 cm (3rd percentile) was delivered by cesarean section. Severe
hypotension (mean 25 mmHg), present at birth, was resistant to volume
expansion and pressor agents. The newborn was anuric for 72 hours, then
oliguric, passing only 2.5 mL during the next 36 hours. Ultrasonography
revealed a normal-sized kidney and a normal urinary tract. Peritoneal dialysis
was commenced on day 8, but the infant died 2 days later. Defects secondary
to oligohydramnios were squashed facies, contractures of the extremities, and
pulmonary hypoplasia. Ossification of the occipital skull was absent. A
chromosomal abnormality was excluded based on a normal male karyotype
(46,XY). The renal failure and skull hypoplasia were probably caused by
enalapril (5).

A 24-year-old woman with malignant hypertension and familial
hypophosphatemic rickets was treated from before conception with enalapril
(10 mg/day), furosemide (40 mg/day), calciferol, and slow phosphate (6).
Blood pressure was normal at 15 weeks’ gestation as was fetal growth.
However, oligohydramnios developed 2 weeks later; by 20 weeks’ gestation,
virtually no fluid was present. Fetal growth restriction was also evident at this
time. Enalapril and furosemide therapy were slowly replaced by labetalol over
the next week, and a steady improvement in amniotic fluid volume was noted by



24 weeks. Volume was normal at 27 weeks’ gestation, but shortly thereafter,
abruptio placentae occurred, requiring an emergency cesarean section. A 720-
g (below 3rd percentile) male infant was delivered who died on day 6. A
postmortem examination indicated a normal urogenital tract (6).

An 18-year-old woman with severe chronic hypertension had four
pregnancies over an approximately 4-year period, all while taking ACE
inhibitors and other antihypertensives (7). During her first pregnancy, she had
been maintained on captopril and she delivered a premature, growth-restricted,
but otherwise healthy female infant who survived. In the postpartum period,
captopril was discontinued and enalapril (10 mg/day) was started while
continuing atenolol (100 mg/day) and nifedipine (40 mg/day). She next
presented in the 13th week of her second pregnancy with unchanged
antihypertensive therapy. Fetal death occurred at 18 weeks’ gestation. The
340-g male fetus was macerated but otherwise normal. Her third and fourth
pregnancies, again with basically unchanged antihypertensive therapy except
for the addition of aspirin (75 mg/day) at the 10th week, resulted in the delivery
of an 1170-g female and a 1540-g male, both at 29 weeks (7).

The case of a 27-year-old woman with scleroderma renal disease who was
treated with both enalapril and captopril at different times in her pregnancy was
published in 1989 (8). Treatment with enalapril (10 mg/day) and nifedipine (60
mg/day) had begun approximately 4 years before the woman presented at an
estimated 29 weeks’ gestation. Because of concerns for the potential fetal
harm induced by the current treatment, therapy was changed to methyldopa.
This agent failed to control the woman’s hypertension and therapy with
captopril (150 mg/day) was initiated at approximately 33 weeks’ gestation, 4
weeks prior to delivery of a normal male infant weighing 1740 g. No evidence of
renal impairment was observed in the infant (8).

A woman with active systemic lupus erythematosus became severely
hypertensive at 22 weeks’ gestation (9). Therapy included prednisone,
phenytoin (for one episode of tonic-clonic seizure activity), and the
antihypertensive agents enalapril, hydralazine (used only briefly), clonidine,
nitroprusside, nifedipine, and propranolol. A 600-g male infant with hyaline
membrane disease was delivered by cesarean section at 26 weeks’ gestation.
Severe, persistent hypotension (mean blood pressure during first 24 hours 18–
23 mmHg) was observed that was resistant to volume expansion and
dopamine. Both kidneys were normal by ultrasonography but no urine was
visualized in the bladder. The infant died on the 7th day. Gross and microscopic
examination of the kidneys at autopsy revealed no abnormalities.



Nephrogenesis was appropriate for gestational age (9).
A 1710-g male infant, delivered by cesarean section for fetal distress at 35

weeks’ gestation, had been exposed to enalapril (20 mg/day) and diazepam (5
mg/day) from the 32nd week of pregnancy for the treatment of maternal
hypertension (10). Prior to this, treatment had consisted of a 2-week course of
methyldopa and amiloride plus hydrochlorothiazide. Except for a few drops, the
growth-restricted infant produced no urine, and peritoneal dialysis was started
at 86 hours of age. Renal ultrasonography indicated normal kidneys without
evidence of obstruction. Renal function slowly improved following dialysis, but
some impairment was still present at 18 months of age (10).

Investigators at the FDA reviewed five cases of enalapril-induced neonatal
renal failure, one of which had been published previously in a 1989 report (11).
Enalapril doses ranged from 10 to 45 mg/day. Two of the mothers were
treated throughout gestation, one was treated from 27 to 34 weeks’ gestation,
and one was treated during the last 3 weeks only. All of the infants required
dialysis for anuria. Renal function eventually recovered in two infants, it was still
abnormal 1 month after birth in one, and tubular acidosis occurred in the fourth
infant 60 days after delivery. Hypotension was reported in three of the four
newborns. The authors cautioned that if enalapril was used during pregnancy,
then preparations should be made for neonatal hypotension and renal failure
(11).

In a 1991 abstract, the FDA investigators updated their previous report on
ACE inhibitors and perinatal renal failure by listing a total of 29 cases: 18 were
caused by enalapril, 9 by captopril, and 2 by lisinopril (12). Of the 29 cases, 12
(41%) were fatal (another fatal case was listed but it was apparently not
caused by renal failure), 9 recovered, and 8 had persistent renal impairment.
Only 2 deaths occurred among dialyzed patients. Two cases of
oligohydramnios resolved when therapy was stopped before delivery, but one
of the infants was stillborn (12).

A 1990 case report suggested that structural kidney defects may be a
consequence of enalapril therapy (13). A 22-year-old mother, with systemic
lupus erythematosus and severe chronic hypertension, was treated throughout
gestation with enalapril (20 mg/day), propranolol (40 mg/day), and
hydrochlorothiazide (50 mg/day). Blood pressure was well controlled on this
regimen, and no evidence of active lupus occurred during pregnancy. Normal
amniotic fluid volume was documented at 16 weeks’ gestation followed by
severe oligohydramnios at 27 weeks. Although normal fetal growth was
observed, the male infant was delivered at 34 weeks’ gestation by emergency



cesarean section because thick meconium was found on amniocentesis. No
meconium was found below the vocal cords. The profound neonatal
hypotension induced by enalapril required aggressive treatment with fluids and
pressor agents. The newborn had the characteristic features of the
oligohydramnios sequence. Both kidneys were morphologically normal by renal
ultrasonogram, but no urine output was observed, and no urine was found in the
bladder. The infant died at about 25 hours of age. Pulmonary hypoplasia, a
condition secondary to oligohydramnios, was found at autopsy. Except for their
large size, approximately 1.5 times the expected weight, the kidneys were
grossly normal with normal vessels and ureters and a contracted bladder.
Microscopic examination revealed a number of kidney abnormalities: irregular
corticomedullary junctions; glomerular maldevelopment with a decreased
number of lobulations in many of the glomeruli, and some congested glomeruli;
a reduced number of tubules in the upper portion of the medulla with increased
mesenchymal tissue; and tubular distension in the cortex and medulla. The
investigators could not determine whether the renal defects were due to
reduced renal blood flow secondary to enalapril, a direct teratogenic effect of
the drug, or an effect of the specific drug combination. However, no renal
anomalies have been reported after use of the other two drugs (see
Hydrochlorothiazide and Propranolol), and similar renal defects have not been
reported as a complication of maternal lupus (13).

Three cases of in utero exposure to ACE inhibitors, one of which was
enalapril, were reported in a 1992 abstract (14). The infant, delivered at 32
weeks’ gestation because of severe oligohydramnios and fetal distress, had
growth restriction, hypocalvaria, short limbs, and renal tubular dysplasia.
Profound neonatal hypotension and anuria were observed at birth and improved
only with dialysis, but the infant died at 9 days of age due to the renal failure
(14).

A woman took enalapril (10 mg/day) and furosemide (80 mg/day) throughout
gestation for hypertension and delivered a 2.76-kg male infant at 37 weeks’
gestation (19). An ultrasound at 20 weeks’ had noted oligohydramnios,
multicystic kidneys, a small thorax, and no visible bladder. The newborn died a
few minutes after birth. Autopsy revealed low set ears, small epicanthic folds,
bilateral talipes, a markedly bell-shaped thorax, grossly cystic kidneys, and no
apparent normal renal tissue. The karyotype was normal (19).

A 1997 case report described the pregnancy outcome of a woman who was
treated with enalapril (20 mg/day) for gestational hypertension from about 28
weeks’ gestation to delivery at 36 weeks’ (20). Severe oligohydramnios had



developed shortly before delivery. The growth-restricted, 2000-g male infant
had hypocalvaria, anuria, and profound hypotension. Peritoneal dialysis was
started at age 3 days. Before dialysis, the serum ACE level was 7.4 μmol/mL
(normal 20–30 μmol/mL). After dialysis, the level was 20.5 μmol/mL, whereas
enalaprilat concentrations in the infant’s serum and dialysate were 6.92 and 3.3
mcg/mL, respectively. Blood pressure normalized after 4 days of dialysis but
chronic renal failure persisted. At 8 months of age, expansion of the calvarial
bones with gradual closing of the fontanelles was evident and development,
other than growth, was normal. However, the renal failure had worsened and
the infant was on the waiting list for a renal transplant (20).

Ten pregnancies treated with enalapril were reported in a 1997 study of 19
pregnancies exposed to ACE inhibitors (21). Enalapril therapy was stopped in
the 1st trimester in eight pregnancies and at 14 and 15 weeks’, respectively, in
the others. No congenital anomalies or renal dysfunction were noted in the 10
neonates (21).

The outcomes of 21 pregnancies exposed to ACE inhibitors between 1991
and 1996 were reported using data from the Danish Birth Registry (22).
Exposure to the agents occurred at a median of 8 weeks’ gestation (range 5–
15 weeks’). No fetal or neonatal complications attributable to the drug therapy
were discovered (22).

A 1992 reference described the effects of ACE inhibitors on pregnancy
outcome (25). Among 106,813 women enrolled in the Tennessee Medicaid
program who delivered either a liveborn or stillborn infant, 19 had taken either
enalapril, captopril, or lisinopril during gestation. One newborn, exposed in
utero to enalapril, was delivered at 29 weeks’ gestation for severe
oligohydramnios, IUGR, and fetal distress. Gradual resolution of the infant’s
renal failure occurred following dialysis (25).

Fourteen cases of fetal hypocalvaria or acalvaria were reviewed in a 1991
reference, one of which was due to enalapril (26). It was speculated that the
underlying pathogenetic mechanism in these cases was fetal hypotension.

In an article examining the teratogenesis of ACE inhibitors, evidence was
cited linking fetal calvarial hypoplasia with the use of these agents after the 1st
trimester (27). The mechanism was thought to be related to drug-induced
oligohydramnios that allowed the uterine musculature to exert direct pressure
on the fetal skull. This mechanical insult, combined with drug-induced fetal
hypotension, could inhibit peripheral perfusion and ossification of the calvaria
(27).

A study published in 1992 examined microscopically the kidneys of nine



fetuses from chronically hypertensive mothers, one of whom was taking
enalapril (28). It was concluded that the renal defects associated with ACE
inhibitors were due to decreased renal perfusion and were similar to the
defects seen in other conditions related to reduced fetal renal blood flow (28).

Because the fetal toxicity observed in humans in the second half of
pregnancy does not have a similar counterpart in experimental animals, a 2001
review compared the pharmacokinetic and pharmacodynamic aspects of
enalapril in humans and animals (29). The human fetus is more vulnerable to
enalapril-induced toxicity because the specific targets of ACE inhibitors, the
kidney and the renin-angiotensin system, are developed before the end of the
1st trimester. This is earlier than the development in animal species, where
these specific targets develop near term. In animals, the best concordance in
fetal pharmacodynamics to the human is seen with the rhesus monkey, and the
least concordance is in rats, which may be partly attributable to
pharmacokinetics. Although the placental passage of enalapril in rats has not
been studied, the passage of ACE inhibitors with structures similar to enalapril
is very low (29).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, that
had 1st trimester exposure to ACE inhibitors (30). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no-antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294 respectively, RR 3.72, 95% CI 1.89–
7.30, and with central nervous system defects, 3, 0, and 80, respectively, RR
4.39, 95% CI 1.37–14.02. The major defects observed in the subject group
were: atrial septal defect (N = 6) (includes three with pulmonic stenosis and/or
three with patent ductus arteriosus [PDA]), renal dysplasia (N = 2), PDA alone
(N = 2), and one each of ventricular septal defect, spina bifida, microcephaly
with eye anomaly, coloboma, hypospadias, intestinal and choanal atresia,
Hirschsprung disease, and diaphragmatic hernia (30). In an accompanying



editorial, it was noted that neither previous reports of 1st trimester exposure to
ACE inhibitors nor the animal studies had observed an increased risk of birth
defects (31). It also was noted that no mechanism for ACE inhibitor-induced
teratogenicity was known. A subsequent communication raising concerns about
the validity of the study in terms of adequate exclusion of diabetes, charting and
coding errors in busy medical practices, and the effects of maternal obesity
(32) was addressed by the investigators (33).

Enalapril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(34,35). IUGR, prematurity, and severe neonatal hypotension may also be
observed. Two reviews of fetal and newborn renal function indicated that both
renal perfusion and glomerular plasma flow are low during gestation and that
high levels of angiotensin II may be physiologically necessary to maintain
glomerular filtration at low perfusion pressures (36,37). Enalapril prevents the
conversion of angiotensin I to angiotensin II and, thus, may lead to in utero
renal failure. Since the primary means of removal of the drug is renal, the
impairment of this system in the newborn prevents elimination of the drug and
its active metabolite, enalaprilat, resulting in prolonged hypotension. Newborn
renal function and blood pressure should be closely monitored. If
oligohydramnios occurs, stopping enalapril may resolve the problem but may
not improve infant outcome because of irreversible fetal damage (34). In those
cases in which enalapril must be used to treat the mother’s disease, the lowest
possible dose should be used combined with close monitoring of amniotic fluid
levels and fetal well-being. Guidelines for counseling exposed pregnant patients
have been published and should be of benefit to health professionals faced with
this task (27,34).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies.
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings, and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester



concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (38). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
A study published in 1989 was unable to demonstrate the excretion of enalapril
and enalaprilat in breast milk (39). Direct concentrations of enalapril, however,
were not measured in this study. Three women, 3–45 days postpartum, were
treated with enalapril for hypertension. One woman with chronic
glomerulonephritis and slightly impaired renal function was treated with 5 mg
twice daily for 40 days before the study. The other two women, both with
essential hypertension and normal renal function, were treated with 10 mg
(duration not specified). ACE activity in the serum of the women was markedly
depressed 4 hours after treatment with activity dropping from 18.7–24.0 to
0.4–0.7 U/mL (reference value in controls 28.0 U/mL). ACE activity in milk
samples was not affected: 11.7–18.6 U/mL before the dose vs. 12.4–15.4
U/mL 4 hours after the dose (reference value in controls 9.1–22.6 U/mL),
indicating that little if any of the drug was excreted into milk. Concentrations of
enalaprilat in maternal serum ranged from 23.9 to 48.0 ng/mL in the two
women with normal renal function and 179 ng/mL in the woman with renal
impairment. Milk levels were all <0.2 ng/mL, the level of sensitivity for the
assay (39).

In contrast to the above study, concentrations of both enalapril and
enalaprilat were measured in a study published in 1991 (40). A woman, 12
months postpartum, had been treated with enalapril (10 mg/day) for essential
hypertension for 11 months. Twenty-four hours after her last dose, she was
given 10 mg, and milk samples were drawn at 0, 4, 8.75, and 24 hours. Serum
samples were also drawn at various times over the next 24 hours. The total
amount of the enalapril and enalaprilat measured in the milk over the 24-hour
sample period were 81.9 and 36.1 ng, respectively. These values
corresponded to 1.44 and 0.63 ng/mL, respectively. The peak concentration of
enalapril, 2.05 ng/mL, occurred in the 4-hour sample, whereas that of
enalaprilat, 0.75 ng/mL, occurred in the 8.75-hour sample. When milk levels
were compared with serum concentrations at these sampling times, the
milk:serum ratios were 0.14 and 0.02, respectively (40).

In a third study, milk and serum concentrations of enalapril and enalaprilat
were measured in five women at 0, 4, 6, and 24 hours after a single 20-mg



dose (41). The mean maximum milk concentration of enalapril was 1.74 ng/mL,
whereas that of enalaprilat was 1.72 ng/mL. No enalapril was measured in the
milk of one patient. The milk:serum ratio for the parent compound and the
metabolite varied from 0 to 0.043 and from 0.021 to 0.031, respectively (41).

Based on the above data, the amount of enalapril and enalaprilat that could
potentially be ingested by a breastfeeding infant appears to be negligible and is
probably clinically insignificant. The American Academy of Pediatrics classifies
enalapril as compatible with breastfeeding (42).
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ENCAINIDE

[Withdrawn from the market. See 8th edition.]



ENFLURANE
General Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Enflurane is teratogenic in mice but not in rats. No reports of its use early in
human gestation have been located. The absence of human experience
during organogenesis prevents an assessment of the risk for structural
anomalies. In addition, general anesthesia usually involves the use of
multiple pharmacological agents. Although no teratogenicity has been
observed with other halogenated general anesthetic agents, only halothane
has 1st trimester human exposure data (see Halothane). The potential
reproductive toxicity (spontaneous abortion and infertility) of occupational
exposure to halogenated general anesthetic agents has not been
adequately studied.

FETAL RISK SUMMARY
Enflurane, a nonflammable general inhalation anesthetic agent administered via
vaporizer, is indicated for the induction and/or maintenance of anesthesia during
surgery. It also provides analgesia for vaginal delivery and, in low
concentrations, is used to supplement other general anesthetic agents during
delivery by cesarean section. Enflurane is in the same class of volatile liquid
halogenated agents as desflurane, halothane, isoflurane, methoxyflurane, and
sevoflurane. It is closely related chemically to desflurane and isoflurane (1).
The blood–gas partition coefficient is 1.9 (1). This is higher (i.e., increased
solubility in blood) than the value for either isoflurane (1.46) or desflurane (0.42)
(see Desflurane or Isoflurane).

Studies in animals have not revealed evidence of carcinogenic or mutagenic
effects. Reproduction studies, conducted in rats and rabbits at doses up to four
times the human dose, revealed no evidence of impaired fertility or fetal harm



(1).
In a 1981 study with mice, chronic exposure to subanesthetic and anesthetic

concentrations of enflurane was evaluated. High exposures, about 100 times
greater than the level of human occupational exposure in unscavenged
operating rooms, were associated with minor developmental variations (lumbar
ribs and increased pelvic cavitation) and defects (cleft palate, minor skeletal
and visceral anomalies). The effects were greater than those observed with
methoxyflurane, but less than those with halothane (2).

In a second study by the authors of the above report, the effects of four
general anesthetic agents were compared in pregnant rats (3). The doses and
agents used were nitrous oxide (75%; 0.55 MAC), enflurane (1.65%; 0.75
MAC), halothane (0.8%; 0.75 MAC), and isoflurane (1.05%; 0.75 MAC). (Note:
The minimum alveolar anesthetic concentration [MAC] is the concentration that
causes immobility in 50% of patients exposed to a noxious stimulus such as a
surgical incision; it represents the ED50 (4).) Each agent was administered for 6
hours on each of three consecutive days in one of three gestational periods:
pregnancy days 8–10, 11–13, or 14–16. Compared with controls, significantly
decreased maternal weight gain was observed in three of the groups (nitrous
oxide, isoflurane, and enflurane) after exposure on days 14–16. Exposure on
those days resulted in significantly decreased fetal weight in all four groups,
and when exposure occurred on days 8–10 in three groups (all except nitrous
oxide). Nitrous oxide exposure during days 14–16 resulted in significant
increases in total fetal wastage and resorptions (threefold increases).
However, no major or minor teratogenic effects were observed in any of the
groups (3).

The teratogenic potential of isoflurane, enflurane, and sevoflurane was
studied by evaluating the effect of each agent on the proliferation and
differentiation of cells exiting from the G1 phase of the cell cycle (5). The
theory behind the study was that normal development during embryogenesis,
organogenesis, and histogenesis depended upon the proliferation and
differentiative processes of cell migration (5). For example, valproate, a known
human teratogen, is a potent G1-phase inhibitor of the in vitro proliferation rate
at concentrations less than two times the therapeutic plasma concentration. At
anesthetic concentrations less than two times the MAC, the antiproliferative
potency of the three agents was isoflurane = enflurane >> sevoflurane.
However, in the growth-arrested cell population, there was no specific
accumulation of any cell-cycle phase and no specific effect on the G1 phase.
The investigators concluded that the three agents lacked the specific in vitro



characteristics of valproate (5).
In a 1990 study, mice were exposed for 8 hours to sevoflurane and enflurane

combined with three different concentrations of oxygen (6). Both anesthetic
agents caused cleft palate, but the incidence was lower than that observed with
halothane. Increasing the concentrations of oxygen lowered the incidence of the
defect (6).

Reviews have concluded that, in general, inhalational anesthetics are freely
transferred to fetal tissues (7,8) and, in most cases, the maternal and fetal
concentrations are equivalent (8). The low molecular weight (about 185) and
the presence of enflurane in the maternal brain support this assertion.

Two reports described the use of enflurane in 100 women for anesthesia for
cesarean section (9,10). No increase in newborn adverse effects was
observed.

A small 1983 study compared the neonatal outcomes in four groups (10
patients each) of women receiving general anesthesia for cesarean section:
50% nitrous oxide and 50% oxygen either alone, or combined with 0.5%
halothane, 1.0% enflurane, or 0.75% isoflurane (11). One newborn had an
Apgar score less than 7 at 1 minute (enflurane group), but all newborns in all
groups had scores of 7 or greater at 5 minutes. There were no significant
differences between the groups in neonatal neurobehavior assessment 2–4
hours after delivery or in maternal or umbilical blood gas analysis at delivery
(11).

In a 1977 in vitro study, enflurane was shown to have a statistically significant
depressive effect on myometrial strips from nongravid and gravid uteri (12).
Three anesthetic agents, isoflurane, enflurane, and halothane, were studied at
three concentrations (0.5, 1.0, and 1.5 MAC). The amount of depression was
dose-related for each agent and was similar with all agents (12).

In a study to determine if pregnancy decreases the MAC, enflurane and
halothane were administered to 16 women (8 with each agent) scheduled for
pregnancy termination at 8–13 weeks’ gestation (13). A comparison group of
16 nonpregnant women undergoing laparoscopic sterilization received either
enflurane or halothane (8 in each group). In pregnant women, the median MAC
of 1.15 volume% (range 0.95–1.25) was less than that in nonpregnant women,
1.65% volume% (range 1.45–1.75) (p = 0.0007). The percentage decrease
(95% confidence interval) for pregnant women was 30% (24%–36%). Similar
results were found with halothane (13).

Chronic occupational exposure to anesthetic gases in operating rooms during
pregnancy has raised concerns that such exposure could cause birth defects



and spontaneous abortions (14). The concentration of enflurane in an
operating-room environment was stated to 5–46 parts per million (ppm) near
the anesthesiologist and 1–8 ppm near the surgeon. A 1988 review cited a
number of studies investigating the possible association between occupational
exposure to anesthetic gases and adverse pregnancy outcomes (7). The
reviewer concluded that serious methodological weaknesses in these studies
precluded arriving at a firm conclusion, but a slightly increased risk of
miscarriage was a possibility. However, there was no evidence of an
association between occupational exposure and congenital anomalies (7).

In a 1982 study, the infants of mothers who had received analgesia before
vaginal delivery consisting of either enflurane, nitrous oxide (both mixed with
oxygen), or no inhalation agent were evaluated for neurobehavior during the
first 24 hours (15). The infants were tested with the Neurologic and Adaptive
Capacity Score at 15 minutes, 2 hours, and 24 hours, and with the Early
Neonatal Neurobehavioral Scale at 2 and 24 hours. For all groups, scores were
the lowest at 2 hours, but no significant differences were measured between
the groups (15).

A 2004 study, however, found a significant association between maternal
occupational exposure to waste anesthetic gases during pregnancy and
developmental deficits in their children, including gross and fine motor ability,
inattention/hyperactivity, and IQ performance (see Nitrous Oxide).

Enflurane has been used immediately prior to delivery for analgesia and
anesthesia. This use does not appear to affect the newborn any differently than
other general anesthetic agents. The uterine effects of enflurane (relaxation and
increased blood loss) also appear to be similar to other agents in this class, but
the low concentrations used clinically minimize these actions (16). All anesthetic
agents can cause depression in the newborn that may last for 24 hours or more
but, again, this is lessened by the low doses.

BREASTFEEDING SUMMARY
Although enflurane has been administered during labor and delivery, the effects
of this exposure on the infant that begins nursing immediately after birth have
not been described. Enflurane is probably excreted into colostrum and milk as
suggested by its presence in the maternal blood and its low molecular weight
(about 185), but the toxic potential of this exposure for the infant is unknown.
However, the risk to a nursing infant from exposure to enflurane via milk is
probably very low (17,18). Another halogenated inhalation anesthetic,
halothane, is classified as compatible with breastfeeding by the American



Academy of Pediatrics (see Halothane).
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ENFUVIRTIDE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the animal data suggest low risk, the limited human pregnancy
experience prevents a more complete assessment of embryo–fetal risk.
However, enfuvirtide has not been detected in cord blood at delivery or on
the fetal side in the ex vivo human placenta perfusion model. If indicated,
the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Enfuvirtide, a linear 36-amino acid synthetic peptide administered by SC
injection, is an inhibitor of the fusion of HIV-1 with CD4+ cells. It is in the same
antiviral subclass of entry inhibitors as maraviroc. Enfuvirtide is indicated, in
combination with other antiretroviral agents, for the treatment of HIV-1 infection
in treatment-experienced patients with evidence of HIV-1 replication despite
ongoing antiretroviral therapy. Plasma protein binding of enfuvirtide is about
92%, primarily to albumin and, to a lesser extent, to α1-acid glycoprotein. The
agent is thought to undergo catabolism to the constituent amino acids with
subsequent recycling of the amino acids in the body pool. The mean elimination
half-life is 3.8 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, SC doses up to 27 and 3.2 times, respectively, the human dose based
on BSA (HD) revealed no evidence of fetal harm. In male and female rats, SC
doses up to 1.6 times the HD had no effect on fertility (1).

Consistent with the high molecular weight (4492) and protein binding, three
studies have found that the drug does not cross the human placenta. No
transfer to the fetal side was noted in an ex vivo study, even with very high
concentrations on the maternal side (2). The mean concentration in the
maternal compartment of three term placentas from healthy women was



12,400 ng/mL, 2.5 times the maximum concentration recommended for treated
patients, but the drug was not detected (<50 ng/mL) in the fetal venous
samples (2). In a clinical study, maternal enfuvirtide (doses not specified)
concentrations in two patients immediately before delivery at term were 3647
and 4135 ng/mL, but the drug was undetectable in cord blood (<50 ng/mL) in
both cases (3). In a third report, the drug was not detected in the cord blood
samples of twins born at 34 weeks from a woman treated with SC enfuvirtide
90 mg twice daily from 25 to 34 weeks (4).

Three reports have described the use of enfuvirtide with other antivirals for
multidrug-resistant HIV during the second half of pregnancy. Healthy infants
were delivered without evidence of HIV infection at birth or during long-term
follow-up (5–7).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (8). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 31 outcomes exposed to enfuvirtide (19 in
the 1st trimester and 12 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were no birth defects. In reviewing the birth defects
of prospective and retrospective (pregnancies reported after the outcomes
were known) registered cases, the Registry concluded that, except for isolated
cases of neural tube defects with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (8). (See
Lamivudine for required statement.)

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (9,10). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (11). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1 infected patients continued the recommendation



that therapy, with the exception of efavirenz, should be continued during
pregnancy (12). If indicated, enfuvirtide should not be withheld in pregnancy
because the expected benefit to the HIV-positive mother outweighs the
unknown risk to the fetus. Updated guidelines for the use of antiretroviral drugs
to reduce perinatal HIV-1 transmission also were released in 2010 (13).
Women receiving antiretroviral therapy during pregnancy should continue the
therapy but, regardless of the regimen, zidovudine administration is
recommended during the intrapartum period to prevent vertical transmission of
HIV to the newborn (13).

BREASTFEEDING SUMMARY
No reports describing the use of enfuvirtide during human lactation have been
located. The high molecular weight (4492) and protein binding (92%) should
inhibit, but may not prevent, excretion into human breast milk. The effect on a
nursing infant is unknown. However, enfuvirtide is a 36-amino acid peptide and
any amounts that enter milk should be digested by the nursing infant.

Reports on the use of enfuvirtide during lactation are unlikely because the
drug is indicated in the treatment of patients with HIV infection. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (9,10,12,14–16). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available.
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ENOXACIN

[Withdrawn from the market. See 9th edition.]



ENOXAPARIN
Anticoagulant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The use of enoxaparin during pregnancy appears to present no more fetal
and/or newborn risk, and perhaps less, than that from standard,
unfractionated heparin or from no therapy.

FETAL RISK SUMMARY
Enoxaparin is a low-molecular-weight-heparin (LMWH) product prepared from
porcine intestinal mucosa heparin. The anticoagulant is not teratogenic or
embryotoxic in rats and rabbits (1).

Enoxaparin has an average molecular weight of about 4500 (1). Because this
is a relatively large molecule, it does not cross the placenta (2,3) and, thus,
presents a low risk to the fetus.

Several reports have described the use of enoxaparin during pregnancy
without maternal or fetal complications (4–15).

A woman with an extensive lower limb venous thrombosis was treated with
unfractionated heparin for 2 weeks starting at 11 weeks’ gestation and then
changed to enoxaparin (4). She was continued on enoxaparin until delivery of a
healthy infant at 34 weeks’ gestation.

A 1992 reference described the use enoxaparin in six pregnant women for
the treatment and prophylaxis of thromboembolism (5). In two women treated
from the 8th or 9th gestational week, one ended with a healthy term infant and
the other was progressing normally at 18 weeks (outcome was not available at
time of the report). Three other women were treated during the 2nd and/or 3rd
trimesters and had normal term deliveries. In the remaining case, a woman with
Sjögren’s syndrome and a history of deep venous thrombosis (DVT) and
pulmonary embolism, developed a DVT at 18 weeks’ gestation. She was
treated for 10 days with IV heparin and then started on enoxaparin 40 mg twice
daily. The DVT recurred at 25 weeks’ gestation and she was again treated with



a course of IV heparin followed by SC heparin. Due to severe fetal distress
after 5 days of SC heparin, an emergency cesarean section was performed.
The infant died a few minutes after birth, but permission for an autopsy was
refused. An examination of the placenta showed multiple hemorrhages (5).

The use of enoxaparin for the achievement of successful thromboprophylaxis
in 16 women during 18 pregnancies was described in a 1994 communication
(6). The mean gestational age at the start of therapy was 10 weeks. Eight
women had a history of thromboembolism, six had thrombophilia, and two had
systemic lupus erythematosus. A 20 mg SC dose once daily was used in the
first 11 women, but because of low anti-factor Xa levels, the dose was
increased to 40 mg SC once daily in the last 7 pregnancies. From the 18
pregnancies, there were 2 missed abortions and 2 mid-trimester abortions, all
in pregnancies of women with anticardiolipin syndrome (6).

The thromboprophylaxis of 41 pregnancies (34 women), most with 40 mg
enoxaparin SC daily, was described in a 1996 report (7). Some of these cases
had been reported earlier in a 1995 abstract (8). Only one thromboembolic
event occurred, a hepatic infarction in a woman treated with 20 mg/day SC. No
maternal hemorrhages were observed even though the therapy was continued
throughout labor, delivery, and the immediate postpartum period. Nineteen of
the women underwent 24 surgical procedures while receiving enoxaparin,
including cervical cerclage (N = 2), amniocentesis (N = 5), 2nd trimester
terminations (N = 4), and cesarean section (N = 13). Epidural anesthesia during
labor was used in nine women. No abnormal bleeding was observed in any of
these cases and there were no reports of intraventricular hemorrhage in the
neonates (7).

Enoxaparin, usually 40 mg SC daily starting in the 1st trimester, was used for
prophylaxis in 61 women (69 pregnancies) at high risk for thromboembolism in
a prospective study published in 1997 (9). Some of these patients (N = 18) had
been reported earlier (6). Mean steady-state plasma heparin levels, as
determined by anti-factor Xa assay, following a 40 mg dose were three times
as high as those with 20 mg, 0.09 vs. 0.03 U/mL, respectively, but were not
affected by gestational age. No increased bleeding risk during pregnancy was
observed and no episodes of thromboembolism in pregnancy occurred,
although one patient, treated with 20 mg, had a postpartum pulmonary
embolus. Further, no cases of epidural hematomas were observed in the 43
patients receiving regional analgesia or anesthesia. Six pregnancy losses were
recorded, four described earlier (6) and two new cases of fetal deaths at 18
and 26 weeks, both in women with lupus anticoagulant and previous fetal loss.



Other than seven preterm deliveries, none of which were attributable to drug
therapy, the remaining fetal and newborn outcomes were normal. Decreased
bone density after delivery (lumbar spine or hip; 1 SD below the mean for
nonpregnant age-matched women) was measured in 9 of 26 women after 28
pregnancies. In seven of these cases, unfractionated heparin had been used
previously. Based on other published studies, the investigators could not
determine whether the low bone density was present before treatment with
enoxaparin, or if it was caused by pregnancy and breastfeeding, but a previous
study with another LMWH (see Dalteparin) found no effect on bone density (9).

A 1997 case report described the use of enoxaparin (dose not specified)
throughout most of the gestation, including labor, in a woman with congenital
hypofibrinogenemia and protein S deficiency (10). A male infant with
hypofibrinogenemia was delivered by cesarean section at 38 weeks’ gestation.

A number of other studies (11–15) and reviews (3,16–22) have described the
safe use of enoxaparin and other LMWH agents during pregnancy. Use of
LMWH within 2 hours prior to cesarean section, however, was associated with
an increase in wound hematoma (23). Also, lower maximum enoxaparin
concentrations and anti-factor Xa activity levels occur during pregnancy
compared with the nonpregnant state, thus requiring dose adjustments (24).

An opinion of the American College of Obstetricians and Gynecologists
(ACOG) states that LMWH is at least as effective in pregnant patients with
venous thrombosis, pulmonary embolism, or thrombophilic disorders as
unfractionated heparin (25). Moreover, LMWHs have the advantages of ease of
administration and less frequent laboratory monitoring. LMWHs may also
reduce maternal complications, compared with standard heparin, such as
bleeding, osteoporosis, and thrombocytopenia (3). However, there is
inadequate information to recommend the use of LMWH in a pregnant woman
with a mechanical heart valve (25).

BREASTFEEDING SUMMARY
No reports describing the use of enoxaparin during lactation have been located.
However, due to the relatively high molecular weight of this drug, and its
inactivation in the gastrointestinal tract if it was ingested orally, its passage into
milk and subsequent risk to a nursing infant should be considered negligible.
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ENTACAPONE
Anti-Parkinson Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report describing the use entacapone in human pregnancy has been
located. The drug is teratogenic in rats at plasma exposures close to those
observed in humans, but no teratogenicity was seen in rabbits. Entacapone
is always used with levodopa/carbidopa and, although the data are very
limited, these latter agents do not appear to present a major risk to the
human fetus. (See Carbidopa and Levodopa.) Moreover, conditions
requiring the use of levodopa/carbidopa during the childbearing years are
relatively uncommon and, thus, the use of entacapone should also be
uncommon. Although the near absence of human pregnancy experience
prevents an assessment of the risk to the embryo–fetus, inadvertent
exposure to entacapone during early gestation does not appear to
represent a significant risk.

FETAL RISK SUMMARY
Entacapone is indicated as an adjunct to levodopa/carbidopa in patients
experiencing end-of-dose “wearing off” effect. The agent is a selective and
reversible inhibitor of catechol-O-methyltransferase (COMT), an enzyme
involved in the metabolism of levodopa. Inhibition of COMT by entacapone
allows for more sustained plasma levels of levodopa resulting in greater
beneficial effects on the signs and symptoms of Parkinson’s disease.
Entacapone is nearly completely metabolized and elimination is biphasic with
elimination half-lives of 0.4–0.7 hours (β-phase; serum) and 2.4 hours (γ-phase;
tissue) (1).

Entacapone did not impair fertility or general reproductive performance in
rats at doses producing systemic exposures up to 28 times the human



exposure based on AUC from a maximum recommended daily dose of 1600 mg
(HE-MRDD), but did delay mating at the highest dose. In addition, entacapone
was mutagenic and clastogenic in one in vitro mouse assay but not in other
assays (1).

Reproduction tests have been conducted in rats and rabbits. In pregnant rats
treated during organogenesis, systemic exposure 34 times the HE-MRDD,
without producing overt maternal toxicity, caused increased incidences of
variations in fetal development. There was no evidence of impaired
development in the offspring when this dose was given during late gestation
and throughout lactation. When doses producing systemic exposures seven
times the HE-MRDD or greater were given before mating and during early
gestation, an increased incidence of fetal eye anomalies (microphthalmia,
anophthalmia) was observed. In pregnant rabbits, systemic exposure 0.4 times
the HE-MRDD or greater during organogenesis resulted in increased incidences
of abortions, late/total resorptions, and decreased fetal weights. However,
these doses were maternal toxic in rabbits. No teratogenic effects were
observed in rabbits (1).

Although entacapone is always combined with levodopa/carbidopa, and
levodopa is known to cause fetal toxicity and visceral and skeletal
malformations in rabbits (see Levodopa), the potential reproductive toxicity and
teratogenicity of combined entacapone–levodopa/carbidopa has not been
studied in animals (1).

It is not known if entacapone crosses the human placenta to the fetus. The
molecular weight (about 305) is low enough that embryo and fetal exposure
probably occur, but the short elimination half-life will limit the degree of
exposure.

A woman with a 12-year history of Parkinson’s disease was treated
throughout gestation with levodopa, carbidopa, entacapone, and bromocriptine
(2). She gave birth at term to a 3175-g female infant, without deformities, with
Apgar scores of 9, 10, and 10. Generalized seizures occurred in the infant 1
hour after birth followed by repeated episodes of shivering throughout the first
day that responded to diazepam. Slowly improving hypotonia also was
observed during the first week. Pneumonia was diagnosed but an extensive
workup for the cause of seizures was negative. The child was developing
normally at 1 year of age and has not had any other seizures (2).

BREASTFEEDING SUMMARY
No reports describing the use of entacapone during human lactation have been



located. The molecular weight (about 305) is low enough that excretion into milk
should be expected, but the relatively short elimination half-life should limit the
amount in milk. Entacapone is always given with levodopa/carbidopa. Even
though levodopa inhibits prolactin release, normal lactation has been reported
while women were being treated with the drug, and levodopa is excreted into
breast milk. In addition, the effect of entacapone on levodopa metabolism will
increase the amount of plasma levodopa available for transfer into milk. The
use of carbidopa during lactation has also been described. (See Carbidopa.)
Therefore, a nursing infant will probably be exposed to all three drugs via the
milk. The effects of this multiple exposure on a nursing infant are unknown but
warrant investigation.
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ENTECAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated (HIV) No Human
Data—Probably Compatible (Hepatitis B)

PREGNANCY SUMMARY

The human pregnancy experience with entecavir is limited. No structural
anomalies have been reported. The animal data suggest low risk. If
indicated, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Entecavir is a guanosine nucleoside analog with selective activity against
hepatitis B virus (HBV). It is indicated for the treatment of chronic hepatitis B
infection in adults with evidence of active viral replication and other evidence of
persistent elevations in serum aminotransferases (ALT or AST) or histologically
active disease. This indication is based on responses after 1-year of treatment
in nucleoside-treatment-naïve and lamivudine-resistant adult patients with
HBeAg-positive or HBeAg-negative chronic HBV infection with compensated
liver disease and on more limited data in adult patients with HIV/HBV co-
infection who have received prior lamivudine therapy. Binding to human serum
proteins is low (about 13%) and only minor metabolites have been identified.
The terminal elimination half-life is about 128–149 hours (1).

Reproduction studies have been conducted in rats and rabbits. Oral doses in
these species resulting in systemic exposures up to about 28 and 212 times the
human exposure achieved with the maximum recommended human dose of 1
mg/kg (MRHD), respectively, caused no embryo or maternal toxicity. In rats,
doses 3100 times the MRHD caused maternal toxicity, embryo–fetal toxicity
(resorptions), lower fetal body weights, tail and vertebral malformations,
reduced ossification (vertebrae, sternebrae, and phalanges), and extra lumbar
vertebrae and ribs. In rabbits, exposures 883 times the MRHD caused
embryo–fetal toxicity (resorptions), reduced ossification (hyoid), and an



increased incidence of 13th rib. In a rat peri-postnatal study, systemic
exposures greater than 94 times the MRHD revealed no evidence of adverse
effects in offspring (1).

Long-term carcinogenicity studies in mice and rats were positive. In mice,
exposures from 3 to 42 times the MRHD resulted in various tumors involving the
lungs (may have been a species effect), hepatocellular carcinomas,
hemangiomas of ovaries and uterus, and hemangiosarcomas of the spleen. In
female rats, hepatocellular adenomas, and combined carcinomas and
adenomas were observed at 24 times the MRHD, whereas skin fibromas were
induced at 4 times the MRHD. In male and female rats, brain gliomas were
induced at 35 and 24 times the MRHD, respectively. Entecavir was not
mutagenic in various assays, but clastogenicity was observed in human
lymphocyte culture (1).

No evidence of impaired fertility was observed in male and female rats given
doses resulting in exposures greater than 90 times the MRHD. However, in
other studies, exposures greater than 35 times the MRHD resulted in
seminiferous tubular degeneration in rodents and dogs, but not in monkeys (1).

It is not known if entecavir crosses the human placenta. The molecular
weight (about 277), minimal metabolism, and long elimination half-life suggest
that the drug will cross to the embryo and fetus.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (2). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 10 outcomes exposed to entecavir (9 in
the 1st trimester and 1 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were no birth defects. In reviewing the birth defects
of prospective and retrospective (pregnancies reported after the outcomes
were known) registered cases, the Registry concluded that, except for isolated
cases of neural tube defects with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (2). (See
Lamivudine for required statement.)



BREASTFEEDING SUMMARY
No reports describing the use of entecavir during human lactation have been
located. The molecular weight (about 277), minimal metabolism, and long
elimination half-life (128–149 hours) suggest that the drug will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown. Infants
of HBsAg-positive or HBeAg-positive mothers should receive hepatitis B
immune globulin at birth, followed by the start of the hepatitis B vaccine series
soon after birth (3). After the infant receives the first dose of immune globulin,
breastfeeding is then permitted (4). However, breastfeeding is contraindicated
in women infected with HIV.
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ENZALUTAMIDE
Antineoplastic (Antiandrogen)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of enzalutamide in human pregnancy have
been located. However, such reports are unlikely because of the indication.
Animal reproductive studies have not been conducted. If the drug was used
in pregnancy, the mechanism of action suggests that it could cause fetal
harm. A 2013 study concluded that the androgen receptor was a key
regulator for myometrial cell proliferation and disruption of myometrial
growth could affect the outcome of pregnancy and labor (1).

FETAL RISK SUMMARY
Enzalutamide is an oral antineoplastic that is given daily (160 mg/day). It is an
androgen receptor inhibitor that acts on different steps in the androgen
receptor signaling pathway. Enzalutamide is indicated for the treatment of
patients with metastatic castration-resistant prostate cancer who have
previously received docetaxel. The drug undergoes hepatic metabolism to an
active and inactive metabolites. Enzalutamide is 97%–98% bound to plasma
proteins, primarily to albumin, whereas the active metabolite is 95% bound to
plasma protein. The mean terminal half-life after a single dose in patients is 5.8
days (range 2.8–10.2 days). After a single 160 mg dose in healthy volunteers,
the mean terminal half-life for the active metabolite was about 7.8–10.6 days
(2).

Reproduction studies in animals have not been conducted (2).
Long-term animal studies to evaluate the potential for carcinogenicity have

not been conducted. The drug was not mutagenic in multiple assays. In a long-
term study in male rats, atrophy of the prostate and seminal vesicles was
observed at dose that was equal to the human exposure based on AUC (HE).
In dogs, hypospermatogenesis and atrophy of the prostate and epididymides
was observed at a dose that was 0.3 times the HE (2).



It is not known if enzalutamide or its active metabolite cross the human
placenta. The molecular weight (about 464) and the long elimination half-life
suggest that the drug will cross to the embryo–fetus, although the high plasma
protein binding (97%–98%) might limit the amount crossing.

BREASTFEEDING SUMMARY
No reports describing the use of enzalutamide during human lactation have
been located. However, such reports are unlikely because of the indication.
Nevertheless, if the drug was used during breastfeeding, the molecular weight
(about 464) of the parent drug and its long mean elimination half-life (5.8 days;
range 2.8–10.2 days) in patients suggest that the drug will be excreted into
breast milk, although the high plasma protein binding (97%–98%) might limit the
amount excreted.
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EPHEDRINE
Sympathomimetic/Bronchodilator
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Ephedrine is a sympathomimetic used widely for bronchial asthma, allergic
disorders, hypotension, and the alleviation of symptoms caused by upper
respiratory infections. It is a common component of proprietary mixtures
containing antihistamines, bronchodilators, and other ingredients. Thus, it is
difficult to separate the effects of ephedrine on the fetus from other drugs,
disease states, and viruses. Ephedrine-like drugs are teratogenic in some
animal species, but human teratogenicity has not been suspected (1,2).

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 373
of whom had 1st trimester exposure to ephedrine (3, pp. 345–356). For use
anytime during pregnancy, 873 exposures were recorded (3, p. 439). No
evidence for a relationship to large categories of major or minor malformations
or to individual defects was found. However, an association in the 1st trimester
was found between the sympathomimetic class of drugs as a whole and minor
malformations (not life-threatening or major cosmetic defects), inguinal hernia,
and clubfoot (3, pp. 345–356).

Ephedrine is routinely used to treat or prevent maternal hypotension following
spinal anesthesia (4–7). Significant increases in fetal heart rate and beat-to-
beat variability may occur, but these effects may have been the result of normal
reflexes following hypotension-associated bradycardia. A recent study,
however, has demonstrated the placental passage of ephedrine with fetal
levels at delivery approximately 70% of the maternal concentration (8). The
presence of ephedrine in the fetal circulation is probably a major cause of the
fetal heart rate changes.



BREASTFEEDING SUMMARY
A single case report has been located describing adverse effects in a 3-month-
old nursing infant of a mother consuming a long-acting preparation containing
120 mg of d-isoephedrine and 6 mg of dexbrompheniramine (9). The mother
had begun taking the preparation on a twice daily schedule 1 or 2 days prior to
onset of the infant’s symptoms. The infant exhibited irritability, excessive crying,
and disturbed sleeping patterns that resolved spontaneously within 12 hours
when breastfeeding was stopped.
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EPINASTINE
Antihistamine (Ophthalmic)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of epinastine in human pregnancy have been
located. The animal reproduction data, even though the comparison to the
human dose was based on body weight, suggest low risk. Although the
absence of human pregnancy experience prevents a more complete
assessment, the very low systemic bioavailability, and the human
experience with other agents in the antihistamine class, suggests that there
is little if any embryo or fetal risk from epinastine.

FETAL RISK SUMMARY
Epinastine, a topically active H1-receptor antagonist and inhibitor of histamine
from mast cells, is indicated for the prevention of itching associated with
allergic conjunctivitis. It is administered as a 0.05% ophthalmic solution.
Systemic bioavailability is low with average maximum plasma concentrations of
0.04 ng/mL measured after one drop in each eye twice daily for 7 days. There
was no accumulation in the plasma. Less than 10% of epinastine undergoes
metabolism. Binding to plasma proteins (64%) is moderate, but the terminal
plasma elimination half-life is prolonged (about 12 hours) (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, maternal toxicity with no embryo or fetal effects was observed with an
oral dose that was about 150,000 times the maximum recommended ocular
human dose based on body weight (MROHD). However, pup body weight gain
was reduced at a dose that was about 90,000 times the MROHD. In pregnant
rabbits, resorptions and abortion occurred at an oral dose that was about
55,000 times the MROHD (1).

Carcinogenicity studies in mice and rats were negative at doses up to 30,000



times the MROHD. Epinastine also was negative in multiple studies for
mutagenic and clastogenic effects. There was no effect on fertility in male rats,
but decreased fertility was noted in female rats at an oral dose of about 90,000
times the MROHD (1).

It is not known if epinastine crosses the human placenta. The molecular
weight (about 250 for the free base), low metabolism, moderate plasma
protein binding, and prolonged elimination half-life suggest that the antihistamine
will cross the placenta. However, the low systemic bioavailability probably
prevents clinically significant amounts of the drug from reaching the embryo and
fetus.

BREASTFEEDING SUMMARY
No reports describing the use epinastine during human lactation have been
located. The molecular weight (about 250 for the free base), low metabolism,
moderate plasma protein binding (64%), and prolonged elimination half-life
(about 12 hours) suggest that the antihistamine will be excreted into human
breast milk. However, the low systemic bioavailability probably prevents
clinically significant amounts of the drug from appearing in milk. Moreover, in
general, antihistamines obtaining therapeutic systemic concentrations are
classified as compatible with breastfeeding. Epinastine should be classified
similarly.
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EPINEPHRINE
Sympathomimetic/Bronchodilator
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

In situations such as maternal hypotension where a pressor agent is
required, use of ephedrine is a better choice than epinephrine.

FETAL RISK SUMMARY
Epinephrine is a sympathomimetic that is widely used for conditions such as
shock, glaucoma, allergic reactions, bronchial asthma, and nasal congestion.
Because it occurs naturally in all humans, it is difficult to separate the effects of
its administration from effects on the fetus induced by endogenous epinephrine,
other drugs, disease states, and viruses.

The drug readily crosses the placenta (1). Epinephrine is teratogenic in some
animal species, but human teratogenicity has not been suspected (2,3). The
Collaborative Perinatal Project monitored 50,282 mother–child pairs, 189 of
whom had 1st trimester exposure to epinephrine (4, pp. 345–356). For use
anytime during pregnancy, 508 exposures were recorded (4, p. 439). A
statistically significant association was found between 1st trimester use of
epinephrine and major and minor malformations. An association was also found
with inguinal hernia after both 1st trimester and anytime use (4, pp. 477, 492).
Although not specified, these data may reflect the potentially severe maternal
status for which epinephrine administration is indicated.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 35 newborns had
been exposed to epinephrine (route not specified) during the 1st trimester (F.
Rosa, personal communication, FDA, 1993). No major birth defects were
observed (1.5 expected).

Theoretically, epinephrine’s α-adrenergic properties might lead to a
decreased in uterine blood flow. A large intravenous dose of epinephrine, 1.5



mL of a 1:1000 solution during a 1-hour period to reverse severe hypotension
secondary to an allergic reaction, may have contributed to intrauterine anoxic
insult to a 28-week-old fetus (5). Decreased fetal movements occurred after
treatment and the infant, delivered at 34 weeks’ gestation, had evidence of
intracranial hemorrhage at birth and died 4 days later.

BREASTFEEDING SUMMARY
No reports describing the use of epinephrine during human lactation have been
located.
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EPIRUBICIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Epirubicin is a cell-cycle phase nonspecific anthracycline in the same
antineoplastic class as daunorubicin, doxorubicin, idarubicin, and valrubicin.
It is used as adjuvant therapy in patients with breast cancer. The
mechanism of action includes the inhibition of nucleic acid (DNA and RNA),
protein synthesis, and DNA helicase activity. There are no reports
describing the use of this agent during organogenesis.

FETAL RISK SUMMARY
In reproduction studies, epirubicin was embryolethal (increased resorptions and
postimplantation loss) in pregnant rats administered an IV dose about 0.04
times the maximum recommended single human dose based on BSA (MRHD)
during days 5–15 of gestation (1). Intrauterine growth restriction (IUGR), but
not teratogenicity, was also observed with this dose. Doses as low as 0.005
times the MRHD resulted in embryolethality, and IUGR was evident at a dose
0.0015 times the MRHD. At a dose approximately 2.5 times the MRHD given
on days 9 and 10 of gestation, fetal deaths, reduced placental weight, and
multiple congenital malformations (external: anal atresia, misshapen tail,
abnormal genital tubercle; visceral: gastrointestinal, urinary, and cardiovascular
systems; skeletal: deformed long bones and girdles, rib abnormalities, irregular
spinal ossification) were observed (1). In contrast, a dose 0.02 times the
MRHD during days 6–18 of gestation in rabbits was not embryotoxic or
teratogenic (1). Administration of maternally toxic doses in rabbits caused
abortions and delayed ossification, but no teratogenicity. In fertility studies with
male and female rats, mice, rabbits, and dogs, various low doses of epirubicin
were associated with atrophy of the testes and epididymis, reduced
spermatogenesis, or uterine atrophy (1).

It is not known if epirubicin crosses the placenta. The molecular weight



(about 580) is low enough that transfer to the human embryo and fetus should
be expected.

The manufacturer’s product information describes two human pregnancies in
which epirubicin was administered (1). In the first case, a 34-year-old woman
at 28 weeks’ gestation, who was diagnosed with breast cancer, was treated
with epirubicin and cyclophosphamide every 3 weeks for three cycles. The last
dose was given at 34 weeks’ gestation and she delivered a healthy baby 1
week later. No follow-up of the infant after birth was mentioned. The second
case involved a 34-year-old woman with breast cancer metastatic to the liver
who was randomized to the FEC-50 regimen (epirubicin, 5-fluorouracil, and
cyclophosamide). She was removed from the study because of pregnancy, but
the gestational age and number of doses received were not specified. The
pregnancy ended with a spontaneous abortion (1).

A 30-year-old woman at about 25 weeks’ gestation was treated with four
courses of epirubicin (100 mg) and vincristine (2 mg) for non-Hodgkin’s
lymphoma (2). Prednisolone was also given during each treatment and then
tapered. Her disease responded well to the therapy. Labor was induced at 34
weeks’ gestation and she gave birth to a normal 2.32-kg, 44.5-cm long female
infant with Apgar scores of 8 at 1 and 5 minutes. The mother has remained in
complete remission and her child appeared to be doing well at 4 years of age.

A 1996 report described the case of a 39-year-old woman with extensive
metastatic breast cancer who had a unilateral mastectomy and axillary
dissection at 29 weeks’ gestation (3). After surgery, she was started on
combination chemotherapy with epirubicin (50 mg/m2), 5-fluorouracil (600
mg/m2), and cyclophosphamide (600 mg/m2). At 35 weeks’ gestation, a few
days after receiving her second course of therapy, she developed eclamptic
tonic-clonic seizures. She subsequently delivered a healthy but growth-
restricted (1650-g; <10th percentile) infant. Although hypertension and
proteinuria were not detected before the seizures, both were documented in
the postpartum period. No follow-up of the infant after delivery was reported.

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (4).
The first cycle of chemotherapy occurred at a mean gestational age of
26 weeks’ with delivery occurring at a mean 34.7 weeks. A total of 38 cycles
were administered during pregnancy with a median of two cycles per woman.
None of the women received radiation therapy during pregnancy. The
pregnancy outcomes included two spontaneous abortions (SAB) (both exposed
in the 1st trimester), one intrauterine death (exposed in the 2nd trimester), and



17 live births, one of whom died at 8 days of age without apparent cause. The
16 surviving children were developing normally at a mean follow-up of 42.3
months (4). Epirubicin (E), in combination with various other agents
(cyclophosphamide [C], fluorouracil [F], methotrexate [M], or vincristine [V])
was administered to 10 of the women at a mean dose of 70 mg/m2 (range 50–
100 mg/m2). The outcomes were two SAB (ECF, EMV; 1st trimester), one
stillbirth (one cycle of EC at 23 weeks’), one neonatal death (one cycle of ECF
32 days before birth), and six surviving liveborn infants (one EC, five ECF; all in
the 3rd trimester). One of the infants, exposed to two cycles of ECF with the
last at 25 days before birth, had transient leukopenia (4).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of epirubicin during human lactation have been
located. The molecular weight (about 580) is low enough that excretion into
breast milk should be expected. In addition, another anthracycline (see
Doxorubicin) is excreted into human milk. Because of the potential for serious
adverse effects, such as immune suppression, carcinogenesis, neutropenia,
and unknown effects on growth, women receiving epirubicin should not
breastfeed.
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EPOETIN ALFA
Hematopoietic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The use of recombinant human erythropoietin (epoetin alfa) does not seem
to present a major risk to the fetus. The glycoprotein does not cross the
human placenta to the fetus. The severe maternal hypertension or
worsening of renal disease requiring delivery of the fetus that occurred in
four pregnancies may be an adverse effect of the drug therapy, a
consequence of the preexisting renal disease or current pregnancy, or a
combination of these factors. The contribution of epoetin alfa to the case of
abruptio placentae in a woman with severe hypertension and chronic renal
insufficiency is unknown. No cases of thrombosis were reported in pregnant
women treated with epoetin alfa, but this is a potentially serious
complication. Because anemia and the need for frequent blood transfusions
also present significant risks to the mother and fetus, it appears that the
benefits derived from the use of epoetin alfa outweigh the known risks.

FETAL RISK SUMMARY
Recombinant human erythropoietin (epoetin alfa), a 165-amino acid
glycoprotein produced by a recombinant DNA method with the same biologic
effects as endogenous erythropoietin, is used to stimulate red blood cell
production.

Fetal toxicity (decreased growth, delays in appearance of abdominal hair,
delayed eyelid opening, delayed ossification, and decreases in the number of
caudal vertebrae) was observed in the offspring of pregnant rats dosed with
500 U/kg (five times the human dose) (1). In addition, a trend toward increased
fetal wastage occurred in pregnant rats dosed with 100 and 500 U/kg. No fetal
adverse effects were seen in rabbits at doses up to 500 U/kg from day 6 to 18
of gestation (1).



Epoetin alfa crosses the placenta in significant amounts to the fetus in
pregnant mice (2) but not from the mother to the fetus (3) or from the fetus to
the mother in sheep (4). Another study also found no transfer of recombinant
epoetin alfa to the fetus in sheep and monkeys, in spite of high maternal
concentrations (5). The question of human placental transfer of endogenous
erythropoietin and epoetin alfa was examined in a 1993 review (6). Five
reasons arguing against transfer were presented: poor correlation between
maternal and fetal levels, high correlation between fetal plasma and amniotic
fluid levels, high molecular weight, animal studies, and one human in vitro study
(6). Since then, several studies have investigated whether or not epoetin alfa is
transferred across the human placenta (7–15).

A 1992 study measured an elevated cord erythropoietin level (62 mIU/mL;
normal <19) in an infant whose mother was receiving 150 U/kg/week (9000
U/week) of the drug (7). However, because the mother had insulin-dependent
diabetes, a disease known to display elevated cord levels of erythropoietin
(8–10), the investigators could not determine whether the cord concentrations
were due to exogenous or endogenous erythropoietin (7). The lack of
correlation between maternal and fetal erythropoietin concentrations, at least
between 19 and 28 weeks’ gestation, suggests that endogenous maternal
erythropoietin does not cross the placenta to the fetus (10). At 7–12 weeks’
gestation, however, mean maternal and extraembryonic coelomic fluid
concentrations of endogenous erythropoietin were nearly identical, 15.4 mU/mL
(range 6.8–32.1 mU/mL) compared with 15.45 mU/mL (range 5.6–29.4
mU/mL), respectively (11). Passage of maternal erythropoietin to the coelomic
fluid via the decidualized endometrium was offered as a possible explanation
for the identical levels. This latter study also found low amniotic fluid levels of
erythropoietin, mean 5.0 mU/mL (range <5.0–5.8 mU/mL), at 7–12 weeks’
gestation, but their samples may have been contaminated with coelomic fluid
(11). An earlier study was unable to find endogenous erythropoietin in amniotic
fluid before the 11th week of gestation (12). More recent investigations have
demonstrated the lack of placental passage of recombinant epoetin alfa across
the human placenta (13–15).

In the fetus, erythropoietin is primarily produced by the fetal liver during most
of pregnancy (16). Erythropoietin binding sites have been found in the 1st
trimester of pregnancy in the human fetal liver and lung (17) and in cultures of
umbilical vein endothelial cells derived at cesarean section (18). A 1994 report
compared the levels of endogenous erythropoietin measured in the umbilical
serum in normal women at term and in premature labor, and in those with



preeclampsia or diabetes (19). Women with preeclampsia had the highest
concentrations (95.8 mU/mL), followed by those with diabetes (38.0 mU/mL),
women in premature labor (25.2 mU/mL), and normal women (21.1 mU/mL),
demonstrating that fetal hypoxia was not the only factor that determines levels
of this glycoprotein (19).

The first published report on the use of epoetin alfa in human pregnancy
appeared in a 1990 abstract (20). A 28-year-old Japanese woman with chronic
glomerulonephritis became pregnant 8 years after the start of dialysis and
approximately 22 months after the initiation of weekly doses of epoetin alfa.
She had been amenorrheic prior to epoetin alfa therapy; her menses returned
17 months after start of treatment. The duration of her dialysis treatments (in
hours per week) was gradually increased throughout gestation. She received
4500–9000 U/week of epoetin alfa from the 20th gestational week (doses prior
to this time were not specified) until delivery at 36 weeks’ gestation. Her blood
pressure was normal throughout pregnancy, as was intrauterine fetal growth.
The 2396-g, healthy, male infant was normal at birth with Apgar scores of 9
and 9 at 1 and 5 minutes, respectively. He was discharged with his mother 12
days after birth.

A report published in 1991 described a 32-year-old hypertensive woman with
end-stage renal disease of unknown origin, who had been on hemodialysis for 4
years (21). She was started on epoetin alfa early in the 1st trimester and
continued until delivery (36 weeks by dates, 34 weeks by ultrasound). No
transfusions were required during pregnancy. An emergency cesarean section
was performed because of fetal distress secondary to severe maternal
hypertension. The 1140-g male infant had Apgar scores of 7 and 8 at 1 and 5
minutes, respectively. No congenital malformations were noted in the infant,
who was discharged home at 35 days of age.

A second 1991 publication involved a 37-year-old woman who was treated
throughout pregnancy with escalating doses of epoetin alfa (22). The patient
had received a renal transplant 9 years before pregnancy because of reflux
nephropathy, but the onset of chronic rejection caused progressive renal failure.
Due to persistent anemia, she was started on a regimen of epoetin alfa, 4000
U/week, and supplemental iron shortly before conception. The dose was
increased at 18 weeks’ gestation to 8000 U/week, and then to 12,000 U/week
at 27 weeks. Hemodialysis was started during the 25th week of pregnancy
because of severe renal failure, polyhydramnios, and fetal intrauterine growth
restriction. Her blood pressure was controlled with atenolol and nifedipine.
Severe intrauterine growth restriction and fetal distress were diagnosed at 31



weeks and, after betamethasone therapy for fetal lung maturation, a cesarean
section was performed to deliver a 780-g female infant. Birth weight was below
the 3rd percentile for gestational age. Although the growth restriction was
attributed to the mother’s renal disease, the use of atenolol was probably a
factor (see Atenolol). Except for transient coagulopathy and thrombocytopenia
found at birth, both thought to be due to the mother’s condition or premature
delivery, the infant progressed normally and was discharged home at 66 days
of age with a weight of 2140 g.

A 1992 report described the use of epoetin alfa, combined with supplemental
oral iron, in three human pregnancies that resulted in the birth of four (one set
of twins) infants (7). The birth weights of the newborns were all at
approximately the 50th percentile for gestational age (7). Two of the women
developed polyhydramnios after starting treatment with epoetin alfa, and all
developed preeclampsia or worsening renal impairment, but the authors could
not determine whether these were effects of the drug treatment or the
underlying disease (7). Hematocrit values were maintained in the targeted
30%–33% range, and no coagulation problems or significant changes in platelet
counts were observed. The three pregnancies are described below.

A 30-year-old woman, with onset of renal disease secondary to
immunoglobulin A nephropathy and chronic hypertension before pregnancy, was
treated with epoetin alfa 50–65 U/kg/week starting in the 20th gestational week
(7). Polyhydramnios was noted at 32 weeks’ gestation. Because of worsening
renal failure, labor induction was initiated at 35 weeks resulting in the delivery
of a 2570-g male infant with Apgar scores of 8 and 8 at 1 and 5 minutes,
respectively. The newborn had mild hyperbilirubinemia and required oxygen, but
no other problems were noted. He was doing well at 3 months.

The second patient, a 33-year-old woman with hypertension, diabetes, and
renal impairment, was treated with 150 U/kg/week of epoetin alfa beginning at
26 weeks’ gestation (7). Polyhydramnios developed, and labor was induced at
32 weeks because of worsening renal function and superimposed
preeclampsia. After maternal betamethasone therapy to accelerate fetal lung
maturity, a 2020-g male infant was delivered, with Apgar scores of 4 and 7 at 1
and 5 minutes, respectively. The infant had mild hypoglycemia and
hyperbilirubinemia and, initially, required oxygen therapy. He was discharged
home at 2 weeks of age.

The third patient was a 26-year-old with renal disease secondary to
crescentic segmental necrotizing glomerulonephritis following streptococcal
pharyngitis (7). She was treated with azathioprine and prednisone throughout a



twin gestation to control her renal disease. Beginning at 14 weeks’ gestation,
she was treated with epoetin alfa, 85–160 U/kg/week, continuously until 33
weeks’ gestation, except for a 4-week period at 23–27 weeks. Therapy was
halted during that time because of a low ferritin level, and therapy was
discontinued when it recurred at 33 weeks. Labor was induced at 35 weeks for
worsening renal function. A cesarean section was required because of failure to
descend, resulting in the delivery of a 2220-g female (Apgar scores of 4 and 8,
respectively) and a 2410-g male (Apgar scores of 2 and 5, respectively). The
infants were developing normally at 7 months of age (7).

The pregnancies of six women who became pregnant while on dialysis for
end-stage renal disease and who were treated with epoetin alfa have been
described (23,24). No effects on the mothers’ blood pressure control were
observed in these cases, and in one of the reports, the investigators found no
evidence that the drug crossed the placenta to the fetuses (24).

A number of additional studies have been published describing the use of
epoetin alfa during human pregnancy (25–32). In most of the studies or reports,
the drug was used to treat the maternal anemia associated with severe renal
disease (25–29), but in three reports, epoetin alfa was used in women with
either heterozygous β thalassemia (30), hypoproliferative anemia and a low
serum erythropoietin level (31), or acute promyelocytic leukemia (32). Except
for a single complication in which abruptio placentae with resulting fetal death
occurred at 23 weeks’ gestation and drug therapy could not be excluded as a
contributing factor (28), no other fetal and/or newborn adverse effects
attributable to epoetin alfa were observed.

BREASTFEEDING SUMMARY
Epoetin is a 165-amino acid glycoprotein produced by recombinant DNA
technology that has the same biologic activity as endogenous erythropoietin. No
reports describing its use during lactation have been located. Passage into milk
is not expected, but in the event that some transfer did occur, digestion in the
nursing infant’s gastrointestinal system would occur. Moreover, preterm infants
have been treated directly with the drug (33). Thus, the risk to a nursing infant
from ingestion of the agent via the milk appears to be nonexistent.
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EPOPROSTENOL
Vasodilator
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Epoprostenol is not teratogenic in animals, but the human data are too
limited to assess with only three human cases involving exposure early in
gestation. The placental transfer of the prostaglandin has not been
characterized, but it is unlikely if clinically significant amounts of exogenous
epoprostenol reach the fetus. Because the prostaglandin occurs naturally in
the fetus, it is also unlikely that maternal administration would produce a
direct adverse effect on the embryo or fetus. The adverse fetal outcomes
that have been noted (bradycardia, fetal heart rate [FHR] decelerations,
and death) were most likely due to severe maternal disease or other
factors. Although the maternal benefits obtained from use of epoprostenol
for severe preeclampsia have not been well documented, its use for
pulmonary hypertension is beneficial and appears to far outweigh any
potential risks to the fetus.

FETAL RISK SUMMARY
The naturally occurring prostaglandin, epoprostenol (prostacyclin, PGI2, PGX),
is a metabolite of arachidonic acid. Available in the United States since 1995, it
is a potent direct vasodilator of pulmonary and systemic arterial vascular beds
and an inhibitor of platelet aggregation. Epoprostenol is indicated for the long-
term IV treatment of primary pulmonary hypertension (1).

Reproduction studies have revealed no evidence of impaired fertility or fetal
harm in pregnant rats and rabbits at 2.5 and 4.8 times the recommended
human dose based on BSA, respectively (1).

In animals, epoprostenol causes dose-related changes on the heart rate:
bradycardia at low doses and reflex tachycardia secondary to vasodilation and



hypotension at higher doses. Other pharmacologic effects in animals include
bronchodilation, inhibition of gastric acid secretion, and decreased gastric
emptying (1).

No reports describing the placental transfer of epoprostenol have been
located. The molecular weight (about 374) of the drug is low enough for
placental transfer, but the clinical significance of this is unknown because the
agent is rapidly hydrolyzed and undergoes enzymatic degradation in the
plasma. In addition, other factors (e.g., ionization, placental metabolism) may
limit transfer to the fetus. Continuous infusions of the prostaglandin, which
reach steady-state plasma levels within 15 minutes in animals and are
proportional to infusion rates, could potentially provide a reservoir to allow
placental transfer. But the in vivo plasma half-life of tritium-labeled epoprostenol
in animals is very short (2.7 minutes) (1). In humans, the in vitro half-life in
blood is slightly longer, approximately 6 minutes, and the in vivo half-life,
although it has not yet been determined, is expected to be no longer than this
time (1). Thus, even if placental transfer does occur the amounts reaching the
fetus may be clinically insignificant. The effects of adding to the endogenous
concentrations of the prostaglandin in the fetus are unknown.

In an in vitro study, prostacyclin was shown to be a potent inhibitor of human
fetal and maternal platelet aggregation and more potent than S-nitroso-N-
acetylpenicillamine (a releaser of nitric oxide) (2). Moreover, fetal platelets
were more sensitive to both agents than were maternal platelets.

The effects of various drugs on the production of maternal and fetal
endogenous prostacyclin have been studied in in vivo and in vitro systems. For
ritodrine, one study found an increase in the synthesis of the prostaglandin (3),
whereas a second reported no effect (4). Ethanol was shown to decrease
prostacyclin synthesis in a dose-related manner (5). No effect on prostacyclin
production was shown with aspirin (6–8) or magnesium sulfate (9).

The enzymes involved in the synthesis of prostacyclin (PGI2) and
thromboxane A2 (TXA2) were studied in maternal and fetal platelets and venous
endothelium in a 1991 publication (10). Three groups of pregnant women were
studied: normal controls; mild preeclampsia; and severe preeclampsia. Based
on their findings, the authors concluded that the production of both PGI2 and
TXA2 was equal in mild preeclampsia, but in severe preeclampsia, the rise in
TXA2 exceeded that of PGI2.

A number of reports have described the use of epoprostenol for the
treatment of severe preeclampsia (11–17) or pulmonary hypertension (18–20).
In a 1980 case report, a 29-year-old woman at 27 weeks’ gestation with



hypertension uncontrolled with oral methyldopa (3 g/day) and hydralazine (150
mg/day) was started on a continuous infusion of epoprostenol at 8 ng/kg/minute
(11). Diastolic pressure fell from 140 to 80 mmHg and remained at or below 95
mmHg during the next 3 days. Adverse effects in the mother included flushing,
tachycardia (95–100 beats/minute [bpm]), and transient, nonspecific chest and
abdominal pain. On day 4 of therapy, prolonged (1–2 minutes) fetal
bradycardia occurred (60 bpm) and delivery by cesarean section was initiated.
During the induction phase of anesthesia, the epoprostenol infusion was
stopped for 4 minutes. During this interval, the blood pressure rose to 200/100
mmHg but returned to 130/80 mmHg when the infusion was restarted. More
than normal bleeding occurred during the procedure and the infusion was
discontinued. The 730-g newborn was alive and making good progress at 3
weeks of age.

A continuous IV infusion of epoprostenol was started at 25 weeks’ gestation
in a 27-old-woman with preeclampsia only partially responsive to methyldopa,
aspirin (300 mg every other day), and hydralazine (12). The woman had a
history of two previous pregnancies complicated by pregnancy-induced
hypertension, severe intrauterine growth restriction, and fetal death at 27
weeks’ gestation. Epoprostenol was chosen because of a rise in her diastolic
pressure to 90 mmHg, a slowing of fetal growth, and a falling maternal plasma
concentration of 6-oxo-PGF1α (6-keto-prostaglandin F1α), the hydrolyzed
product of epoprostenol (12). Mild nausea, facial flushing, and headache limited
the dose tolerated by the patient to 4 ng/kg/minute. The maternal diastolic
blood pressure stabilized at or below 85 mmHg and her pulse rate increased
from 69 bpm to 84 bpm, but the FHR remained unchanged. In spite of almost
continuous FHR monitoring, the fetus died on the 4th day of the infusion, after
which a macerated 430-g female fetus was delivered. The authors speculated
that intervention with epoprostenol came too late to save the pregnancy (12).

A study published in 1985 examined the effect of IV infusions of epoprostenol
in five women (gestational ages 24–30 weeks) with severe preeclampsia that
was unresponsive to various combinations of other antihypertensive therapy
(methyldopa, hydralazine, labetalol, and atenolol) (13). The maximum
continuous IV infusion doses tolerated by the patients ranged from 1 to 6
ng/kg/minute with durations varying from 5 hours to 11 days. Facial flushing,
nausea and vomiting, and headache were dose-limiting adverse effects. Four
infants were delivered by cesarean section when the infusions (duration 5 hours
to 7 days) were stopped, but one newborn (mother treated for 4 days) died 5
hours after delivery (birth weight 480 g). Another fetus (600 g) was stillborn at



26 weeks’ gestation on the 11th day of epoprostenol (2.5 ng/kg/minute).
Ultrasound and FHR monitoring did not detect any significant changes in the
fetus prior to death. The authors thought that the two deaths were not related
to the drug. The blood pressures of the mothers were reduced, but dose-
limiting adverse effects prevented satisfactory control in one patient.
Epoprostenol had no effect on uterine activity in any of the cases (13).

No significant changes in placental (intervillous) and umbilical vein blood flow
were measured in a study of 13 women (gestational ages 28–38 weeks) with
either superimposed preeclampsia (N = 6) or preeclampsia (N = 7) (14). The
infusion dose was increased in four increments (1, 2, 4, and 8 ng/kg/minute),
each given for 20 minutes. All women experienced facial flushing and two
complained of headache. Significant decreases in maternal blood pressure and
consistent increases in maternal plasma or urinary 6-keto-prostaglandin F1α
levels were measured. In contrast, no changes in maternal or fetal pulse rates
or uterine activity were observed. The fetuses were delivered 1–13 days after
the study. Except for one 850-g newborn delivered at 30 weeks’ gestation who
died at age 2 days from respiratory distress syndrome, the other newborns
(birth weights 980–2840 g) were well at birth and survived (14).

Two vasodilators, epoprostenol (N = 22) or dihydralazine (N = 25), were
compared in a prospective randomized study of women with proteinuria and
acute diastolic blood pressures >110 mmHg immediately before delivery (15).
The mean gestational age in both groups was 36 weeks (range 32–40 weeks).
The epoprostenol infusion was started at 0.5 ng/kg/minute and was increased
to a maximum of 10 ng/kg/minute within 120 minutes, if needed to control the
blood pressure. The initial dihydralazine dose was 0.5 mg/kg/minute and
increased to a maximum of 1.5 mg/kg/minute, if needed. Both drugs were
continued for 24 hours after delivery and during delivery for those requiring
cesarean section. Increases in maternal pulse rate occurred in both groups, but
the rise in the epoprostenol patients (6 bpm) was significantly less than the rise
with dihydralazine (22 bpm) (p = 0.0024). Blood pressures were reduced in
both groups, but the difference between them was not significant. Cesarean
sections were performed in 13 (60%) (11 for FHR decelerations) of the
epoprostenol group and in 20 (80%) (14 for FHR decelerations) of those
receiving dihydralazine (ns). One neonatal death occurred in each group, but
neither was related to the drug therapy (15).

A brief 1992 communication reported the treatment of a 35-year-old woman
with thrombotic microangiopathy superimposed on preeclampsia at about 26
weeks’ gestation (16). Epoprostenol was started at 2 ng/kg/minute and



increased to 20 ng/kg/minute over 24 hours with reduction of her blood
pressure and a rise in the platelet count. After stabilization, therapy was
stopped but restarted later when her condition worsened. Improvement was
again achieved, but she was delivered at 28 weeks’ because of
oligohydramnios and growth restriction. The baby girl died a week later from
respiratory arrest. In addition, the authors described, without details, the
successful treatment of a 27-year-old patient with HELLP (hemolysis, elevated
liver enzymes, and low platelets) syndrome (16). Epoprostenol has also been
used to treat a severe case of HELLP syndrome in the immediate postpartum
period (17).

A 1999 publication described the use of epoprostenol for the treatment of
pulmonary hypertension in three women in the 3rd trimester (18). One patient,
at 28 weeks’ gestation, died from severe disease within hours of the diagnosis.
The other two women delivered newborns of 3333 g and 2905 g, respectively,
but the condition and status of the newborns was not mentioned.

In another case of primary pulmonary hypertension, a 34-year-old woman
became pregnant with twins after 1.5 years of continuous IV infusion of
epoprostenol (40 ng/kg/hour) (19). She was also taking warfarin, digoxin,
furosemide, spironolactone, and ferrous sulfate. She first presented at
15 weeks’ gestation at which time the warfarin was discontinued. A ultrasound
examination 2 weeks later revealed the death of twin A and hydrocephalus and
bilateral clubfeet in twin B. She refused pregnancy termination. She was
treated twice for central catheter-related septicemia with vancomycin and
gentamicin. The dose of epoprostenol was increased as pregnancy
progressed, eventually reaching a dose of 60 ng/kg/hour. Betamethasone was
given for lung maturity. Nitric oxide via nasal cannula was started just prior to
cesarean section for breech presentation. A live, 2155-g male infant was
delivered with Apgar scores of 7 and 8 at 1 and 5 minutes, respectively. The
infant had severe hydrocephalus and facial anomalies consistent with fetal
warfarin syndrome (19). He was alive but still hospitalized at the time of the
report. The nitric oxide was discontinued after 40 days and the mother was
discharged home 43 days after delivery on epoprostenol 77 ng/kg/hour.

A 2004 case report described the use of IV and inhaled epoprostenol for the
treatment of severe primary pulmonary hypertension (20). The woman was
started on the IV drug at 26 weeks’ gestation. Because of concern that
systemic administration could inhibit platelet aggregation and place the patient
at risk during epidural catheter placement for labor, she was changed to
inhaled epoprostenol at 35 weeks’ gestation. A healthy, 2250-g male infant was



delivered vaginally with Apgar scores of 7 and 9 at 1 and 5 minutes,
respectively. The infant was doing well at 6 months of age (20).

Three pregnant women with pulmonary arterial hypertension were treated
with epoprostenol during pregnancy in a 2005 report (21). In two patients,
epoprostenol and warfarin were begun before pregnancy with warfarin changed
to low-molecular-weight heparin early in gestation. The third patient was
started on epoprostenol at 16 weeks’ gestation. The women were delivered by
cesarean section at 32, 32, and 28 weeks’, respectively, with birth weights of
1700, 1500, and 795 g, respectively. The latter infant, delivered from a mother
with Eisenmenger syndrome, was delivered early because of growth restriction,
but all three infants were alive and well (21).

BREASTFEEDING SUMMARY
No reports describing the use of epoprostenol during lactation have been
located. There is potential for its use during breastfeeding, such as in
postpartum women with pulmonary hypertension on long-term infusions of the
drug. However, this situation must be exceedingly rare. Because of its rapid
degradation at physiologic pH and probably in the gut, the clinical significance
of any transfer into milk to a nursing infant is probably nil. Moreover, the
prostaglandin has been given directly by inhalation to a premature neonate with
beneficial effects (22).
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EPROSARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of eprosartan during human pregnancy have
been located. The antihypertensive mechanisms of action of eprosartan
and angiotensin-converting enzyme (ACE) inhibitors are very close. That is,
the former selectively blocks the binding of angiotensin II to AT1 receptors,
whereas the latter blocks the formation of angiotensin II itself. Therefore,
use of this drug during the 2nd and 3rd trimesters may cause teratogenicity
and severe fetal and neonatal toxicity that is identical to that seen with ACE
inhibitors (see Captopril or Enalapril). Fetal toxic effects may include
anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
prematurity, and patent ductus arteriosus. Anuria-associated
oligohydramnios may produce fetal limb contractures, craniofacial
deformation, and pulmonary hypoplasia. Severe anuria and hypotension,
that is resistant to both pressor agents and volume expansion, may occur in
the newborn following in utero exposure to eprosartan. Newborn renal
function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Eprosartan is a selective angiotensin II receptor blocker (ARB) that is used,
either alone or in combination with other antihypertensive agents, for the
treatment of hypertension. Eprosartan blocks the vasoconstrictor and
aldosterone-secreting effects of angiotensin II by preventing angiotensin II from
binding to AT1 receptors.

Reproduction studies have been conducted in rats and rabbits (1). No
teratogenic effects were observed in either species, but dose-related toxicity
occurred in pregnant rabbits. In pregnant rats, no adverse effects on the fetus



or on the postnatal development and maturation of offspring were observed at
oral doses up to approximately 0.6 times the human exposure based on AUC at
the maximum recommended human dose or 800 mg/day (MRHD). Similarly, a
dose approximately 0.8 times the MRHD did not result in fetal or maternal
toxicity in pregnant rabbits. Increasing the dose to approximately 2.7 times the
MRHD in pregnant rabbits, however, caused both maternal (reduced body
weight, decreased food consumption, and death) and embryo–fetal
(resorptions, abortions, and litter loss) toxicity (1).

It is not known if eprosartan crosses the human placenta. The molecular
weight (about 521) is low enough that passage to the fetus should be
expected.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (2). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of eprosartan during human lactation have been
located. The molecular weight (about 521) is low enough that excretion into
breast milk should also be expected. The effects of this exposure on a nursing
infant are unknown. The American Academy of Pediatrics, however, classifies
ACE inhibitors, a closely related group of antihypertensive agents, as
compatible with breastfeeding (see Captopril and Enalapril).
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EPTIFIBATIDE
Hematologic Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

One report describing the use of eptifibatide in human pregnancy has been
located. The animal data are reassuring but more human pregnancy
experience is required to assess the risk this agent presents to the
embryo–fetus. The primary risk, however, appears to be from maternal
hemorrhage during drug administration. If this is adequately controlled, the
benefits of the drug to the mother appear to far outweigh the unknown risks
to the fetus.

FETAL RISK SUMMARY
The cyclic heptapeptide, eptifibatide, is indicated for the treatment of acute
coronary syndrome in patients who will be managed medically or in those
undergoing percutaneous coronary intervention. Eptifibatide acts as a reversible
inhibitor of platelet aggregation by blocking the GP IIb/IIIa receptor on the
platelet surface. It is in the same subclass of antiplatelet agents as abciximab
and tirofiban. The drug undergoes some metabolism. Plasma protein binding is
about 25% and the plasma elimination half-life is about 2.5 hours (1).

Reproduction studies with eptifibatide have been conducted in rats and
rabbits. In pregnant rats and rabbits, continuous daily IV infusions at total daily
doses up to about four times the maximum recommended human daily dose
based on BSA (MRHDD) revealed no evidence of fetal harm. Although long-
term studies in animals for carcinogenicity have not been conducted, no
evidence of mutagenicity was found in several tests. Similarly, no evidence of
impaired fertility or reproductive performance was observed in rats given daily
doses up to about four times the MRHDD (1).

It is not known if eptifibatide crosses the human placenta to the fetus. The
molecular weight (about 832), low plasma protein binding, and the elimination



half-life suggest that the drug will cross to the embryo–fetus. Moreover, the
drug is given as a continuous IV infusion for periods up to 72 hours, thus
allowing for prolonged contact at the maternal–fetal interface.

A 44-year-old woman at 8 weeks’ gestation presented with an acute
myocardial infarction (2). She was treated with intracoronary stent placement
and clopidogrel (600 mg), heparin, and a 24-hour IV infusion of eptifibatide. The
next day, she was started on clopidogrel, aspirin, and propranolol and
discharged home on these agents. At 36 weeks, she underwent a planned
cesarean section for a healthy infant (no further details on the newborn were
provided) (2).

BREASTFEEDING SUMMARY
No reports describing the use of eptifibatide during lactation have been located.
Because of the indications for eptifibatide, it is doubtful if such reports will be
forthcoming. The molecular weight (about 832), low plasma protein binding, and
the elimination half-life suggest that the drug will be excreted into breast milk.
Moreover, the drug is given as a continuous IV infusion for periods up to 72
hours. The effect of this exposure for a nursing infant is unknown, but most
likely the risk is very low or nil because the drug should be digested in the
infant’s gastrointestinal tract. Until data are available, however, the safest
course is to hold breastfeeding while the drug is being infused.
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ERGOCALCIFEROL
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Ergocalciferol (vitamin D2) is converted in the liver to 25-
hydroxyergocalciferol, which in turn is converted in the kidneys to 1,25-
dihydroxyergocalciferol, one of the active forms of vitamin D. See Vitamin
D.

BREASTFEEDING SUMMARY
See Vitamin D.



ERGOTAMINE
Sympatholytic (Antimigraine)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Small, infrequent doses of ergotamine used for migraine headaches do not
appear to be fetotoxic or teratogenic, but idiosyncratic responses may
occur that endanger the fetus. Larger doses or frequent use, however, may
cause fetal toxicity or teratogenicity that is probably due to maternal and/or
fetal vascular disruption. Based on one report, the combination of
ergotamine, caffeine, and propranolol may represent an added risk.
Because the risk has not been adequately defined, and also due to the
oxytocic properties of the agent, ergotamine should be avoided during
pregnancy.

FETAL RISK SUMMARY
Ergotamine is a naturally occurring ergot alkaloid that is used in the prevention
or treatment of vascular headaches, such as migraine. The oxytocic properties
of ergotamine have been known since the early 1900s, but because it produces
a prolonged and marked increase in uterine tone that may lead to fetal hypoxia,
it is not used for this purpose (1). A semisynthetic derivative,
dihydroergotamine, has also been abandoned as an oxytocic for the same
reason (2). (See Dihydroergotamine.) Small amounts of ergotamine have been
reported to cross the placenta to the fetus (3).

Ergotamine is not an animal teratogen (4). In pregnant mice, rats, and
rabbits, however, doses sufficient to affect maternal weight gain were fetotoxic,
producing increased prenatal mortality and growth restriction. The mechanism
proposed for these effects was an impairment of blood supply to the uterus
and placenta (4). Another study demonstrating fetal death in pregnant rats
arrived at the same conclusion (5). Ergotamine (0.25%) fed to pregnant sheep
produced severe ergotism, fetal death, and abortions (6).

Most authorities consider ergotamine in pregnancy to be either



contraindicated or to be used sparingly and with caution, due to the oxytocic
properties of the drug (7–10). Fortunately, the frequency of migraine attacks
decreases during pregnancy, thus lessening the need for any medication
(8–10).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 25
of whom were exposed to ergotamine during the 1st trimester (11). Two
malformed children were observed from this group, but the numbers are too
small to draw any conclusion.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 59 newborns had
been exposed to ergotamine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of nine (15.3%) major birth defects were
observed (two expected). Specific data were available for six defect
categories, including (observed/expected) 1/0.6 cardiovascular defects, 0/0
oral clefts, 0/0 spina bifida, 1/0 polydactyly, 0/0 limb reduction defects, and 1/0
hypospadias. The total number of defects is suggestive of an association, but
other factors, such as the mother’s disease, concurrent drug use, and chance
may be involved.

A retrospective study published in 1978 evaluated the reproductive outcome
of women attending a migraine clinic (12). The study group was composed of
777 women enrolling in the clinic for the first time. A control group composed of
182 wives of new male patients at the clinic was formed for comparison. Of the
women with migraine, 450 (58%) had been pregnant vs. 136 (75%) of the
women without migraine. The difference in the percentage of pregnancies may
have been because all of the control women were married while the marriage
status of the study women was not known (12). The incidence of at least one
spontaneous abortion or stillbirth, 27% vs. 29%, including 1st trimester loss,
and the occurrence of toxemia, 18% vs. 18%, were similar for the groups. The
total number of pregnancies was 1142 in the study patients and 342 in the
controls, with a mean number of pregnancies per patient of 2.54 vs. 2.51,
respectively. The migraine group had 924 (81%) live births compared with 277
(81%) for the control women. Congenital defects observed among the live
births totaled 31 (3.4%) for the study group vs. 11 (4.0%) for the controls (ns).
Major abnormalities, found in 20 (2.2%) of the infants from the women with
migraine compared with 7 (2.5%) of the infants from controls, were of similar
distribution to those found in the geographic area of the clinic (12). Moreover,
the incidence of defects was similar to the expected frequency for that location
(12). Although the investigators were unable to document reliable and accurate



drug histories during the pregnancies because of the retrospective nature of the
study, 70.8% of the women with migraine indicated they had used ergotamine
in the past. They concluded, therefore, that ergotamine exposure during
pregnancy, especially early in gestation, was highly likely, and that this drug
and others used for the prevention or treatment of the disease were probably
not teratogenic (12).

In contrast to the above study, six case reports have described adverse fetal
outcomes attributable to ergotamine (13–18). An infant, who died at 4 weeks of
age, was delivered at 24 weeks’ gestation with a large rugated, perineal mass,
no external genitalia or anal orifice, and a small, polycystic left kidney (13). Two
separate sacs made up the mass, one of which resembled a urinary bladder
with two ureteral and a vaginal orifice, and the other containing bowel, left
ovary, uterus, and right kidney (13). The mother had used an ergotamine
inhaler once or twice weekly during the first 8 weeks of pregnancy for migraine
headaches. The inhaler delivered 0.36 mg of ergotamine per inhalation and she
received two or three inhalations during each headache for a total dose of
0.72–1.08 mg once or twice weekly. The mother also smoked about 10
cigarettes daily.

A female infant with multiple congenital malformations was delivered from a
woman who had used a proprietary preparation containing ergotamine,
caffeine, belladonna, and pentobarbital during the 2nd month of pregnancy for
migraine (14). Two other similar cases in pregnant women who did not receive
an ergotamine preparation were included in the report. The birth defects
included hydrocephalus, sacral or coccygeal agenesis, digital and muscle
hypoplasia, joint contractures, short stature, short perineum, and pilonidal sinus.
Because of the similarity of the cases, the authors thought it might be a new
syndrome, which they termed cerebroarthrodigital syndrome, in which the
primary pathogenetic event is a neural tube-neural crest dysplasia (14).
Although they could not determine the cause, they considered an environmental
agent, such as ergotamine, or a genetic cause as possibilities (14).

A 1983 report described a 27-year-old woman with migraine headaches who
consumed up to 8 tablets/day of a preparation containing 1 mg of ergotamine
tartrate and 100 mg of caffeine throughout a total of six pregnancies (15). The
1st pregnancy resulted in the birth of a 2200-g female infant, whose
subsequent growth varied between the 3rd and 10th percentiles. She had no
medical problems other than enuresis and hay fever. The woman’s 2nd, 4th,
5th, and 6th pregnancies all ended in spontaneous abortions. A male infant was
delivered in the 3rd pregnancy at 35 weeks’ gestation. Birth weight, 1892 g,



and length, 43 cm, were at the 20th percentile for gestational age. The infant
died at 25 days of age secondary to hyaline membrane disease and after two
surgical attempts to correct jejunal atresia. At autopsy, a short small intestine
with portions of incomplete or absent muscular coat around the bowel lumen
was found. The authors could not exclude a hereditary cause for the anomaly,
but they believed the most likely cause was a disruptive vascular mechanism
resulting from an interruption of the superior mesenteric arterial supply to the
affected organ (15).

In a suicide attempt, a 17-year-old pregnant woman, at 35 weeks’ gestation,
took a single dose of 10 ergotamine tablets (20 mg) (16). Five hours after
ingestion, the fetal heart rate was 165 beats/minute with fetal movement.
Uterine contractions were mild but frequent, with little relaxation between
contractions. Fetal death occurred approximately 8.5 hours later, about 13.5
hours after ingestion. The most likely mechanism for the fetal death was
impairment of placental perfusion by the uterine contractions resulting in fetal
hypoxia (16). However, the authors considered two other possible mechanisms:
arterial spasm causing decreased uterine arterial perfusion, and altered
peripheral resistance and venous return resulting in fetal myocardial ischemia
(16).

A 1988 case report described the result of a pregnancy complicated by
severe migraine headaches (17). The mother consumed a variety of drugs,
including 1–4 rectal suppositories/week during the first 14 weeks of gestation,
with each dose containing ergotamine (2 mg), belladonna (0.25 mg), caffeine
(100 mg), and phenobarbital (60 mg). Other medications, frequency of
ingestion, and gestational weeks of exposure were propranolol (40 mg; 2/day;
0–20 weeks), acetaminophen/codeine (325 mg/8 mg; 6–20/day; 0–16 weeks),
and dimenhydrinate (75 mg; 0–3/week; 0–12 weeks). The term, female infant
was a breech presentation weighing 2860 g, with a length of 46 cm. The infant
was microcephalic and paraplegic with underdeveloped and hypotonic lower
limbs. The anal, knee, and ankle reflexes were absent. Sensation was absent
to the level of the knees and variably absent on the thighs. This pattern was
suggestive of a spinal cord defect in the upper lumbar region (17). Other
abnormalities apparent were dislocated hips and marked bilateral talipes
equinovarus. Computed tomography of the brain revealed a small organ with
lissencephaly, a primitive Sylvian fissure, and ventriculomegaly (17). The above
findings were compatible with arrest of cerebral development that occurred
after 10–13 weeks (17). The authors concluded that the most likely etiology
was a disruptive vascular mechanism, and that the combination of ergotamine,



caffeine, and propranolol may have potentiated the vasoconstriction (17).
In response to the case report above, a 1989 letter cited prospective and

retrospective data from the Hungarian Case–Control Surveillance of Congenital
Anomalies, 1980–1986 system (19). Among controls (normal infants, but
including those with Down’s syndrome), 0.11% (18 of 16,477) had used
ergotamine during pregnancy, whereas 0.14% (13 of 9460) of pregnancies with
a birth defect had been exposed to the drug (ns). Four of the index cases,
however, involved neural tube defects compared with none of the controls (p
<0.01), a finding that prompted the author to state that further study was
required.

A female infant, the smaller of dizygotic twins, was born at 32 weeks’
gestation (18). Paraplegia and arthrogryposis multiplex was present at birth
and thought to be due to prenatal cord trauma. The mother had a severe
reaction (intractable nausea, vertigo and dizziness requiring bed rest for 3
days) following the use of one rectal suppository containing ergotamine,
caffeine, belladonna, and butalbital at 4.5 months’ gestation. Because of this
reaction, the authors speculated that ergotamine may have caused vascular
spasm of a fetal medullary artery that resulted in spinal cord ischemia and
neuronal loss (18).

The accidental use at 38 weeks’ gestation of a rectal suppository containing
ergotamine (2 mg) and caffeine (100 mg) in a woman with nonproteinuric
hypertension produced sudden fetal distress that led to an emergency
cesarean section (20). A growth-restricted, 2660-g female infant was delivered
with Apgar scores of 4 and 8 at 1 and 5 minutes, respectively. The obstetrician,
who was unaware of the drug administration, noted the strikingly small amount
(100 mL) of blood loss during the procedure. The infant was doing well at 10
years of age.

A 1995 reference reviewed the teratogenicity of ergotamine (21). Because
many of the reports of adverse outcomes following the use of the drug during
pregnancy are consistent with vascular injury, and because ergotamine toxicity
is known to cause vasospasm, the author recommended that the drug should
be avoided during all parts of pregnancy (21). The use of the agent in small,
appropriate doses, however, was thought to have a low teratogenic potential
because ergotamine appeared to be teratogenic only at higher doses, or
possibly in those cases involving idiosyncratic susceptibility (21).
Recommendations for counseling of exposed women included not only
determining the dosage and timing of exposure but also asking questions
relating to the presence or absence of signs and symptoms of ergotism, past



usage, and possible continuing abuse (21).

BREASTFEEDING SUMMARY
Ergotamine is excreted into breast milk, but data quantifying this excretion have
not been located. A 1934 study reported that 90% of nursing infants of mothers
using an ergot preparation for migraine therapy had symptoms of ergotism
(22). Because of the vomiting, diarrhea, and convulsions observed in this study,
the American Academy of Pediatrics classifies ergotamine as a drug that has
been associated with significant effects on some nursing infants and should be
given to nursing mothers with caution (23). Moreover, ergotamine is a member
of the same chemical family as bromocriptine, an agent that is used to
suppress lactation. Although no specific information has been located relating to
the effects of ergotamine on lactation, ergot alkaloids may hinder lactation by
inhibiting maternal pituitary prolactin secretion (24).
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ERIBULIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of eribulin in human pregnancy have
occurred. Although developmental toxicity occurred in rats at maternal toxic
doses, the doses were much less than the recommended human dose.
Because of the risk for severe toxicity in an embryo and/or a fetus, eribulin
should not be used in pregnancy.

FETAL RISK SUMMARY
Eribulin is a nontaxane microtubule dynamics inhibitor that is given IV on days 1
and 8 of a 21-day cycle. It is indicated for the treatment of patients with
metastatic breast cancer who have previously received at least two
chemotherapeutic regimens for the treatment of metastatic disease. There are
no major metabolites of eribulin. Plasma protein binding is in the range of 49%–
65%. The mean elimination half-life is about 40 hours (1).

Reproduction studies have been conducted in rats. In this species, IV doses
were given during organogenesis (gestation days 8, 10, and 12) that were
about 0.04–0.64 times the recommended human dose based on BSA (RHD).
At the highest dose, abortions and severe external or soft-tissue malformations
were observed. The malformations included the absence of a lower jaw,
tongue, stomach, and spleen. At 0.43 times the RHD, increased embryo–fetal
death/resorption, reduced fetal weights, and minor skeletal anomalies
consistent with developmental delay were noted. However, at doses ≥0.43
times the RHD, maternal toxicity that included enlarged spleen, reduced
maternal weight gain, and decreased food consumption occurred (1).

Studies of carcinogenicity have not been conducted. Eribulin was not
mutagenic in bacterial assays but was mutagenic in other assays and was
clastogenic in one assay. Although fertility studies have not been conducted,
dog and rat toxicology studies have observed testicular toxicity in both species



suggesting that the drug may compromise male fertility (1).
It is not known if eribulin crosses the human placenta. The molecular weight

(about 730 for the free base), lack of metabolism, moderate protein binding,
and long half-life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of eribulin during human lactation have been
located. The molecular weight (about 730 for the free base), lack of
metabolism, moderate protein binding, and long half-life suggest that the drug
will be excreted into breast milk. Moreover, as a basic drug, higher
concentrations of eribulin in milk compared with the plasma may occur. The
effect of this exposure on a nursing infant is unknown but there is potential for
severe toxicity. Consequently, breastfeeding during therapy with this agent
should be considered contraindicated.

Reference
1. Product Information. Halaven. Eisai, 2010.



ERLOTINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Two reports describing the use of erlotinib in human pregnancy has been
located. The animal data suggest risk, but the near absence of human
pregnancy experience prevents a complete assessment of the embryo–
fetal risk. If a woman receives erlotinib during pregnancy, she should be
informed of the unknown risk to her embryo–fetus.

FETAL RISK SUMMARY
Erlotinib is an oral antineoplastic agent that is indicated, in combination with
gemcitabine, for the first-line treatment of patients with locally advanced,
unresectable or metastatic pancreatic cancer. The drug is a human epidermal
growth factor type 1/epidermal growth factor receptor tyrosine kinase inhibitor
in the same subclass as several other agents (see Appendix). Erlotinib is
extensively metabolized by the liver to apparently inactive metabolites. The
elimination half-life is about 32 hours. About 93% of erlotinib is bound to the
plasma proteins albumin and alpha-1 acid glycoprotein (1,2).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits during organogenesis, there was no increased incidence of
embryo–fetal lethality, abortion, or teratogenic effects with doses that achieved
plasma concentrations that were about equal to those in humans from a
150 mg daily dose based on AUC (HDD). However, when pregnant rabbits
were given a dose that produced exposures that were about three times the
HDD, maternal toxicity with associated embryo–fetal lethality and abortion
occurred. In addition, female rats given daily doses that were about 0.3 or 0.7
times the human dose based on BSA prior to mating, and through the first
week of pregnancy had an increase in early resorptions resulting in a decrease



in the number of live fetuses (1).
Carcinogenic studies have not been conducted with erlotinib. Multiple tests

for genotoxicity were negative, as were the effects on male and female rat
fertility (1).

It is not known if erlotinib crosses the human placenta. The molecular weight
(about 394 for the free base) and long elimination half-life suggest that the drug
will cross. However, the extensive metabolism and moderately high plasma
protein binding may limit the amount of active drug reaching the embryo–fetus.

A woman with metastatic nonsmall cell lung cancer was treated with six
cycles of cisplatin, gemcitabine, and bisphosphonates that resulted in stable
disease (3). No additional therapy was given for 12 months until progressive
disease was found and erlotinib 100 mg/day was started. Pregnancy was
diagnosed 2 months later. Conception was thought to have occurred at about
the same time that erlotinib had been started. The drug was discontinued for
the remainder of the pregnancy. At 42 weeks’ gestation, a cesarean section
delivered a normal, 3490-g female infant. No congenital malformations or other
abnormalities were noted in the healthy infant (3).

A 2011 case report described a 38-year-old woman at 26 weeks’ gestation
who was diagnosed with lung cancer (4). The woman had never smoked. She
was initially treated with erlotinib 100 mg/day and then changed about 2 weeks
later to gefitinib 250 mg/day. Gefitinib was continued through the remainder of
her pregnancy. At 36 weeks’, she gave birth to a healthy 2.08-kg infant with an
Apgar score of 9 at 1 minute. The baby weighed 2.98 kg 6 weeks later (4).

BREASTFEEDING SUMMARY
No reports describing the use of erlotinib during human lactation have been
located. The molecular weight (about 394 for the free base) and long
elimination half-life suggest that the drug will be excreted into breast milk.
However, the extensive metabolism and moderately high plasma protein binding
may limit the amount of active drug reaching the milk. The effects on a nursing
infant are unknown, but there is a potential for severe toxicity. Moreover, the
systemic bioavailability of erlotinib is markedly increased in adults when the
dose is taken with food, and this might also occur in nursing infants. Therefore,
until the amount of erlotinib in breast milk has been determined, the safest
course is not to breastfeed.

References
1. Product information. Tarceva. Genentech, 2007.
2. Product information. Tarceva. OSI Pharmaceuticals, 2007.
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ERTAPENEM
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ertapenem in human pregnancy have been
located. No teratogenicity was observed in two animal species, although
mild fetal toxicity was observed in one at a dose very close to that used in
humans. Moreover, there is no evidence that any beta-lactam antibiotic
(e.g., penicillins and cephalosporins) causes developmental toxicity in
humans at therapeutic doses. Therefore, if the maternal condition requires
the use of ertapenem, the antibiotic probably is safe at any time during
gestation.

FETAL RISK SUMMARY
Ertapenem is a broad-spectrum carbapenem antibiotic that is administered by
either IM injection or IV infusion. It is structurally related to the beta-lactam
antibiotics and belongs to the same class as imipenem (available as imipenem-
cilastatin) and meropenem.

Reproduction studies have been conducted in mice and rats. No evidence of
structural teratogenicity was observed at IV doses up to three times the
recommended human dose of 1 g based on BSA (mice) and 1.2 times the
human exposure at the recommended dose of 1 g based on AUC (rats) (1).
However, the maximum dose in mice resulted in decreased fetal weight and
decreases in the average number of ossified sacrocaudal vertebrae. The
antibiotic had no effect on mating performance, fecundity, fertility, or embryonic
survival in either species (1).

Ertapenem crosses the placenta in rats, but this has not been studied in
humans. The molecular weight (about 498) is low enough that passage to the
fetus should be expected.



BREASTFEEDING SUMMARY
Ertapenem is excreted into breast milk (1). Five women 5–14 days postpartum
were treated with 1 g IV daily for 3–10 days. Milk concentrations of the
antibiotic were measured at random times for 5 consecutive days after the last
dose. Samples obtained within 24 hours of the last dose ranged from <0.13
(lower limit of quantitation) to 0.38 mcg/mL. By day 5, ertapenem could not be
detected in the milk of four women and was <0.13 mcg/mL in one woman (1).

The effects on a nursing infant from exposure to ertapenem via milk are
unknown but are of doubtful clinical significance. Most antibiotics are excreted
into breast milk in low concentrations, and adverse effects are rare. Potential
problems for the nursing infant are modification of bowel flora, direct effects on
the infant (e.g., allergic response), and interference with the interpretation of
culture results if a fever workup is required.

Reference
1. Product information. Invanz. Merck & Company, 2003.



ERYTHRITYL TETRANITRATE
Vasodilator

See Nitroglycerin or Amyl Nitrite.



ERYTHROMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible (Excludes Estolate Salt)
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Most reports, including one animal study, have found no evidence of
developmental toxicity with erythromycin. Although one report found an
association with cardiovascular defects (see reference 17), the
investigators could not determine if it was a true drug effect. There also is
no evidence that maternal erythromycin treatment late in pregnancy causes
infantile hypertrophic pyloric stenosis (IHPS). Because most studies do not
indicate a risk, erythromycin can be used in pregnancy if indicated.

FETAL RISK SUMMARY
Erythromycin is a macrolide anti-infective that is in the same class as
azithromycin, clarithromycin, dirithromycin, and troleadomycin.

The drug was not teratogenic in female rats fed erythromycin (up to 0.25%
of the diet) before and during mating, and throughout gestation and weaning
(1).

Erythromycin crosses the placenta but in concentrations too low to treat
most pathogens (2–4). Fetal tissue levels increase after multiple doses (4).
However, a case has been described in which erythromycin was used
successfully to treat maternal syphilis but failed to treat the fetus adequately
(5). During pregnancy, erythromycin serum concentrations vary greatly as
compared with those in normal men and nonpregnant women, which might
account for the low levels observed in the fetus (6).

The estolate salt of erythromycin has been observed to induce hepatotoxicity
in pregnant patients (7). Approximately 10% of 161 women treated with the
estolate form in the 2nd trimester had abnormally elevated levels of serum
glutamic-oxaloacetic transaminase, which returned to normal after therapy was
discontinued.

The use of erythromycin in the 1st trimester was reported in a mother who



delivered an infant with left absence-of-tibia syndrome (8). The mother was
also exposed to other drugs, which makes a relationship to the antibiotic
unlikely.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 79
of whom had 1st trimester exposure to erythromycin (9, pp. 297–313). For use
anytime during pregnancy, 230 exposures were recorded (9, p. 435). No
evidence was found to suggest a relationship to large categories of major and
minor malformations or to individual defects. Erythromycin, like many other
antibiotics, lowers urine estriol concentrations (see also Ampicillin for
mechanism and significance) (10). The antibiotic has been used during the 3rd
trimester to reduce maternal and infant colonization with group B β-hemolytic
streptococcus (11,12). Erythromycin has also been used during pregnancy for
the treatment of genital mycoplasma (13,14). A reduction in the rates of
pregnancy loss and low-birth-weight infants was seen in patients with
mycoplasma infection after treatment with erythromycin.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 6972 newborns
had been exposed to erythromycin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 320 (4.6%) major birth defects were
observed (297 expected). Specific data were available for six defect
categories, including (observed/expected) 77/70 cardiovascular defects, 14/11
oral clefts, 1/3 spina bifida, 22/20 polydactyly, 14/12 limb reduction defects,
and 11/17 hypospadias. These data do not support an association between the
drug and congenital malformations.

Data from the Hungarian Case–Control Surveillance of Congenital
Abnormalities, 1980–1996, regarding exposure to erythromycin during
organogenesis were published in 1999 (15). Cases (N = 22,865) were fetuses
or infants with congenital abnormalities, 113 (0.5%) of whom had been
exposed to erythromycin. Among controls (N = 38,151), newborns without any
congenital anomalies, 172 (0.5%) had been exposed to erythromycin. There
were 20 cases and 43 controls exposed during the 2nd–3rd months (i.e.,
organogenesis), odds ratio (OR) 0.8, 95% confidence interval (CI) 0.5–1.4. For
exposures during months 4–9, there were 78 cases and 112 controls, OR 1.2,
95% CI 0.9–1.6, and for the entire pregnancy, OR 1.1, 95% CI 0.9–1.5. The
study found no detectable teratogenic risk from erythromycin (15).

A 2001 randomized study (ORACLE 1) was conducted in patients with
preterm, prelabor rupture of fetal membranes to determine neonatal health
benefits of three antibiotic regimens (16). The regimens, compared with a



placebo group (N = 1225), were erythromycin (250 mg) (N = 1197), amoxicillin
(250 mg)–clavulanic acid (125 mg) (N = 1212), or both (N = 1192) four times
daily for 10 days or until delivery. The primary outcome measures were specific
outcomes or a composite of neonatal death, chronic lung disease, or major
cerebral abnormality. For these neonatal outcomes, the two groups with ACA
had no benefit over placebo, whereas erythromycin use resulted in significantly
better outcomes (both composite and specific). When any-ACA exposure was
compared with no-ACA for outcomes with suspected or proven NEC, the
results were 92 (3.8%) and 58 (2.4%) (p = 0.004). The authors thought that a
possible mechanism for this outcome was that the ACA combination selected
for Clostridium difficile and that abnormal colonization of the neonatal intestinal
tract was one possible mechanism for NEC (16).

A 2003 case–control study, using data from three Swedish health registers,
was conducted to identify drug use in early pregnancy that was associated with
cardiac defects (17). Cases (cardiovascular defects without known
chromosome anomalies) (N = 5015) were compared with controls consisting of
all infants born in Sweden (1995–2001) (N = 577,730). Associations were
identified for several drugs, some of which were probably due to confounding
from the underlying disease or complaint or multiple testing, but some were
thought to be true drug effects. For erythromycin, there were 27 cases in 1588
exposures (OR 1.91, 95% CI 1.30–2.80). The study could not determine if the
association was due to confounding, multiple testing, or a true drug effect (17).

Three reports have examined the association between maternal treatment
with erythromycin during pregnancy and IHPS in their infants (18–20). The first
report evaluated the presence of IHPS in the infants (not treated with
erythromycin) of mothers who were prescribed a macrolide antibiotic within
three pregnancy time periods (18). The antibiotics were primarily erythromycin,
but included azithromycin and clarithromycin and the infants were not treated
with erythromycin. For the three time periods, the relative risk for subsequent
infant IHPS and 95% CI were: anytime in pregnancy, 1.15, 0.5–2.4; within 10
weeks of delivery, including delivery date 1.76, 0.7–4.2; and within 10 weeks of
delivery, excluding delivery date 1.84, 0.8–4.4 (18).

The second report used data collected between 1976 and 1998 as part of an
ongoing case–control surveillance program (19). Cases, 1044 infants with
IHPS, were compared with two control groups, normal and malformed.
Erythromycin exposure in case subjects were identified in three pregnancy time
periods: 1–24 weeks, 25–40 weeks, and 33–40 weeks. The number of cases,
OR, 95% CI for each time period with normal controls were: 26, 1.0, 0.6–1.6;



10, 0.6, 0.3–1.1; and 6, 0.7, 0.3–1.8, respectively. For malformed controls, the
OR and 95% CI for each period was: 1.1, 0.8–1.7; 0.6, 0.3–1.1; and 0.6, 0.3–
1.3, respectively. The results indicated no evidence of an increased risk of
pyloric stenosis with erythromycin (19).

The third study, published in 2002, used the Tennessee Medicaid/Tenn Care
1985–1997 database (20). Among the 260,799 mother–infant pairs, 13,146
mothers filled prescriptions for erythromycin and 621 filled prescriptions for
nonerythromycin macrolides (azithromycin, clarithromycin, clindamycin,
dirithromycin) or lincomycin from 32 weeks’ gestation through delivery. The
number of infant IHPS cases, OR, and 95% CI, in the erythromycin group was
38, 1.17, 0.84–1.64 after 32 weeks’ gestation. There were 22,418 mother–
infant pairs with erythromycin exposure anytime in pregnancy with 53 cases,
1.15, 0.84–1.56. For nonerythromycin macrolides, the data for the two
pregnancy periods were 3 cases, 2.45, 0.78–7.68 and, for anytime in
pregnancy, 1287 exposures, 6 cases, 2.77, 1.22–6.30. Although the latter data
reached statistical significance, the authors concluded that a causal inference
was limited by the small number of infants and for other reasons (20).

In a 2003 Danish study, 188 women received a macrolide (see Breastfeeding
Summary) within 30 days of birth and none of their infants had IHPS (21).

Several reports have described the use of erythromycin for the successful
treatment of Chlamydia infection in the second half of pregnancy (22–27).
Although such use is effective, fewer maternal gastrointestinal adverse effects
have been observed with amoxicillin (see Amoxicillin) (25–27).

BREASTFEEDING SUMMARY
Erythromycin is excreted into breast milk (28). Following oral doses of 400 mg
every 8 hours, milk levels ranged from 0.4 to 1.6 mcg/mL. Oral doses of 2
g/day produced milk concentrations of 1.6–3.2 mcg/mL. The milk:plasma ratio
in both groups was 0.5 (28).

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (29). For the 17
women taking erythromycin, diarrhea was observed in 2 (12%) infants. The
diarrhea was considered minor because it did not require medical attention
(29).

A 2003 study investigated the association between maternal use of
macrolides and infantile hypertrophic pyloric stenosis (21). The Danish
population–based cohort study comprised 1166 women who had a prescribed
macrolide (azithromycin, clarithromycin, erythromycin, spiramycin, or



roxithromycin) from birth to 90 days postnatally compared with up to 41,778
controls. The ORs for stenosis was 2.3–3.0, depending on the postnatal period
of exposure (42, 56, 70, or 90 days), but none were significant. When stratified
by gender, the ORs for males were 1.8–3.1 and again were not statistically
significant. For females, the OR at 70 and 90 days postbirth were 10.3 and
7.5, respectively, but only the former was significant (95% CI 1.2–92.3) (21).

Investigators from Israel examined the possible association between
macrolide (azithromycin, clarithromycin, erythromycin, or roxithromycin)
exposure in milk and infantile hypertrophic pyloric stenosis in a 2009 study (30).
They compared 55 infants exposed to a macrolide antibiotic to 36 infants
exposed to amoxicillin. In the macrolide group, 7 (12.7%) had an adverse
reaction (rash, diarrhea, loss of appetite, somnolence), whereas 3 infants
(8.3%) in the amoxicillin group had an adverse reaction (rashes, somnolence).
The rates of adverse reactions were comparable. No cases of infantile
hypertrophic pyloric stenosis were observed (30).

The American Academy of Pediatrics classified erythromycin as compatible
with breastfeeding in 2001 (31).
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ESCITALOPRAM
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Human pregnancy experience with escitalopram is very limited. The animal
data suggest that the risk to an embryo–fetus is low. Two large case–
control studies did find increased risks for some birth defects, but the
absolute risk appears to be small. However, selective serotonin reuptake
inhibitor (SSRI) antidepressants have been associated with several
developmental toxicities, including spontaneous abortions, low birth weight,
prematurity, neonatal serotonin syndrome, neonatal behavioral syndrome
(withdrawal), possibly sustained abnormal neurobehavior beyond the
neonatal period, respiratory distress, and persistent pulmonary
hypertension of the newborn (PPHN).

FETAL RISK SUMMARY
Escitalopram is the S-enantiomer of racemic citalopram. It is an SSRI that is
indicated for the treatment of depression. The metabolites of escitalopram
apparently do not contribute to the antidepressant activity. Plasma protein
binding is moderate (56%), but the plasma elimination half-life is long (27–32
hours) (1).

All the antidepressant agents in this class (citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline) share a similar mechanism
of action, although only citalopram and escitalopram have similar chemical
structures. These differences could be construed as evidence against any
conclusion that they share similar effects on the embryo, fetus, or newborn. In
the mouse embryo, however, craniofacial morphogenesis appears to be
regulated, at least in part, by serotonin. Interference with serotonin regulation
by chemically different inhibitors produces similar craniofacial defects (2).



Regardless of the structural differences, therefore, some of the potential
adverse effects on the pregnancy also may be similar.

Reproduction studies have been conducted in rats. In rats, doses up to ≥56
times the maximum recommended human dose of 20 mg/day based on BSA
(MRHD) resulted in decreased fetal body weight and delayed ossification. Mild
maternal toxicity (clinical signs and decreased body weight gain and food
consumption) was evident at the developmental no-effect dose (28 times the
MRHD). No teratogenicity was evident at any dose up to 75 times the MRHD.
In rats treated throughout pregnancy and through weaning with doses up to 24
times the MRHD, slightly increased offspring mortality and growth restriction
were observed at the highest dose. Mild maternal toxicity (same as noted
above) was evident at the highest dose. The no-effect dose was 6 times the
MRHD (1). (See also Citalopram for fertility studies in rats and teratology
studies in rats and rabbits.)

It is not known if escitalopram crosses the human placenta. The molecular
weight (about 324 for the free base), moderate plasma protein binding, and
prolonged elimination half-life suggest that escitalopram will cross to the
embryo and/or fetus.

A significant increase in the risk of low birth weight (<10th percentile) and
respiratory distress after prenatal exposure to SSRIs was reported in 2006 (3).
The population-based study, representing all live births (N = 119,547) during a
39-month period in British Columbia, Canada, compared pregnancy outcomes
of depressed mothers treated with SSRIs with outcomes in depressed mothers
not treated with medication and in nonexposed controls. The severity of
depression in the depressed groups was accounted for by propensity score
matching (3).

A brief 2005 report described significant associations between the use of
SSRIs in the 1st trimester and congenital defects (4). The data were collected
by the CDC-sponsored National Birth Defects Prevention Study in an ongoing
case–control study of birth defect risk factors. Case infants (N = 5357) with
major birth defects were compared with 3366 normal controls. A positive
association was found with omphalocele (N = 161; odds ratio [OR] 3.0, 95%
confidence interval [CI] 1.4–6.1). Paroxetine, which accounted for 36% of all
SSRI exposures, had the strongest association with the defect (OR 6.3, 95%
CI 2.0–19.6). The study also found a significant association between the use of
any SSRI and craniosynostosis (N = 372; OR 1.8, 95% CI 1.0–3.2) (4). An
expanded report from this group was published in 2007 (see reference 11).

A 2006 report using the database (1995–2003) of the Swedish Medical Birth



Registry examined the relationship between maternal use of antidepressants
and major malformations and cardiac defects (5). There was no significant
increase in the risk of major malformations with any antidepressant. The
strongest effect among cardiac anomalies was with ventricular or atrial septum
defects (VSDs-ASDs). Significant increases were found with paroxetine (OR
2.22, 95% CI 1.39–3.55) and clomipramine (OR 1.87, 95% CI 1.16–2.99) (5).
In 2007, the analysis of the Registry database was expanded to include the
years 1995–2004 (6). There were 6481 women (6555 infants) who had
reported the use of SSRIs in early pregnancy. The number using a single SSRI
(i.e., no other SSRI or non-SSRI antidepressant) during the 1st trimester was
2579 citalopram, 1807 sertraline, 908 paroxetine, 860 fluoxetine, 66
escitalopram, and 36 fluvoxamine. Only paroxetine was significantly associated
with cardiovascular effects (20 cases; OR 1.63, 95% CI 1.05–2.53).
Paroxetine also had the strongest association with VSDs-ASDs, but did not
reach significance (13 cases; relative risk [RR] 1.81, 95% CI 0.96–3.09). When
the analysis was repeated after excluding women with body mass index >26,
born outside of Sweden, or with reported subfertility (N = 405) , only paroxetine
was significantly associated with any cardiac defect (13 cases, RR 2.62, 95%
CI 1.40–4.50) and with VSDs-ASDs (8 cases, RR 3.07, 95% CI 1.32–6.04).
The RR remained significant after also excluding women who took neuroleptics,
sedatives, hypnotics, folic acid, nonsteroidal anti-inflammatory agents, or
anticonvulsants (N = 340). Analysis of the combined SSRI group, excluding
paroxetine, revealed no associations with cardiac defects or VSDs-ASDs. The
study also found no association with omphalocele or craniostenosis (6).

A 2006 case report described a pregnancy of a 36-year-old woman who had
stopped her treatment of obsessive-compulsive disorder immediately before
conception (7). Escitalopram 20 mg/day was restarted at 24 weeks’ gestation
because of a major depressive episode. She was concerned about the risk for
poor neonatal adaptation syndrome, so the escitalopram was gradually tapered
during the last month of pregnancy. She delivered a healthy 3.6-kg male infant
at term with Apgar scores of 9 and 10 at 1 and 5 minutes, respectively.
Escitalopram 20 mg/day was restarted 15 days after delivery while she was
breastfeeding. No adverse effects had been reported in the infant who was
currently 3 months of age (7).

A 2007 study evaluated the association between 1st trimester exposure to
paroxetine and cardiac defects by quantifying the dose–response relationship
(8). A population-based pregnancy registry was used by linking three
administrative databases so that it included all pregnancies in Quebec between



1997 and 2003. There were 101 infants with major congenital defects, 24
involving the heart, among the 1403 women using only one type of
antidepressant during the 1st trimester. The use of paroxetine or other SSRIs
did not significantly increase the risk of major defects or cardiac defects
compared with non-SSRI antidepressants. However, a paroxetine dose >25
mg/day during the 1st trimester was significantly associated with an increased
risk of major defects (OR 2.23, 95% CI 1.19–4.17) and of cardiac defects (OR
3.07, 95% CI 1.00–9.42) (8).

A 2007 review conducted a literature search to determine the risk of major
congenital malformations after 1st trimester exposure to SSRIs and selective
serotonin and norepinephrine reuptake inhibitors (SNRIs) (9). Fifteen controlled
studies were analyzed. The data were adequate to suggest that citalopram,
fluoxetine, sertraline, and venlafaxine were not associated with an increased
risk of congenital defects. In contrast, the analysis did suggest an increased
risk with paroxetine. The data were inadequate to determine the risk for the
other SSRIs and SNRIs (9).

A case–control study, published in 2006, was conducted to test the
hypothesis that exposure to SSRIs in late pregnancy was associated with
PPHN (10). A total of 1213 women were enrolled in the study, 377 cases
whose infants had PPHN and 836 matched controls and their infants. Mothers
were interviewed by nurses that were blinded to the hypothesis. Fourteen case
infants had been exposed to an SSRI after the 20th week of gestation
compared with six control infants (adjusted odds ratio 6.1, 95% CI 2.2–16.8).
The numbers were too small to analyze the effects of dosage, SSRI used, or
reduction of the length of exposure before delivery. No increased risk of PPHN
was found with the use of SSRIs before the 20th week or with the use of non-
SSRI antidepressants at any time in pregnancy. If the relationship was causal,
the absolute risk was estimated to be about 1% (10).

Two large case–control studies assessing associations between SSRIs and
major birth defects were published in 2007 (11,12). The findings related to
SSRIs as a group, as well as to four specific agents: citalopram, fluoxetine,
paroxetine, and sertraline. An accompanying editorial discussed the findings
and limitations of these and other related studies (13). Details of the studies
and the editorial are described in the paroxetine review (see Paroxetine).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (14). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for



age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 21 escitalopram cases,
the other cases were 113 bupropion, 184 citalopram, 61 fluoxetine, 52
fluvoxamine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (OR 0.9, 95% CI
0.5–1.61). There were no major defects in the pregnancies exposed to
bupropion, escitalopram, or trazodone (14).

Necrotizing enterocolitis was reported in an infant exposed throughout
pregnancy and during breastfeeding to escitalopram 20 mg/day (15). A
cesarean section had delivered a 3.033-kg female infant at 38 weeks’
gestation. She was treated for 2 days for respiratory distress syndrome
thought to be related to retained fetal lung fluid. On day 5 after birth, the initial
symptoms of necrotizing enterocolitis were lethargy, decreased oral intake, and
grossly bloody stools. She was discharged home after 15 days. The authors
concluded that exposure to escitalopram was the cause of the necrotizing
enterocolitis based on a detailed discussion of the pharmacologic effects of the
drug. Because the mother was still taking escitalopram, further breastfeeding
was stopped (15).

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 324 for the free base), moderate
plasma protein binding (56%), and prolonged elimination half-life (27–32 hours),
escitalopram is excreted into breast milk. In a 2006 study, multiple blood and
milk samples were obtained from eight women taking a mean 10 mg/day of the
drug for postpartum depression (16). The mean age of the infants was 3.6
months. The mean milk:plasma ratios for escitalopram and its metabolite were
2.2, and the absolute infant doses were 7.6 and 3.0 mcg/kg/day, respectively.
The total (parent drug plus metabolite) was 5.3%. All of the infants had normal
development and no adverse effects were observed (16).

A 2006 case report described a 32-year-old woman who began taking
escitalopram after birth of a healthy 3.560-kg infant (17). Milk and blood
samples were collected at 1 and 7 weeks after start of therapy. The mother
was taking a 5-mg dose at week 1 and 10-mg dose at week 7. The milk:serum
ratios at the two collection periods were 2.49 and 2.03, respectively, whereas
the infant’s daily doses were 3.74 and 11.4 mcg/kg/day, respectively. The
weight-adjusted relative infant doses were 5.1% and 7.7%, respectively. No
adverse effects were reported by the mother and the infant was in good health



(17).
Although no adverse effects in the nursing infants were reported in the above

studies, adverse effects have been reported in infants exposed to citalopram
(see Citalopram).

Until additional data are available, nursing infants whose mothers are taking
escitalopram should be closely monitored for evidence of toxicity. The American
Academy of Pediatrics classifies other SSRI antidepressants as drugs for
which the effect on nursing infants is unknown but may be of concern (e.g., see
Fluoxetine).

A 2010 study using human and animal models found that drugs that disturb
serotonin balance such as SSRIs and SNRIs can impair lactation (18). The
authors concluded that mothers taking these drugs may need additional support
to achieve breastfeeding goals.

A 2012 prospective cohort study appears to have confirmed the above
conclusion (19). The breastfeeding rates of 466 women were compared
between three groups: (i) those who were taking an SSRI at the time of
delivery (N = 167); (ii) those who stopped the SSRI before delivery (N = 117);
and (iii) those not exposed (N = 182). The data were collected over a 10-year
period by the California Teratogen Information Service Clinical Research
Program. The first two groups were significantly less likely to initiate
breastfeeding (OR 0.43, 95% CI 0.20–0.94 and OR 0.34, 95% CI 0.16–0.72,
respectively) compared with unexposed women (19).

References
1. Product information. Lexapro. Forest Pharmaceuticals, 2004.
2. Shuey DL, Sadler TW, Lauder JM. Serotonin as a regulator of craniofacial morphogenesis: site specific

malformations following exposure to serotonin uptake inhibitors. Teratology 1992;46:367–78.
3. Oberlander TF, Warburton W, Misri S, Aghajanian J, Hertzman C. Neonatal outcomes after prenatal

exposure to selective serotonin reuptake inhibitor antidepressants and maternal depression using
population-based linked health data. Arch Gen Psychiatry 2006;63:898–906.

4. Alwan S, Reefhuis J, Rasmussen S, Olney R, Friedman JM. Maternal use of selective serotonin
reuptake inhibitors and risk for birth defects (abstract). Birth Defects Res (Part A) 2005;73:291.

5. Kallen B, Olausson PO. Antidepressant drugs during pregnancy and infant congenital heart defect.
Reprod Toxicol 2006;21:221–2.

6. Kallen BAJ, Olausson PO. Maternal use of selective serotonin re-uptake inhibitors in early pregnancy
and infant congenital malformations. Birth Defects Res (Part A) 2007;79:301–8.

7. Gentile S. Escitalopram late in pregnancy and while breast-feeding. Ann Pharmacother 2006;40:1696–
7.

8. Berard A, Ramos E, Rey E, Blais L, St Andre M, Oraichi D. First trimester exposure to paroxetine and
risk of cardiac malformations in infants: the importance of dosage. Birth Defects Res (Part B)
2007;80:18–27.

9. Bellantuono C, Migliarese G, Gentile S. Serotonin reuptake inhibitors in pregnancy and the risk of major
malformations: a systematic review. Hum Psychopharmacol Clin Exp 2007;22:121–8.

10. Chambers CD, Hernandez-Diaz S, Van Marter LJ, Werler MM, Louik C, Jones KL, Mitchell AA. Selective
serotonin-reuptake inhibitors and risk of persistent pulmonary hypertension of the newborn. N Engl J



Med 2006;354:579–87.
11. Alwan S, Reefhuis J, Rasmussen SA, Olney RS, Friedman JM, for the National Birth Defects

Prevention Study. Use of selective serotonin-reuptake inhibitors in pregnancy and the risk of birth
defects. N Engl J Med 2007;356:2684–92.

12. Louik C, Lin AE, Werler MM, Hernandez-Diaz S, Mitchell AA. First-trimester use of selective serotonin-
reuptake inhibitors and the risk of birth defects. N Engl J Med 2007;356:2675–83.

13. Greene MF. Teratogenicity of SSRIs—serious concern or much ado about little? N Engl J Med
2007;356:2732–3.

14. Einarson A, Choi J, Einarson TR, Koren G. Incidence of major malformations in infants following
antidepressant exposure in pregnancy: results of a large prospective cohort study. Can J Psychiatry
2009;54:242–6.

15. Potts AL, Young KL, Carter BS, Shenai JP. Necrotizing entercolitis associated with in utero and breast
milk exposure to the selective serotonin reuptake inhibitor, escitalopram. J Perinatol 2007;27:120–2.

16. Rampono J, Hackett LP, Kristensen JH, Kohan R, Page-Sharp M, Ilett KF. Transfer of escitalopram and
its metabolite demethylescitalopram into breast milk. Br J Clin Pharmacol 2006;62:316–22.

17. Castberg I, Spigset O. Excretion of escitalopram in breast milk. J Clin Psychopharmacol 2006;26:536–
8.

18. Marshall AM, Nommsen-Rivers LA, Hernandez LI, Dewey KG, Chantry CJ, Gregerson KA, Horseman
ND. Serotonin transport and metabolism in the mammary gland modulates secretory activation and
involution. J Clin Endocrin Metab 2010;95:837–46.

19. Gorman JR, Kao K, Chambers CD. Breastfeeding among women exposed to antidepressants during
pregnancy. J Hum Lact 2012;28:181–8.



ESMOLOL
Sympatholytic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Cardioselective β1-adrenergic blocking agents are not thought to cause
structural anomalies. However, maternal exposure to esmolol has resulted
in persistent β-blockade of the fetus and/or newborn.

FETAL RISK SUMMARY
Esmolol is a short-acting cardioselective β1-adrenergic blocking agent that is
structurally related to atenolol and metoprolol. The drug is used for the rapid,
temporary treatment of supraventricular tachyarrhythmias (e.g., atrial flutter or
fibrillation, sinus tachycardia) and for hypertension occurring during surgery.
Because hypotension may occur with its use—up to 50% of patients in some
trials—the potential for decreased uterine blood flow and resulting fetal hypoxia
should be considered.

Reproduction studies in rats with IV doses up to 10 times the maximum
human maintenance dose (MHMD) for 30 minutes daily revealed no evidence of
embryo or fetal harm (1). Maternal toxicity and lethality were evident at 33
times the MHMD. Studies in pregnant rabbits with nonmaternal toxic doses also
failed to demonstrate embryo or fetal harm (1).

In pregnant sheep, the mean fetal:maternal serum ratio at the end of an
infusion of esmolol was 0.08 (2). The drug was not detectable in the fetus 10
minutes after the end of the infusion. However, the hemodynamic effects in the
fetal sheep, in terms of decreases in mean arterial pressure and heart rate,
were similar to those in the mothers.

A 31-year-old woman at 22 weeks’ gestation complicated by a subarachnoid
hemorrhage was treated with esmolol prior to induction of anesthesia (3). The
estimated weight of her fetus, by ultrasound, was 350 g. She was administered



bolus doses of esmolol of up to 2 mg/kg with a continuous infusion of 200
mcg/kg/minute. Fetal heart rate (FHR) decreased from 139–144 to 131–137
beats/minute (bpm) during esmolol treatment. No loss in FHR variability was
observed. Administration of the drug was continued during surgery. A healthy,
2880-g boy was delivered at 37 weeks’ gestation who was alive and well at 9
months of age.

A 29-year-old woman at 38 weeks’ gestation presented with supraventricular
tachycardia thought to be due to thyrotoxicosis (4). The FHR was 150–160
bpm. A bolus dose of esmolol, 0.5 mg/kg, followed by a continuous infusion of
50 mcg/kg/minute was given to the mother. Approximately 20 minutes later, the
FHR increased to 170–175 bpm, then 4 minutes later fell to 70–80 bpm. The
severe bradycardia persisted despite stopping the esmolol and an emergency
cesarean section was performed to deliver a 2660-g male infant. The infant’s
initial pulse was 60 bpm, but increased to 140 bpm within 60 seconds in
response to oxygen therapy. The umbilical vein blood pH was 7.09. The
mother’s arrhythmia was successfully converted after delivery with verapamil.
Both mother and infant recovered uneventfully. The authors speculated that the
cause of the fetal bradycardia was an esmolol-induced decrease in placental
blood flow or interference with fetal compensation for a marginal placental
perfusion (4).

A laboring mother at 39 weeks’ gestation had a recurrence of
tachyarrhythmia (225–235 bpm) that resulted in symptomatic hypotension and
fetal bradycardia (5). She was treated with esmolol by IV bolus and continuous
infusion (total dose 1060 mg) until delivery of 3390-g female infant with Apgar
scores of 7 and 9. Symptoms of β-blockade in the infant included hypotonicity,
weak cry, and dusky appearance and apnea with feeding, but except for mild
jaundice, other evaluations (calcium, magnesium, and glucose serum levels)
were normal. The feeding difficulties had resolved by 48 hours of age and the
other symptoms by 60 hours of age.

β-Blockade in the fetus and newborn was described in a case in which the
mother was treated with esmolol, 25 mcg/kg/minute, for hypertrophic
obstructive cardiomyopathy during labor (6). Within 10 minutes of starting
esmolol and receiving IV fentanyl, the fetal heart declined from 160 to 100 bpm
with loss of beat-to-beat variability. The newborn had Apgar scores of 8 and 9
at 1 and 5 minutes, respectively, but was hypotensive (mean arterial pressure
34–39 mmHg), mildly hypotonic, hypoglycemic, and fed poorly. All of the
symptoms had resolved by 36 hours of age.

A 1994 report described a woman who suffered a myocardial infarction at 26



weeks’ gestation who was treated with an infusion of esmolol and other agents
(7). She eventually delivered a healthy female infant at 39 weeks.

A 2013 review on the treatment of hypertensive crisis in pregnancy and the
postpartum period listed esmolol as one of the preferred agents for this
condition (8). Maternal adverse effects included 1st-degree heart block,
bradycardia, congestive heart failure, and bronchospasm. Fetal adverse effects
included bradycardia and persistent β-blockade (8).

BREASTFEEDING SUMMARY
No reports describing the use of esmolol during lactation have been located.
Because of the indications for this drug and the fact that it must be given by
injection, the opportunities for use of esmolol while nursing are probably nil.
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ESOMEPRAZOLE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

There is very limited human pregnancy data for esomeprazole. A study
showing an association between in utero exposure to gastric acid
suppressing drugs and childhood allergy and asthma requires confirmation.
The animal data and human pregnancy experience with other drugs in this
class suggest low risk, but the risk of esomeprazole cannot be fully
assessed without additional human data. Until such data are available, if a
proton pump inhibitor (PPI) is required, the safest course is to use
omeprazole or other drugs in this class that have human data, such as
lansoprazole or pantoprazole. (See also Omeprazole, Lansoprazole, and
Pantoprazole.) Inadvertent exposure in pregnancy, however, does not
appear to represent a clinically significant risk to the embryo or fetus.

FETAL RISK SUMMARY
Esomeprazole, a PPI, is the S-isomer of omeprazole, which is a mixture of the
S- and R-isomers. It is in the same drug class as dexlansoprazole,
lansoprazole, omeprazole, pantoprazole, and rabeprazole. Esomeprazole is
indicated for the short-term (4–8 weeks) treatment and maintenance in the
healing and symptomatic resolution of gastrointestinal reflux disease. It is also
indicated for the reduction in the occurrence of gastric ulcers in patients
receiving continuous nonsteroidal anti-inflammatory therapy and, in combination
with amoxicillin and clarithromycin, for the treatment of patients with
Helicobacter pylori infection and duodenal ulcers. Esomeprazole is extensively
metabolized in the liver by cytochrome P450 isoenzymes, primarily CYP2C19,
but also by CYP3A4. Approximately 3% of whites and 15%–20% of Asians
lack CYP2C19 (i.e., “poor metabolizers”). Plasma concentrations in poor



metabolizers are about twice those of subjects with unaltered metabolism. In
the plasma, esomeprazole is 97% protein bound with an elimination half-life of
about 1–1.5 hours (1).

Reproduction studies have been conducted with esomeprazole in rats and
rabbits. In these species, oral doses up to about 57 and 35 times, respectively,
the human dose of 20 mg/day based on BSA (HD) revealed no evidence of
impaired fertility or fetal harm (1).

Studies with omeprazole, a mixture of the S- and R-isomers, found no
evidence of teratogenicity in rats and rabbits at doses up to 56 times the HD in
both species. However, in rats given doses ranging about 5.6–56 times the HD,
dose-related embryo–fetal toxicity and postnatal developmental toxicity were
observed (toxicities not specified). In addition, in rabbits given doses ranging
about 5.5–56 times the HD, dose-related increases in embryolethality, fetal
resorptions, and pregnancy disruptions were noted (1). The no-adverse-effect
levels in these studies were not specified.

The carcinogenic potential of esomeprazole was assessed using omeprazole
studies. A significant dose-related occurrence of gastric enterochromaffin-like
(ECL) cell carcinoid tumors and ECL cell hyperplasia were observed in male
and female rats (1). In a mutagenic study with esomeprazole, the in vitro human
lymphocyte chromosome aberration test was positive, but three other
mutagenesis assays were negative (1).

Consistent with its molecular weight (about 345 for the anhydrous free base),
esomeprazole probably crosses the human placenta. Although this has not
been specifically studied with esomeprazole, omeprazole has been shown to
cross to the fetus at term. (See Omeprazole.)

A meta-analysis of PPIs in pregnancy was reported in 2009 (2). Based on
1530 exposed compared with 133,410 not-exposed pregnancies, the odds ratio
(OR) for major malformations was 1.12 and 95% confidence interval (CI) 0.86–
1.45. There also was no increased risk for spontaneous abortions (OR 1.29,
95% CI 0.84–1.97) or preterm birth (OR 1.13, 95% CI 0.96–1.33) (2).

A population-based observational cohort study formed by linking data from
three Swedish national health care registers over a 10-year period (1995–
2004) was reported in 2009 (3). The main outcome measures were a diagnosis
of allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-receptor
antagonists, prostaglandins, PPIs, combinations for eradication of H. pylori, and
drugs for peptic ulcer and gastro-esophageal reflux disease, such as
sucralfate. Of 585,716 children, 29,490 (5.0%) met the diagnosis and 5645



(1%) had been exposed to gastric acid suppression therapy in pregnancy. Of
these children, 405 (0.07%) were treated for allergic disease. For developing
allergy, the OR was 1.43, 98% CI 1.29–1.59, irrespective of the drug, time of
exposure during pregnancy, and maternal history of allergy. For developing
childhood asthma, but not other allergic diseases, the OR was 1.51, 95% CI
1.35–1.69, irrespective of the type of acid-suppressive drug and the time of
exposure in pregnancy. The authors proposed three possible mechanisms for
their findings: (i) exposure to increased amounts of allergens could cause
sensitization to digestion labile antigens in the fetus; (ii) maternal Th2 cytokine
pattern could promote an allergy-prone phenotype in the fetus; and (iii)
maternal allergen-specific IgE could cross the placenta and sensitize fetal
immune cells to food and airborne allergens. Several limitations of the study
that might have affected their findings were identified, including a general
increase in childhood asthma but not necessarily an increase in allergic asthma
(3). The study requires confirmation.

In a 2010 study from Denmark, covering the period 1996–2008, there were
840,968 live births among whom 5082 were exposed to PPIs between 4 weeks
before conception and the end of the 1st trimester (4). In the exposed group,
there were 174 (3.4%) major malformations compared with 21,811 (2.6%) not
exposed to PPIs (adjusted prevalence odds ratio [aPOR] 1.23, 95 CI 1.05–
1.44). When the analysis was limited to exposure in the 1st trimester, there
were 118 (3.2%) major malformations among 3651 exposed infants (aPOR
1.10, 95% CI 0.91–1.34). For exposure to esomeprazole in the 1st trimester,
there were 23 (3.4%) major birth defects among 668 live births (aPOR 1.19,
95% CI 0.77–1.84) (see Lansoprazole, Omeprazole, Pantoprazole, and
Rabeprazole for their data). The data showed that exposure to PPIs in the 1st
trimester was not associated with a significantly increased risk of major birth
defects (4). An accompanying editorial discussed the strengths and
weaknesses of the study (5).

A 2012 case report described the use of esomeprazole (40 mg/day)
throughout pregnancy in a woman with an intestinal transplant (6). Other
medications used were prednisone (5 mg/day), diphenoxylate-atropine (2
tablets/day), tacrolimus (12 mg/day), ferrous sulfate (650 mg/day), ascorbic
acid (1 g/day), prenatal vitamins (1/day), and magnesium supplementation. At
39 3/7 weeks, labor was induced and she had a spontaneous vaginal delivery
of a healthy female infant (6).

In a 2012 publication, the National Birth Defects Prevention study, a multi-site
population-based case–control study, examined whether nausea/vomiting of



pregnancy (NVP) or its treatment were associated with the most common
noncardiac defects (nonsyndromic cleft lip with or without cleft palate [CL/P],
cleft palate alone [CP], neural tube defects [NTDs], and hypospadias) (7). PPI
exposure included esomeprazole. lansoprazole, and omeprazole. There were
4524 cases and 5859 controls. NVP was not associated with cleft palate or
NTDs, but modest risk reductions were observed for CL/P and hypospadias.
Increased risks were found for PPIs (N = 7) and hypospadias (adjusted OR
[aOR] 4.36, 95% CI 1.21–15.81), steroids (N = 10) and hypospadias (aOR
2.87, 95% CI 1.03–7.97), and ondansetron (N = 11) and CP (aOR 2.37, 95%
CI 1.18–4.76) (7).

A third 2012 reference, using the Danish nationwide registries, evaluated the
risk of hypospadias after exposure to PPIs during the 1st trimester and
throughout gestation (8). The study period, 1997–2009, included all liveborn
boys that totaled 430,569 of whom 2926 were exposed to maternal PPI use.
Hypospadias was diagnosed in 20 (0.7%) exposed boys, whereas 2683 (0.6%)
of the nonexposed had hypospadias (adjusted prevalence ratio [aPR] 1.1, 95%
CI 0.7–1.7). For the 5227 boys exposed throughout pregnancy, 32 (0.6%) had
hypospadias (PR 1.0, 95% CI 0.7–1.4). When the analysis was restricted to
mothers with two or more PPI prescriptions, the aPR of overall hypospadias
was 1.7 (95% CI 0.9–3.3) and 1.6 (95% CI 0.7–3.9) for omeprazole. The
authors concluded that PPIs were not associated with hypospadias (8).

Five reviews on the treatment of gastroesophageal reflux disease (GERD)
have concluded that PPIs can be used in pregnancy with relative safety (9–13).
Because there is either very limited or no human pregnancy data for the three
newest agents in this class (dexlansoprazole, esomeprazole, and rabeprazole),
other drugs in the class are preferred.

BREASTFEEDING SUMMARY
No reports describing the use of esomeprazole, the S-isomer of omeprazole,
during human lactation have been located. The molecular weight (about 345 for
the anhydrous free base) is low enough that excretion into breast milk should
be expected. The effect of esomeprazole on a nursing infant is unknown. The
potential for toxic effects such as those seen in adults (e.g., headache,
diarrhea, and abdominal pain) and the suppression of gastric acid secretion are
a concern, as is the potential for the gastric tumors that have been observed in
animals after long-term use.

Small amounts of omeprazole, a mixture of the S- and R-isomers, are
excreted into milk, but the quantity excreted needs further clarification. (See



Omeprazole.) If a lactating woman’s condition requires esomeprazole,
consideration of the drug’s properties might allow her to nurse without
significantly exposing her infant. Esomeprazole is dosed once daily because the
inhibition of gastric acid secretion is prolonged. In contrast, the plasma
elimination half-life is short (about 1–1.5 hours). Thus, waiting 5–7.5 hours after
a dose should eliminate up to 97% of the drug from the plasma. Moreover, the
mean peak plasma concentration is reported to occur 1.6 hours after the dose
(1), and waiting 5–7.5 hours would avoid the period when the greatest amount
of drug is available to enter milk. Emptying both breasts near the end of the
waiting period and discarding the milk completes the strategy to limit the
infant’s exposure. This strategy was used in one case involving omeprazole but
warrants further study.
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ESTAZOLAM
Hypnotic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of estazolam in human pregnancy have been
located. The effects of this drug on the fetus should be similar to other
benzodiazepines (see Diazepam). Maternal use near delivery may
potentially cause neonatal motor depression and withdrawal.

FETAL RISK SUMMARY
Estazolam is a benzodiazepine hypnotic agent in the same general class as
flurazepam, quazepam, temazepam, and triazolam. It is indicated for the short-
term management of insomnia. The metabolites have low potencies and
concentrations and are not significant contributors to the hypnotic activity of
estazolam. Plasma protein binding of estazolam is high (93%) and the range of
estimated elimination half-life varies from 10 to 24 hours (1).

Animal reproduction studies have apparently not been conducted with
estazolam. The manufacturer considers the drug contraindicated in pregnancy
(1).

It is not known if estazolam crosses the human placenta. The molecular
weight (about 295) and moderately long elimination half-life suggest that the
drug will be transferred to the embryo–fetus. Of note, the benzodiazepine,
diazepam, freely crosses the placenta and accumulates in the fetal circulation
(see Diazepam).

BREASTFEEDING SUMMARY
No reports describing the use of estazolam during human lactation have been
located. The molecular weight (about 295) and moderately long elimination half-
life (10–24 hours) suggest that the drug will be excreted into breast milk. Other



agents in this class are excreted into milk in low concentrations (e.g., see
Quazepam and Temazepam). No toxicity was observed in the nursing infants
exposed to these two agents. However, the effects, if any, on an infant’s CNS
function are unknown. In recognition of this, the American Academy of
Pediatrics classified quazepam and temazepam, especially when taken by
nursing mothers for long periods, as agents whose effects on an infant are
unknown, but may be of concern. Estazolam should be classified similarly.
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ESTRADIOL
Estrogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Estrogens are contraindicated because there are usually no benefits from
their use in pregnancy.

FETAL RISK SUMMARY
Estradiol and its salts (cypionate, valerate) are used for treatment of
menopausal symptoms, female hypogonadism, and primary ovarian failure. The
more potent synthetic derivative, ethinyl estradiol, has similar indications and is
also used in oral contraceptives (see also Oral Contraceptives).

The Collaborative Perinatal Project monitored 614 mother–child pairs with 1st
trimester exposure to estrogenic agents (including 48 with exposure to
estradiol) (1, pp. 389, 391). An increase in the expected frequency of
cardiovascular defects, eye and ear anomalies, and Down’s syndrome was
found for estrogens as a group but not for estradiol (1, pp. 389, 391, 395).
Reevaluation of these data in terms of timing of exposure, vaginal bleeding in
early pregnancy, and previous maternal obstetric history, however, failed to
support an association between estrogens and cardiac malformations (2). An
earlier study also failed to find any relationship with nongenital malformations
(3).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 29 newborns had
been exposed to ethinyl estradiol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (13.8%) major birth defects were observed
(one expected), including (observed/expected) 1/0.3 cardiovascular defects
and 1/0 hypospadias. No anomalies were observed in four other categories of
defects (oral clefts, spina bifida, polydactyly, and limb reduction defects) for
which specific data were available. The number of exposures is too small for
any conclusion.



Developmental changes in the psychosexual performance of boys have been
attributed to in utero exposure to estradiol and progesterone (4). The mothers
received an estrogen/progestogen regimen for their diabetes. Hormone-
exposed males demonstrated a trend to have less heterosexual experience and
fewer masculine interests than controls. Estradiol has been administered to
women in labor in an attempt to potentiate the cervical ripening effects of
prostaglandins (5). No detectable effect was observed.

BREASTFEEDING SUMMARY
Estradiol has been used to suppress postpartum breast engorgement in
patients who did not desire to breastfeed. Following the administration of
vaginal suppositories containing 50 or 100 mg of estradiol to six lactating
women who wished to stop breastfeeding, less than 10% of the dose appeared
in breast milk (6). The American Academy of Pediatrics classifies estradiol as
compatible with breastfeeding (7).
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ESTROGENS, CONJUGATED
Estrogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Estrogens are contraindicated because there are usually no benefits from
their use in pregnancy.

FETAL RISK SUMMARY
Conjugated estrogens are a mixture of estrogenic substances (primarily
estrone). The Collaborative Perinatal Project monitored 13 mother–child pairs
who were exposed to conjugated estrogens during the 1st trimester (1, pp.
389, 391). An increased risk for malformations was found, although
identification of the malformations was not provided. Estrogenic agents as a
group were monitored in 614 mother–child pairs. An increase in the expected
frequency of cardiovascular defects, eye and ear anomalies, and Down’s
syndrome was reported (1, p. 395). Reevaluation of these data in terms of
timing of exposure, vaginal bleeding in early pregnancy, and previous maternal
obstetric history, however, failed to support an association between estrogens
and cardiac malformations (2).

An earlier study also failed to find any relationship with nongenital
malformations (3). No adverse effects were observed in one infant exposed
during the 1st trimester to conjugated estrogens (4). However, in an infant
exposed during the 4th–7th weeks of gestation to conjugated estrogens,
multiple anomalies were found: cleft palate, micrognathia, wormian bones,
heart defect, dislocated hips, absent tibiae, bowed fibulae, polydactyly, and
abnormal dermal patterns (5). Multiple other agents were also taken during this
pregnancy, but only conjugated estrogens and prochlorperazine (see also
Prochlorperazine) appeared to have been taken during the critical period for the
malformations.

Conjugated estrogens have been used to induce ovulation in anovulatory



women (6). They have also been used as partially successful contraceptives
when given within 72 hours of unprotected, mid-cycle coitus (7). No fetal
adverse effects were mentioned in either of these reports.

BREASTFEEDING SUMMARY
No reports of adverse effects from conjugated estrogens in the nursing infant
have been located. It is possible that decreased milk volume and decreased
nitrogen and protein content could occur (see Mestranol, Ethinyl Estradiol).
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ESTRONE
Estrogenic Hormone

See Estrogens, Conjugated.



ESZOPICLONE
Hypnotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use eszopiclone in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents further assessment. However, there is
human pregnancy experience with racemic zopiclone. A small 1999
observational study compared the pregnancy outcomes of 40 women
exposed in the 1st trimester to zopiclone with those of 40 nonexposed
controls (1,2). The outcomes in the two groups were spontaneous
abortions 7 vs. 3, respectively; elective abortions 1 vs. 0, respectively; and
minor defects 1 vs. 1 (congenital dislocation of the hip in each group),
respectively. No difference between the groups in the incidence of major
defects was observed: 0/31 (0%) exposed vs. 1/37 (2.7%) controls. Taken
in sum, the available data suggest that eszopiclone exposure in pregnancy
probably is low risk, but until data are available, the safest course would be
use a hypnotic agent with published human pregnancy experience.

FETAL RISK SUMMARY
Eszopiclone is an oral nonbenzodiazepine sedative/hypnotic. It is the active
component [(S)-isomer] of racemic zopiclone [(R,S)-zopiclone], a
sedative/hypnotic that has been available outside the United States since the
1980s. Eszopiclone is indicated for the treatment of insomnia. It is extensively
metabolized to inactive metabolites. Plasma protein binding is low, in the range
of 52%–59%, and the terminal elimination half-life is about 6 hours (3).

Reproduction studies with eszopiclone have been conducted in rats and
rabbits. In rats, oral doses during organogenesis up to 800 times the maximum
recommended human dose based on BSA (MRHD-BSA), a maternal toxic



dose, revealed no evidence of structural defects in the fetuses. Slight
reductions in fetal weight and evidence of developmental delay were observed
with doses about 400 times the MRHD-BSA that also were maternal toxic.
These fetal effects were not observed with a nontoxic maternal dose (about
200 times the MRHD-BSA). When eszopiclone was administered throughout
pregnancy and lactation at doses ranging from about 200 to 600 times the
MRHD-BSA, increased postimplantation loss, decreased postnatal pup weights
and survival, and increased pup startle response were seen at all doses. No
structural defects were observed in rabbits given oral doses during
organogenesis up to 100 times the MRHD-BSA (3).

In female and male rats, the no-effect eszopiclone dose for fertility was 16
times the MRHD-BSA. The no-effect doses for increased preimplantation loss,
abnormal estrus cycles, and decreases in sperm number and motility and
increases in abnormal sperm were 80, 80, and 16 times, respectively, the
MRHD-BSA (3).

Eszopiclone was not carcinogenic in female and male rats given gavage
doses resulting in plasma concentrations about 80 and 20 times, respectively,
the maximum recommended dose based on AUC (MRHD-AUC) (1). When
racemic zopiclone was given in the diet to female and male rats, eszopiclone
plasma concentrations were about 150 and 70 times, respectively, the MRHD-
AUC. In this study, an increase in mammary gland adenocarcinoma (females)
and thyroid gland follicular cell adenomas and carcinomas (males) were
observed. Carcinogenicity (pulmonary carcinomas and carcinomas plus
adenomas) also was noted in female mice given racemic zopiclone in a diet that
resulted in eszopiclone plasma concentrations about eight times the MRHD-
AUC. However, an increase in pulmonary tumors was not observed in female
mice given gavage doses of eszopiclone resulting in plasma concentrations
about 90 times the MRHD-AUC. In tests for mutagenicity or clastogenicity,
eszopiclone and one of its metabolites produced mixed results. Results of
various assays ranged from positive through equivocal to negative (3).

It is not known if eszopiclone crosses the human placenta. The low molecular
weight (about 389), low plasma protein binding, and moderately long elimination
half-life suggest that the drug will cross to the embryo and/or fetus. However,
the extensive metabolism should limit the degree of embryo–fetal exposure.

BREASTFEEDING SUMMARY
No reports describing the use of eszopiclone [(S)-zopiclone)] during human
lactation have been located. However, racemic zopiclone is excreted into



breast milk. A 1982/1983 study found a milk:plasma AUC ratio of about 0.60
and 0.80 (both values reported) after a single 7.5-mg oral dose of zopiclone in
three nursing mothers (4,5). For eszopiclone, the molecular weight (about 389),
low plasma protein binding (52%–59%), and moderately long elimination half-
life (about 6 hours) suggest that it also will be excreted into breast milk. The
effect of this exposure on a nursing infant is unknown, but sedation is a
potential effect. In addition, there is concern for central nervous system toxicity
with long-term use.
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ETANERCEPT
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Etanercept was not toxic or teratogenic in animal reproduction tests at
doses much higher than those used clinically. Although the human
pregnancy experience is limited, there is no firm evidence of embryo–fetal
harm. However, the human data are too limited for a full assessment of the
risk. If etanercept is used in pregnancy for the treatment of rheumatoid
arthritis, health care professionals are encouraged to call the toll free
number (877-311-8972) for information about patient enrollment in the
OTIS Rheumatoid Arthritis Study.

FETAL RISK SUMMARY
Etanercept is a dimeric fusion protein, produced by recombinant DNA
technology, consisting of the extracellular ligand-binding portion of the human
kilodalton (p75) tumor necrosis factor receptor (TNFR) linked to the Fc portion
of human immunoglobulin G1 (IgG1). The protein binds specifically to TNF, a
cytokine involved in inflammatory and immune responses, to block its interaction
with cell-surface TNFRs (1,2). Etanercept is in the same subclass of
immunomodulators that inhibit TNF as adalimumab, certolizumab, golimumab,
and infliximab. It is indicated for reducing the signs and symptoms and delaying
structural damage in moderate to severe rheumatoid arthritis, including juvenile
arthritis. The drug is administered by SC injection.

Reproduction studies in rats and rabbits at doses 60–100 times the human
dose revealed no fetal harm (1,2). Animal fertility and carcinogenic studies have
not been conducted with etanercept, but it was not mutagenic in in vitro and in
vivo tests.

A 32-year-old woman with a 1-year history of rheumatoid arthritis and



infertility was treated with SC etanercept (25 mg twice weekly), oral
methotrexate (2.5 mg/week), and rofecoxib (25 mg/day) (3). Three months
after stopping methotrexate and rofecoxib, and 4 weeks after the last dose of
etanercept (total dose 3300 mg over 64 months), she underwent ovulation
induction and intrauterine insemination. A successful pregnancy occurred and
she delivered a healthy, 2659-g female infant at term. The baby was doing well
at 3 months of age (3).

A 37-year-old woman with infertility secondary to antiphospholipid antibodies
and elevated natural killer (NK) cells was treated with etanercept (25 mg SC
twice weekly), low-dose aspirin (81 mg/day), and low-molecular-weight heparin
(enoxaparin 30 mg SC daily) (4). The woman also had a history of chronic
leukopenia that was attributed to Epstein-Barr virus. She became pregnant 1
month after the start of therapy. All three agents were discontinued at
gestational week 32. At about 38 weeks’, she delivered a healthy male (about
2486-g) infant that was doing well at 21 months of age. Although it could not be
proven, the authors speculated that etanercept might have played a role in the
pregnancy by inhibiting TNF produced by the NK cells in the lining of the
woman’s uterus (4).

Etanercept was used in a woman who had experienced implantation failure in
five previous in vitro fertilization treatments (5). Etanercept 25 mg SC every 4
days was started 4 weeks before ovulation induction and then discontinued
upon commencement of gonadotropins. The woman delivered male twins at
34.5 weeks (no additional information provided) (5).

A survey of 600 members of the American College of Rheumatology, partially
conducted to determine the outcomes of pregnancies exposed to disease-
modifying antirheumatic drugs (DMARD) (etanercept, infliximab, leflunomide,
and methotrexate), was published in 2003 (6). From the 175 responders, the
outcomes of 15 pregnancies exposed to etanercept were 6 full-term healthy
infants, 1 spontaneous abortion (SAB) (also taking methotrexate), 1 elective
abortion (EAB), 3 unknown outcomes, and 4 women still pregnant (6).

An early review recommended that pregnancy should be excluded before
etanercept was administered to women of childbearing age and that effective
contraception should be used during treatment (7). Another review speculated
that etanercept could disrupt pregnancy because of its anticytokine activity (8).
However, this theoretical concern has not been shown clinically (9).

The preliminary results of an ongoing prospective collaborative study of
rheumatoid arthritis medicines in pregnancy conducted by the Organization of
Teratology Information Specialists (OTIS) have been reported (10,11). The



study covered the period 1999–2004. There were 33 women exposed in the
1st trimester to either etanercept (N = 29) or infliximab (N = 4). The outcomes
of these pregnancies were compared with 77 prospectively ascertained
disease-matched controls (did not use anti-TNFα agents) and 50 prospectively
ascertained healthy controls. Three controls were lost to follow-up. There was
no difference between the groups in the number of SABs and EABs. One
malformation (1/33; 3.0%) was reported in the subject group (a chromosomal
anomaly, trisomy 18; spontaneously aborted by a woman exposed to
etanercept). Major malformations in the other groups were 4.0% (3/75) in
disease-matched controls and 4.1% (2/49) in healthy controls. However,
women exposed to etanercept or infliximab and disease-matched controls were
significantly more likely to give birth to infants <37 weeks’ gestation and to have
lower-birth-weight full-term infants than healthy controls. These results
suggested that the disease itself was the causal factor (10,11).

A 2006 communication from England described the pregnancy outcomes of
23 women directly exposed to TNFα agents at the time of conception (17
etanercept, 3 adalimumab, and 3 infliximab) (12). Additional therapy included
methotrexate in nine women and leflunomide in two. There also were nine
patients (4 etanercept, 5 infliximab) that discontinued therapy before
conception. The outcomes for the 32 pregnancies were 7 SABs, 3 EABs, and
22 live births. No major anomalies were observed in the live births, including
one infant exposed to adalimumab and methotrexate early in gestation (12).

A 2007 case report and literature review described the use of etanercept in
two pregnancies (13).

In the first pregnancy, the woman was started on etanercept 25 mg twice
weekly before conception. Her pregnancy was diagnosed at about 2 months’
gestation. Although ultrasound revealed no abnormalities and normal growth,
she elected to terminate the pregnancy. The second case involved a 21-year-
old woman who was treated before conception with etanercept 25 mg twice
weekly and prednisone 5 mg/ day. She became pregnant about 9 months later
with her last dose of etanercept given at about 4 weeks’ gestation. At term,
she gave birth to a healthy 3.520-kg male infant. During the neonatal period,
the infant was treated for a urinary tract infection and jaundice. Adrenal
congenital hyperplasia with 21-hydroylase deficiency, known in the father, was
detected at 5 days of age and treated with prednisone. At 2 years of age, the
child was developing normally (13).

A report using data from the FDA database described 61 congenital
anomalies in 41 children born to mothers taking a TNF antagonist (22



etanercept and 19 infliximab) (14). The authors concluded that 24 of the
children had one or more of the congenital anomalies that are part of VACTERL
association (vertebral anomalies, anal atresia, cardiac defects,
tracheoesophageal, renal, and limb abnormalities) and the rate was higher than
historical controls (14). An accompanying editorial, however, concluded that the
evidence for teratogenicity or with the VACTERL association was lacking (15).
Many of the anomalies reported occur commonly, such as ventricular septal
defects. In addition, such databases have selection bias (only cases with
adverse outcomes are reported and emphasis is placed on exposures to new
drugs) (15).

A 2009 study from France reported the outcomes of 15 women who took
anti-TNF drugs during pregnancy (10 etanercept, 3 infliximab, and 2
adalimumab) (16). The drugs were given in the 1st, 2nd, and 3rd trimesters in
12, 3, and 2 cases, respectively. The outcomes were 2 SABs, 1 EAB, and 12
healthy babies without malformation or neonatal illness. They also reviewed the
literature regarding the use of anti-TNF agents in pregnancy and found more
than 300 cases. They concluded that, although only 29 were treated throughout
gestation, the malformation rate was similar to the general population (16).

A woman with severe rheumatoid arthritis that was well controlled with
etanercept was diagnosed with a pregnancy at 6 weeks’ gestation (17).
Etanercept was discontinued but restarted at 20 weeks’ because of worsening
arthritis. She was continued throughout the remainder of pregnancy. She gave
birth at 39 weeks to 2.740-kg female infant with Apgar scores of 10 and 10. No
malformations were observed in the newborn (17).

A 40-year-old woman was treated with SC etanercept 25 mg twice weekly
and prednisolone 9 mg/day before and throughout pregnancy (18). Maternal
blood concentrations of etanercept were measured in each trimester and at
delivery. The concentrations decreased during pregnancy from 3849 ng/mL in
the 1st trimester to 2239 ng/mL at delivery. She gave birth at 36 weeks’ to a
1.906-kg female infant with Apgar scores of 8 and 9. The cord serum
concentration at delivery was 81 ng/ mL, about 4% of the mother’s
concentration. No abnormalities were observed in the infant (18).

BREASTFEEDING SUMMARY
In the case described above (18), the mother exclusively breastfed her infant
while continuing the same dose of etanercept. Maternal blood concentrations at
postpartum weeks 1, 3, and 12 were relatively constant (2306–3512 ng/mL),
whereas the infant’s serum concentrations, 81 ng/mL at birth, decreased from



21 ng/mL at 1 week to not detectable (detection level not stated) at 12 weeks.
A breast milk concentration, measured at 12 weeks, was 3.5 ng/mL (18).

A woman 30 days after delivery was started on SC etanercept 25 mg twice
weekly for an acute flare of arthritis (19). She did not breastfeed her infant.
After the fifth dose, a blood sample (data not shown) was drawn and daily milk
samples were obtained on postpartum days 44–49. The peak concentration in
milk was 75 ng/mL, 1 day after the dose, and the concentration in the other
samples declined from 50 to 25 mcg/mL. The estimated dose a nursing infant
would have received was 50–90 mcg/day (19).

There is a marked difference in the milk concentrations in the two studies.
The timing of the samples in relationship to the dose was only provided in the
first case, and then only in approximate terms. Nevertheless, the milk
concentrations are very low and there appeared to be no systemic absorption
by the one infant that was breastfed. If confirmed, this would be evidence that
the protein is digested in the infants’ gastrointestinal tract. Although additional
data are required, the limited information suggests that breastfeeding is
compatible with maternal use of etanercept.
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ETHACRYNIC ACID
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although limited 1st trimester human experience has not shown an
increased incidence of malformations, ethacrynic acid is not recommended
for use in pregnant women (1). Diuretics do not prevent or alter the course
of toxemia, but they may decrease placental perfusion (see also
Chlorothiazide) (2–4). In general, diuretics are not recommended for the
treatment of gestational hypertension because of the maternal hypovolemia
characteristic of this disease.

FETAL RISK SUMMARY
Ethacrynic acid is a potent diuretic. It has been used for toxemia, pulmonary
edema, and diabetes insipidus during pregnancy (5–14).

Reproduction studies in mice and rabbits at doses up to 50 times the human
dose showed no evidence of external malformations (15). Doses of 10 or 2.5
times the human dose in rats and dogs, respectively, did not impair fertility or
growth and development of pups. Intrauterine growth restriction was observed
in the offspring of rats at a dose 50 times the human dose, but there was no
effect on survival or postnatal development (15).

Ototoxicity has been observed in a mother and her newborn following the use
of ethacrynic acid and kanamycin during the 3rd trimester (see also Kanamycin)
(16).

BREASTFEEDING SUMMARY
No reports describing the use of ethacrynic acid during lactation have been
located (see also Chlorothiazide). The manufacturer recommends that
ethacrynic acid not be used in nursing mothers (15).
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ETHAMBUTOL
Antituberculosis Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The literature supports the safety of ethambutol in combination with
isoniazid and rifampin during pregnancy (1–5). One investigator studied 38
patients (42 pregnancies) receiving antitubercular therapy (1). The minor
abnormalities noted were within the expected frequency of occurrence.
Another researcher observed six aborted fetuses at 5–12 weeks of age
(2). Embryonic optic systems were specifically examined and were found
to be normal. Most reviewers consider ethambutol, along with isoniazid and
rifampin, to be the safest antituberculosis therapy (6,7). However, long-
term follow-up examinations for ocular damage have not been reported,
causing concern among some clinicians (8).

FETAL RISK SUMMARY
No reports linking the use of ethambutol with congenital defects have been
located. The drug crosses the placenta to the fetus (9,10). In a woman who
delivered at 38 weeks’ gestation, ethambutol concentrations in the cord and
maternal blood 30 hours after an 800-mg (15 mg/kg) dose were 4.1 and 5.5
ng/mL, respectively, with a cord:maternal serum ratio of 0.75 (9). The amniotic
fluid ethambutol level was 9.5 ng/mL. These levels were within the range (1–5
ng/mL) required to inhibit the growth of Mycobacterium tuberculosis (9).

BREASTFEEDING SUMMARY
Ethambutol is excreted into human milk. Milk concentrations in two women
(unpublished data) were 1.4 mcg/mL (after an oral dose of 15 mg/kg) and 4.60
mcg/mL (dosage not given) (11). Corresponding maternal serum levels were
1.5 and 4.62 mcg/mL, respectively, indicating milk:serum ratios of
approximately 1:1. The American Academy of Pediatrics classifies ethambutol



as compatible with breastfeeding (12).
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ETHANOL
Sedative
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Ethanol is a teratogen and its use during pregnancy, especially during the
first 2 months after conception, is associated with significant risk to the
fetus and newborn. Heavy maternal use is related to a spectrum of defects
collectively termed the fetal alcohol syndrome. Even moderate use may be
related to spontaneous abortions and to developmental and behavioral
dysfunction in the infant. A safe dose of alcohol in pregnancy has not been
established and a woman should abstain from any intake during pregnancy.

FETAL RISK SUMMARY
The teratogenic effects of ethanol (alcohol) have been recognized since
antiquity, but this knowledge gradually fell into disfavor and was actually
dismissed as superstition in the 1940s (1). Approximately three decades later,
the characteristic pattern of anomalies that came to be known as the fetal
alcohol syndrome (FAS) were rediscovered, first in France and then in the
United States (2–5). By 1981, over 800 clinical and research papers on the
FAS had been published (6).

Mild FAS (low birth weight) has been induced by the daily consumption of as
little as two drinks (1 ounce of absolute alcohol or about 30 mL) in early
pregnancy, but the complete syndrome is usually seen when maternal
consumption is four to five drinks (60–75 mL of absolute alcohol) per day or
more. The Council on Scientific Affairs of the American Medical Association and
the American Council on Science and Health have each published reports on
the consequences of maternal alcohol ingestion during pregnancy (7,8). The
incidence of the FAS, depending upon the population studied, is estimated to
be between 1/300 and 1/2000 live births with 30%–40% of the offspring of
alcoholic mothers expected to show the complete syndrome (7). The true
incidence may be even higher because the diagnosis of FAS can be delayed for



many years (9) (e.g., see reference 25 below). In addition, the incidence of
alcohol abuse seems to be rising. A 1989 report found that alcohol abuse
during 1987 in 1032 pregnant women was 1.4% compared with 0.7% of 5602
pregnant women during 1977–1980 (10). The difference in frequency was
significant (p <0.05).

Heavy alcohol intake by the father prior to conception has been suspected of
producing the FAS (11,12), although this association has been challenged (13).
The report by the AMA Council states that growth restriction and some adverse
aspects of fetal development may be due to paternal influence but conclusive
evidence for the complete FAS is lacking (7).

Evidence supporting an association between “regular drinking” by the father
in the month before conception and the infant’s birth weight was published in
two reports, both by the same authors (14,15). “Regular drinking” was defined
as “an average of at least 30 mL of ethanol daily or of 75 mL or more on a
single occasion at least once a month” (14). “Occasional drinking” was defined
as anything less than this. The mean birth weight, 3465 g, of 174 infants of
“regular drinking” fathers was 181 g less than the mean birth weight, 3646 g, of
203 infants of “occasional drinking” fathers, a significant difference (p <0.001).
Using regression analysis, a 137-g decrease in birth weight was predicted (15).
Statistical significance was also present when the data were categorized by
sex (males 3561 vs. 3733 g, females 3364 vs. 3538 g), percentage of infants
less than 3000 g (15% vs. 9%), and percentage of infants at or greater than
4000 g (12% vs. 23%). Infant characteristics unrelated to the father’s drinking
were length, head circumference, gestational age, and Apgar scores (15).
Consideration of the mother’s drinking, smoking, and marijuana use did not
change the statistical significance of the data. Nor could the differences be
attributed to any of 20 reproductive and socioeconomic variables that were
examined, including paternal smoking and marijuana use. No increases in
structural defects were detected in the infants of the “regular drinking” fathers,
but the sample size may have been too small to detect such an increase (14).
In contrast to these data, other researchers have been unable to find an
association between paternal drinking and infant birth weight (16). Thus,
additional research is required, especially because the biologic mechanisms for
the proposed association have not been determined (15).

The mechanism of ethanol’s teratogenic effect is unknown but may be related
to acetaldehyde, a metabolic byproduct of ethanol (7). One researcher
reported higher blood levels of acetaldehyde in mothers of children with FAS
than in alcoholics who delivered normal children (17). However, the analysis



techniques used in that study have been questioned, and the high
concentrations may have been due to artifactual formation of acetaldehyde
(18). At the cellular level, alcohol or one of its metabolites may disrupt protein
synthesis, resulting in cellular growth restriction with serious consequences for
fetal brain development (19). Other proposed mechanisms that may contribute,
as reviewed by Shepard (20), include poor protein intake, vitamin B deficiency,
lead contamination of alcohol, and genetic predisposition. Of interest,
metronidazole, a commonly used anti-infective agent, has been shown to
markedly potentiate the fetotoxicity and teratogenicity of alcohol in mice (21).
Human studies of this possible interaction have not been reported.

Complete FAS consists of abnormalities in three areas with a fourth area
often involved: (a) craniofacial dysmorphology, (b) prenatal and antenatal
growth deficiencies, (c) central nervous system dysfunction, and (d) various
other abnormalities (7,8). Problems occurring in the latter area include cardiac
and renogenital defects and hemangiomas in about one half of the cases (3–5,
22). Cardiac malformations were described in 43 patients (57%) in a series of
76 children with the FAS evaluated for 0–6 years (age: birth to 18 years) (23).
Functional murmurs (12 cases, 16%) and ventricular septal defects (VSD) (20
patients, 26%) accounted for the majority of anomalies. Other cardiac lesions
present, in descending order of frequency, were: double outlet right ventricle
and pulmonary atresia, dextrocardia (with VSD), patent ductus arteriosus with
secondary pulmonary hypertension, and cor pulmonale. Liver abnormalities
have also been reported (24, 25). Behavioral problems, including minimal brain
dysfunction, are long-term effects of the FAS (1).

Ten-year follow-up of the original 11 children who were first diagnosed as
having the FAS was reported in 1985 (25). Of the 11 children, 2 were dead, 1
was lost to follow-up, 4 had borderline intelligence with continued growth
deficiency and were dysmorphic, and 4 had severe intelligence deficiency as
well as growth deficiency and dysmorphic appearance. Moreover, the degree
of growth deficiency and intellectual impairment was directly related to the
degree of craniofacial abnormalities (25). In the eight children examined, height,
weight, and head circumference were deficient, especially the latter two
parameters. The authors concluded that the slow head growth after birth may
explain why, in some cases, the FAS is not diagnosed until 9–12 months of age
(25). Cardiac malformations originally observed in the infants, atrial septal
defect (one), patent ductus arteriosus (one), and ventricular septal defect (six),
had either resolved spontaneously or were no longer clinically significant. Three
new features of the FAS were observed: dental malalignments, malocclusions,



and eustachian tube dysfunction (associated with maxillary hypoplasia and
leading to chronic serous otitis media) (25).

Fetal Alcohol Syndrome (2–9,11–13, 22–38)
Craniofacial
Eyes: short palpebral fissures, ptosis, strabismus, epicanthal folds, myopia,

microphthalmia, blepharophimosis
Ears: poorly formed concha, posterior rotation, eustachian tube dysfunction
Nose: short, upturned hypoplastic philtrum
Mouth: prominent lateral palatine ridges, thinned upper vermilion, retrognathia

in infancy, micrognathia or relative prognathia in adolescence, cleft lip or
palate, small teeth with faulty enamel, Class III malocclusion, poor dental
alignment

Maxilla: hypoplastic
Central nervous system

Dysfunction demonstrated by mild to moderate retardation, microcephaly,
poor coordination, hypotonia, irritability in infancy, and hyperactivity in
childhood

Growth
Prenatal (affecting body length more than weight) and postnatal deficiency
(length, weight, and head circumference)

Cardiac
Murmurs, atrial septal defect, ventricular septal defect, great vessel
anomalies, tetralogy of Fallot

Renogenital
Labial hypoplasia, hypospadias, renal defects

Cutaneous
Hemangiomas, hirsutism in infancy

Skeletal
Abnormal palmar creases, pectus excavatum, restriction of joint
movement, nail hypoplasia, radioulnar synostosis, pectus carinatum, bifid
xiphoid, Klippel–Feil anomaly, scoliosis

Muscular
Hernias of diaphragm, umbilicus or groin, diastasis recti

A study published in 1987 found that craniofacial abnormalities were closely
related to alcohol consumption in a dose–response manner (39). Although a
distinct threshold was not defined, the data indicated that the consumption of
more than six drinks (90 mL of ethanol) per day was clearly related to



structural defects, with the critical period for alcohol-induced teratogenicity
around the time of conception (39). A 1989 study that examined 595 live
singleton births found a significant correlation between alcohol use in the first 2
months of pregnancy and intrauterine growth restriction and structural
abnormalities (40). Analysis of alcohol use during the other periods of
pregnancy did not show a significant association with these outcomes.

A prospective study, conducted between 1974 and 1977 at the Kaiser
Permanente health maintenance organization in Northern California, was
conducted to determine whether light to moderate drinking during pregnancy
was associated with congenital abnormalities (41). A total of 32,870 women
met all of the criteria for enrollment in the study. Of the total study population,
15,460 (47%) used alcohol during pregnancy, 17,114 (52%) denied use, and
296 (1%) provided incomplete information on their drinking. Of those drinking,
14,502 (94%) averaged less than one drink/day, 793 (5%) drank one to two
drinks/day, 127 (0.8%) consumed three to five drinks/day, and 38 (0.2%) drank
six or more drinks/day. The total (major and minor) malformation rates were
similar between nondrinkers and light (less than one drink/day) or moderate
(one to two drinks/day) drinkers; 78.1/1000, 77.3/1000, and 83.2/1000,
respectively. A significant trend ( p = 0.034) was found with increasing alcohol
use and congenital malformations of the sex organs (e.g., absence or
hypertrophy of the labia, clitoris, and vagina; defects of the ovaries, fallopian
tubes, and uterus; hypoplastic or absent penis or scrotum; intersex and
unspecified genital anomalies) (41). Rates per 1000 for defects of the sex
organs in nondrinkers and the four drinking groups were 2.8, 2.6, 6.3, 7.9, and
26.3, respectively. Genitourinary malformations (i.e., cryptorchidism,
hypospadias, and epispadias) also followed an increasing trend with rates per
1000 women of 27.2, 27.5, 31.5, 47.2, and 78.9 (p value for trend = 0.04),
respectively. At the levels of alcohol consumption observed in the study, no
increase in the other malformations commonly associated with the FAS was
found with increasing alcohol use.

A strong association between moderate drinking (>30 mL of absolute alcohol
twice per week) and 2nd trimester (15–27 weeks) spontaneous abortions has
been found (27,28). Alcohol consumption at this level may increase the risk of
miscarriage by 2–4-fold, apparently by acting as an acute fetal toxin.
Consumption of smaller amounts of alcohol, such as one drink (approximately
15 mL of absolute alcohol) per week, was not associated with an increased
risk of miscarriage in a 1989 report (42).

Ethanol was once used to treat premature uterine contractions. In a



retrospective analysis of women treated for premature labor between 1968 and
1973, 239 singleton pregnancies were identified (43). In 136, the women had
received oral and/or IV ethanol, in addition to bed rest and oral β-mimetics. The
remaining 103 women had been treated only with bed rest and oral β-mimetics.
The alcohol group received an average of 38 g of ethanol/day for 2–34 days. In
addition, 73 of these women continued to use oral alcohol at home as needed
to arrest uterine contractions. Treatment with ethanol was begun at 12 weeks’
gestation or less in 82 (60.3%) of the treated women. The mean birth weights
of the alcohol-exposed and nonexposed infants were similar, 3385 vs. 3283 g,
respectively. No significant differences were found between the groups in the
number of infants who were small for gestational age (weight or length <10th
percentile), birth length, fetal and neonatal deaths, and infants with anomalies.
No relationship was found between ethanol dose and birth weight, length, or
neonatal outcome. None of the exposed infants had features of the typical fetal
alcohol syndrome. Psychomotor development (age to sit, walk, speak
sentences of a few words, and read) and growth velocity were similar between
the two groups. One of the infants whose mother had been treated with IV
alcohol was growth restricted from birth to 14 years of age. Eight (6.1%) of
131 alcohol-exposed infants were considered to have problems in school
(hyperactivity, carelessness) compared with 2 (2.0%) of 99 controls, but the
difference was not significant. Other complications observed were aphasia and
impaired hearing in two infants of the treated group and a third infant with
blindness in the right eye (this infant was delivered at 27 weeks’ gestation and
the condition was thought to be due to oxygen therapy). The authors concluded
that the alcohol treatment for threatened 1st or 2nd trimester abortions did not
cause fetal damage (43). However, an earlier study concluded that adverse
effects occurred after even short-term exposure (44). This conclusion was
reached in an evaluation of 25 children, 4–7 years of age whose mothers had
been treated with alcohol infusions to prevent preterm labor (44). In
comparison with matched controls, seven children born during or within 15
hours of termination of the infusion had significant pathology in developmental
and personality evaluations.

Two reports have described neural tube defects in six infants exposed to
heavy amounts of alcohol during early gestation (45,46). Lumbosacral
meningomyelocele was observed in five of the newborns and anencephaly in
one. One of the infants also had a dislocated hip and clubfeet (45).

A possible association between maternal drinking and clubfoot was proposed
in a short 1985 report (47). Three of 43 infants, delivered from maternal



alcoholics, had fetal talipes equinovarus (clubfoot), an incidence significantly
greater than expected (p <0.00001).

Gastroschisis has been observed in dizygotic twins delivered from a mother
who consumed 150–180 mL of absolute ethanol/day during the first 10 weeks
of gestation (48). Although an association could not be proven, the authors
speculated that the defects resulted from the heavy alcohol ingestion.

A 1982 report described four offspring of alcoholic mothers with clinical and
laboratory features of combined FAS and DiGeorge syndrome (49). Several
characteristics of the two syndromes are similar, including craniofacial, cardiac,
central nervous system, renal, and immune defects (49). Features not shared
are hypoparathyroidism (part of DiGeorge syndrome) and skeletal anomalies
(part of FAS). A possible causative relationship was suggested between
maternal alcoholism and the DiGeorge syndrome.

An unusual chromosomal anomaly was discovered in a 2-year-old girl whose
mother drank heavily during early gestation (50). The infant’s karyotype
revealed an isochromosome for the long arm of number 9: 46,XX,−9,+i(9q).
The infant had several characteristics of the FAS, including growth restriction.
The relationship between the chromosomal defect and alcohol is unknown.

Prospective analysis of 31,604 pregnancies found that the percentage of
newborns below the 10th percentile of weight for gestational age increased
sharply as maternal alcohol intake increased (51). In comparison with
nondrinkers, mean birth weight was reduced 14 g in those drinking less than
one drink per day and 165 g in those drinking three to five drinks per day. The
risk for growth restriction was markedly increased by the ingestion of one to
two drinks each day. Other investigators discovered that women drinking more
than 100 g of absolute alcohol/week at the time of conception had an increased
risk of delivering a growth-restricted infant (52). The risk was twice that of
women ingesting less than 50 g/week. Of special significance, the risk for
growth restriction was not reduced if drinking was reduced later in pregnancy.
However, a 1983 report found that if heavy drinkers reduced their consumption
in mid-pregnancy, growth impairment was also reduced, although an increased
incidence of congenital defects was still evident (53). Significantly smaller head
circumferences have been measured in offspring of mothers who drank more
than an average of 20 mL of alcohol/day compared with nondrinkers (54). In
this same study, the incidence of major congenital anomalies in drinkers and
nondrinkers was 1.2% vs. none (54). These authors concluded that there was
no safe level of alcohol consumption in pregnancy.

Alcohol ingestion has been shown to abolish fetal breathing (55). Eleven



women, at 37–40 weeks’ gestation, were given 0.25 g/kg of ethanol. Within 30
minutes, fetal breathing movements were almost abolished and remained so for
3 hours. No effect on gross fetal body movements or fetal heart rate was
observed. However, a 1986 report described four women admitted to a
hospital because of marked alcohol intoxication (56). In each case, fetal heart
rate tracings revealed no or poor variability and no reactivity to fetal
movements or external stimuli. Because of suspected fetal distress, an
emergency cesarean section was performed in one patient, but no signs of
hypoxia were present in the healthy infant. In the remaining three women,
normalization of the fetal heart rate patterns occurred within 11–14 hours when
the mothers became sober.

A study of the relationship between maternal alcohol ingestion and the risk of
respiratory distress syndrome (RDS) in their infants was published in 1987
(57). Of the 531 infants in the study, 134 were delivered at a gestational age of
28–36 weeks. The 134 mothers of these preterm infants were classified by the
amount of alcohol they consumed per occasion into abstainers (N = 58) (none),
occasional (N = 21) (less than 15 mL), social (N = 15) (15–30 mL), binge (N =
12) (greater than 75 mL), and alcoholic (N = 28). The incidence of RDS in the
infants from the five groups was 44.8%, 38.1%, 26.7%, 16.7%, and 21.4%,
respectively. The difference between abstainers and those frankly alcoholic
was significant (p <0.05). Moreover, assuming equal intervals of alcohol intake
among the five groups, the decrease in incidence of RDS with increasing
alcohol intake was significant (p <0.02). Adjustment of the data for smoking,
gestational age, birth weight, Apgar score, and sex of the infant did not change
the findings. The authors concluded that chronic alcohol ingestion may have
enhanced fetal lung maturation (57).

Neonatal alcohol withdrawal has been demonstrated in offspring of mothers
ingesting a mean of 21 ounces (630 mL) of alcohol/week during pregnancy
(58). In comparison to infants exposed to an equivalent amount of ethanol only
during early gestation or to infants whose mothers never drank, the heavily
exposed infants had significantly more withdrawal symptoms. No differences
were found between the infants exposed only during early gestation and those
never exposed. Electroencephalogram (EEG) testing of infants at 4–6 weeks of
age indicated that the irritability and tremors may be due to a specific effect of
ethanol on the fetal brain and not to withdrawal or prematurity (59). Persistent
EEG hypersynchrony was observed in those infants delivered from mothers
who drank more than 60 mL of alcohol/day during pregnancy. The EEG findings
were found in the absence of dysmorphology and as a result, the authors



suggested that this symptom should be added to the definition of the FAS (59).
Combined fetal alcohol and hydantoin syndromes have been described in

several reports (60–63). The infants exhibited numerous similar features from
exposure to alcohol and phenytoin. The possibility that the agents are also
carcinogenic in utero has been suggested by the finding of
ganglioneuroblastoma in a 35-month-old boy and Hodgkin’s disease in a 45-
month-old girl, both with the combined syndromes (see also Phenytoin)
(61–63). Adrenal carcinoma in a 13-year-old girl with FAS has also been
reported (64). These findings may be fortuitous, but long-term follow-up of
children with the FAS is needed.

An unusual cause of FAS was described in 1981 (65). A woman consumed,
throughout pregnancy, 480–840 mL/day of an over-the-counter cough
preparation. Since the cough syrup contained 9.5% alcohol, the woman was
ingesting 45.6–79.8 mL of ethanol/day. The infant had the typical facial features
of the FAS, plus an umbilical hernia and hypoplastic labia. Irritability, tremors,
and hypertonicity were also evident.

A safe level of maternal alcohol consumption has not been established
(7,8,66). Based on practical considerations, the American Council on Science
and Health recommends that pregnant women limit their alcohol consumption to
no more than two drinks daily (1 ounce or 30 mL of absolute alcohol) (8).
However, the safest course for women who are pregnant, or who are planning
to become pregnant, is abstinence (7,66).

BREASTFEEDING SUMMARY
Although alcohol passes freely into breast milk, reaching concentrations
approximating maternal serum levels, the effect on the infant has been
considered insignificant except in rare cases or at very high concentrations
(67). Recent research on the effects of chronic exposure of the nursing infant to
alcohol in breast milk, however, should cause a reassessment of this position.

Chronic exposure to alcohol in breast milk was found to have an adverse
effect on psychomotor development of breastfeeding infants in a 1989 report
(68). In this study, “breastfed” was defined as a breastfeeding child who
received no more than 473 mL (16 ounces) of its nourishment in the form of
supplemental feedings/day. Statistical methods were used to control for alcohol
exposure during gestation. Of the 400 infants studied, 153 were breastfed by
mothers who were classified as “heavier” drinkers (i.e., an average daily
consumption of 1 ounce of ethanol or about two drinks, or binge drinkers who
consumed 2.5 ounces or more of ethanol on a single occasion). The population



sampled was primarily white, well-educated, middle-class women who
belonged to a health maintenance organization. The investigators measured the
mental and psychomotor development of the infants at 1 year of age using the
Bayley Scales of Infant Development. Mental development was unrelated to
maternal drinking during breastfeeding. In contrast, psychomotor development
was adversely affected in a dose–response relation (p = 0.006 for linear
trend). The mean Psychomotor Development Index (PDI) of infants of mothers
who had at least one drink daily was 98, compared with 103 for infants of
mothers consuming less alcohol (p <0.01). The decrease in PDI was even
greater if only those women not supplementing breastfeeding were considered.
Regression analysis predicted that the PDI of totally breastfed infants of
mothers who consumed an average of two drinks daily would decrease by 7.5
points. These associations persisted even after more than 100 potentially
confounding variables, including maternal tobacco, marijuana, and heavy
caffeine exposures, were controlled for during pregnancy and the first 3 months
after delivery. The authors cautioned that their findings were only suggestive
and should not be extrapolated to other patient populations because of the
relative homogeneity of their sample (68). Although the conclusions of this study
have been criticized and defended (69,70), judgment on the risks to the nursing
infant from alcohol in milk must be withheld until additional research has been
completed.

The toxic metabolite of ethanol, acetaldehyde, apparently does not pass into
milk even though considerable levels can be measured in the mother’s blood
(71). One report calculated the amount of alcohol received in a single feeding
from a mother with a blood concentration of 100 mg/dL (equivalent to a heavy,
habitual drinker) as 164 mg, an insignificant amount (72). Maternal blood
alcohol levels have to reach 300 mg/dL before mild sedation might be seen in
the baby. However, a 1937 report described a case of alcohol poisoning in an
8-day-old breastfed infant whose mother drank an entire bottle (750 mL) of
port wine (73). Symptoms in the child included deep sleep, no response to
painful stimuli, abnormal reflexes, and weakly reactive pupils. Alcohol was
detected in the infant’s blood. The child made an apparently uneventful
recovery. Potentiation of severe hypoprothrombic bleeding, a pseudo-Cushing’s
syndrome, and an effect on the milk-ejecting reflex have been reported in
nursing infants of alcoholic mothers (74–76).

Because of the risk of toxicity in a nursing infant, the safest course would be
to hold nursing for 1–2 hours for each ounce of alcohol consumed, thereby
allowing the alcohol level in milk to decrease. The American Academy of



Pediatrics classifies ethanol as compatible with breastfeeding, although it is
recognized that adverse effects may occur (77). The Institute of Medicine
recommends a maximum daily consumption of 0.5 g/kg ethanol (78).
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ETHCHLORVYNOL
Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports linking the use of ethchlorvynol with congenital defects have
been located.

FETAL RISK SUMMARY
In pregnant rats, a dose of 40 mg/kg/day was associated with an increase in
the number of stillbirths and a lower survival rate among the offspring (1).

The Collaborative Perinatal Project reported 68 patients with 1st trimester
exposure to miscellaneous tranquilizers and nonbarbiturate sedatives, 12 of
which had been exposed to ethchlorvynol (2). For the group as a whole, six
infants with malformations were delivered, but details on individual exposures
were not given.

Animal data indicate that rapid equilibrium occurs between maternal and fetal
blood with maximum fetal blood levels measured within 2 hours of maternal
ingestion (3). The authors concluded that following maternal ingestion of a toxic
or lethal dose, delivery should be accomplished before equilibrium occurs.
Neonatal withdrawal symptoms, consisting of mild hypotonia, poor suck, absent
rooting, poor grasp, and delayed-onset jitteriness, have been reported (B.H.
Rumack, P.A. Walravens, personal communication, Department of Pediatrics,
University. of Colorado Medical Center, 1981). The mother had been taking
500 mg daily during the 3rd trimester.

BREASTFEEDING SUMMARY
No reports describing the use of ethchlorvynol during human lactation have
been located. Because the drug rapidly crosses the placenta to the fetus,
excretion into milk should be expected. Sedation of the nursing infant is a



possible consequence.
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ETHINAMATE

[Withdrawn from the market. See 8th edition.]



ETHINYL ESTRADIOL
Estrogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Estrogens are contraindicated because there are usually no benefits from
their use in pregnancy.

FETAL RISK SUMMARY
Ethinyl estradiol is used frequently in combination with progestins for oral
contraception (see Oral Contraceptives). The Collaborative Perinatal Project
monitored 89 mother–child pairs who were exposed to ethinyl estradiol during
the 1st trimester (1, pp. 389, 391). An increased risk for malformations was
found, although identification of the malformations was not provided. Estrogenic
agents as a group were monitored in 614 mother–child pairs. An increase in the
expected frequency of cardiovascular defects, eye and ear anomalies, and
Down’s syndrome was reported (1, p. 395).

Reevaluation of these data in terms of timing of exposure, vaginal bleeding in
early pregnancy, and previous maternal obstetric history, however, failed to
support an association between estrogens and cardiac malformations (2). An
earlier study also failed to find any relationship with nongenital malformations
(3). In a smaller study, 12 mothers were exposed to ethinyl estradiol during the
1st trimester (4). No fetal abnormalities were observed. Ethinyl estradiol has
also been used as a contraceptive when given within 72 hours of unprotected
midcycle coitus (5). Use of estrogenic hormones during pregnancy is
contraindicated.

BREASTFEEDING SUMMARY
Estrogens are frequently used for suppression of postpartum lactation (6, 7).
Very small amounts are excreted in milk (7). When used in oral contraceptives,
ethinyl estradiol has been associated with decreased milk production and



decreased composition of nitrogen and protein content in human milk (8).
Although the magnitude of these changes is low, the differences in milk
production and composition may be of nutritional importance to nursing infants
of malnourished mothers. If breastfeeding is desired, the lowest dose of oral
contraceptives should be chosen. Monitoring of infant weight gain and the
possible need for nutritional supplementation should be considered (see Oral
Contraceptives).
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ETHIODIZED OIL
Diagnostic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ethiodized oil contains a high concentration of organically bound iodine. Use
of this agent close to term has been associated with neonatal
hypothyroidism (see Diatrizoate).

BREASTFEEDING SUMMARY
See Potassium Iodide.



ETHIONAMIDE
Anti-infective (Antituberculosis)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the animal reproductive suggest risk, the human data suggest that
the risk probably is low. If indicated, the drug should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
The oral anti-infective agent, ethionamide, is indicated for the treatment of
tuberculosis when Mycobacterium tuberculosis is resistant to isoniazid or
rifampin, or when the patient is intolerant to other drugs. Although it apparently
has not been studied, the relatively low molecular weight (about 166) suggests
that it is transferred to the fetus.

Ethionamide was teratogenic in rats and rabbits at doses higher than those
used in humans (1). Nishimura and Tanimura (2), Shepard (3), and Schardein
(4) reviewed nine animal studies involving pregnant mice, rats, and rabbits. All
of the studies, except one, showed various developmental anomalies.

Five human studies describing the outcome of pregnancies exposed to
ethionamide have been briefly reviewed in three sources (2–4). Only one of the
studies found an increased incidence of birth defects, reporting 7 cases, 2 of
which were Down’s syndrome, from 23 exposed infants (2–4). The other
reports found no association with congenital malformations (4).

A 2003 study reported the outcomes of seven pregnancies treated for
multidrug-resistant tuberculosis (5). The seven women received multiple anti-
infective agents. Two patients (one throughout and one postpartum) were
treated with ethionamide. In 2005, the same group reported the long-term
follow-up of six of the offspring; a seventh child, not exposed to ethionamide
was lost to follow-up (6). The average age of the children was 3.7 years and
each underwent a comprehensive clinical evaluation. None had hearing loss and



all had normal vision and neurologic analysis. Of the two exposed to
ethionamide (current age and time of exposure) one had mild speech delay (4.6
years; throughout and postpartum) and one was hyperactive (5.1 years;
postpartum only). Both infants were breastfed (6). Neither of the two conditions
appears to be related to ethionamide.

BREASTFEEDING SUMMARY
One report mentioned that two mothers were taking ethionamide and other
antitubercular medications while breastfeeding their infants (6). However, no
reports have been located that measured the drug in milk. The relatively low
molecular weight (about 166) suggests that ethionamide will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown.
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ETHOHEPTAZINE
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ETHOSUXIMIDE
Anticonvulsant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ethosuximide is a succinimide anticonvulsant indicated for the treatment of
petit mal epilepsy (1). Ethosuximide has a much lower teratogenic potential
than the oxazolidinedione class of anticonvulsants (see also Trimethadione
and Paramethadione) (2, 3). However, combination therapy with other
anticonvulsants markedly increases the risk of structural anomalies. The
succinimide anticonvulsants have been considered the anticonvulsants of
choice for the treatment of petit mal epilepsy during the 1st trimester.

FETAL RISK SUMMARY
Ethosuximide has been associated with structural anomalies, but the data are
not adequate to prove a definite causal relationship (1). In many of the cases
described below, the mother was receiving combination therapy with
anticonvulsants known to be human teratogens.

Consistent with its low molecular weight (about 141), the drug crosses the
human placenta with many newborns having concentrations within the
therapeutic range (1, 4, 5) . In eight pregnancies, the mean maternal and fetal
ethosuximide concentrations at birth were 40.15 and 35.82 mcg/mL,
respectively, with the time of the last dose ranging from 4.5 to 16 hours before
birth. The mean fetal:maternal ratio was 0.97 and the neonatal half-life in three
infants was 32–38 hours (4). In another case, the plasma drug concentrations
in the mother and cord blood were 240 and 250 μmol/L, respectively, a ratio of
1.0 (5).

In 163 pregnancies exposed to ethosuximide in combination with other
anticonvulsants, abnormalities were observed in 10 pregnancies: patent ductus
arteriosus (8 cases); cleft lip and/or palate (7 cases); mongoloid facies, short
neck, altered palmar crease, and an accessory nipple (1 case); and



hydrocephalus (1 case) (2,6–15). Spontaneous hemorrhage in the neonate
following in utero exposure to ethosuximide also has been reported (see also
Phenytoin and Phenobarbital) (12).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 18 newborns had
been exposed to ethosuximide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (one
expected).

A 1984 publication described the outcomes of 13 newborns from 10 epileptic
mothers compared with pair-matched controls (4). Eleven of the mothers
received combination therapy with one or more anticonvulsants
(carbamazepine, clonazepam, phenobarbital, phenytoin, primidone, or valproic
acid). Two infants had major structural anomalies (hare lip and bilateral clefting)
with combination therapy (ethosuximide with phenobarbital or primidone). The
mean number of minor anomalies was higher compared with controls (6.2 vs.
2.1), but the number and types did not differ from previous reports of
anticonvulsant therapy. Sedation and poor sucking were observed in seven
infants, six of whom had been exposed in utero to phenobarbital or primidone.
Withdrawal symptoms, characterized by hyperexcitability and other symptoms,
lasting for several weeks were observed in five infants, two of whom were
exposed to phenobarbital or primidone (4).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (16). The final report was
published in July 2010. The Registry is now closed. Among nine prospectively
enrolled pregnancies exposed to ethosuximide and lamotrigine, with or without
other anticonvulsants, eight were exposed in the 1st trimester resulting in seven
live births without defects and one spontaneous abortion. There was one
exposure in the 2nd/3rd trimesters resulting in a live birth without defects (16).

A 1992 report analyzed pooled data from five prospective European studies
involving 1379 children exposed in utero to anticonvulsants (17). There were 13
pregnancies exposed to ethosuximide monotherapy with 1 major defect, and 44
exposed to combination therapy (5 with phenobarbital and 39 with valproic
acid) with 5 major defects. These outcomes were not significantly different in
comparison with other anticonvulsants (17).

BREASTFEEDING SUMMARY
Ethosuximide freely enters the breast milk in concentrations similar to the
maternal serum. Five reports measured milk:plasma ratios of 0.86–1.0



(4,5,18–20). In one case, the infant’s plasma concentration of ethosuximide
was 120 μmol/L, compared with the mother’s level of 370 μmol/L, a ratio of
0.32, but the milk:plasma ratio was 1.0 (5). One fully breastfed infant was
sedated at birth with poor sucking and had no weight gain during 4 weeks of
breastfeeding (4). Hyperexcitability lasting several weeks has been observed in
infants exposed in utero to ethosuximide (4). This condition does not appear to
be related to maternal use of the drug during breastfeeding because it also
was noted in nonbreastfed infants. No other adverse effects in infants exposed
to ethosuximide from milk have been reported. The American Academy of
Pediatrics classifies ethosuximide as compatible with breastfeeding (21).
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ETHOTOIN
Anticonvulsant
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the human pregnancy experience is very limited, the embryo–fetal
risk is thought to be lower than the more potent phenytoin.

FETAL RISK SUMMARY
Ethotoin is a low-potency hydantoin anticonvulsant (1). The fetal hydantoin
syndrome has been associated with the use of the more potent phenytoin (see
Phenytoin). Only six reports describing the use of ethotoin during the 1st
trimester have been located (2–4). Cleft lip/palate and patent ductus arteriosus
were observed in two of the offspring (3,4).

BREASTFEEDING SUMMARY
No reports describing the use of ethotoin during human lactation have been
located. However, a more potent hydantoin anticonvulsant (see Phenytoin) is
considered compatible with breastfeeding and ethotoin should be classified the
same.
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ETHYL BISCOUMACETATE
Anticoagulant

See Coumarin Derivatives.



ETHYNODIOL
Progestogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ethynodiol should not be used in pregnancy because there are no benefits
for the mother, embryo, or fetus. The agent is used primarily in oral
contraceptives (see Oral Contraceptives).

BREASTFEEDING SUMMARY
See Oral Contraceptives.



ETIDRONATE
Bisphosphonate
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the dose comparisons were based on body weight, etidronate did
not cause developmental toxicity in animals at doses that were close to
those used in humans. Two reports have described the use of
bisphosphonates before or during six human pregnancies. Because the oral
bioavailability is low and the plasma clearance is rapid, clinically significant
amounts of etidronate may not cross the human placenta. Nonetheless, the
drug is slowly released from bone over weeks to years. The amount of
drug retained in bone and eventually released back into the systemic
circulation is directly related to the dose and duration of treatment. Thus,
administration before pregnancy may result in low-level, continuous
exposure throughout gestation. The use of etidronate in women who may
become pregnant or during pregnancy is not recommended. However,
based on the animal and limited human data, inadvertent exposure during
early pregnancy does not appear to represent a major risk to the embryo–
fetus.

FETAL RISK SUMMARY
Etidronate (EHDP), a hydrophilic bisphosphonate, is a synthetic analog of
pyrophosphate that binds to the hydroxyapatite found in bone to inhibit bone
resorption. Etidronate is indicated for the treatment of symptomatic Paget’s
disease of bone and in the prevention and treatment of heterotopic ossification
after total hip replacement or because of spinal cord injury. Other agents in this
pharmacologic class are alendronate, ibandronate, pamidronate, risedronate,
tiludronate, and zoledronic acid. Only about 3% of an oral dose is absorbed
into the systemic circulation. Etidronate is not metabolized. The plasma half-life



ranges from 1 to 6 hours. About half of the absorbed drug is distributed to bone
from which it is slowly released over a prolonged period. Although the
elimination half-life from bone is not known with certainty, the clearance from
bone in animals is up to 165 days (1).

Reproduction studies have been conducted with etidronate in rats and
rabbits. In pregnant rats and rabbits, doses 5–20 times the human clinical dose
based on body weight (HCD) did not cause teratogenic or other adverse
effects in the offspring. At doses 15–60 times the HCD, etidronate exposure in
pregnant rats was associated with skeletal anomalies in the offspring. These
defects were thought to be secondary to the action of etidronate on bone.
Decreased live births were observed with maternally toxic doses 25–300 times
the HCD (1). Shepard reviewed four animal studies in which etidronate was
given orally, subcutaneously, or intraperitoneally to mice, rats, and rabbits
during gestation (2). Skeletal abnormalities were produced with high doses, but
no other developmental toxic effects were observed.

No evidence of carcinogenic effects was observed in long-term studies in
rats (1). Studies for mutagenic and clastogenic effects apparently have not
been conducted.

It is not known if etidronate crosses the human placenta. The relatively low
molecular weight (250), the absence of metabolism, and the prolonged
clearance from bone all suggest that exposure of the embryo–fetus will occur.
The relatively short plasma half-life, low lipid solubility, and oral bioavailability
should limit this exposure.

A 1992 case report described the in utero treatment of a fetus with
etidronate early in the 3rd trimester (3). Based on ultrasonography and the
mother’s obstetric history, a presumptive diagnosis of a rare disorder,
idiopathic arterial calcification of infancy (IACI), was made in the fetus at 29
weeks’ gestation. The fetus was treated with two courses of etidronate by
percutaneous umbilical vein puncture. Fetal distress occurred 1 week later and
the 1700-g female infant was delivered by emergency cesarean section with
Apgar scores of 2 and 6 at 1 and 5 minutes, respectively. IACI was confirmed
in the neonate 1 week after birth. The infant was treated with etidronate over
the next several months. Radiographs of her skeleton showed severe growth
plate malformations resembling rickets that were thought to be secondary to
etidronate. The infant died at 7.5 months of age despite aggressive therapy for
prematurity and her disease (3).

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32), pamidronate (N = 11), etidronate (N =



5), risedronate (N = 2), and zoledronic acid (N = 1) (4). The authors concluded
that although these drugs may affect bone modeling and development in the
fetus, no such toxicity has yet been reported.

BREASTFEEDING SUMMARY
No reports describing the use of etidronate during lactation have been located.
The molecular weight (250) and the lack of metabolism suggest that the drug
will be excreted into breast milk, but the low plasma concentrations and
relatively short plasma half-life (1–6 hours) suggest that minimal amounts will
be excreted into milk. Moreover, the oral bioavailability of etidronate, at least in
adults, is only 3%. Although the effect of exposure on a nursing infant is
unknown, it appears to be negligible.
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ETODOLAC
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of etodolac in human pregnancy have been
located. The animal data suggest low risk for congenital malformations. A
brief 2003 editorial on the potential for nonsteroidal anti-inflammatory drug
(NSAID)–induced developmental toxicity concluded that NSAIDs, and
specifically those with greater COX-2 affinity, had a lower risk of this
toxicity in humans than aspirin (1).

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during late pregnancy, as is inhibition of labor, prolongation of pregnancy,
and suppression of fetal renal function (see also Indomethacin) (2).
Persistent pulmonary hypertension of the newborn may occur if these
agents are used in the 3rd trimester close to delivery (2,3). Women
attempting to conceive should not use any prostaglandin synthesis inhibitor,
including etodolac, because of the findings in a variety of animal models
that indicate these agents block blastocyst implantation (4,5). Moreover, as
noted above, NSAIDs have been associated with spontaneous abortions
(SABs) and congenital malformations. The risk for these defects, however,
appears to be low.

FETAL RISK SUMMARY
The NSAID etodolac is used in the treatment of arthritis, and acute and chronic
pain. Etodolac is in a NSAID subclass (pyranocarboxylic acid) that contains no
other members.

In reproduction studies with rats, the drug produced isolated occurrences of
alterations in limb development (polydactyly, oligodactyly, syndactyly, and



unossified phalanges) at doses close to human clinical doses (2–14
mg/kg/day). These same doses produced oligodactyly and synostosis of
metatarsals in rabbits. However, a clear drug or dose–response relationship
was not established. Similar to other agents in this class, etodolac increased
the incidence of dystocia, prolonged gestation, and decreased pup survival in
rats (6).

It is not known if etodolac crosses the human placenta. The molecular weight
(about 287) is low enough that passage to the fetus should be expected.

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (7). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (8). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (9). (See Ibuprofen
for details on these three studies.)

BREASTFEEDING SUMMARY
No reports describing the use of etodolac during lactation have been located.
Because of the relatively low molecular weight (about 287), the excretion of
etodolac into breast milk should be expected. Moreover, because of its long
termination adult plasma half-life (7.3 hours), other agents may be preferred
during lactation. One reviewer listed several low-risk alternatives (diclofenac,
fenoprofen, flurbiprofen, ibuprofen, ketoprofen, ketorolac, and tolmetin) if a
NSAID is required while nursing (10).
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ETOMIDATE
Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with etomidate is limited to women
undergoing cesarean section. A 1988 review found no reports of congenital
malformations in children of women anesthetized with this agent (1). The
animal data suggest risk (embryo–fetal death), but the dose was based on
body weight and may not be relevant. However, no structural anomalies
have been observed in animals. When used immediately before birth,
etomidate causes a transient decrease in newborn cortisol concentrations.
The clinical significance of this effect is unknown. Although the data are
limited, use of etomidate for induction of general anesthesia at or near term
does not appear to represent a risk of fetal or newborn harm.

FETAL RISK SUMMARY
Etomidate is a rapid, short-acting hypnotic drug without analgesic activity that is
given as an IV injection. Etomidate is indicated for the induction of general
anesthesia. The agent is metabolized in the liver to inactive metabolites. Blood
concentrations of etomidate decrease rapidly up to 30 minutes after injection
and thereafter more slowly with an elimination half-life about 75 minutes (2, 3).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
that were ≥1 times the human dose (based on body weight) were embryocidal.
In rats and rabbits, doses that were 1–16 and 5–15 times the human dose,
respectively, resulted in decreased pup survival. The highest doses caused
maternal toxicity including death. No teratogenicity has been observed in
animals (2, 3).

Studies for carcinogenicity and mutagenicity have not been conducted. No
impairment of fertility was noted in male and female rats (2, 3).



It is not known if etomidate crosses the human placenta early in pregnancy
but it does at term. A 1988 abstract described seven women undergoing
elective cesarean section (4). General anesthesia was induced with a 0.3
mg/kg IV dose of etomidate. The elimination half-life was 132 minutes. At
delivery, the fetal:maternal ratio was 0.51. Etomidate was detected in the urine
of the newborns up to 16 hours after birth (4). One study reported an
umbilical:maternal vein ratio of 0.5 after use of the drug for cesarean section in
20 women (5). Apgar scores were ≥7 and 9/10 at 1 and 5 minutes,
respectively. Another study measured an umbilical:maternal ratio of 0.48 in 20
women at cesarean section (6). A 1992 study of 20 women undergoing
cesarean section also found that the drug crossed to the fetus (7). All of these
results are consistent with the relatively low molecular weight (about 244) of
etomidate.

In one of the studies described above, etomidate was associated with a
transient reduction in neonatal cortisol concentrations in comparison with a
methohexitone group (6). The difference between the two groups was most
evident 2 hours after birth. There was no difference at 5 hours. The decrease
was thought to be secondary to inhibition of cortisol synthesis in the adrenal
cortex, a known effect of etomidate (6). In another study, 11 mothers
undergoing elective cesarean sections were given 0.3 mg/kg etomidate for
induction of general anesthesia (8). Serum cortisol in the newborns was
compared with 11 newborns of mothers who had been given thiopentone for
induction. At 1 hour of age, the cortisol concentrations were significantly lower
(p <0.001) in the etomidate group (8).

One of the first reports describing the use of etomidate for induction of
general anesthesia before cesarean section was published in 1984 (9).
Seventy-two women received the agent and no clinical effects were observed
in the newborns. Other reports also have described the use of etomidate for
this purpose, apparently without harm to the newborns (10–14).

BREASTFEEDING SUMMARY
No reports describing the use of etomidate during human lactation have been
located. Such studies are not expected because of the indication for the drug.
However, the drug crosses the placenta when given for cesarean section (4–7).
In one study involving 20 women who had received a single 0.3 mg/kg IV dose,
etomidate was detected in the colostrum (7). Mean colostrum drug
concentrations at 30 and 120 minutes after the dose were 79.3 ng/mL (range
0–420 ng/mL) and 16.2 ng/mL (range 0–60 ng/mL), respectively. Etomidate



was not detected in any sample 4 hours after the dose. The colostrum:plasma
ratio at 30 minutes was 1.2; at 120 minutes, plasma concentrations were
undetectable (7). Because of the very small amounts of colostrum that are
available at these times, the risk to a nursing infant probably is nil.
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ETOPOSIDE
Antineoplastic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Etoposide is a potent animal teratogen and potentially may be a teratogen
in humans, but exposure during organogenesis has not been reported. Five
cases of maternal exposure to this agent and other antineoplastics during
the 2nd and 3rd trimesters resulted in growth restriction and/or severe
myelosuppression in three fetuses–newborns, two of whom were delivered
prematurely, and one had reversible alopecia. Successful pregnancies,
commencing after etoposide treatment, have also been reported.

FETAL RISK SUMMARY
Etoposide (VP-16, VP-16-213) is a semisynthetic derivative of podophyllotoxin
used as an antineoplastic agent. Low doses of the drug, 1/20th–1/2 of the
recommended clinical dose based on BSA, are teratogenic and embryocidal in
rats and mice (1). A dose-related increase in the occurrence of embryotoxicity
and congenital malformations was observed in these animals. Defects included
decreased weight, skeletal anomalies, retarded ossification, exencephaly,
encephalocele, and anophthalmia. The drug is also mutagenic in mammalian
cells and, although not tested in animals, should be considered a potential
carcinogen in humans (1).

When etoposide was administered intraperitoneally to pregnant mice during
organogenesis, various anomalies were observed, including exencephaly,
encephalocele, hydrocephalus, gastroschisis (including abnormal stomach or
liver), microphthalmia or anophthalmia, dextrocardia (including missing lung
lobe), and axial skeleton defects (2). In whole-embryo rat culture, a
concentration of 2 micro-M (no-observed-adverse-effect-level 1.0 micro-M;
embryotoxic range 2–5 micro-M) produced growth restriction and brain
anomalies (hypoplasia of prosencephalon and edema of rhombencephalon) and
microphthalmia (3).



Reported use of etoposide during human pregnancy is limited to five cases
(4–8). A 21-year-old woman with a dysgerminoma was treated surgically at 26
weeks’ gestation, followed 6 days later with etoposide (100 mg/m2) and
cisplatin (20 mg/m2), daily for 5 days at 3- to 4-week intervals (4). Four cycles
of chemotherapy were given. Because of oligohydramnios and probable
intrauterine growth restriction, labor was induced and she delivered a healthy,
2320-g female infant at 38 weeks. The hematologic profile of the newborn was
normal, as was her development at 9 months of age.

A 36-year-old woman at 25 weeks’ gestation was treated for acute myeloid
leukemia with combination chemotherapy consisting of two courses of
etoposide (400 mg/m2/day, days 8–10), cytarabine (1 g/m2/day, days 1–3),
and daunorubicin (45 mg/m2/day, days 1–3) (5). No fetal growth was observed
during serial ultrasound examinations from 30 to 32 weeks. An emergency
cesarean section was performed because of fetal distress at 32 weeks’
gestation, 11 days after the second course of chemotherapy. The pale, 1460-g
(10th percentile) female infant required resuscitation at birth. Analysis of the
cord blood revealed anemia and leukopenia, and profound neutropenia and
thrombocytopenia were discovered at 30 hours of age. Following successful
therapy, the child, at 1 year of age, was no longer receiving any treatment, had
normal peripheral blood counts, and was apparently progressing normally.

A 32-year-old woman at 26 weeks’ gestation presented with an unknown
primary, poorly differentiated adenocarcinoma of the liver and with a mass in
the posterior chamber of the right eye (6). She was treated with daily doses of
etoposide (165 mg), bleomycin (30 mg), and cisplatin (55 mg), for 3 days. The
patient became profoundly neutropenic, developed septicemia, and went into
premature labor. A 1190-g female infant was born with Apgar scores of 3 and
8 at 1 and 5 minutes, respectively. Severe respiratory distress was
successfully treated over the next 10 days. Although the antineoplastics were
chosen because they are highly protein bound (etoposide, 97%; cisplatin, 90%
of plasma platinum; bleomycin, no data) and less likely to cross the placenta,
marked leukopenia with neutropenia developed in the infant on day 3 (10 days
after in utero exposure to the chemotherapy). Scalp hair loss and a rapid loss
of lanugo were observed at 10 days of age. By 12 weeks of age, substantial
hair regrowth had occurred, and at 1 year follow-up, the child was developing
normally, except for moderate bilateral sensorineural hearing loss. The
investigators could not determine if the deafness was due to the in utero
exposure to cisplatin or to the maternal and/or neonatal aminoglycoside
therapy. The alopecia and bone marrow depression in the infant were



attributed to etoposide.
Treatment of nonlymphoblastic acute leukemia, diagnosed at 18 weeks’

gestation, was described in a brief 1993 report (7). Therapy consisted of two
courses of etoposide (100 mg/m2/day) and daunorubicin (60 mg/m2/day) on
days 1–3, and cytarabine (100 mg/m2/day) on days 1–7. Follow-up therapy
consisted of mitoxantrone, cytarabine, and amsacrine. The patient eventually
delivered a term, 2930-g, healthy male infant who was developing normally.

Non-Hodgkin’s lymphoma, diagnosed in a 36-year-old woman at 22 weeks’
gestation, was treated with a 12-week chemotherapy course consisting of
etoposide (125 mg/m2), vincristine (1.4 mg/m2), and bleomycin (9 mg/m2) in
weeks 2, 4, 6, 8, 10, and 12, and cyclophosphamide (375 mg/m2) and
doxorubicin (50 mg/m2) in weeks 1, 3, 5, 7, 9, and 11 (8). Prednisolone was
given during the entire 12-week period. A healthy, 3200-g male infant, delivered
3 weeks after the completion of therapy, was alive and well at 21 months of
age. At this time also, the mother had just delivered another healthy male
infant.

Seven reports, including the one above, have described women who became
pregnant following treatment with etoposide (8–14) and one report described
the return of normal menstrual function after etoposide therapy (15). One
woman delivered a normal term infant following treatment for choriocarcinoma
with nine courses of etoposide (100 mg/m2/day), cisplatin, dactinomycin, and
intrathecal methotrexate 2 years prior to conception (9). Pregnancies occurred,
about 6–7 years after treatment, in 3 women from a group of 128 who had
been previously treated with high-dose chemotherapy for refractory or relapsed
Hodgkin’s disease (10). The current chemotherapy regimen consisted of
etoposide (600–900 mg/m2), cyclophosphamide, and carmustine, followed by
either autologous bone marrow or peripheral progenitor cell transplantation.
One of the women conceived after receiving a donated ovum and delivered a
healthy child. A second one became pregnant with twins after receiving
ovulatory stimulating agents, but aborted both at 5 1/2 months’ gestation. The
third woman spontaneously conceived and delivered a healthy child.

Two women had normal pregnancies and babies after treatment with high-
dose chemotherapy for relapsed Hodgkin’s disease and non-Hodgkin’s
lymphoma, respectively (11). The first patient was treated with etoposide
(800 mg/m2), carmustine, and melphalan, followed by autologous stem cell
transplantation (ASCT). She conceived 19 months after completion of
treatment. The second woman received etoposide (1000 mg/m2),
cyclophosphamide, and carmustine, followed by ASCT. She became pregnant



33 months later.
Of 33 women (>18 years old) treated with multiple courses of chemotherapy

for ovarian germ cell tumors and fertility conserving surgery, 14 (42%) had
successful pregnancies (12). No congenital abnormalities in their offspring were
observed. The chemotherapy consisted of etoposide (100 mg/m2 × 3
days/course), bleomycin, cisplatin, cyclophosphamide, dactinomycin,
methotrexate, vincristine, and folinic acid.

A 1993 report described return of ovulation in 25 women under 40 years of
age from a group of 34 patients treated with etoposide for gestational
trophoblastic disease (13). Nine apparently healthy infants were delivered from
the group. In another study, 12 women with methotrexate-resistant gestational
trophoblastic disease were treated with etoposide (100 mg/m2/day × 5 days
every 10 days) (14). Two of the women had successful pregnancies, 3 and 4
years, respectively, after treatment.

Etoposide (200 mg/m2/day × 5 days) was successfully used to treat a
cervical pregnancy in one woman (15). Her baseline menstrual function returned
60 days after completion of therapy, but it was not stated if she attempted to
conceive. A man, who had received etoposide for acute nonlymphoblastic
leukemia in a cumulative dose of 3193 mg/m2, fathered two children, one of
whom had a unspecified birthmark (16). There is no evidence that the
treatment, that also included irradiation to the brain and lumbar spine,
vincristine, thioguanine, doxorubicin, cyclophosphamide, and cytarabine,
resulted in the birth defect.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
Etoposide is excreted into breast milk (17). After delivery of a healthy, 2960-g
female at 34 weeks’ gestation, a 28-year-old woman with acute promyelocytic
leukemia in remission (see Mitoxantrone for details of treatment during
gestation) was treated with a second consolidation course of cytarabine and
mitoxantrone followed by a third consolidation course consisting of etoposide
(80 mg/m2, days 1–5), mitoxantrone (6 mg/m2, days 1–3), and cytarabine (170
mg/m2, days 1–5). She maintained milk secretion by pumping her breasts



during the chemotherapy courses. The peak milk concentrations of etoposide
measured on days 3, 4, and 5 of therapy were approximately (exact
concentrations or times of sample collections were not specified) 0.6, 0.6, and
0.8 mcg/mL, respectively. Milk concentrations of etoposide were undetectable
within 24 hours of drug administration on each day. The rapid disappearance of
etoposide from the milk is compatible with the lack of plasma accumulation and
an elimination half-life of 4–11 hours in adults (1). Against medical advice, the
mother began breastfeeding 21 days after drug administration (see
Mitoxantrone).

Because of the potential for severe toxicity in a nursing infant, such as bone
marrow depression, alopecia, and carcinogenicity, breastfeeding should be
stopped for at least 55 hours after the last dose of etoposide to account for the
elimination half-life range noted above. However, if other antineoplastic agents
have also been administered, breastfeeding should be withheld until all of the
agents have been eliminated from the mother’s system.
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ETRAVIRINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit
>>Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

There is limited human pregnancy experience with etravirine. No structural
defects have been reported. The animal data suggest low risk. If indicated,
the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Etravirine is a specific, non-nucleoside reverse transcriptase inhibitor (NNRTI).
It is in the same antiviral class as delavirdine, efavirenz, and nevirapine.
Etravirine is indicated, in combination with other antiretroviral agents, for the
treatment of HIV-1 infection in antiretroviral treatment–experienced adult
patients who have evidence of viral replication and HIV-1 strains resistant to an
NNRTI and other antiretroviral agents. The drug is metabolized by the liver to
metabolites that are at least 90% less active than etravirine. Plasma protein
binding of etravirine is 99.6% to albumin and about the same to alpha 1-acid
glycoprotein. The elimination half-life is prolonged (41 ± 20 hours) (1).

Animal reproduction studies have been conducted in rats and rabbits. In
pregnant rats and rabbits, no evidence of fetal harm was observed at
exposures equivalent to the exposure from the recommended human dose of
400 mg/day (1).

Etravirine crosses the human placenta at 34 weeks (2). The etravirine
umbilical cord blood concentrations in twins from a mother taking 200 mg twice
daily were 577 and 1020 ng/mL. The presence of the drug in fetal blood is
consistent with the molecular weight (about 435), prolonged elimination half-life,
and lipid solubility.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester



to one or more antiretroviral agents (3). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 18 outcomes exposed to etravirine (9 in
the 1st trimester and 9 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were no birth defects. In reviewing the birth defects
of prospective and retrospective (pregnancies reported after the outcomes
were known) registered cases, the Registry concluded that, except for isolated
cases of neural tube defects with efavirenz exposure, there was no other
pattern of anomalies (isolated or syndromic). (See Lamivudine for required
statement.)

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive the therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate (4,5). The same conclusion was reached in a 2003
review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (6). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in patients infected with HIV-1 continued the
recommendation that therapy, with the exception of efavirenz, should be
continued during pregnancy (7). If indicated, etravirine should not be withheld in
pregnancy because the expected benefit to the HIV-positive mother outweighs
the unknown risk to the fetus. Updated guidelines for the use of antiretroviral
drugs to reduce perinatal HIV-1 transmission also were released in 2010 (8).
Women receiving antiretroviral therapy during pregnancy should continue the
therapy but, regardless of the regimen, zidovudine administration is
recommended during the intrapartum period to prevent vertical transmission of
HIV to the newborn (8). Health care professionals are encouraged to register
patients exposed to etravirine during pregnancy in the Antiviral Pregnancy
Registry by calling 1-800-258-4263.

BREASTFEEDING SUMMARY
No reports describing the use of etravirine during lactation have been located.
The molecular weight (about 435), long elimination half-life (41 ± 20 hours), and



lipid solubility suggest that the drug will be excreted into breast milk. However,
the high (up to 99.6%) protein binding might limit the amount of exposure. The
effect of exposure on a nursing infant is unknown.

Reports on the use of etravirine during human lactation are unlikely, however,
because the antiviral agent is used in the treatment of HIV-1 infection. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (4,5,7,9–11). In developing countries, breastfeeding is
undertaken, despite the risk because no affordable milk substitutes are
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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ETRETINATE
Vitamin
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Etretinate, an orally active synthetic retinoid and vitamin A derivative, is
used for the treatment of severe recalcitrant psoriasis. It is contraindicated
in pregnant women and in those likely to become pregnant. Following oral
administration, etretinate is stored in subcutaneous fat and is slowly
released over a prolonged interval (1,2). In some patients after chronic
therapy, detectable serum drug levels may occur up to 2.9 years after
treatment has been stopped (2,3). Due to this variable excretion pattern,
the exact length of time to avoid pregnancy after discontinuing treatment is
unknown (2,3).

FETAL RISK SUMMARY
As with other retinoids (see also Isotretinoin and Vitamin A), etretinate is a
potent animal teratogen (4). Data accumulated since release of this drug now
indicate that it must be considered a human teratogen as well (1–3,5,6).

As of June 1986, a total of 51 pregnancies had occurred during treatment
with etretinate (1,7,8). Of these pregnancies, 23 were still ongoing at the time
of the reports and were unable to be evaluated (1). In the remaining 28 cases,
17 resulted in normal infants and 3 were normal fetuses after induced abortion.
Skeletal anomalies were evident in eight cases: three liveborns, one stillbirth at
5 months, and four induced abortions. In addition, marked cerebral
abnormalities, including meningomyeloceles, were observed in the stillborn and
in three of the aborted fetuses.

A 1988 correspondence listed 22 documented etretinate exposures during
pregnancy in West Germany as of September 1988 (9). The outcomes of
these pregnancies were six induced abortions (no anomalies observed), four
spontaneous abortions (no anomalies observed), six normal infants, and six



infants with malformations (9).
Fifty-three pregnancies are known to have occurred following discontinuance

of etretinate therapy (1,10). Malformations were observed in a fetus and an
infant among the 38 pregnancies with known outcomes. In one case, a 22-
year-old woman, treated intermittently over 5 years, became pregnant 4
months after etretinate therapy had been stopped (1,11,12). Serum
concentrations of etretinate and the metabolite, etretin, were 7 and 8 ng/mL,
respectively, during the 8th week of gestation (6 months after the last dose).
Following induced abortion at 10 weeks’ gestation, the fetus was found to have
unilateral skeletal defects of the lower limb consisting of a rudimentary left leg
with one toe, missing tibia and fibula, and a hypoplastic femur (11,12).
Evaluation of the face, skull, and brain was not possible. The defect was
attributed to etretinate.

The second case also involved a 22-year-old woman who conceived 51
weeks after her last dose of etretinate (10). Other than the use of
metoclopramide at 8 weeks’ gestation for nausea and vomiting, no other drug
history was mentioned. A growth-restricted (2850 g, 46 cm long, 3rd
percentile) female infant was delivered by cesarean section at 38 weeks’
gestation. Multiple congenital anomalies were noted involving the central
nervous system, head, face, and heart, which included tetralogy of Fallot,
microcephaly, hair whorls, small mandible, asymmetrical nares, protruding ears
with malformed antihelices, absent lobules, and enlarged, keyhole-shaped
entrances to the external ear canals, strabismus, left peripheral facial nerve
paresis, and poor head control. Etretinate was detected in the mother’s serum
3.5 months after delivery, but the concentration was below the test’s lower limit
of accuracy (2 ng/mL). No etretinate was detected in the infant’s serum.
Etretinate was considered responsible for the defects based partially on the
presence of the drug in the mother’s serum, and the fact that the pattern of
malformation was identical to that observed with isotretinoin, another synthetic
retinoid. The author also concluded that women treated with etretinate should
avoid conception indefinitely (10).

Some of the defects noted in the above infant are also components of the
CHARGE (coloboma, heart defects, choanal atresia, retardation, genital [males
only], and ear anomalies) association (13), but in a response, the author of the
case immediately above noted that such a relationship does not exclude
etretinate as the etiology of the defects (14). Others have questioned whether
an indefinite recommendation to avoid pregnancy is practical or necessary
(15,16). In West Germany, 2 years of conception avoidance are recommended



followed by determination of serum levels of etretinate and its metabolites (16).
In six women treated with etretinate from 4 to 78 months, plasma
concentrations of the drug were detected after 12 months in three patients (4,
8, and 8 ng/mL) and after 18 months in one patient (10 ng/mL) (16). Two
women had no measurable etretinate 12 and 14 months after stopping therapy.
The metabolites, acitretin and cis-acitretin, were detectable in two women (at 8
and 18 months) and five women (at 8–18 months).

The range of malformations, as listed by the manufacturer, includes
meningomyelocele, meningoencephalocele, multiple synostoses, facial
dysmorphia, syndactylies, absence of terminal phalanges, malformations of hip,
ankle and forearm, low-set ears, high palate, decreased cranial volume, and
alterations of the skull and cervical vertebrae (2).

Pronounced jaundice with elevations of the transaminase enzymes, glutamic-
oxaloacetic transaminase and glutamic-pyruvic transaminase, was observed in
an otherwise normal male newborn following in utero exposure to etretinate
(17). The cause of the liver pathology was unknown. No other abnormalities
were observed, and the infant was normal at 5 months of age.

One source has suggested that male patients treated with etretinate should
avoid fathering children during treatment; if this does occur, ultrasound of the
fetus is indicated (18). Although there is no evidence that etretinate adversely
affects sperm, and even if it did, that this could result in birth defects, the
authors defended their comment as practicing “defensive” medicine (19, 20).

BREASTFEEDING SUMMARY
It is not known if etretinate is excreted into human milk (2). The closely related
retinoid, vitamin A, is excreted (see Vitamin A) and the presence of etretinate in
breast milk should be expected. The manufacturer considers use of the drug
during lactation to be contraindicated due to the potential for adverse effects
(2).
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EVANS BLUE
Dye (Diagnostic)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of Evans blue with congenital defects have been
located.

FETAL RISK SUMMARY
Evans blue is teratogenic in some animal species (1). The dye has been
injected intra-amniotically for diagnosis of ruptured membranes without
apparent effect on the fetus except for temporary staining of the skin (2,3). The
use of Evans blue during pregnancy for plasma volume determinations has
been routine (4–8). No toxicity in the fetus or newborn have been attributed to
this use.

BREASTFEEDING SUMMARY
No reports describing the use of Evans blue during lactation have been located.
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EVENING PRIMROSE OIL
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible (Labor Induction)
No Human Data—No Relevant Animal Data (Before Term)
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although there are limited published data, the use of evening primrose oil
(EPO) for labor induction is apparently common among nurse-midwives. No
adverse effects have been reported in the fetus or newborn. The embryo–
fetal risk for other purposes or during other portions of pregnancy is
unknown. One source recommended avoiding its use in pregnancy (1).

FETAL RISK SUMMARY
The seeds of evening primrose, a large plant native to North America, contain
14% of oil. It is grown commercially. The oil from the commercial variety of
evening primrose contains the fatty acids cis-linoleic acid and gamma-linolenic
acid in concentrations of 72% and 9%, respectively. Essential fatty acids are
involved in cellular structural elements and as precursors of prostaglandins.
Reported uses of EPO in nonpregnant patients include rheumatoid arthritis and
diabetic neuropathy. The typical dose used in clinical trials with nonpregnant
patients is 6–8 g/day in adults and 2–4 g/day in children (2).

Based on a national survey of nurse-midwifery education programs, EPO
was the most frequently mentioned herbal preparation for the induction of labor
(3). Twenty-three (64%) of 36 respondents stated that they discussed the use
of EPO with their students. The doses prescribed varied widely and included
both oral and vaginal doses (3).

A 1999 study examined the effect of EPO on the length of pregnancy (4).
Oral doses of EPO from the 37th gestational week until birth did not shorten
pregnancy or decrease the overall length of labor, but was associated with an
increase in prolonged rupture of membranes, oxytocin augmentation, arrest of



descent, and vacuum extraction.
A 2003 review examined the pregnancy outcomes when herbal therapies

were used (5). It concluded that EPO was safe for labor induction.
A 2006 randomized, double-blind, placebo controlled trial compared the

effects of EPO and placebo on the Bishop score and cervical length in 71
women at term (6). One capsule of EPO (strength not specified) given three
times daily for 1 week significantly improved the Bishop score and reduced
cervical length compared with placebo. Significantly fewer subjects required
cesarean sections compared with placebo. No adverse effects of EPO were
observed in fetuses monitored by the biophysical profile and nonstress tests or
in the birth weights of newborns (6).

BREASTFEEDING SUMMARY
Fatty acids, such as cis-linoleic and gamma-linolenic, are natural constituents of
breast milk (2). In a placebo-controlled trial, 18 subjects were given a total
daily dose of 2800-mg linoleic acid and 320 mg of gamma-linoleic acid,
whereas 18 controls received placebos (7). The study was conducted for
8 months starting between the 2nd and 6th month of lactation. Not surprisingly,
subjects had significantly higher milk concentrations of the fatty acids at the end
of the study, whereas controls had decreased levels. No adverse effects were
reported in the mothers or infants (7).
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EVEROLIMUS
Antineoplastic (mTOR Inhibitor)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Only two reports describing the use of everolimus in human pregnancy
have been located and, in both cases, normal infant outcomes occurred.
Severe embryo toxicities, in the absence of maternal toxicity, were
observed in one animal species at exposures much lower than those
occurring in humans taking the recommended dose. The limited human
pregnancy experience prevents a full assessment of the embryo–fetal risk.
The manufacturer advices women of childbearing potential to use an
effective method of contraception during treatment and for up 8 weeks
after ending treatment (1). If a woman becomes pregnant while receiving
everolimus, she should be advised of the potential for embryo–fetal harm.

FETAL RISK SUMMARY
Everolimus is a mTOR inhibitor (mammalian target of rapamycin) that is
available as oral tablets. It is indicated for the treatment of various cancers and
for prophylaxis of organ rejection in kidney and liver transplantation. The other
agent in this subclass is temsirolimus. After oral absorption, everolimus is
metabolized to relatively inactive metabolites. Plasma protein binding is about
74% and the mean elimination half-life is about 30 hours (1, 2). Everolimus is a
derivative of sirolimus (see Sirolimus) (3). Reproduction studies have been
conducted in rats and rabbits. Oral doses given to rats before mating and
through organogenesis resulted in increased resorptions, preimplantation and
postimplantation loss decreased number of live fetuses, malformation (e.g.,
sternal cleft), and retarded skeletal development. The embryo–fetal toxicities
occurred at about 4% of the exposure (AUC) in patients receiving the
recommended human dose (RHD) of 10 mg/day and in the absence of maternal
toxicity. In a prenatal and postnatal study with rats, no adverse effects on



delivery or lactation or maternal toxicity were noted at a dose that was about
10% of the RHD based on BSA. However, this dose was associated with a
slight reduction in pup body weight and survival, but no drug-related effects on
offspring development were observed. In rabbits, embryotoxicity as evident as
an increase in resorptions occurred at a dose that was about 1.6 times the
RHD based on BSA. However, maternal toxicity also was evident (1).

Two-year studies for carcinogenicity in mice and rats were negative, as were
multiple assays for genotoxic and mutagenic effects. Everolimus caused
infertility in male rats that was partially reversible when the drug exposure was
stopped. In female rats, the increases in preimplantation loss suggested that
the drug may reduce female fertility (1).

It is not known if everolimus crosses the human placenta. The molecular
weight (about 958), moderate plasma protein binding, and long elimination half-
life suggest that the drug will cross to the embryo–fetus.

In a 2011 case report, a woman with a kidney transplant conceived while
receiving everolimus (4). The pregnancy was discovered at 12 weeks’
gestation. Because of worsening renal function, proteinuria, and severe
hypertension during week 30, a cesarean section was performed to deliver a
1.280-kg healthy female infant with an Apgar score of 10. No congenital
anomalies were noted. The infant had normal growth without detectable
disorders at 12 months of age (4).

A 2012 case report described the pregnancy outcome of a woman who had
received a kidney transplant 4 years before conceiving (5). The woman
received everolimus, cyclosporine, and corticosteroids throughout pregnancy.
At term, she gave birth to a healthy, 3.020-kg infant with an initial Apgar score
of 9. The child was in good health at 3 years of age (5).

BREASTFEEDING SUMMARY
No reports describing the use of everolimus during human lactation have been
located. The molecular weight (about 958), moderate (about 74%) plasma
protein binding, and long (about 30 hours) elimination half-life suggest that the
drug will be excreted into breast milk. Based on animal data, the concentration
in milk may exceed the maternal plasma concentration. The effect of this
exposure on a nursing infant is unknown. However, marked toxicity has been
observed in adults, such as gastrointestinal disorders (stomatitis, diarrhea,
nausea, vomiting), infections, anorexia, respiratory (cough, dyspnea, epistaxis,
pneumonitis), skin and subcutaneous disorders, headache, and other toxicities.
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EXEMESTANE
Antineoplastic (Hormone)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of exemestane in human pregnancy have
been located. The animal data suggest moderate risk. The antineoplastic is
indicated for postmenopausal women with breast cancer who have been
treated with tamoxifen for 2–3 years. The drug prevents the conversion of
androgens to estrogen. Because estrogen is required to maintain
pregnancy, exemestane is contraindicated in pregnancy.

FETAL RISK SUMMARY
Exemestane is an oral steroidal aromatase inactivator that binds irreversibly to
the enzyme, thus preventing conversion of androgens to estrogen both in pre-
and postmenopausal women. It is indicated for adjuvant treatment of
postmenopausal women with estrogen-receptor positive early breast cancer
who have received 2–3 years of tamoxifen and are changed to exemestane for
completion of a total of 5 consecutive years of adjuvant hormonal therapy. The
drug is extensively metabolized in inactive or minimally active compounds.
Plasma protein binding to albumin and α1-acid glycoprotein is 90%. The mean
terminal half-life is about 24 hours (1).

Reproduction studies have been conducted in rats and rabbits. When rats
were given a daily dose that was about 1.5 times the recommended human
daily dose based on BSA (RHDD) from 14 days before mating to day 15 or 20
of gestation, an increase in placental weight was observed. At doses about ≥8
times the RHDD, prolonged gestation, abnormal or difficult labor, increased
resorption, reduced number of live fetuses, decreased fetal weight, and
retarded ossification were observed. No malformations were observed with
doses that were about 320 times the RHDD. Exemestane and its metabolites
crossed the rat placenta at doses about equal to the RHDD resulting in
approximately equal concentrations in maternal and fetal blood. In rabbits, daily



doses given during organogenesis that were about 70 times the RHDD caused
a decrease in placental weight. At about 210 times the RHDD, abortions, an
increase in resorptions, and a decrease in fetal body weight occurred but no
increase in malformations occurred (1,2).

A 2-year carcinogenicity study in mice resulted in an increased incidence of
hepatocellular adenomas and/or carcinomas in both males and females, and an
increased incidence of renal tubular adenomas in males. The doses used in
male and female mice produced plasma AUC levels that were 34 and 75 times
the AUC in postmenopausal patients at the recommended clinical dose. No
evidence of carcinogenicity was observed in a separate study with rats. The
drug was not mutagenic in two assays and was not clastogenic in an in vivo
assay. In fertility studies, untreated female rats showed reduced fertility when
mated with male rats given doses of exemestane that were ≥200 times the
RHDD (1,2).

It is not known if exemestane or its metabolites cross the human placenta.
The molecular weight (about 296) and long elimination half-life suggest that
exposure of the embryo and/or fetus to the parent drug and metabolites will
occur.

BREASTFEEDING SUMMARY
No reports describing the use exemestane during human lactation have been
located. The molecular weight (about 296) and long elimination half-life (about
24 hours) suggest that the drug will be excreted into breast milk. The effect of
this exposure on a nursing infant is unknown. However, because the drug
prevents conversion of androgens to estrogen, breastfeeding is contraindicated
if the woman is receiving exemestane.
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EXENATIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of exenatide in human pregnancy have been
located. The developmental toxicity (structural anomalies, neonatal death)
that was observed in one animal species suggests moderate risk.
However, the absence of any human pregnancy experience prevents a
more-complete assessment of the embryo–fetal risk. Until such data are
available, the best course is to avoid exenatide in pregnancy.

FETAL RISK SUMMARY
Exenatide (also known as exendin-4) enhances glucose-dependent insulin
secretion from pancreatic beta cells, suppresses inappropriately elevated
glucagon secretion, and slows gastric emptying (1). It is a 39-amino acid
peptide amide that is administered SC. Exenatide is indicated as adjunctive
therapy to improve glycemic control in patients with type 2 diabetes mellitus
who are taking metformin, a sulfonylurea, or a combination of these agents but
have not achieved adequate glycemic control. It is eliminated primarily by
glomerular filtration with subsequent proteolytic degradation. The mean
elimination half-life is 2.4 hours (1).

Reproduction studies with exenatide have been conducted in mice and
rabbits. No evidence of fetal harm was observed in mice given SC doses
producing systemic exposures up to 390 times the exposure from the maximum
recommended human dose based on AUC (MRHD) before and during mating,
and through day 7 of gestation. During organogenesis (days 6 through 15),
reduced fetal and neonatal growth, cleft palates (some with holes), and
irregular skeletal ossification of rib and skull bones were observed at SC doses
producing systemic exposures three times the MRHD. An increase in neonatal



deaths was noted on postpartum days 2–4 with an SC dose producing a
systemic exposure three times the MRHD from day 6 through lactation day 20
(weaning) (1).

In pregnant rabbits, irregular skeletal ossifications were observed with an SC
dose producing a systemic exposure 12 times the MRHD during organogenesis
(days 6 through 18) (1).

No evidence of carcinogenicity was observed in mice given SC doses
resulting in systemic exposures up to 95 times the MRHD over a 2-year period.
In a 2-year study in female rats, however, a dose-related increase in benign
thyroid C-cell adenomas was observed with systemic exposures that were 5–
130 times the MRHD. Exenatide was not mutagenic or clastogenic in various
assays and did not impair fertility in mice in a 4-week study with an exposure
390 times the MRHD (1).

A 2003 ex vivo study using single human cotyledons from healthy term
placentas investigated whether exenatide crossed the placenta (2). Consistent
with the drug’s high molecular weight (about 4187) and the short elimination
half-life, the fetal:maternal ratio was ≤0.017. Although these results might not
be reproducible throughout gestation, it is likely that embryo and/or fetal
exposure to exenatide is negligible.

BREASTFEEDING SUMMARY
No reports describing the use of exenatide during human lactation have been
located. The high molecular weight (about 4187) and short elimination half-life
(2.4 hours) suggest that clinically insignificant amounts will be excreted into
breast milk. What little is excreted will probably be digested in the stomach of
the nursing infant. Therefore, although the effect of the exposure on a nursing
infant is unknown, the risk appears to be negligible. Nevertheless, blood
glucose monitoring of the infant should be considered.
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EZETIMIBE
Antilipemic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ezetimibe in human pregnancy have been
located. Although the animal data suggest low risk, the lack of human
pregnancy experience prevents an assessment of the risk this agent
presents to the embryo and fetus. Generally, discontinuing treatment of
hypercholesterolemia during pregnancy is not thought to put the mother at
risk. If treatment during pregnancy is mandated, ezetimibe appears to be a
better choice than treatment with HMG-CoA reductase inhibitors (i.e.,
“statins” are contraindicated) or the fibric acid derivative fenofibrate.

FETAL RISK SUMMARY
Ezetimibe selectively inhibits the intestinal absorption of cholesterol and related
phytosterols. It is indicated, either alone or in combination with HMG-CoA
reductase inhibitors, as adjunctive therapy to diet for the reduction of
cholesterol and triglycerides in patients with primary hypercholesterolemia.
Ezetimibe is extensively metabolized in the small intestine and liver and both the
parent compound and the metabolite are pharmacologically active. In addition,
both are highly bound (>90%) to plasma proteins and have an elimination half-
life of about 22 hours (1,2).

Reproduction studies have been conducted in rats and rabbits. In rats, there
was no evidence of impaired fertility or embryolethal effects at doses up to
about 10 times the human exposure at 10 mg/day based on AUC for total
ezetimibe (HD). At the highest dose, increased incidences of skeletal
abnormalities (extra pair of thoracic ribs, unossified cervical vertebral centra,
and shortened ribs) were noted. In rabbits, doses up to about 150 times the
HD did not cause embryolethal effects, but an increased incidence of extra



thoracic ribs was observed (1,2).
No evidence of carcinogenicity was observed in mice and rats administered

high doses over a 2-year period. There was also no evidence of mutagenic,
clastogenic, or genotoxic effects with various other assays (1,2).

It is not known if ezetimibe or its active metabolite crosses the human
placenta. The parent compound does cross the rat and rabbit placentas (1,2).
The molecular weight (about 409 for the parent compound) and prolonged
elimination half-life suggest that passage to the human embryo and/or fetus will
occur, but the high plasma protein binding should limit the transfer.

BREASTFEEDING SUMMARY
No reports describing the use of ezetimibe during human lactation have been
located. The molecular weight (about 409 for the parent compound) and the
prolonged elimination half-life (about 22 hours) for both ezetimibe and its active
metabolite suggest that the drug and/or its metabolite will be excreted into
breast milk. However, the high plasma protein binding (>90%) should limit the
amount excreted. The effect on a nursing infant from this exposure is unknown.
If ezetimibe is taken during lactation, the nursing infant should be closely
observed for adverse effects that are commonly seen in adults (e.g.,
headache, diarrhea, pharyngitis, sinusitis, arthralgia).
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EZOGABINE
Anticonvulsant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ezogabine in human pregnancy have been
located. The animal data in two species suggest risk but the absence of
human pregnancy experience prevents a better assessment. If a woman
becomes pregnant while taking the drug or is prescribed the drug during
pregnancy, she should be advised of the absence of human data and the
potential risk to her embryo and/or fetus. Pregnant women taking
ezogabine are encouraged to enroll in the North American Antiepileptic
Drug Pregnancy Registry by calling the toll-free number 1-800-233-2334.

FETAL RISK SUMMARY
Ezogabine is a potassium channel opener that is available as oral tablets. It is
indicated as adjunctive treatment of partial-onset seizures in patients aged 18
years and older. Ezogabine is metabolized to an N-acetyl metabolite (NAMR)
that has antiepileptic activity but less than the parent drug, as well as inactive
metabolites. Plasma protein binding of ezogabine and NAMR are about 80%
and 45%, respectively, whereas the elimination half-lives are 7–11 hours for
both molecules (1).

Reproductive studies have been conducted in rats and rabbits. In rats given
ezogabine during organogenesis, fetal skeletal variations were observed. When
the drug was given throughout pregnancy and lactation, increased prenatal and
postnatal mortality, decreased body weight gain, and delayed reflex
development in the offspring were observed. The no-effect dose for embryo–
fetal toxicity in both of these periods produced maternal plasma exposures
(AUC) of ezogabine and NAMR that were less than those in humans at the
maximum recommended human dose (MRHD). In rabbits, exposure throughout



organogenesis resulted in decreased fetal body weights and increased
incidences of fetal skeletal variations. The no-effect dose for embryo–fetal
toxicity was associated with plasma levels of ezogabine and NAMR that were
less than those in humans at the MRHD. In both rats and rabbits, the maximum
doses evaluated were by maternal toxicity (acute neurotoxicity) (1).

In a 1-year study, a dose-related increased in the frequency of lung
neoplasms was noted in male mice. No evidence of carcinogenicity was
observed in a 2-year study in rats. In studies for mutagenicity with ezogabine,
three assays were negative and one was positive. For assays with NAMR, one
was negative and one was positive. In male and female rats, ezogabine had no
effect on fertility, reproductive performance, or early embryonic development at
doses producing a plasma ezogabine exposure (AUC) less than that in humans
at the MRHD (1).

It is not known if ezogabine or its active metabolite NAMR crosses the
placenta. The molecular weight of ezogabine (about 303), and the moderate
plasma protein binding and long elimination half-lives of the parent drug and
active metabolite suggest that both will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ezogabine during human lactation have been
located. The molecular weight of ezogabine (about 303) and the moderate
plasma protein binding (80% for ezogabine; 45% for the active metabolite
[NAMR]) and long elimination half-lives (7–11 hours for both) suggest that
ezogabine and NAMR will be excreted into breast milk. Although the systemic
absorption in infants is unknown, the parent drug is well absorbed in adults. The
drug is best avoided during breastfeeding because of the concern for clinically
significant toxicity in a nursing infant.
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FACTOR XIII CONCENTRATE (HUMAN)
Hematologic Agent (Antihemophilic)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Factor XIII concentrate (human) (FXIII) is a necessary therapy for patients
with congenital deficiency of FXIII. In women without such therapy, severe
bleeding will occur, as well as abortions if they become pregnant.

FETAL RISK SUMMARY
FXIII is a heat-treated, lyophilized coagulation factor XIII concentrate made
from pooled human plasma. It is an endogenous plasma glycoprotein consisting
of two A-subunits and two B-subunits that circulates in blood and is present in
platelets, monocytes, and macrophages. FXIII is indicated for routine IV
prophylactic treatment of congenital FXIII deficiency. The effectiveness of the
product is based on maintaining a trough FXIII activity of about 5%–20%. The
half-life of FXIII is about 6.6 days (1).

Reproduction studies in animal have not been conducted.
Congenital FXIII deficiency is associated with severe bleeding, impaired

wound healing and, in pregnancy, a high risk of spontaneous abortions (2–4).
Several sources have described the use of FXIII throughout pregnancy to
prevent these complications (5–11). Because FXIII is an endogenous
substance, no adverse effects were expected or reported in the offspring of
exposed pregnancies.

BREASTFEEDING SUMMARY
No reports describing the use of FXIII during human lactation have been



located. However, congenital FXIII deficiency is a life-threatening disorder.
FXIII is an endogenous glycoprotein and excretion into breast milk should not
occur. However, even if small amounts were excreted during the colostral
phase, it should be digested in the infant’s gut and have no effect on a nursing
infant. Consequently, if a mother with this condition chooses to breastfeed her
infant, FXIII should not be withheld.
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FAMCICLOVIR
Antiviral
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The limited human pregnancy experience and the animal reproductive data
suggest that the risk for the embryo–fetus is low. The manufacturer
(Novartis Pharmaceuticals) maintains a pregnancy registry to monitor the
maternal–fetal outcomes of women exposed to famciclovir during
pregnancy (1). Patients can be registered by calling (888) 669-6682.

FETAL RISK SUMMARY
Famciclovir is a prodrug administered orally for the treatment of infections
involving herpes simplex virus types 1 and 2, or varicella zoster virus. After
administration, the drug undergoes rapid biotransformation to penciclovir, the
active antiviral compound. Specific indications are the treatment of recurrent
episodes of genital herpes and the management of acute herpes zoster
(shingles) (1).

Carcinogenic, but not embryotoxic or teratogenic, effects were observed in
animal studies with famciclovir. A significant increase in the incidence of
mammary adenocarcinoma was seen in female rats administered famciclovir
600 mg/kg/day, 1.5–9.0 times the levels achieved with the recommended
human doses based on AUC comparisons for penciclovir. At this dose in female
rats and at doses ≤2.4 times the human dose (AUC comparison) in male mice,
marginal increases in the incidence of SC tissue fibrosarcomas and squamous
cell carcinomas of the skin were observed. The tumors, however, were not
observed in male rats and female mice. The reason for these gender
differences is apparently unknown (1).

Both famciclovir and the active metabolite, penciclovir, were tested for
teratogenicity in pregnant rats and rabbits. Based on the penciclovir levels



achieved with the recommended human doses (AUC comparison), oral doses
of famciclovir 2.7–10.8 times (rats) and 1.4–5.4 times (rabbits) those
concentrations had no effect on embryo and fetal development. IV famciclovir
also had no effect on embryo and fetal development in either the rat or the
rabbit at doses up to 1.5–6 and 1.1–4.5 times, respectively, the human dose,
based on BSA (HD). A similar lack of toxicity was observed with IV penciclovir
at doses in pregnant rats and rabbits 0.3–1.3 and 0.5–2.1 times, respectively,
the HD (1).

It is not known whether famciclovir or its active metabolite, penciclovir,
crosses the placenta to the fetus. Because of the molecular weight of
famciclovir (about 321), passage to the fetus should be expected.

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (2). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. Of 1067 exposed pregnancies, famciclovir was
taken during the 1st trimester in 7 pregnancies. The outcomes of these
pregnancies included one ectopic pregnancy; two missed abortions; and four
normal, full-term infants.

A 2010 review on the safety of famciclovir in all types of patients stated that
the drug should be avoided in pregnant and lactating women because of the
lack of data (3).

BREASTFEEDING SUMMARY
No studies describing the use of famciclovir during breastfeeding have been
located. The drug is probably excreted into human milk and there is a potential
for toxicity. Until human data are available, women taking famciclovir should not
breastfeed (3).
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FAMOTIDINE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproductive data suggest low risk, but the human pregnancy
experience is limited. Nevertheless, there is no evidence that histamine H2-
receptor antagonists pose a clinically significant risk to the embryo or fetus.
A study showing an association between in utero exposure to gastric acid
suppressors and childhood allergy and asthma requires confirmation.

FETAL RISK SUMMARY
Famotidine, a reversible competitive inhibitor of histamine H2-receptors (H2
blockers), is more potent than either cimetidine or ranitidine. It is indicated for
the treatment of gastric and duodenal ulcers, in the treatment of
gastroesophageal reflux disease (GERD), and in the therapy of pathologic
hypersecretory conditions, such as Zollinger-Ellison syndrome. The drug
undergoes minimal first-pass metabolism. Plasma protein binding is low (15%–
20%) and the elimination half-life is 2.5–3.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. No significant
evidence of impaired fertility or harm to the fetus at oral doses up to 2000 and
500 mg/kg/day (comparison to the human dose not stated), respectively, or IV
doses up to 200 mg/kg/day in both species were observed. Sporadic abortions
were observed in rabbits given maternal toxic (decreased food intake) oral
doses that were 250 times the usual human dose (1). In published studies in
rats and rabbits, using oral doses ≤2000 mg/kg/day and IV doses of 100–200
mg/kg/day, found no evidence of impaired fertility, fetotoxic effects,
teratogenicity, or changes in postnatal behavior attributable to famotidine (2,3).

Famotidine is known to cross the term human placenta based on in vitro
studies (4). This is consistent with the molecular weight (about 337), low
plasma protein binding, and the elimination half-life.



In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 33 newborns had
been exposed to famotidine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (6.1%) major birth defects were observed
(one expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available. The number
of exposures is too small to draw any conclusions.

A 1996 prospective cohort study compared the pregnancy outcomes of 178
women who were exposed during pregnancy to H2 blockers with 178 controls
matched for maternal age, smoking, and heavy alcohol consumption (5). All of
the women had contacted a teratology information service concerning
gestational exposure to H2 blockers (subjects) or nonteratogenic or
nonfetotoxic agents (controls). Among subjects (mean daily dose in
parentheses), 71% took ranitidine (258 mg), 16% cimetidine (487 mg), 8%
famotidine (32 mg), and 5% nizatidine (283 mg). There were no significant
differences between the outcomes of subjects and controls in terms of live
births, spontaneous abortions (SABs) and elective abortions (EABs),
gestational age at birth, delivery method, birth weight, infants small for
gestational age, or major malformations. Among subjects, there were 3 birth
defects (2.1%) among the 142 exposed to H2 blockers in the 1st trimester: one
each of atrial septal defect, ventricular septal defect, and tetralogy of Fallot.
There were 5 birth defects (3.0%) among the 165 exposed anytime during
pregnancy. For controls, the rates of defects were 3.5% (1st trimester) and
3.1% (anytime). There were also no differences between the groups in
neonatal health problems and developmental milestones, but two children (one
subject and one control) were diagnosed as developmentally delayed. The
investigators concluded that 1st trimester exposure to H2 blockers did not
represent a major teratogenic risk (5).

Data from the Swedish Medical Birth Registry were presented in 1998 (6). A
total of 553 infants (6 sets of twins) were delivered from 547 women who had
used acid-suppressing drugs early in pregnancy. Famotidine was the only acid-
suppressing drug exposure in 58 infants. Three other offspring were exposed in
utero to famotidine combined either with cimetidine (one infant) or with
ranitidine (two infants). The odds ratio (OR) for malformations after H2
blockers was 0.86, 95% confidence interval (CI) 0.33–2.23. Of the 19 infants
with birth defects, 9 had been exposed to H2 blockers, 1 of whom had also
been exposed to omeprazole. No birth defects were observed in those exposed



to famotidine (see Omeprazole for additional details of this study) (6).
A population-based observational cohort study formed by linking data from

three Swedish national healthcare registers over a 10-year period (1995–2004)
was reported in 2009 (7). The main outcome measures were a diagnosis of
allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2
blockers, prostaglandins, proton pump inhibitors, combinations for eradication
of Helicobacter pylori, and drugs for peptic ulcer and gastroesophageal reflux
disease. Of 585,716 children, 29,490 (5.0%) met the diagnosis and 5645 (1%)
had been exposed to gastric acid suppression therapy in pregnancy. Of these
children, 405 (0.07%) were treated for allergic disease. For developing allergy,
the OR was 1.43, 98% CI 1.29–1.59, irrespective of the drug, time of exposure
during pregnancy, and maternal history of allergy. For developing childhood
asthma, but not other allergic diseases, the OR was 1.51, 95% CI 1.35–1.69,
irrespective of the type of acid-suppressive drug and the time of exposure in
pregnancy. The authors proposed three possible mechanisms for their findings:
(i) exposure to increased amounts of allergens could cause sensitization to
digestion labile antigens in the fetus; (ii) maternal Th2 cytokine pattern could
promote an allergy-prone phenotype in the fetus; and (iii) maternal allergen-
specific IgE could cross the placenta and sensitize fetal immune cells to food
and airborne allergens. Several limitations of the study that might have affected
their findings were identified, including a general increase in childhood asthma
but not necessarily an increase in allergic asthma (7). The study requires
confirmation.

A 2005 study evaluated the outcomes of 553 pregnancies after exposure to
H2 blockers, 501 (91%) in the 1st trimester (8). The data were collected by the
European Network of Teratology Information Services (ENTIS). The agents and
number of cases were famotidine 75, cimetidine 113, nizatidine 15, ranitidine
335, and roxatidine 15. No increase in the number of major malformations were
noted (8).

A 2009 meta-analysis of published studies was conducted to assess the
safety of H2 blockers that were used in 2398 pregnancies (9). Compared with
119,892 nonexposed pregnancies, the OR for congenital malformations was
1.14 (95% CI 0.89–1.45), whereas the ORs and 95% CIs for SABs, preterm
birth, and small for gestational age were 0.62 (0.36–1.05), 1.17 (0.94–1.147),
and 0.28 (0.06–1.22), respectively. The authors concluded that H2 blockers
could be used safely in pregnancy (9).

Four reviews on the treatment of GERD have concluded that H2 blockers,



with the possible exception of nizatidine, could be used in pregnancy with
relative safety (10–13).

A 2010 study from Israel identified 1148 infants exposed in the 1st trimester
to H2 blockers (13). No association with congenital malformations was found
(OR 1.03, 95% CI 0.80–1.32). Moreover, no association was found with EABs,
perinatal mortality, premature delivery, low birth weight, or low Apgar scores
(14).

BREASTFEEDING SUMMARY
Famotidine is concentrated in breast milk, but to a lesser degree than either
cimetidine or ranitidine (15). Following a single 40-mg dose administered to
eight postpartum women who were not breastfeeding, the mean milk:plasma
ratios at 2, 6, and 24 hours were 0.41, 1.78, and 1.33, respectively. The mean
peak milk concentration, 72 ng/mL, occurred at 6 hours compared with 2 hours
for plasma (mean 75 ng/mL). Exposure of the nursing infant to famotidine via
milk has not been reported. Although a potential risk may exist for adverse
effects, the American Academy of Pediatrics classifies a similar drug
(cimetidine) as compatible with breastfeeding. A 1991 reference source
suggested that because famotidine and two other H2 blockers, nizatidine and
roxatidine, are less concentrated in milk, they might be preferred in the nursing
woman in place of cimetidine or ranitidine (16).
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FEBUXOSTAT
Antigout (Uricosuric)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of febuxostat in human pregnancy have been
located. The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk. Because this agent will be taken for long periods, the
best course would be to consider other uricosurics with pregnancy
experience, such as probenecid.

FETAL RISK SUMMARY
Febuxostat is a xanthine oxidase inhibitor that acts by decreasing serum uric
acid. It is in the same class of uricosurics as allopurinol, probenecid, and
sulfinpyrazone. Febuxostat is indicated for the chronic management of
hyperuricemia in patients with gout. It is metabolized to four pharmacologically
active metabolites, all of which occur in human plasma at a much lower
concentration than the parent drug. Febuxostat, taken once daily, is highly
bound to plasma protein (about 99%) and the mean terminal elimination half-life
is about 5–8 hours (1).

Reproduction studies have been conducted in rats and rabbits. No
teratogenicity was observed in these species with oral doses up to 40 and 51
times, respectively, the human plasma exposure at 80 mg/day for equal BSA
(HPE) during organogenesis. In rats, doses up to 40 times the HPE during
organogenesis and through the lactation period were associated with an
increase in neonatal mortality and a reduction in neonatal body weight gain (1).
However, a no-observed-effect-level was not established.

In 2-year studies for carcinogenic effects conducted in rats and mice,
increased transitional cell papilloma and carcinoma of the urinary bladder were



observed. The urinary bladder neoplasms were secondary to calculus formation
in the kidney and bladder. Febuxostat was mutagenic in one assay but was
negative in other assays. No effect on fertility or reproductive performance was
observed in male and female rats given doses up to 35 times the HPE (1).

It is not known if febuxostat or any of the active metabolites cross the human
placenta. The molecular weight (about 316) and long elimination half-life
suggest that the drug will cross to the embryo–fetus. The extensive plasma
protein binding may limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of febuxostat during human lactation have been
located. The molecular weight (about 316) and long elimination half-life (about
5–8 hours) suggest that the drug will be excreted into breast milk. The
extensive plasma protein binding (about 99%) may limit the exposure. The
effect of this exposure on a nursing infant is unknown. If the mother does
decide to nurse, the infant should be observed for the most common adverse
effects reported in adults: liver function abnormalities, nausea, arthralgia, and
rash. However, because the drug will be taken for long periods, the best
course might be to avoid it during breastfeeding.
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FELBAMATE
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

There is limited information on the effects of felbamate in human
pregnancy. The drug is structurally similar to meprobamate. Serious adult
toxicity, including fatal cases of aplastic anemia and acute liver failure, was
reported to the manufacturer in July and September 1994. One adverse
pregnancy outcome, an infant with mental retardation whose mother was
on monotherapy, has been reported to the FDA (F. Rosa, personal
communication, FDA, 1994), but the relationship to the drug is unknown.

FETAL RISK SUMMARY
Citing information obtained from the manufacturer, one review stated that 10
women had become pregnant while enrolled in clinical trials of the drug and
were subsequently dropped from the studies (1). Two of these women
underwent elective termination of their pregnancies. A third patient was
changed to phenytoin at 4 weeks’ gestation and had a spontaneous abortion at
9.5 weeks. The remaining seven women eventually gave birth without any
problems, but details on these pregnancies, whether felbamate or other
anticonvulsants were continued throughout gestation, and the status of the
newborns were not provided.

Felbamate was not teratogenic in rats and rabbits at doses up to 13.9 times
and 4.2 times, respectively, the human daily dose based on body weight, or 3
times and <2 times, respectively, the human dose based on BSA (2). In rats,
however, there was a decrease in pup weight and an increase in pup deaths
during lactation. The cause of the deaths was not known. The no-effect dose in
rats was 6.9 times the human dose based on body weight (1.5 times based on
BSA) (2).



The drug crosses the placenta without accumulation in pregnant rats (2,3).
Transplacental passage apparently has not been described in humans but
should occur because of the low molecular weight (about 238).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (4). The final report was
published in July 2010. The Registry is now closed. There were two
prospectively enrolled pregnancies exposed in the 1st trimester to felbamate
and lamotrigine, with and without other anticonvulsants, resulting in a live birth
without defects and an induced abortion (4).

BREASTFEEDING SUMMARY
Felbamate is excreted into human breast milk (2). No reports have been
located that describe the effects, if any, of exposure to this anticonvulsant via
breast milk in human infants. Because of the potential for serious toxicity (e.g.,
aplastic anemia and acute liver failure) in a nursing infant, felbamate probably
should not be used during breastfeeding.
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FELODIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the animal data suggest risk, the very limited human pregnancy
experience prevents a complete assessment of the embryo–fetal risk.
However, there is no evidence that drugs in this class are teratogenic.

FETAL RISK SUMMARY
Felodipine is a calcium channel-blocking agent used in the treatment of
hypertension. The drug is teratogenic in rabbits, producing digital anomalies
consisting of a reduction in size and degree of ossification of the terminal
phalanges (1). The frequency and severity of the defects appeared to be dose-
related over a range of 0.4–4 times the maximum recommended human dose
based on BSA (MRHD). The defects may have been related to decreased
uterine blood flow (1). Similar effects were not observed in rats or monkeys. In
the latter species, however, an abnormal position of the distal phalanges was
observed in about 40% of the fetuses. At doses four times the MRHD, delayed
parturition with difficult labor, an increased incidence of stillbirths, and a
decreased incidence of postnatal survival were noted in rats (1).

A prospective, multicenter cohort study of 78 women (81 outcomes, 3 sets of
twins) who had 1st trimester exposure to calcium channel blockers, including
1% to felodipine, was reported in 1996 (2). Compared with controls, no
increase in the risk of major congenital malformations was found. A 1997 report
described three pregnant women treated with felodipine for chronic essential
hypertension (3). Therapy was started before or during the 1st trimester in
each case. One woman, treated with felodipine and atenolol throughout
gestation, delivered a growth-restricted, 2020-g (<5th percentile) female infant
at 37 weeks’ with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively.



The intrauterine growth restriction was most likely due to atenolol and
hypertension. The birth weights of the other two infants were in the 10th and
15th percentile. Although a contribution from felodipine cannot be excluded, the
low weights were probably secondary to maternal hypertension.

BREASTFEEDING SUMMARY
No reports describing the use of felodipine during human lactation have been
located. Because of its relatively low molecular weight (about 384), however,
excretion into human milk should be expected. The effect of this exposure on a
nursing infant is unknown.
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FENFLURAMINE

[Withdrawn from the market. See 9th edition.]



FENOFIBRATE
Antilipemic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Only two reports describing the use of fenofibrate in human pregnancy has
been located. Although the near absence of human pregnancy experience
prevents an assessment of the risk, the combined animal data are reason
for concern if this drug is used for prolonged periods in pregnancy. As with
other antilipemic agents, there is apparently no benefit in otherwise healthy
women from the use of fenofibrate during gestation. However, fenofibrate
may be of benefit to treat or prevent hyperlipidemia-associated
pancreatitis. If used during pregnancy, the woman should be informed of
the limited human data.

FETAL RISK SUMMARY
Fenofibrate is a prodrug that is rapidly hydrolyzed by esterases after oral
administration to the active metabolite, fenofibric acid. The active metabolite is
further metabolized to inactive metabolites. Fenofibric acid is indicated as
adjunctive therapy to diet for the treatment of primary hypercholesterolemia or
mixed dyslipidemia, and for hypertriglyceridemia. Fenofibric acid is extensively
bound to serum protein (about 99%) and has an elimination half-life of 20 hours
(1,2).

Reproduction studies have been conducted in pregnant rats and rabbits
(1,2). The drug was embryocidal and teratogenic in pregnant rats given 7–10
times the maximum recommended human dose based on BSA (MRHD). At 9
times the MRHD given before and throughout gestation to rats, reproductive
toxicity included delayed parturition in 100% of the dams, a 60% increase in
postimplantation loss with a decrease in litter size, reduced birth weight, an
increase in spina bifida, and decreased pup survival (40% at birth, 4% during



neonatal period, and 0% to weaning). Similar findings were observed at seven
times the MRHD given from day 15 of gestation through weaning. When
pregnant rats were dosed at 10 times the MRHD during organogenesis, an
increased incidence of congenital malformations was observed, including
domed head/hunched shoulders/rounded body/abnormal chest, kyphosis,
stunted fetuses, elongated sternal ribs, malformed sternebrae, extra foramen in
palatine, misshapen vertebrae, and supernumerary ribs (1). Embryocidal
effects were also observed in rabbits. Doses 9 and 18 times the MRHD caused
abortions in 10% and 25% of the dams, respectively. At 18 times the MRHD,
7% of the fetuses died (1,2).

Fenofibrate had no mutagenic potential in four different tests, but the drug
was carcinogenic in rats, significantly increasing the incidence of liver
carcinoma, pancreatic carcinoma and adenomas, and benign testicular
interstitial cell tumors in a dose-related manner (1,2). Some of these tumors
(pancreatic acinar adenomas and testicular interstitial cell tumors) were also
seen in a second strain of rats at lower doses (1,2).

It is not known if fenofibrate or fenofibric acid crosses the human placenta.
Fenofibrate is rapidly metabolized and is not detected in the plasma (1,2). The
molecular weight of the metabolite, fenofibric acid (about 319), and the
prolonged elimination half-life suggest that the drug will cross, but the high
serum protein binding should limit the amount available for transfer to the
embryo or fetus.

A 2011 case report described the use of fenofibrate in the 3rd trimester (3).
A 30-year-old G4P1SAB2 woman with adequately treated hypothyroidism
presented at 32 weeks’ gestation with hypertriglyceridemia-associated
pancreatitis. Diet alone did not control her dyslipidemia and she was started on
an unspecified dose of fenofibrate. Recurrence of pancreatitis was prevented
and at 35 weeks’ gestation she gave birth spontaneously to a healthy, 2452-g
male infant with Apgar scores of 8 and 9, presumably at 1 and 5 minutes (3).

A 30-year-old woman with high triglyceride levels was started on fenofibrate
267 mg/day (4). One year later, an unplanned pregnancy was diagnosed at 8
weeks’ gestation and the drug was stopped. At 36 weeks, a cesarean section
delivered a healthy 3200-g (75th percentile) male infant with Apgar scores of 7,
9, and 10 at 1, 5, and 10 minutes, respectively. No congenital anomalies were
found and the infant was healthy at 1 year of age (4).

BREASTFEEDING SUMMARY
No reports describing the use of fenofibrate in human lactation have been



located. The relative low molecular weight of the active metabolite (about 319)
suggests that it is excreted into breast milk. Although the effect of this exposure
on a nursing infant is unknown, women taking fenofibrate should probably not
breastfeed because of potential toxicity in a nursing infant.
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FENOLDOPAM
Antihypertensive
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The absence of human pregnancy experience prevents an assessment of
the fetal risk from exposure to fenoldopam mesylate, but the animal data
are reassuring. Because it is used for the emergency reduction of severe
hypertension, the maternal benefit probably outweighs the unknown fetal
risk. However, rapid reduction of maternal blood pressure may compromise
the placental perfusion, resulting in fetal hypoxia and subsequent
bradycardia. Fetal death is a potential consequence of this effect. Fetal
heart rate monitoring, therefore, is recommended during IV infusions of
fenoldopam.

FETAL RISK SUMMARY
An IV infusion of fenoldopam mesylate, a dopamine D1-like receptor agonist, is
indicated for the short-term (up to 48 hours), rapid-onset, management of
severe hypertension. It is a vasodilator, affecting coronary, renal, mesenteric,
and peripheral arteries in animals.

Reproduction studies have been conducted in rats and rabbits with oral
doses up to 200 mg/kg/day and 25 mg/kg/day, respectively (1). Although
maternal toxicity was evident at the highest doses, no evidence of impaired
fertility or fetal harm was observed.

It is not known if fenoldopam mesylate crosses the human placenta. The
molecular weight (about 402) is low enough that transfer to the fetus should be
expected.

BREASTFEEDING SUMMARY



No reports describing the use of fenoldopam mesylate in human lactation have
been located. The molecular weight (about 402) suggests that excretion into
breast milk probably occurs. The effect of this exposure on a nursing infant is
unknown. Because of the nature of the indication, opportunities for use of this
drug during breastfeeding are probably very rare.
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FENOPROFEN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Prostaglandin synthesis inhibitors can cause constriction of the ductus
arteriosus in utero (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1,2). These drugs also have been shown to
inhibit labor and prolong pregnancy, both in humans (3) (see also
Indomethacin), and in animals (4). Women attempting to conceive should
not use any prostaglandin synthesis inhibitor, including fenoprofen, because
of the findings in various animal models that indicate these agents block
blastocyst implantation (5,6). Moreover, nonsteroid anti-inflammatory drugs
(NSAIDs) have been associated with spontaneous abortions (SABs) and
congenital malformations. The absolute risk for these defects, however,
appears to be low.

FETAL RISK SUMMARY
Fenoprofen is an NSAID in the same subclass (propionic acids) as five other
agents (flurbiprofen, ibuprofen, ketoprofen, naproxen, and oxaprozin). It is
indicated for the relief of the signs and symptoms of rheumatoid arthritis and
osteoarthritis (7).

Fenoprofen given to rats during pregnancy and continued until labor resulted
in prolonged parturition (7).

It is not known if fenoprofen crosses the human placenta. The molecular
weight (about 559) is low enough that passage to the fetus should be
expected. However, in one study, the drug was used during labor (8). No data
were given except that the drug could not be detected in cord blood or amniotic
fluid.



In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 191 newborns had
been exposed to fenoprofen during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of six (3.1%) major birth defects were
observed (eight expected), including (observed/expected) 1/2 cardiovascular
defects and 1/1 polydactyly. No anomalies were observed in four other
categories of defects (oral clefts, spina bifida, limb reduction defects, and
hypospadias) for which specific data were available. These data do not support
an association between the drug and congenital defects.

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (9). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (10). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (11) (see Ibuprofen
for details on these three studies).

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase-2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (12).

BREASTFEEDING SUMMARY
Fenoprofen passes into breast milk in very small quantities. The milk:plasma
ratio in nursing mothers given 600 mg every 6 hours for 4 days was
approximately 0.017 (8). Although the clinical significance of this amount is
unknown, another NSAID in the same subclass is classified as compatible with
breastfeeding by the American Academy of Pediatrics (see Ibuprofen).
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FENOTEROL

[Withdrawn from the market. See 9th edition.]



FENTANYL
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects.

Respiratory depression in the newborn is a potential complication if
fentanyl is used close to delivery. As with all opioids, neonatal withdrawal
may occur after chronic, long-term exposure during pregnancy.

FETAL RISK SUMMARY
Fentanyl is an opioid analgesic. When given by IV injection, the terminal
elimination half-life is 219 minutes. Although not teratogenic in rats, fentanyl
impaired fertility and was embryotoxic at IV doses 0.3 times the upper human
dose given for a period of 12 days (1).

The placental transfer of fentanyl has been documented in the 1st and 2nd
trimesters (2) and at term (3–7). A study published in 1998 measured fentanyl
concentrations in fetal fluids (amniotic and/or chorionic cavities), fetal blood
(after 12 weeks’ gestation), and maternal serum 5–22 minutes after an IV bolus
(1.5 mcg/kg) in 42 healthy women scheduled for pregnancy termination
(between 6 and 16 weeks) under general anesthesia (2). Fentanyl was
detected in amniotic fluid at less than 12 weeks’, but not later, and in fetal
blood. None of the samples of chorionic fluid, however, contained detectable
fentanyl (2).

In a study comparing women in labor who received 50 or 100 mcg of fentanyl
IV every hour as needed (N = 137) (mean dose 140 mcg, range 50–600 mcg)
to those not requiring analgesia (epidural or narcotic) (N = 112), no statistical
differences were found in newborn outcome in terms of the incidence of
depressed respirations, Apgar scores, and the need for naloxone (3). In
blinded measurements taken at 2–4 and 24 hours, no differences were



observed between the two groups of infants in respiratory rate, heart rate,
blood pressure, adaptive capacity, neurologic evaluation, and overall
assessment. The last dose of fentanyl was given at a mean of 112 minutes
before delivery. Cord blood levels of the narcotic were always significantly
lower than maternal serum levels (cord:maternal ratios were approximately 0.5
but exact data were not given) (p <0.03). Doses used were considered
equianalgesic to 5–10 mg of morphine or 37.5–75 mg of meperidine (3).

Respiratory depression has been observed in one infant whose mother
received epidural fentanyl during labor (4). Fentanyl may produce loss of fetal
heart rate (FHR) variability without causing fetal hypoxia (3,5). However, no
effect on FHR variability or accelerations was observed when epidural fentanyl
was given to women receiving adequate epidural lidocaine analgesia (6). The
narcotic has been combined with bupivacaine for spinal anesthesia during labor
(7,8). In four studies, the addition of fentanyl to bupivacaine had no effect on
neonatal respiration (9,10–12) and, in two, did not adversely affect
neurobehavioral scores (9,12). Placental transfer of fentanyl was documented
in one study with cord:maternal venous plasma ratios of 1.12 for total drug and
1.20 for free drug (9). A study of a continuous epidural infusion of fentanyl and
bupivacaine found no accumulation of either drug over a 1- to 15-hour interval in
21 laboring women and observed no adverse fetal effects (13). The mean
cord:maternal venous fentanyl concentration was 0.94.

In 15 women undergoing elective cesarean section, fentanyl 1 mcg/kg given
IV within 10 minutes of delivery produced an average cord blood:maternal
blood ratio over 10 minutes of 0.31 (range 0.06–0.43) (14). No respiratory
depression was observed, and all neurobehavioral scores were normal at 4 and
24 hours.

A 1998 case report described respiratory muscle rigidity in a newborn that
was attributed to fentanyl (15). Because of severe maternal disease
(pulmonary valve stenosis with congestive heart failure and pregnancy-induced
hypertension) and Doppler measurements showing periodically absent diastolic
flow in the umbilical cord, a cesarean section under general anesthesia was
performed at 31 weeks’ gestation to deliver a 1440-g male infant.
Betamethasone had been given to the mother for fetal lung maturation before
delivery. The mother was premedicated with morphine (7.5 mg) and
scopolamine (0.3 mg), followed by fentanyl (300 mcg; note: reference states
“mg” but assumed to be “mcg”), diazepam (7.5 mg), ketamine (300 mg), and
vecuronium (7 mg). The newborn had no respiratory movements and had a
heart rate of about 100 beats/minute (Apgar score 3 at 1 minute). Attempts to



ventilate the infant by mask and then by intubation with positive pressure
produced no chest movements until 8 minutes after delivery. A chest X-ray
showed normal lungs with no sign of hyaline membrane disease. After
treatment of severe respiratory alkalosis at 1 hour of age, the infant made an
uneventful recovery and was developing normally at 1 year of age. The author
attributed the chest wall rigidity to fentanyl because this is a common adverse
effect in adults administered the agent during anesthesia (15).

A 31-year-old woman was treated with transdermal fentanyl patches (125
mcg/hr) throughout gestation for severe cervical and lumbar spinal injuries
sustained in a road traffic accident before conception (16). An elective
cesarean section was performed at 38 weeks’ gestation to deliver a healthy,
3.13-kg female infant with Apgar scores of 9 at 1 and 5 minutes, respectively.
The infant’s head circumference was 35.4 cm (50th percentile). Blood
concentrations of fentanyl were as follows: mother (predelivery) 3.56 ng/mL,
infant 1.23 ng/mL (at birth), 0.31 ng/mL (day 1), and <0.25 ng/mL) (day 2). At
24 hours of age, the bottle-fed baby was noted to be jittery, fisting, and irritable
with a high-pitched cry. The mean Finnegan scores (an assessment of acute
opioid withdrawal in newborns based on nursing observations) on days 1 and 2
were 4.5 (“mild” is 0–7) with a single peak of 11 (“abstinence” is 8–11) at
72 hours of age. Finnegan scores were consistently less than 4 by day 4 and,
at 96 hours of age the infant had no signs of opioid withdrawal. No drug
therapy of the withdrawal was required at any time. The infant was developing
normally at follow-up (16).

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (17). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency was not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%



confidence interval (CI) were as follows (see below table):

The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (17).

BREASTFEEDING SUMMARY
Fentanyl is excreted into milk. A study published in 1992 measured fentanyl
colostrum concentrations in 13 healthy women who had received fentanyl (2



mcg/kg) during cesarean section or postpartum tubal ligation (18). Serum and
colostrum samples were collected at six intervals up to 10 hours after drug
administration. The peak serum and colostrum fentanyl levels occurred at 0.75
hours, with mean values of 0.19 and 0.40 ng/mL, respectively, falling to
undectable and 0.05 ng/mL, respectively, at 10 hours. Colostrum fentanyl
concentrations were always greater than serum levels at every measurement.
It was concluded that breastfeeding was safe because of the low colostrum
concentrations and the low oral bioavailability of fentanyl (18).

The American Academy of Pediatrics classifies fentanyl as compatible with
breastfeeding (19).
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FESOTERODINE
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of fesoterodine in human pregnancy have
been located. Reproduction studies in animals observed developmental
toxicity but only at levels causing maternal toxicity. There was no evidence
of drug-induced malformations or developmental delay in surviving
offspring. Although the absence of human pregnancy experience prevents a
full assessment of the embryo–fetal risk, there is no evidence that other
anticholinergics (e.g., see Atropine) cause developmental toxicity. Until
human experience is available, the safest course is to avoid fesoterodine in
pregnancy. However, if inadvertent exposure in pregnancy does occur, the
embryo–fetal risk probably is low.

FETAL RISK SUMMARY
The prodrug fesoterodine is a competitive muscarinic receptor antagonist
(anticholinergic) that inhibits urinary bladder smooth muscle. After oral
administration, fesoterodine is converted to the active metabolite, 5-
hydroxymethyl tolterodine (5-HT), the same metabolite responsible for the
action of tolterodine (see also Tolterodine). 5-HT undergoes hepatic
metabolism to inactive compounds. Because of the rapid and extensive
metabolism, fesoterodine cannot be detected in the plasma. Fesoterodine is
indicated for the treatment of overactive bladder with symptoms of urge urinary
incontinence, urgency, and frequency. It is the same subclass as darifenacin,
flavoxate, oxybutynin, solifenacin, tolterodine, and trospium. Plasma protein
binding of 5-HT is about 50%, primarily to albumin and α1-acid glycoprotein,
and the terminal half-life is about 6–9 hours (range about 4–20 hours) (1,2).

Reproduction studies have been conducted in mice and rabbits. In mice, oral



doses resulting in exposures 6–27 times the expected human exposure (AUC)
from the maximum recommended human dose of 8 mg (MRHD) caused no
dose-related teratogenicity. One case of cleft palate was observed at each
dose tested, but the incidence was within the background historical range.
However, increased resorptions and decreased live fetuses were observed. In
a prenatal and postnatal development study in mice with an oral dose that was
40% of the dose used in the teratogenicity study, maternal toxicity (decreased
body weight) and delayed ear opening of the pups was observed (1).

In rabbits, oral doses producing exposures that were 3–11 times the MRHD
were associated with retardation of bone development in the fetuses. No dose-
related teratogenicity was observed in rabbits given SC doses up to 9–11 times
the exposure from the MRHD, but maternal toxicity and retarded bone
development in fetuses (incidence within the background historical range) were
observed. Maternal toxicity was observed at exposures three times the MRHD
in the absence of any fetal effects (1).

Fesoterodine was not carcinogenic in a 2-year study with oral doses in mice
and rats. The drug was not mutagenic nor genotoxic in multiple assays. In mice,
fesoterodine had no effect on reproductive function, fertility, or early embryonic
development at maternally nontoxic doses (1).

It is not known if 5-HT crosses the human placenta. The molecular weight
(about 342), low plasma protein binding, and prolonged terminal half-life
suggest that it will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of fesoterodine during human lactation have been
located.

The molecular weight of the active metabolite 5-HT (about 342), its low
plasma protein binding (about 50%), and its long terminal half-life (about 6–9
hours with a range of about 4–20 hours) suggest that it will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown. Although
neonates are particular sensitive to anticholinergic agents, atropine is classified
as compatible with breastfeeding by the American Academy of Pediatrics (see
Atropine).
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FEVERFEW
Herb
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of feverfew in human pregnancy have been
located. The only animal reproduction study used a dose, based on weight,
that was much higher than a typical human dose. This dose comparison
cannot be assessed because doses should be compared based on BSA or
AUC. Although embryolethality was suggested by the study, this outcome
did not reach statistical significance. Moreover, no structural anomalies
were observed in the study. The herb has been used in traditional and folk
medicine for approximately 2500 years, so it is doubtful if consumption of
the herb is associated with major birth defects. Feverfew does have
emmenagogue activity and might cause abortion but, apparently, the doses
used for this purpose have not been quantified. Its reported use for
morning sickness, again without specifying a dose, suggests that a dose–
effect relationship exists. Because the toxic dose is unknown, feverfew
should not be used in pregnancy.

FETAL RISK SUMMARY
Feverfew is a plant that grows wild throughout the world, including North
America. It is a short, bushy plant with a height up to 1 m (about 3.3 feet) and
yellow flowers that bloom from July to October. The herb has been used in
traditional and folk medicine for approximately 2500 years. The name feverfew
comes from its antipyretic properties. It has been known as “medieval aspirin.”
Feverfew has been used for a long list of medical conditions, including migraine.
It also has been used to treat labor, menstrual disorders, potential miscarriage,
morning sickness, and as an abortifacient. Because of the risk of abortion, it is
considered contraindicated in pregnancy (1–3).

A large number of chemicals have been identified in feverfew. The major



biologically active constituents are thought to be the sesquiterpene lactones,
85% of which are parthenolide. Other chemicals found in the plant are
flavonoids, volatile oils, and miscellaneous other substances (1).

Because of the absence of animal reproduction studies, a 2006 study was
conducted to screen pregnant rats to determine if a full reproductive study was
warranted (3). The daily feverfew dose used was 839 mg/kg, which was 58.7
times the recommended human dose of 1 g/day (assumed to be in a 70-kg
adult). Rats were treated daily on either gestational days (GDs) 1–8 to
establish if the herb affects implantation and early development, or GDs 8–15
to detect if feverfew affects major organ development. In the GD1–8 group, an
increase in preimplantation loss was observed, but the increase was not
statistically significant. However, the number of liveborn pups was significantly
fewer in the GD1–8 group compared with the GD8–15 group. There was also
some indication that fetuses had lower weights than controls in the GD8–15
group, but this may have been due to the increased number of runts (defined as
two standard deviations less than the mean litter weight of the controls) in the
feverfew-exposed group. None of the treated fetuses had gross internal or
external structural anomalies. Based on the overall results, the investigators
concluded that a full reproductive study was warranted (3).

It is not known if feverfew crosses the human placenta. The dried leaf
powder is standardized to contain at least 0.2% of parthenolide that has a
molecular weight of about 248 (4). The molecular weight alone suggests that it
will cross to the embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of feverfew during lactation have been located.
The dried leaf powder is standardized to contain at least 0.2% of parthenolide
that has a molecular weight of about 248 (4). The molecular weight alone
suggests that it will be excreted into breast milk. Because of the potential risk
of toxicity for a nursing infant, women consuming feverfew should not
breastfeed (1,2).
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FEXOFENADINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of fexofenadine during human pregnancy
have been located. However, studies in rats found dose-related embryo
and fetal toxicity, but the risk to a human fetus cannot be assessed at this
time. Because of the extensive human data available, several reviews have
recommended that oral first-generation antihistamines (e.g.,
chlorpheniramine or tripelennamine) should be considered if antihistamine
therapy during pregnancy (especially in the 1st trimester) is required (1–3).
The second-generation agents, cetirizine or loratadine, were considered
acceptable alternatives, except during the 1st trimester, if a first-generation
antihistamine was not tolerated.

FETAL RISK SUMMARY
Fexofenadine is a second-generation (peripherally selective), histamine H1-
receptor antagonist that is used for the relief of symptoms associated with
seasonal allergic rhinitis (4). It is a metabolite of another second-generation
antihistamine, terfenadine (no longer available). As a group, second- generation
antihistamines are less sedating than first-generation agents.

Fertility studies in rats and reproduction studies in rats and rabbits have been
conducted with fexofenadine. In rats, doses producing systemic exposures that
were ≥3 times the human exposure obtained with a 60-mg twice-daily dose
(HTD) were associated with a dose-related decrease in the number of
implantations and an increase in the number of postimplantation losses. No
evidence of teratogenicity was noted in pregnant rats and rabbits at oral doses
up to 4 and 47 times the HTD, respectively. However, dose-related decreases
in pup weight gain and survival were observed in rats at three times the HTD



(4).
It is not known if fexofenadine crosses the human placenta to the fetus. The

molecular weight (about 502 for the free base) is low enough that transfer to
the fetus should be expected.

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 502 for the free base),
fexofenadine is excreted into breast milk. Four lactating women were given
terfenadine (60 mg every 12 hours for four doses), and then milk and plasma
samples were collected after the last dose at various times for 30 hours (5).
None of the parent compound was detected in the milk or plasma. The
maximum concentrations of the active metabolite fexofenadine were 309 and
41 ng/mL, respectively—both occurring approximately 4 hours after the last
dose. Based on the 12-hour excretion, the mean milk:plasma ratio was 0.21.
The maximum estimated exposure of a nursing infant was 0.45% of the
recommended maternal weight-corrected dose (5).

The above estimated exposure of a nursing infant may not be applicable
when the mother is actually taking fexofenadine. Moreover, the effect of this
exposure on a nursing infant is unknown because the four women did not nurse
their infants during the study. However, the American Academy of Pediatrics
classifies fexofenadine as compatible with breastfeeding (6).
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FIDAXOMICIN
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of fidaxomicin in human pregnancy have been
located. The animal reproduction data suggest low risk. Because only
minimal amounts (in the ng/mL range) of fidaxomicin are detected in the
systemic circulation, the drug is probably compatible in pregnancy.

FETAL RISK SUMMARY
Fidaxomicin is an oral macrolide antibacterial agent. It is indicated in adults
(≥18 years of age) for the treatment of Clostridium difficile–associated
diarrhea. The drug is in the same macrolide antibacterial class as azithromycin,
clarithromycin, dirithromycin, erythromycin, and troleandomycin. Fidaxomicin
acts in the gastrointestinal tract. Systemic absorption is minimal with plasma
concentrations in the ng/mL range. It is metabolized to an active metabolite
(OP-1118) in the gut and both the parent drug and metabolite are excreted in
the feces with elimination half-lives of 9 and 10 hours, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, IV doses producing plasma exposures that were about 200 and 66
times, respectively, the human exposure based on AUC (HE) revealed no
evidence of fetal harm (1).

Long-term carcinogenicity studies have not been conducted with fidaxomicin.
Neither the parent drug nor OP-1118 was mutagenic in two assays, but
fidaxomicin was clastogenic in one test. No effects on fertility in male and
female rats were observed with systemic exposures that were about 100 times
the HE (1).

It is not known if fidaxomicin crosses the human placenta. Minimal
concentrations of other macrolide antibacterials cross the placenta (e.g.,



azithromycin and erythromycin) and fidaxomicin might also cross. However,
fidaxomicin plasma concentrations are minimal and any exposure of the
embryo–fetus should be clinically insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of fidaxomicin during human lactation have been
located. Because plasma concentrations of the antibacterial are minimal (ng/mL
range), adverse effects in a nursing infant are not expected.
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FILGRASTIM
Hematopoietic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Neither the animal nor the human pregnancy data suggest a major risk for
the human embryo or fetus from maternal filgrastim therapy. Although the
human pregnancy experience is limited, no congenital malformations or
other toxicities attributable to filgrastim have been observed. The cases
submitted to the manufacturer suggest selective reporting (i.e.,
preferentially reporting of abnormal outcomes). Amounts sufficient to
produce a biological effect in the fetus apparently cross the human
placenta, at least in the 2nd and 3rd trimesters. Additional study is
warranted, but filgrastim treatment should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
The human granulocyte colony-stimulating factor (G-CSF) filgrastim is a 175-
amino acid glycoprotein produced by recombinant DNA technology. Filgrastim
is indicated to decrease the incidence of infection, as manifested by febrile
neutropenia, in patients with nonmyeloid malignancies receiving
myelosuppressive chemotherapy associated with a significant incidence of
severe neutropenia with fever. The agent is administered either SC or IV. The
elimination half-life is approximately 3.5 hours (1).

Reproduction studies with filgrastim have been conducted in rats and rabbits.
No effects on fertility were observed in male and female rats at doses ≤500
mcg/kg. (Note: The human dose is 5–10 mcg/kg/day.) In pregnant rats treated
during organogenesis, IV injections ≤575 mcg/kg/day were not associated with
fetal death, teratogenicity, or behavioral effects. In offspring of pregnant rats
treated with doses >20 mcg/kg/day, a delay of external differentiation



(detachment of auricles and descent of testes) and slight growth restriction
were observed. These effects may have been due to lower maternal body
weight during rearing and nursing. At 100 mcg/kg/day, newborn pups had
decreased body weights and a slightly decreased 4-day survival rate. Treating
pregnant rabbits during organogenesis with doses of 80 mcg/kg/day resulted in
increased resorptions and embryolethality but not external defects. This dose,
however, was maternally toxic (genitourinary bleeding and decreased body
weight and food consumption) (1).

Filgrastim crosses the rat placenta late in gestation (2). In a rat study,
filgrastim (50 mcg/kg) was given twice daily for 2, 4, and 6 days before
delivery. Filgrastim crossed the placenta within 30 minutes, reaching peak fetal
serum levels 4 hours after the dose. Peak serum levels in the fetuses were
1000-fold lower than levels measured in the dams, but the agent still induced
bone marrow and spleen myelopoiesis in the fetus and neonate (2). In a
continuation of this study, the investigators demonstrated that the 6-day course
of filgrastim administered before delivery significantly increased the survival of
pups that were infected at birth with Group B β-hemolytic Streptococcus (3).

Although it has a very high molecular weight (18,800), filgrastim also crosses
the human placenta, at least in the 2nd and 3rd trimesters. A single IV dose of
filgrastim (25 mcg/kg) was given to 11 women (1 set of twins) with an imminent
delivery at ≤30 weeks’ gestation (4). Ten infants were delivered within 30 hours
of the dose (mean 10.8 hours) (“early delivery”), and two infants were delivered
at 54 and 108 hours (“late delivery”). Three of 10 cord blood samples in the
“early delivery” group had G-CSF levels higher than those of 10 untreated
controls, but there was no difference in cord blood neutrophil concentrations.
Cord blood from the two infants in the “late delivery” group had G-CSF levels
similar to those of controls but much higher neutrophil levels that remained
elevated for 1 week. The investigators concluded that filgrastim crossed the
placenta in amounts sufficient to produce a biologic effect in the fetus, and that
this effect was most noticeable in cases where delivery was delayed at least
30 hours after a dose (4).

A 1998 study by the same investigators as above evaluated the effects of
filgrastim therapy in women in preterm labor (5). Of the 26 women enrolled in
the study, 16 (eight G-CSF subjects and eight controls) delivered within 3
weeks of the dose and were eligible for evaluation. G-CSF cases received a
single 25 mcg/kg dose administered as an IV infusion over 4 hours, whereas
controls received an IV infusion without the drug. No adverse effects on
pregnancy duration or maternal discomfort were noted. Neutrophil production



was assessed by bone marrow aspiration in neonates 24 hours after delivery.
The mean time between G-CSF or placebo administration and delivery was 3.9
and 6.3 days, respectively. Compared with controls, the neonates of case
mothers had a significantly greater marrow proliferative pool and a significant
improvement in Scores for Neonatal Acute Physiologic State (5).

A 27-year-old patient at 26 weeks’ gestation was diagnosed with acute
myeloid leukemia (6). Because she was otherwise well, she decided to hold
chemotherapy to allow the fetus to mature. The woman became neutropenic
and, at 27 weeks’ gestation, developed fever secondary to a systemic
infection. In addition to antibiotics, a 12-day course of filgrastim (dose not
specified) was given to allow further time for fetal maturation. A cesarean
section was performed at 32 weeks’ gestation to deliver a healthy baby boy
(weight and other details not provided). The infant was doing well at 5 months
of age (6).

A brief 1996 report described the use of filgrastim in a pregnant woman with
acute promyelocytic leukemia (7). In addition to other treatment, filgrastim (75
mcg/day SC) was given for 7 days early in the 2nd trimester. She eventually
delivered a healthy female infant at term (7).

A number of other studies have reported the use of filgrastim in human
pregnancy (8–12). In four studies, the outcomes of 15 pregnancies were
(period of exposure shown in parentheses) as follows: one normal infant (3rd
trimester) (8); two normal infants (throughout); one with bilateral
hydronephrosis (throughout); two with cyclic neutropenia (throughout and 3rd
trimester; mothers also had the disorder); one normal infant (1st trimester);
three elective abortions (EABs) (1st trimester; one fetus with “abnormal
embryogenesis”); and one infant with cardiac septal defects (3rd trimester) (9);
one normal infant (2–3 weeks’ gestation); one normal infant and one
spontaneous abortion (SAB) (treatment before pregnancy in both) (10); and
one normal infant (3rd trimester) (11).

Two reports from the Severe Chronic Neutropenia International Registry
(SCNIR), one in 2002 (12) and the other in 2003 (13), discussed the outcomes
of 23 pregnancies in women who were treated with filgrastim. Three women
became pregnant during clinical trials and, although they were excluded from
the study, continued to receive commercially available filgrastim (12). Two of
the women with cyclic neutropenia had normal infants (one with cyclic
neutropenia; one electively aborted her first pregnancy, then carried a second
pregnancy to term). The third woman had idiopathic neutropenia and she had
an EAB because of abnormal bleeding but subsequently died (12). The



Registry also collected data on 20 pregnancies in women who had been
exposed to filgrastim and 105 pregnancies in women who were not exposed to
the agent (historical controls) (13). The outcomes of the exposed group,
treated for an average of two trimesters (range one to three), were 13 normal
infants, 3 SABs, and 4 EABs (nonmedical). Among the 105 historical controls,
there were 75 live births (includes two sets of twins and five infants with
medical conditions—primarily respiratory), 24 SABs, and 8 EABs (12,13).

The SCNIR also reported the outcomes of nine pregnancies based on
information submitted to the manufacturer (12). Of the nine cases, there were
four normal infants, one SAB, and four infants with congenital renal and/or
cardiac malformations (12).

BREASTFEEDING SUMMARY
No reports describing the use of filgrastim during human lactation have been
located. Filgrastim is a glycoprotein and, although it may be excreted into
breast milk, it would probably be digested in a nursing infant’s stomach. The
risk to a nursing infant is unknown but appears to be low to nonexistent.
Therefore, treatment with filgrastim should not be held because of
breastfeeding.
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FINGOLIMOD
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of fingolimod in human pregnancy have been
located. The receptor affected by fingolimod is involved in angiogenesis
and vascular formation during embryogenesis. An increase in malformations
has been noted in rats given doses similar to the recommended human
dose based on BSA (RHD). Reduced pre- and postnatal survival and an
increase in learning deficits have also been seen. In rabbits, an increase in
embryo–fetal death and growth restriction has been noted, with the no-
effect-dose-level approximately 20 times the RHD. On the basis of the
termination half-life of the drug, the manufacturer suggests that fingolimod
be discontinued at least 2 months before attempting conception.

FETAL RISK SUMMARY
Fingolimod is an orally administered drug that modulates sphingosine 1-
phosphate receptors. Its active metabolite, fingolimod-phosphate, binds with
high affinity to sphingosine 1-phosphate receptors and blocks capacity of
lymphocytes to egress from the lymph nodes. It is indicated for the treatment
of patients with relapsing forms of multiple sclerosis to delay the frequency of
clinical exacerbations and to delay the accumulation of physical disability. Both
fingolimod and its active metabolite are highly (99.7%) plasma protein bound.
The terminal elimination half-life for both is 6–9 days. The receptor affected by
fingolimod affects angiogenesis and is known to be involved in vascular
formation during embryogenesis (1,2).

Reproduction studies have been conducted in rats and rabbits. In rats, at oral
doses of 0.03–10 mg/kg/day, increased incidences of malformations and
embryo–fetal deaths were observed at all but the lowest dose. The lowest end
of the dosing range in these studies is less than the RHD. The most common



malformations reported in rats were persistent truncus arteriosus and
ventricular septal defects. In addition, in rats administered fingolimod during
pregnancy and lactation at 0.05–0.5 mg/kg/day, pup survival was decreased at
all doses and learning deficits were seen at the highest dose. The lowest dose
administered is similar to the RHD. In rabbits, increased incidences of embryo–
fetal mortality and growth restriction were seen at doses of 1.5 and 5
mg/kg/day. The no-effect dose in rabbits was about 20 times the RHD (1).

The carcinogenic potential of fingolimod was evaluated in mice and rats. In
mice at oral doses of 0.025–2.5 mg/kg/day for up to 2 years, the incidence of
malignant lymphoma was increased at the mid and high doses. However, in
rats at doses up to 50 times the RHD, no increase in tumors was seen. Both in
vitro and in vivo assays for fingolimod were negative for mutagenicity.

No effects on male and female fertility in rats were noted at the highest dose
tested, which is approximately 200 times the RHD (1).

It is not known if fingolimod or its active metabolite crosses the human
placenta. The relatively low molecular weight (about 307) and the long terminal
half-life suggest that the drug will cross, but the high plasma protein binding
may limit the exposure of the embryo–fetus (1,3).

BREASTFEEDING SUMMARY
No reports describing the use of fingolimod during human lactation have been
located. The molecular weight (about 307) and the long terminal half-life (6–9
days) suggest that the drug and its active metabolite will be excreted into
breast milk, but the high plasma protein binding (99.7%) may limit the amount
(1,3). The effect of this exposure on a nursing infant is unknown.

References
1. Product information. Gilenya. Novartis, 2011.
2. Schmid G, Guba M, Ischenko I, Papyan A, Joka M, Schrepfer S, Bruns CJ, Jauch KW, Heeschen C,

Graeb C. The immunosuppressant FTY720 inhibits tumor angiogenesis via the sphingosine 1-
phosphate receptor 1. J Cell Biochem 2007;101:259–70.

3. Chun J, Hartung H-P. Mechanism of action of oral fingolimod (FTY720) in multiple sclerosis. Clin
Neuropharmacol 2010;33:91–101.



FLAVOXATE
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The available human pregnancy data available for flavoxate are very limited
and are completely lacking for 1st trimester exposure. Moreover, most of
the treated women apparently received short-term therapy (i.e., no more
than a few doses), and none involved the oral route with tablets, the only
available form of the drug in the United States. The limitations also include
a lack of information on the growth and development of the exposed
infants. Although these uncertainties markedly limit the validity of any fetal
safety assessment, the absence of reported toxicity in the fetus and
newborn coupled with the lack of fetal toxicity in animals appears to
indicate that the use of flavoxate during the second half of pregnancy
presents a small, if any, risk to the fetus. The potential fetal effects of
flavoxate exposure in the first half of pregnancy are unknown.

FETAL RISK SUMMARY
Flavoxate is a tertiary amine that is a direct inhibitor of smooth muscle spasm
of the urinary tract. The drug also possesses some antimuscarinic (i.e.,
atropine-like) activity. It is used for the symptomatic relief of urinary tract
discomfort resulting from inflammatory conditions. Flavoxate is in the same
subclass as darifenacin, oxybutynin, solifenacin, tolterodine, and trospium.

Reproduction studies in mice, rats, and rabbits at doses up to 34 times the
human therapeutic dose found no evidence of impaired fertility or fetal harm
(1–3). At doses approximately 40 times the therapeutic dose, cleft palate (not
thought to be drug-induced) and fetal resorption occurred in mice, and
intrauterine growth restriction was observed in fetal mice and rabbits (3).

No reports on the placental transfer of flavoxate have been located. The



molecular weight (about 392 for the free base) is low enough that passage to
the fetus should be expected.

One presentation at a 1975 conference in Yugoslavia described the use of
flavoxate during human pregnancy (4). Although specific obstetric data were
not provided, IV flavoxate, often as a single dose in combination with
antibiotics, was routinely used in pregnant women for the treatment of
pyelonephritis. In addition, the effect of flavoxate on uterine contractions, using
total IV doses ranging from 100 to 600 mg, was studied in 30 women at term
and in 5 women with premature labor at 7–8 months. Uterine contractions were
not modified in any of these patients and no fetal or newborn adverse effects
were observed.

A 1984 source cited a 1972 study in which IM flavoxate, 100 mg 3 times
daily followed by 400 mg/day by suppository, was used as a tocolytic in 66
women with premature labor (3). The 1984 source cited a second study that
involved a reduction in the duration of labor in 120 women with a 100-mg IV
dose of flavoxate (3). In neither of the cited studies were adverse effects noted
in the mothers or fetuses.

BREASTFEEDING SUMMARY
No reports describing the use of flavoxate during lactation have been located.
The molecular weight of the drug (about 392 for the free base) is low enough
that excretion into milk should be expected. The effect of this exposure on a
nursing infant is unknown.
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FLECAINIDE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience includes only one case in which
flecainide was used in the 1st trimester. Although the animal data suggest
moderate risk, the human data are too limited to allow a complete
assessment of risk to the embryo. However, the fetal risk from treatment
of refractory fetal arrhythmias appears to be low.

FETAL RISK SUMMARY
Flecainide is an antiarrhythmic agent that is structurally related to encainide and
procainamide. In one breed of rabbits, flecainide produced dose-related
teratogenicity and embryotoxicity at approximately four times the usual human
dose (1). Structural defects observed were club paws, sternebrae and
vertebrae abnormalities, and pale hearts with contracted ventricular septum.
Similar toxic effects and malformations were not observed in a second breed of
rabbits, or in mice and rats, but dose-related delayed sternebral and vertebral
ossification was observed in rat fetuses (1).

Two 1988 reports of human use of flecainide during pregnancy may have
described a single incidence of exposure to the drug (2,3). IV flecainide was
given to a pregnant woman at 30 weeks’ gestation for persistent fetal
supraventricular tachycardia resistant to digoxin (2,3). The fetal heart rate
pattern quickly converted to a sinus rhythm and the mother was maintained on
oral flecainide, 100 mg 3 times daily, until delivery was induced at 38 weeks’
gestation. The 3450-g female infant had no cardiac problems during the 10
days of observation. Flecainide concentrations in the cord blood and maternal
serum at delivery 5 hours after the last dose were 533 and 833 ng/mL,
respectively, a ratio of 0.63 (2).



Flecainide 100 mg twice daily, combined with the β-blocker sotalol, was used
throughout gestation in one woman for the treatment of ventricular tachycardia
and polymorphous ventricular premature complexes associated with an
aneurysm of the left ventricle (4). A cesarean section was performed at
approximately 37 weeks’ gestation. Flecainide concentrations in umbilical cord
and plasma samples at delivery, 11 hours after the last dose, were 0.394 and
0.455 mcg/mL, respectively, a ratio of 0.86. No adverse effects, including
bradycardia, were observed in the fetus or newborn, who was growing
normally at 1 year of age.

A 22-year-old woman at approximately 31 weeks’ gestation was treated with
flecainide, 100 mg every 8 hours, for fetal arrhythmia associated with fetal
hydrops unresponsive to therapeutic levels of digoxin (5). Therapeutic levels of
flecainide were measured in the mother over the next 4 days, during which time
the fetal heart rate (FHR) converted to a normal sinus rhythm of 120
beats/minute. Approximately 2 days later, a nonreactive nonstress test was
documented and flecainide and digoxin were discontinued, but the FHR
returned to pretreatment levels within 36 hours. Flecainide was restarted at
150 mg every 12 hours, and within 30 minutes of the first dose, the FHR
converted to normal. This dose was continued for 4 days, during which time the
FHR remained normal at 120 beats/minute, but with a nonreactive nonstress
test. Gradual reduction of the dose to 50 mg every 12 hours maintained a
normal FHR with return of a reactive nonstress test and normal beat-to-beat
variability. Fetal ascites was completely resolved after 10 days of therapy. A
normal 3480-g infant, Apgar scores of 9 and 10 at 1 and 5 minutes,
respectively, was delivered vaginally at 41 weeks’ gestation. Maternal and fetal
serum trough levels at delivery were 0.2 and 0.1 mcg/mL, respectively (5). A
postnatal echocardiogram performed on the newborn was normal.

A 1991 report described the experimental use of flecainide, 300–400 mg/day
orally, in 14 women at a mean gestational age of 31 weeks (range 23–36
weeks) to treat fetal hydrops and ascites secondary to supraventricular
tachycardias or atrial flutter (6). The duration of treatment ranged from 2 days
to 5 weeks. Although specific data were not given, the cord:maternal plasma
ratio at birth was approximately 0.80, and all fetuses had flecainide
concentrations within the usual therapeutic range (400–800 mcg/L). Twelve of
the fourteen newborns were alive and well at the time of the report, and one
infant, not under treatment at the time, died of sudden infant death syndrome at
4.5 months of age. One intrauterine death occurred after 3 days of therapy and
may have been caused by either a flecainide-induced arrhythmia or fetal blood



sampling (6).
A woman in the 3rd trimester was initially treated with flecainide 100 mg

orally twice daily, then decreased to 50 mg twice daily, for fetal tachycardia
that resolved within 4 days (7). The fetal ascites and polyhydramnios also
resolved around this time. Approximately 6 weeks after treatment was begun,
she gave birth to a 3320-g, male infant. The cord blood:maternal serum ratio of
the drug was 0.97 (235.4/241.2 ng/mL), but the flecainide concentration in the
amniotic fluid was 6426.5 ng/mL, about 27 times the level in the fetus.

Other publications have described the successful use of flecainide for the
treatment of fetal tachycardia (8–14), and in one of these, flecainide and
digoxin were considered the drugs of choice for this condition (8). However,
flecainide is superior to digoxin for the treatment of tachycardia in hydropic
fetuses (9,10).

The loss of FHR variability and accelerations was described in a case of
supraventricular tachycardia treated with 300 mg/day of flecainide during the
3rd trimester (11). The heart rate of the 3690-g male infant returned to a
reactive pattern 5 days after delivery. One day later, the infant’s serum
concentration of flecainide was below the detection level. A general review of
drug therapy used for the treatment of fetal arrhythmias was published in 1994
(12). Flecainide has also been used to treat new-onset maternal ventricular
tachycardia presenting during the 3rd trimester (15).

Conjugated hyperbilirubinemia thought to be caused by flecainide was
described in a 1995 reference (16). Flecainide, 150 mg twice daily, was
started at about 28 weeks’ gestation for the treatment of fetal supraventricular
tachycardia after a trial of digoxin and adenosine had failed to halt the
arrhythmia. Other fetal complications, in addition to the arrhythmia, were
polyhydramnios, ascites, pericardial effusion, cardiomegaly, and tricuspid and
mitral valve regurgitation. Successful conversion to a sinus rhythm occurred
within 24 hours. The mother discontinued the therapy 1 week later, and a
second course of flecainide was started when the fetal tachycardia and ascites
reoccurred. The 2843-g, male infant, delivered vaginally at 36 weeks,
developed transient conjugated hyperbilirubinemia within a few days of birth.
The authors attributed the hyperbilirubinemia to flecainide because no other
cause of the toxicity could be found and the drug is known to produce a similar
condition in adults. Follow-up of the infant at 2 months of age revealed that the
liver toxicity had resolved and, at 28 months of age, the child was continuing to
do well (16).



BREASTFEEDING SUMMARY
Flecainide is concentrated in breast milk (4,17), but no reports of infant
exposure to the drug from nursing have been located. A woman was treated
throughout gestation and in the postpartum period with flecainide, 100 mg twice
daily, and sotalol (see Sotalol) (4). Simultaneous samples of milk and plasma
were drawn 3 hours after the second daily dose on the 5th and 7th days
postpartum. Flecainide concentrations on day 5 were 0.891 and 0.567 mcg/mL,
respectively, and 1.093 and 0.500 mcg/mL, respectively, on day 7. Milk:plasma
ratios were 1.57 and 2.18, respectively. The infant was not breastfed (4).

Eleven healthy women volunteers who intended not to breastfeed were given
flecainide 100 mg orally every 12 hours for 5.5 days starting on postpartum day
1 (17). The breasts were emptied by a mechanical breast suction pump every
3–4 hours during the study. Peak milk levels of the drug occurred at 3–6 hours
after a dose with a mean half-life of elimination of 14.7 hours. The highest daily
average concentration of the drug ranged from 270 to 1529 ng/mL, with
milk:plasma ratios on days 2, 3, 4, and 5 of 3.7, 3.2, 3.5, and 2.6, respectively.
An estimated maximum steady-state concentration of flecainide in an infant
consuming approximately 700 mL of milk per day (assumed to be the total milk
production) was 62 ng/mL, an apparently nontoxic level. Based on this, the
investigators concluded that the risk of adverse effects in a nursing infant
whose mother was consuming flecainide was minimal (17). The American
Academy of Pediatrics classifies flecainide as compatible with breastfeeding
(18).
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FLOSEQUINAN

[Withdrawn from the market. See 9th edition.]



FLOXURIDINE
Antineoplastic (Antimetabolite)
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of floxuridine in human pregnancy have been
located. The drug has caused some form of developmental toxicity
(structural anomalies, functional deficits, and death) in several animal
species. Although the magnitude of human risk is unknown, floxuridine is
best avoided in pregnancy, especially in the 1st trimester, because it
interferes with DNA, RNA, and protein synthesis.

FETAL RISK SUMMARY
Floxuridine, a fluorinated pyrimidine, is a prodrug antineoplastic antimetabolite
that is given by intra-arterial infusion. It is rapidly metabolized to one of two
active agents, 5-fluorouracil or floxuridine-monophosphate, and several inactive
metabolites (see also Fluorouracil). It is classified as an antimetabolite in the
subclass of pyrimidine analogs. In addition to fluorouracil, other antineoplastic
agents in the subclass are capecitabine and gemcitabine. Floxuridine is
indicated for the palliative management of gastrointestinal adenocarcinoma
metastatic to the liver. Pharmacokinetic data are not available (1,2).

Reproduction studies have been conducted in the chick embryo, mice, and
rats. The drug was teratogenic in the three species at doses that were 4.2–125
times the recommended human therapeutic dose. Malformations included cleft
palates, skeletal defects and deformed appendages, paws, and tails (2). In
addition, a 1998 study concluded that the postpubertal reproduction dysfunction
observed in male mice that had been exposed to floxuridine as embryos
resulted from excessive cell death in the developing brain (3).

Long-term carcinogenicity studies have not been conducted with floxuridine.
Floxuridine and its active metabolite, fluorouracil, are known to be mutagenic.
With the exception of the above study, reproductive performance and fertility
studies have not been conducted with floxuridine. However, fluorouracil is



known to cause chromosomal aberrations and changes in chromosome
organization of spermatogonia, as well as transient infertility in rats. In female
rats, intraperitoneal doses of fluorouracil administered in the preovulatory
phase of oogenesis significantly reduced the number of fertile matings, delayed
the development of embryos, increased the incidence of preimplantation
lethality, and induced chromosomal anomalies in the embryos (2).

It is not known if floxuridine or its active metabolites cross the human
placenta. The molecular weight of the parent compound (about 246) suggests
that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of floxuridine during human lactation have been
located. The antineoplastic agent is converted into two active metabolites, 5-
fluorouracil and floxuridine-monophosphate (see also Fluorouracil). The
molecular weight of the parent compound (about 246) suggests that the drug
will be excreted into breast milk. If a nursing woman is treated with floxuridine,
breastfeeding should be avoided because the drug interferes with DNA, RNA,
and protein synthesis.
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FLUCONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Human Data Suggest Risk (≥400
mg/day)
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the data are very limited, the use of fluconazole during the 1st
trimester appears to be teratogenic with continuous daily doses of 400
mg/day or more. The malformations may resemble those observed in the
Antley-Bixler syndrome. The published experience with the use of smaller
doses, such as those prescribed for vaginal fungal infections, suggests that
the risk for adverse outcomes is low, if it exists at all. In those instances in
which continuous, high-dose fluconazole is the only therapeutic choice
during the 1st trimester, the patient should be informed of the potential risk
to her fetus.

FETAL RISK SUMMARY
Fluconazole is a triazole antifungal agent in the same class as itraconazole,
posaconazole, terconazole, and voriconazole.

In studies with pregnant rabbits, abortions were noted at a dose 20–60 times
the recommended human dose (RHD) but no fetal anomalies (1). In pregnant
rats, doses <20–60 times the RHD produced increases in fetal anatomical
variants (supernumerary ribs, renal pelvis dilation, and delays in ossification). At
doses 20 to ≥60 times the RHD, embryo deaths were observed as well as
structural abnormalities consisting of wavy ribs, cleft palate, and abnormal
craniofacial ossification (1). These effects were thought to be consistent with
inhibition of estrogen synthesis (1).

One hypothesis for the teratogenic effects of phenytoin involves the
production of toxic intermediates, such as an epoxide (arene oxide) (2).
Because fluconazole inhibits the cytochrome P450 pathway responsible for
phenytoin metabolism, authors of a 1999 study reasoned that the drug
combination could provide a test of the hypothesis. The theory was not



supported, however, when pretreatment with a nonembryotoxic fluconazole
dose doubled (from 6.2% to 13.3%) the incidence of phenytoin-induced cleft
palate in mice. Administering both drugs closely together significantly increased
the incidence of resorptions (p <0.05) but not malformations. This lack of effect
on malformations may have been related to the increased embryolethality of
the combination (2). The mechanism for the teratological interaction between
the drugs was unknown.

It is not known if fluconazole crosses the human placenta. The molecular
weight (about 306) is low enough that passage to the fetus should be
expected.

A case published in 1992 described the pregnancy outcome in a 22-year-old
black woman who was treated before and throughout gestation with
fluconazole, 400 mg/day orally, for disseminated coccidioidomycosis (3).
Premature rupture of the membranes occurred at 27 weeks’ gestation; 1 week
later, a cesarean section was performed because of chorioamnionitis. A 1145-
g female infant with grossly dysmorphic features and with Apgar scores of 0
and 6 at 1 and 5 minutes, respectively, was delivered. The infant died shortly
after birth. Anatomic abnormalities included cranioschisis of the frontal bones,
craniostenosis of the sagittal suture, hypoplasia of the nasal bones, cleft
palate, humeral–radial fusion, bowed tibia and femur, bilateral femoral
fractures, contractures of both upper and lower extremities, an incompletely
formed right thumb, medial deviation of both feet with a short left first toe, and
short right first, fourth, and fifth toes (3). No evidence of coccidioidomycosis
was found on microscopic examination.

A 1996 publication described three infants (one of whom is described above)
with congenital malformations who had been exposed to fluconazole in utero
during the 1st trimester or beyond (4). One woman with Coccidioides immitis
meningitis took 800 mg/day of fluconazole through the first 7 weeks of
pregnancy, then resumed the therapy during the 9th week of gestation and
continued until delivery by cesarean section at 38 weeks’ gestation. The male
infant was small for gestational age (1878 g), was cyanotic, and had a poor
tone. He suffered a femur fracture when his limbs were straightened for
measurement shortly after birth. Multiple malformations were observed,
involving the head and face: brachycephaly, maxillary hypoplasia, small ear
helices, exotropia, craniofacial disproportion, large anterior fontanelle,
trigonocephaly, supraorbital ridge hypoplasia, and micrognathia; the skeleton:
femoral bowing, femoral fracture, thin clavicles, ribs, and long bones, and
diffuse osteopenia; and the heart: tetralogy of Fallot, pulmonary artery



hypoplasia, patent foramen ovale, and patent ductus arteriosus.
The pregnancy outcome of a woman (her second pregnancy), first described

by Lee et al. in 1992 (3), was also reviewed in the above 1996 reference. In
her next pregnancy (her third), she delivered a healthy male infant (4). Although
she had been told to take fluconazole 400 mg/day, nontherapeutic serum levels
documented that the patient was not compliant with these instructions. After
this, the woman conceived a fourth time, and therapeutic serum fluconazole
concentrations were documented while she was taking 400 mg/day. Therapy
was discontinued when her pregnancy was diagnosed at 4 months’ gestation.
The full-term female infant (weight not specified) had multiple malformations
involving the head and face: cleft palate, low ears, tracheomalacia, rudimentary
epiglottis, and proptosis; the skeleton: femoral bowing, clavicular fracture, thin
wavy ribs, absent distal phalanx (toe), and arachnodactyly; and the heart:
ventricular septal defect and pulmonary artery hypoplasia. The infant died at
age 3 months from complications related to her tracheomalacia.

The anomalies noted in the 1992 case report were at first thought to be
consistent with an autosomal recessive genetic disorder known as the Antley-
Bixler syndrome (3). However, because of the second case in the same mother
and the third infant, the defects were now thought to represent the teratogenic
effect of fluconazole (4). Moreover, several of the defects observed were
similar to those described in fetal rats exposed to fluconazole.

The FDA in January 1996 received a report of congenital defects in an infant
exposed to 800 mg/day of fluconazole during the 1st trimester (F. Rosa,
personal communication, FDA, 1996). Similar to the case described by Lee et
al. (3), the infant had craniostenosis of the sagittal suture and a rare bilateral
humeral–radial fusion anomaly. Other malformations were rocker-bottom feet
and orbital hypoplasia. Additional individual adverse reports involving
fluconazole that were received by the FDA included three cases of cleft palate,
one case each of miscarriage with severe shortening of all limbs and of
syndactyly, both after a single 150-mg dose in the 1st trimester, and single
cases of hydrocephalus, omphalocele, and deafness.

A 1997 case report described a 27-year-old woman with chronic C. immitis
meningitis who was treated with fluconazole (400 mg/day through the fourth or
fifth week, then 800 mg/day) during the first 9 weeks of an unknown pregnancy
(5). Fluconazole was stopped when the pregnancy was diagnosed and
amphotericin B therapy was initiated. At 22 weeks’ gestation, amphotericin B
was discontinued and fluconazole was restarted at 1200 mg/day. Spontaneous
rupture of the membranes occurred at 31 weeks and a 1300-g male infant was



delivered by cesarean section. Craniofacial anomalies noted in the newborn
included a soft calvarium, widely separated sutures, prominent forehead, mild
exorbitism, a large pear-shaped nose, and small ears with overfolded helices
(5). Other malformations included immobile elbows, hypoplastic nails, subluxed
hips, rocker-bottom feet, and bilateral radialhumeral synostosis. Because of the
similarity to the other reported cases, the authors concluded that fluconazole
produces an Antley-Bixler-like syndrome (5) . (Note: The malformations
observed in this infant are very similar to those described by Rosa above, and
may have been the same case.)

In contrast to the above adverse outcomes, a retrospective review of 289
pregnancies was reported in which the mothers received either a single 150-mg
dose (N = 275), multiple 50-mg doses (N = 3), or multiple 150-mg doses (N =
11) of fluconazole (6). All of the women were treated during (gestational age of
exposure not specified) or shortly before pregnancy for vaginal candidiasis,
even though the authors noted that fluconazole was contraindicated for the
treatment of this condition in pregnancy. The outcomes of the 289 pregnancies
included 178 infants (5 sets of twins), 39 (13.5%) spontaneous abortions, 38
elective abortions, 2 ectopic pregnancies, and 37 unknown outcomes. Four
infants with anomalies were observed, but in each case the mother had taken
fluconazole before conception (1 week to >26 weeks before the last monthly
menstrual period).

A prospective study published in 1996 compared the pregnancy outcomes of
226 women exposed to fluconazole during the 1st trimester with 452 women
exposed to nonteratogenic agents (7). The dosage taken by the exposed group
consisted of a single, 150 mg dose (N = 105, 47%), multiple doses of 150 mg
(N = 81, 36%), 50-mg single dose (N = 3, 1%), 50-mg multiple doses (N = 23,
10%), 100-mg single dose (N = 5, 2%), or 100-mg multiple doses (N = 9, 4%).
Most women (90.7%) were treated for vaginal candidiasis. There were no
differences between the two groups in the number of miscarriages, stillbirths,
congenital malformations, prematurity, low birth weight, cesarean section, or
prolonged hospital stay. Seven (4.0% of live births) of the exposed women
delivered infants with anomalies compared with 17 (4.2% of live births) of
controls. There was no pattern among the congenital anomalies in the exposed
group except for two cases of trisomy 21.

A brief 1996 case report described a normal pregnancy outcome in a 24-
year-old woman treated with 21 days of fluconazole (600 mg/day) (because of
intolerance to amphotericin B) for Torulopsis glabrata fungemia beginning at
14 weeks’ gestation (8). Although the patient’s course was complicated by



shock and intracerebral hemorrhage, she eventually delivered at term a healthy
2.95-kg infant (sex not specified) who was doing well at 18 months of age.

In another 1996 case report, a 24-year-old woman at about 19 weeks’
gestation had chorioretinitis, candidiasis, fever, pneumonia, and low body
weight attributed to Candida albicans sepsis (9). Because of massive nausea
and vomiting after a test dose of amphotericin B, she was treated with IV
fluconazole (10 mg/kg/day or about 400 mg/day) for 16 days and then the
same dosage orally for another 34 days. She responded well to the antifungal
therapy and gave birth at 39 weeks to a healthy 2.834-kg female infant with
Apgar scores of 8 and 9 at 1 and 5 minutes, respectively. The infant had
normal growth and mental development at 2 years of age (9).

A regional drug information center reported the pregnancy outcomes of 16
women (17 outcomes, 1 set of twins) who had called to inquire about the effect
of fluconazole on their pregnancies (10). The median fluconazole dose was 300
mg (range 150–1000 mg) starting at a mean 4 weeks’ gestation (range 1–26
weeks). The twins were stillborn (no malformations), but the other 15 newborns
were normal.

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (11). Data were obtained
by questionnaires sent to the prescribing physicians one month after the
expected or possible date of delivery. In 831 (78%) of the pregnancies, a
newly marketed drug was thought to have been taken during the 1st trimester
with birth defects noted in 14 (2.5%) singleton births of the 557 newborns
(10 sets of twins). In addition, two birth defects were observed in aborted
fetuses. However, few of the aborted fetuses were examined. Fluconazole was
taken during the 1st trimester in 48 pregnancies, but the dose and duration of
therapy were not specified. The outcomes of these pregnancies included
4 spontaneous abortions, 5 elective abortions, 4 pregnancies lost to follow-up,
and 37 normal newborns (3 premature; 2 sets of full-term twins) (11). Although
no congenital malformations were observed, the study lacked the sensitivity to
identify minor anomalies because of the absence of standardized examinations.
Late-appearing major defects may also have been missed due to the timing of
the questionnaires.

A short 1998 report described the pregnancy outcome of a 38-year-old
woman who had been treated with a single 150-mg oral dose of fluconazole
about the date of conception (12). Chorionic villus sampling was conducted at
12 weeks’ gestation finding a normal karyotype (46,XY). The male infant,



delivered by cesarean section at 39 weeks’, had an encephalocele.
Echocardiography revealed dextrocardia and that both the pulmonary artery
and the aorta emerged from the right ventricle (12). He died at 7 days of age.
The cause of the anomalies was unknown, but it could not have been
secondary to fluconazole because of the timing of the exposure.

A 42-year-old woman with achalasia at 31 weeks’ gestation was diagnosed
with Candida esophagitis (13). IV fluconazole, 150 mg/day, was given for 14
days with resolution of the vomiting and lessening of her nausea. She was
treated before and after fluconazole with parenteral hyperalimentation. An
apparently healthy 2.438-kg female infant, Apgar scores of 9 and 9 at 1 and 5
minutes, respectively, was delivered at 38 weeks’ gestation.

In a 1999 report, fluconazole exposures and pregnancy outcomes were
examined using the Danish Jutland Pharmaco-Epidemiological Prescription
Database (14). A total of 165 women who had received a single, oral 150-mg
dose of fluconazole for vaginal candidiasis just before or during pregnancy from
1991 to 1996 were identified. Of these, 121 had been exposed during the 1st
trimester. The outcomes of exposed women were compared with the outcomes
of 13,327 women who had not received any prescription medication during their
pregnancies (controls). In the comparison of exposed newborns with controls,
no elevated risk for preterm delivery (odds ratio [OR] 1.17, 95% confidence
interval [CI] 0.63–2.17) or low birth weight (OR 1.19, 95% CI 0.37–3.79) was
discovered. Similarly, the prevalence of congenital malformations was 3.3% (4
of 121) in exposed compared with 5.2% (697 of 13,327) in controls (OR 0.65,
95% CI 0.24–1.77) (14).

In a 2005 case, a woman with HIV infection was treated with multiple drugs,
including fluconazole 400 mg/day, during pregnancy (15). The infant, delivered
at 37 weeks’, was noted to have seizures secondary to withdrawal from
methadone and multiple malformations. Examination at 9 months of age
revealed craniosynostosis, shallow orbital region, hypoplastic supraorbital
ridges, hypertelorism, mild ptosis, radioulinar synostosis, and
metacarpophalangeal–proximal interphalangeal symphalangism of D2–D5
bilaterally. Antley-Bixler and other syndromes were excluded. Compared with
four previous cases, the findings in the present case of craniosynostosis,
multiple symphalangism, and long-bone abnormalities were similar and
suggested a clearly identifiable phenotype (15).

A 1998 review concluded that the risk of embryo–fetal harm was low when
small doses were used, such as those for vaginal fungal infections (16).

In a 2013 case report, a woman at 21 3/7 weeks’ gestation had a cervical



cerclage for early labor (17). A culture of the amniotic fluid taken before the
cerclage placement was positive for C. albicans. Because she refused removal
of the cerclage, she was treated with an 800-mg IV dose of fluconazole,
followed by 400 mg/day orally. After a 14-day course of fluconazole, a repeat
amniotic fluid culture remained positive for the fungus. The woman still refused
removal of the cerclage. A 40-mg dose of fluconazole was then instilled into the
amniotic fluid, followed by another 800 mg IV loading dose and 400 mg/day. A
terconazole 80-mg vaginal suppository was given nightly. Intra-amniotic
fluconazole was given weekly, with the next two doses being 100 mg and 80
mg. Four weeks later, at 27 2/7 weeks, an emergent cesarean section for
placental abruption delivered a viable female infant with Apgar scores of 5 and
7. The infant was discharged home after a 67-day stay in the neonatal intensive
care unit. A second case very similar to that above also was reported. This
patient presented at 23 1/7 weeks and was treated similar to the first case until
she underwent cesarean delivery for presumed placental abruption at 31 5/7
weeks. The 1.62-kg female infant had Apgar scores of 7 and 8 and, after a 39-
day stay, was discharged home without sequelae (17).

A registry-based cohort of liveborn infants in Denmark that examined 1st
trimester exposure to fluconazole was published in 2013 (18). No increased risk
of birth defects with oral doses of 150 mg or 300 mg was found in the 7352
exposed pregnancies (prevalence 2.86%) compared with 968,236 unexposed
pregnancies (prevalence 2.60%) (OR 1.06, 95% CI 0.92–1.21). However, a
significantly increased risk for tetralogy of Fallot was found (7 cases vs. 287
cases; prevalence 0.10% vs. 0.03%; OR 3.13, 95% CI 1.49–6.71). As noted
by the authors, the absolute risk for tetralogy of Fallot was small and requires
confirmation from other studies (18).

BREASTFEEDING SUMMARY
Fluconazole is excreted into human milk (19,20). A 42-year-old lactating 54.5-
kg woman was taking fluconazole 200 mg once daily (19). On her 18th day of
therapy (8 days postpartum), milk samples were obtained at 0.5 hour before a
dose and at 2, 4, and 10 hours after a dose. Serum samples were drawn 0.5
hour before the dose and 4 hours after the dose. On her last day of therapy
(20 days postpartum), milk samples were again collected at 12, 24, 36, and 48
hours after the dose. Peak milk concentrations of fluconazole, up to 4.1
mcg/mL, were measured 2 hours after the mother’s dose. The milk:plasma
ratios at 0.5 hour before dose and 4 hours after dose were both 0.90. The
elimination half-lives in the milk and serum were 26.9 hours and 18.6 hours,



respectively. No mention was made of the nursing infant (19).
A 29-year-old woman who was nursing her 12-week-old infant developed a

vaginal fungal infection (20). Breastfeeding was halted at the patient’s request
and she was given 150 mg of fluconazole orally. Fluconazole concentrations
were determined in milk (pooled from both breasts) and plasma samples
obtained at 2, 5, 24, and 48 hours after the dose. Milk concentrations were
2.93, 2.66, 1.76, and 0.98 mcg/mL, respectively, while plasma concentrations
were 6.42, 2.79, 2.52, and 1.19 mcg/mL, respectively. The milk:plasma ratios
were 0.46, 0.85, 0.85, and 0.83, respectively, with half-lives of 30 and 35
hours, respectively, in the milk and plasma. The author estimated that after
three plasma half-lives, 87.5% of the dose would have been eliminated from a
woman with normal renal function, thereby greatly reducing the amount of drug
a nursing infant would ingest (20).

Although the risk to a nursing infant from exposure to fluconazole in breast
milk is unknown, the safe use of this antifungal agent in neonates has been
reported (21–23). A brief 1989 report described a 48-day-old infant, born at 36
weeks’ gestation, who was treated with IV fluconazole, 6 mg/kg/day, for
disseminated C.albicans (21). The dosage was reduced to 3 mg/kg/day when a
slight, transient increase in serum transaminase values was measured. The
infant was discharged home at 80 days of age in good condition. In the second
case, IV fluconazole 6 mg/kg/day was administered for 20 days to an
approximately 6-week-old, premature infant (born at 28 weeks’ gestation) with
a disseminated C.albicans infection (22). Results of follow-up studies of the
infant during the next 4 months were apparently normal. In a similar case, a 1-
month-old premature infant was treated with IV fluconazole (5 mg/kg for 1 hour
daily) for 21 days and orally for 8 days for meningitis caused by a Candida
species (23). He was doing well at 9 months of age.

A mother, breastfeeding her third infant, experienced severe pain from
cracked nipples associated with a fungal infection (24). She had successfully
breastfed her two previous infants for 1–2 years. The fungal infection was
successfully treated with fluconazole (200 mg loading dose, then 100 mg/day
for 15 days, and then 200 mg/day for 15 days) (24).

The safety of fluconazole during breastfeeding cannot be completely
extrapolated from these cases, but the dose administered to these infants far
exceeds the amount they would have received via breast milk. Since no drug-
induced toxicity was encountered in the infants, fluconazole is probably safe to
use during breast feeding. The American Academy of Pediatrics classifies
fluconazole as compatible with breastfeeding (25).
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FLUCYTOSINE
Antifungal
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

A major concern with flucytosine exposure in the 1st trimester is that it is
partially metabolized to 5-fluorouracil, a known human teratogen (see
below). Thus, if possible, avoiding the 1st trimester is the best course.

FETAL RISK SUMMARY
Flucytosine is indicated only in the treatment of serious infections caused by
susceptible strains of Candida and/or Cryptococcus. The drug is partially
metabolized and binding to serum proteins is low. The mean half-life is about 4
hours (1).

Reproduction studies have been conducted in rats, mice, and rabbits.
Flucytosine was teratogenic in rats at doses 0.27–4.7 times the maximum
recommended human dose (MRHD), producing vertebral fusions, cleft lip and
palate, and micrognathia. In mice, a dose 2.7 times the MRHD was associated
with a low, nonsignificant, incidence of cleft palate. Flucytosine was not
teratogenic in rabbits at 0.68 times the MRHD (1).

Consistent with its molecular weight (about 129), low metabolism and serum
protein binding, and moderate half-life, flucytosine crosses the human placenta.
A woman at 21 weeks’ gestation with cryptococcal meningitis was treated with
flucytosine and amphotericin B for 1 week before elective termination (2). Both
agents were found in the amniotic fluid and cord blood.

Following oral administration, about 4% of flucytosine is metabolized within
the gut or by fungal organisms to 5-fluorouracil, an antineoplastic agent (1,3).
Fluorouracil is suspected of producing congenital defects in humans (see
Fluorouracil).

Several case reports of pregnant patients treated with flucytosine, usually in
combination with amphotericin B, in the 2nd and 3rd trimesters have been



located (4–8). No defects were observed in the newborns.

BREASTFEEDING SUMMARY
No reports describing the use of flucytosine during lactation have been located.
Because of the potential for serious adverse effects in a nursing infant,
breastfeeding is not recommended when taking flucytosine.
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FLUDARABINE PHOSPHATE
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Only one report describing the use of fludarabine in human pregnancy has
been located. In that report, exposure occurred in the 2nd trimester and no
fludarabine-induced toxicity was thought to have occurred. However, the
animal reproduction data suggest risk if the drug is used during
organogenesis. Thus, if indicated, avoiding exposure during the 1st
trimester would be the best course. The manufacturer states that women
of childbearing potential and fertile males must take contraceptive
measures during and at least for 6 months after the cessation of therapy
(1,2).

FETAL RISK SUMMARY
Fludarabine phosphate, available in oral and IV formulations, is a synthetic
purine antimetabolite that is rapidly dephosphorylated in the plasma to an active
metabolite. It is a fluorinated nucleotide analog of vidarabine. Fludarabine is in
the same antineoplastic subclass of purine analogs and related agents as
cladribine, clofarabine, mercaptopurine, pentostatin, and thioguanine. It is
indicated as a single agent for the treatment of adult patients with B-cell chronic
lymphocytic leukemia whose disease has not responded to or has progressed
during or after treatment with at least one standard alkylating-agent containing
regimen. Plasma protein binding of the active metabolite is about 19%–29%
and the terminal half-life is about 20 hours (1,2).

Reproduction studies have been conducted in rats and rabbits. In rats during
organogenesis, repeated IV doses that were 1.5 and 4.5 times the
recommended human oral dose based on BSA (RHOD) caused an increase in
resorptions, skeletal and visceral malformations (cleft palate, exencephaly, and
vertebrae deformities), and decreased body weights. The highest dose was



maternal toxic (slight body weight decreases). In rabbits, repeated IV doses
that were ≥0.3 times the RHOD were associated with a significant increase in
malformations, including cleft palate, hydrocephaly, adactyly, brachydactyly,
fusion of the digits, diaphragmatic hernia, heart and great vessel defects, and
vertebrae and rib anomalies. At 2.4 times the RHOD, increases in embryo
(increased resorptions) and fetal (decreased live fetuses) lethality were
observed (1,2).

Studies for carcinogenesis have not been conducted. Both the parent drug
and the active metabolite were clastogenic but not mutagenic. Fertility studies
in mice, rats, and dogs have shown dose-related adverse effects on the male
reproductive system that included decreases in testicular weights and
degeneration and necrosis of spermatogenic epithelium in the testes (1,2).

It is not known if fludarabine crosses the human placenta. The molecular
weights of the parent drug and active metabolite, 365 and 269, respectively,
the low plasma protein binding, and the elimination half-life suggest that both
compounds will cross to the embryo–fetus.

In a 2009 case report, a woman with relapse of acute myeloid leukemia at
22 weeks’ gestation was treated with fludarabine, cytarabine, mitoxantrone,
idarubicin, and gemtuzumab ozogamicin (3). The fetus developed signs of
idarubicin-induced cardiomyopathy, transient cerebral ventriculomegaly,
anemia, and intrauterine growth restriction. The newborn, delivered at 33
weeks by cesarean section, showed no congenital malformations.

A 20-year-old woman with Fanconi anemia became pregnant 93 months after
allogeneic stem cell transplantation from an unrelated donor (4). The
preparative regimen for the transplantation consisted of fludarabine,
cyclophosphamide, methotrexate, tacrolimus, and antithymocyte globulin. She
gave birth at 38 weeks’ gestation to a normal, 2828-g male infant after an
uncomplicated pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of fludarabine during human lactation have been
located. The molecular weights of the parent drug and active metabolite, 365
and 269, respectively, the low plasma protein binding (19%–29%), and the
elimination half-life (20 hours) suggest that both compounds will be excreted
into breast milk. The effect of this exposure on a nursing infant is unknown.
However, in patients treated with the drug, clinically significant toxicities were
observed that involved the hematopoietic, nervous, pulmonary, gastrointestinal,
cardiovascular, and genitourinary systems, as well as the skin. Taken in sum,



the potential risks suggest that if a woman is receiving fludarabine, she should
not breastfeed her infant.

References
1. Product information. Oforta. Sanofi-Aventis, 2009.
2. Product information. Fludarabine Phosphate. Antisoma Research Limited, 2009.
3. Baumgartner AK, Oberhoffer R, Jacobs VR, Ostermayer E, Menzel H, Voigt M, Schneider KT, Pildner

von Steinburg S. Reversible foetal cerebral ventriculomegaly and cardiomyopathy under chemotherapy
for maternal AML. Onkologie 2009;32:40–3.

4. Yabe H, Koike T, Shimizu T, Ishiguro H, Morimoto T, Hyodo H, Akiba T, Kato S, Yabe M. Natural
pregnancy and delivery after unrelated bone marrow transplantation using fludarabine-based regimen in
a Fanconi anemia patient. Int J Hematol 2010;91:350–1.



FLUMAZENIL
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of flumazenil during the 1st trimester in
humans have been located. Two cases, however, have reported use of the
agent in the 3rd trimester. In addition, a second case report (1) was cited
in a 2003 review (2). Although an assessment of the teratogenic risk in
humans cannot be made, the animal data suggest the risk is low.
Moreover, the indication for flumazenil is such that the maternal benefit
should far outweigh the unknown embryo–fetal risk. Therefore, if indicated,
flumazenil should not be withheld during pregnancy (3).

FETAL RISK SUMMARY
Flumazenil, a benzodiazepine receptor antagonist, rapidly inhibits the actions of
benzodiazepines on the CNS. It is indicated for the complete or partial reversal
of the sedative effects of benzodiazepines following therapeutic use or for the
management of benzodiazepine overdose. Although it has weak partial agonist
activity in some animals, flumazenil has little or no agonist action in humans.
After IV administration, flumazenil has a mean terminal half-life of 54 minutes
(range 41–79 minutes). Approximately 50% of the agent is protein bound in the
plasma and the metabolites are inactive (4).

Reproduction studies have been conducted in rats and rabbits. No evidence
of impaired fertility was observed in male and female rats at oral doses up to
120 times the human exposure based on AUC obtained with the maximum
recommended IV dose of 5 mg (HEMRD). In rats and rabbits, no teratogenicity
was observed when flumazenil was given during organogenesis at oral doses
up to 120–600 times the HEMRD. However, embryocidal effects (increased
pre- and postimplantation losses) were noted in rabbits at 200 times the



HEMRD. The no-effect dose was 60 times the HEMRD. In rats, oral doses 120
times the HEMRD during lactation resulted in decreased pup survival and
increased pup liver weight at weaning. Other adverse effects noted were
delayed incisor eruption and ear opening. The no-effect level was 24 times the
HEMRD (4).

It is not known if flumazenil crosses the human placenta to the embryo/fetus.
The molecular weight (about 303) and moderate plasma protein binding
suggest that transfer may occur, but the very short elimination half-life will limit
the embryo–fetal exposure.

A 1993 case report described the use of flumazenil in a 22-year-old woman
at 36 weeks’ gestation (5). The woman was somnolent but was able to
respond appropriately to questions. She had taken 50–60 5-mg tablets of
diazepam. After initial emergency treatment, serum levels approximately 7
hours after ingestion of diazepam and two metabolites (oxazepam and N-
desmethyldiazepam) were 1.9, 0.8, and 0.9 μmol/L, respectively. The fetal
heart rate was 130–160 beats/minute with decreased variability, absence of
accelerations, and occasional decelerations. Flumazenil, 0.3 mg IV, was given
to distinguish between fetal asphyxia and an influence of benzodiazepines.
Shortly afterward, the patient awakened and the fetal heart rate was noted to
have accelerations and increased variability. Approximately 24 hours later, the
maternal and fetal symptoms recurred and a second 0.3 mg dose of IV
flumazenil was given. Both the mother and the fetus responded as before and
no further doses were required. Two weeks later, she delivered a healthy
3620-g (head circumference 33 cm) male infant with Apgar scores of 7, 10,
and 10 at 1, 5, and 10 minutes, respectively. No adverse effects of the
overdose were observed in the infant who was discharged home with his
mother at 5 days of age (5).

BREASTFEEDING SUMMARY
No reports describing the use of flumazenil during human lactation have been
located.

The molecular weight (about 303) and moderate plasma protein binding
suggest that transfer into breast milk may occur, but the very short elimination
half-life (mean 54 minutes) will mitigate this transfer. IV flumazenil has been
given directly to neonates to reverse the sedative effects of diazepam
administered to the mother immediately before delivery (6,7). If indicated,
flumazenil should not be withheld during lactation. However, because of the
potential for adverse effects in a nursing infant that may be similar to those



observed in treated adults (such as fatigue, nausea/vomiting, agitation, and
cutaneous vasodilation), holding breastfeeding for a few hours after the last
dose to allow drug elimination from the mother should be considered.
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FLUNISOLIDE
Respiratory Agent (Corticosteroid)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal data suggest risk, but the limited human pregnancy experience
prevents a complete assessment of the embryo–fetal risk. Moreover,
human pregnancy data exist only for inhaled flunisolide. Inhaled
corticosteroids play an important role in preventing acute exacerbations of
asthma. In a position statement from a joint committee of the American
College of Obstetricians and Gynecologists (ACOG) and the American
College of Allergy, Asthma, and Immunology (ACAAI) published in 2000,
either beclomethasone or budesonide were considered the inhaled steroids
of choice for use during pregnancy (1).

FETAL RISK SUMMARY
The oral inhaled formulation of the corticosteroid flunisolide is indicated for the
maintenance treatment of asthma as prophylactic therapy (2). The nasal spray
product is indicated for the management of the nasal symptoms of seasonal or
perennial rhinitis (3). Flunisolide has potent anti-inflammatory and antiallergic
activity, but it is not a bronchodilator and is not indicated for the relief of
bronchospasm. Total systemic bioavailability of inhaled flunisolide is 40%. The
agent is rapidly metabolized by the liver to low potency or inactive metabolites;
the plasma half-life of flunisolide is about 1.8 hours. Plasma accumulation has
not been observed after 2 weeks of therapy with 2 mg/day (2). After use of the
nasal spray, 50% of the dose reaches the systemic circulation as
unmetabolized flunisolide with a plasma half-life of 1–3 hours (3).

Reproduction studies have been conducted with oral flunisolide in rats and
rabbits. As with other corticosteroids, flunisolide was teratogenic and fetotoxic
at daily oral doses of 1180 mcg/m2 and 480 mcg/m2, respectively (2,3). A
reproduction study in pregnant mice observed dose-related teratogenicity (cleft



palate) and reduced fetal weight, but the SC doses also caused maternal
toxicity (reduced body weight) (4). Another study used pregnant rats and
observed dose-related growth restriction, multiple congenital defects, and
increased mortality (5).

The maximum recommended daily human dose (MRDHD) for the inhaled and
nasal formulations are 2000 mcg and 464 mcg, respectively (2,3). If the
systemic bioavailability of the two formulations are 40% (800 mcg) and 50%
(232 mcg), respectively, and if a typical patient has a BSA of about 1.8 m2,
then the systemic bioavailable doses are about 444 and 129 mcg/m2,
respectively. Thus, based on systemic bioavailability, the dose in rats causing
developmental toxicity was about 3 and 9 times the MRDHD, respectively, and
in rabbits, about 1 and 4 times the MRDHD, respectively.

It is not known if flunisolide crosses the human placenta. The molecular
weights of the formulations (about 434 and 444) are low enough to cross the
placenta, but the short elimination half-lives and extensive metabolism should
limit the amount reaching the embryo or fetus.

A 2004 study examined the effect of inhaled corticosteroids on low birth
weight, preterm births, and congenital malformations in pregnant asthmatic
patients (6). The inhaled steroids and the number of patients were
beclomethasone (N = 277), fluticasone (N = 132), triamcinolone (N = 81),
budesonide (N = 43), and flunisolide (N = 25). Compared with the general
population, the study found no increased incidence of small-for-gestational-age
infants (less than 10th percentile for gestational age), low birth weight (<2500
g), preterm births, and congenital malformations (6).

In another 2004 study, 722 asthmatic women used inhaled corticosteroids
during pregnancy (7). Although the number of subjects using flunisolide was not
mentioned, there were no significant relationships between the inhaled steroid
users and low birth weight, small for gestational age, major malformations,
gestational hypertension, or preterm birth (7).

The two studies cited above suggest that the embryo–fetal risk is low.
However, the one study (7) examining perinatal outcomes was too small to
have identified an association with oral clefts, if it had existed. Systemic
corticosteroids are known to be associated with a low risk for isolated,
nonsyndromic oral clefts (cleft lip and/or palate) when used in the 1st trimester,
as well as fetal growth restriction when used for long periods later in gestation.
(See Hydrocortisone.).

A 2006 meta-analysis on the use of inhaled corticosteroids during pregnancy
was published in 2006 (8). The analysis included five agents: beclomethasone,



budesonide, flunisolide, fluticasone, and triamcinolone. The results showed that
these agents do not increase the risk of major congenital defects, preterm
delivery, low birth weight, and pregnancy-induced hypertension. Thus, they
could be used during pregnancy (8).

BREASTFEEDING SUMMARY
No reports describing the use of flunisolide during human lactation have been
located. The molecular weights of the inhaled and nasal spray formulations
(about 434 and 444) are low enough for excretion into breast milk, but the short
elimination half-lives and extensive metabolism should limit the amount. Other
corticosteroids are excreted into milk in low concentrations (see Prednisone),
and the passage of flunisolide into milk should be expected. The effects of this
exposure on a nursing infant are unknown, but the amounts excreted into milk
should be low. Therefore, use of flunisolide during breastfeeding probably is
compatible.
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FLUOCINOLONE
Corticosteroid (Topical/Ophthalmic Implant)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Systemic corticosteroids are known to cause dose-related developmental
toxicity (i.e., growth restriction and structural anomalies) in animals and
humans. The limited pregnancy experience with fluocinolone does not
appear to represent a risk, probably because the systemic amounts were
insufficient to cause embryo or fetal toxicity. Although the amount of topical
fluocinolone reaching the systemic circulation is uncertain, suppression of
the hypothalamic–pituitary–adrenal (HPA) axis has been observed when
other topically fluorinated corticosteroids were used for long periods in
nonpregnant patients (see Fluocinonide). Use of occlusive dressings will
increase the amount absorbed. Because the amounts absorbed
systemically from topical fluocinolone are unknown and probably highly
variable, a less-potent agent should be considered for pregnant women
requiring long-term topical corticosteroid therapy. Fluocinolone is not
absorbed systemically in detectable amounts from the ocular implant, so
the embryo–fetal risks from this therapy appear to be negligible.

FETAL RISK SUMMARY
Fluocinolone is a potent, synthetic, fluorinated corticosteroid that has anti-
inflammatory, antipyretic, and vasoconstrictive properties. It is available in
various topical formulations as a cream, ointment, solution, shampoo, and oil in
concentrations ranging from 0.01% to 0.2%. It also is available as an ocular
implant (0.59 mg) that is indicated for the treatment of chronic noninfectious
uveitis affecting the posterior segment of the eye (3). Topical fluocinolone is
indicated for the relief of the inflammatory and pruritic manifestations of
corticosteroid-responsive dermatoses (1,2). Systemic absorption of detectable



amounts has not been observed after administration of the ocular implant (3).
However, systemic absorption probably occurs with topical use. The degree of
absorption is affected by inflammation, integrity of the epidermal barrier, and
the use of occlusive dressings. Suppression of the HPA axis is a potential
complication after topical use (1,2) and has occurred with other fluorinated
corticosteroids (see Fluocinonide).

A number of animal reproduction studies have demonstrated that
corticosteroids cause developmental toxicity (growth restriction, structural
anomalies, and death) (see Hydrocortisone). Potent topical corticosteroids also
can cause structural anomalies after dermal application (2,3).

It is not known if fluocinolone crosses the human placenta. The molecular
weight (about 453 as the acetonide) is low enough that exposure of the embryo
and fetus should be expected from the amounts absorbed systemically. The
placenta does contain an enzyme that degrades corticosteroids (e.g., see
Betamethasone, Dexamethason, Hydrocortisone, and Prednisolone), although
active drug still crosses.

The use of fluocinolone for the treatment of pruritus vulvae in 17 pregnant
women was described in a 1967 reference (4). Typically, the treatment was
given five to seven times over a 24-hour period before voluntarily
discontinuance after two or three days. No information was given about the
pregnancy outcomes.

A large 1997 case–control study of the teratogenic potential of oral and
topical corticosteroids involving 1,923,413 total births from 1980 to 1994 was
conducted with the Hungarian Case–Control Surveillance of Congenital
Abnormalities (5). Among the 20,830 malformed case infants, 73 (0.35%) used
a topical corticosteroid during the 1st trimester compared with 118 (0.33%) of
the 35,727 normal control infants (p = 0.69). The number of cases and controls
that used topical fluocinolone cream was 16 and 47, respectively (5).

A 2003 review stated that a topical product containing fluocinolone,
hydroquinone, and tretinoin (Tri-Luma®) was effective for the treatment of
melasma, a localized facial hyperpigmentation also known as the “mask of
pregnancy” (6). Tretinoin, when given systemically, is a known human teratogen
(see Tretinoin [Systemic]) and, although the systemic bioavailability is poor,
concerns have been raised with topical tretinoin (see Tretinoin [Topical]). Thus,
the safest course is to avoid use of the combination in pregnancy, at least
during the 1st trimester.

BREASTFEEDING SUMMARY



No reports describing the use of fluocinolone during human lactation have been
located.

If fluocinolone reaches the systemic circulation, the molecular weight (about
453 as the acetonide) is low enough that excretion into breast milk should be
expected. The amount of topically applied fluocinolone reaching the systemic
circulation is uncertain, but suppression of the HPA axis has been observed
with other topically applied fluorinated corticosteroids (see Fluocinonide) in
nonpregnant patients. Because of this uncertainty, if a nursing woman requires
long-term topical therapy, consideration should be given to a less-potent
corticosteroid.
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FLUOCINONIDE
Corticosteroid (Topical)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The only report describing the use of fluocinonide in human pregnancy
involved a woman in the 3rd trimester. The amount of topically applied
fluocinonide reaching the systemic circulation is uncertain, but suppression
of the hypothalamic–pituitary–adrenal (HPA) axis has been observed in
nonpregnant patients. Use of occlusive dressings will increase the amount
absorbed. Moreover, it is not known if the amounts absorbed can cause
the congenital defects and growth restriction observed in humans with
systemic corticosteroids. One manufacturer recommends treatment for no
more than 2 weeks with a total dosage not exceeding 60 g/week (1). If a
pregnant woman requires long-term topical corticosteroid therapy, the use
of a less-potent agent should be considered.

FETAL RISK SUMMARY
Fluocinonide is a potent, synthetic, fluorinated corticosteroid that has anti-
inflammatory, antipruritic, and vasoconstrictive properties. It is available in
various topical formulations, such as creams, ointments, gels, and solutions in
concentrations of 0.05% or 0.1%. Fluocinonide is indicated for the relief of the
inflammation and pruritic manifestations of corticosteroid-responsive
dermatoses (1). Systemic absorption does occur with topical use with the
amount of absorption affected by inflammation, the integrity of the epidermal
barrier, and the use of occlusive dressings. Suppression of the HPA axis is a
potential complication. Application of a 0.1% cream twice daily in pediatric and
adult patients has been associated with suppression of the HPA axis (1).

A number of animal reproduction studies have demonstrated that
corticosteroids cause developmental toxicity (growth restriction, structural



anomalies, and death) (see Hydrocortisone). Potent topical corticosteroids also
can cause structural anomalies after dermal application (1).

It is not known if fluocinonide crosses the human placenta. The molecular
weight (about 495) is low enough that exposure of the embryo and fetus should
be expected. The placenta does contain an enzyme that degrades
corticosteroids (e.g., see Betamethasone, Dexamethason, Hydrocortisone, and
Prednisolone), although some active drug still crosses. The amount of
fluocinonide reaching the systemic circulation apparently has not been
measured, but amounts sufficient to suppress the HPA axis has been shown
clinically, as indicated above.

A 2006 case report described a 21-year-old woman in the 3rd trimester with
a diagnosis of food-induced acute generalized exanthematous pustulosis (2).
She was successively treated with fluocinonide cream 0.05% and tapering
doses of systemic methylprednisolone (doses and durations not specified). She
eventually gave birth at 40 weeks’ gestation to a healthy male infant (2).

BREASTFEEDING SUMMARY
No reports describing the use of fluocinonide during human lactation have been
located.

If fluocinonide reaches the systemic circulation, the molecular weight (about
495) is low enough that excretion into breast milk should be expected. The
amount of topically applied fluocinonide reaching the systemic circulation is
uncertain, but suppression of the HPA axis has been observed in nonpregnant
patients. Because of this uncertainty, if a nursing woman requires long-term
topical corticosteroid therapy, consideration should be given to a less-potent
corticosteroid.
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FLUORESCEIN SODIUM
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity (IV) Limited Human Data—Probably Compatible (Topical)

PREGNANCY SUMMARY

One report has described the use of fluorescein sodium in human
pregnancy. Use of the topical solution in the eye (as well as IV injection)
produces measurable concentrations of the dye in the systemic circulation
(see references 5 and 6) and passage to the fetus should be expected.

FETAL RISK SUMMARY
The diagnostic agent, fluorescein sodium (dye and coloring Yellow No. 8), is
available as a topical solution, dye-impregnated paper strips, and as a solution
for IV injection.

No adverse fetal effects were observed in the offspring of pregnant albino
rats administered IV sodium fluorescein (10%) at a dose of 5 mL/kg (1). The
agent crossed the placenta and distributed throughout the fetuses within
15 minutes. Using phenobarbital in mature rats exposed in utero to multiple
maternal IV doses of 10% sodium fluorescein, the investigators determined that
in utero exposure to the dye had no effect on their drug detoxification systems
later in life (1). No adverse effects on fetal development were observed when
pregnant rats and rabbits were treated by gavage with multiple high doses (up
to 1500 mg/kg in rats and up to 250 mg/kg in rabbits) of sodium fluorescein
during organogenesis (2). Similarly, no adverse fetal outcomes occurred when
pregnant rabbits were administered multiple 1.4-mL IV doses of 10% sodium
fluorescein during the first two-thirds of gestation (3).

A 2009 report described a 45-year-old woman with choroidal
neovascularization and an unknown pregnancy, who received fluorescein
angiography at 9 weeks and verteporfin at 12 weeks (4). Pregnancy was
diagnosed at about 25 weeks. At about 37 weeks, she gave birth



spontaneously to a healthy, 2410-g female infant without congenital anomalies
and with Apgar scores of 9 and 10. The normal infant was doing well at 16
months of age (4).

BREASTFEEDING SUMMARY
Fluorescein sodium is excreted into breast milk (5,6). A 29-year-old woman,
who suffered acute central vision loss shortly after prematurely delivery of
twins, was administered a 5-mL IV dose of 10% fluorescein sodium for
diagnostic angiography (5). Her hospitalized infants were not fed her milk
because of concern that the fluorescein in the milk could cause a phototoxic
reaction if consumed (a severe bullous skin eruption was observed in a
premature infant receiving phototherapy for hyperbilirubinemia shortly after
administration of IV fluorescein angiography [7]). Milk concentrations of the dye
were measured in seven samples collected between 6 and 76 hours after
fluorescein administration. The highest and lowest concentrations, 372 ng/mL
and 170 ng/mL, were measured at 6 and 76 hours, respectively. The
elimination half-life of fluorescein in the woman’s milk was approximately 62
hours (5).

In a second case, a 28-year-old woman at 3 months postpartum was
administered a topical 2% solution in both eyes (6). Her infant was not allowed
to breastfeed on the day of instillation. Absorption into the systemic circulation
was documented with plasma fluorescein concentrations of 36 and 40 ng/mL at
45 and 75 minutes, respectively, after the dose. Milk concentrations at 30, 60,
and 90 minutes were 20, 22, and 15 ng/mL, respectively. Because of these
data, the authors recommended that mothers should not breastfeed for 8–12
hours after fluorescein topical administration (6).

The two mothers in the above cases either did not breastfeed or temporarily
withheld nursing to allow the dye to clear from their milk because of concerns
for a fluorescein-induced phototoxic reaction in their infants. Although the
American Academy of Pediatrics classifies fluorescein as compatible with
breastfeeding (8), the much higher milk concentrations obtained following IV
fluorescein indicate that a risk may exist, especially in those infants undergoing
phototherapy, and feeding should be temporarily withheld (9).
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FLUOROURACIL
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Fluorouracil is classified as an antimetabolite in the subclass of pyrimidine
analogs. Other antineoplastic agents in the subclass are capecitabine,
cytarabine, floxuridine, and gemcitabine. It is frequently used in combination
with other antineoplastics. Structural anomalies are a potential complication
if this agent is given systemically during the 1st trimester.

FETAL RISK SUMMARY
Fluorouracil was embryotoxic and teratogenic in mice, rats, and hamsters given
parenteral doses equivalent to the human dose (1). Although not teratogenic in
monkeys, divided doses above 40 mg/kg resulted in abortions. Animal
reproduction studies with topical fluorouracil have not been conducted (1).

When applied topically in patients with actinic keratoses, the amount of
fluorouracil absorbed systemically is approximately 6% (1). The amount
absorbed from mucous membranes is unknown. One manufacturer reported an
infant with cleft lip and palate from a woman who appropriately used topical
fluorouracil and a second infant with a ventricular septal defect from a woman
who used the drug topically on mucous membranes (1). In addition,
spontaneous abortions (SAB) have been reported following use on mucous
membrane areas (1). It is not known if there is a causative relationship
between the topically applied drug and these outcomes.

Following systemic therapy in the 1st trimester (also with exposure to 5 rad
of irradiation), multiple defects were observed in an aborted fetus: radial
aplasia; absent thumbs and three fingers; hypoplasia of lungs, aorta, thymus,
and bile duct; aplasia of esophagus, duodenum, and ureters; single umbilical
artery; absent appendix; imperforate anus; and a cloaca (2).

A 33-year-old woman with metastatic breast cancer was treated with a
modified radical mastectomy during her 3rd month of pregnancy, followed by



oophorectomy at 13 weeks’ gestation (3). Chemotherapy, consisting of 5-
fluorouracil, cyclophosphamide, and doxorubicin, was started at approximately
11 weeks’ gestation and continued for six 3-week cyclic courses. Methotrexate
was substituted for doxorubicin at this time and the new three-drug regimen
was continued until delivery by cesarean section at 35 weeks of a 2260-g
female infant. No abnormalities were noted at birth, and continued follow-up at
24 months of age revealed normal growth and development. Toxicity consisting
of cyanosis and jerking extremities has been reported in a newborn exposed to
fluorouracil in the 3rd trimester (4).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 14 newborns had
been exposed to fluorouracil (includes nonsystemic administration) during the
1st trimester (F. Rosa, personal communication, FDA, 1993). One (7.1%)
major birth defect was observed (one expected). No anomalies were observed
in six defect categories (cardiovascular defects, oral clefts, spina bifida,
polydactyly, limb reduction defects, and hypospadias) for which specific data
were available.

In a brief 1997 report, three pregnant women with breast cancer were
successfully treated with two or three courses of vinorelbine (20–30 mg/m2)
and fluorouracil (500–750 mg/m2) at 24, 28, and 29 weeks’ gestation,
respectively (5). Delivery occurred at 34, 41, and 37 weeks’ gestation,
respectively. One patient also required six courses of epidoxorubicin and
cyclophosphamide. Her infant developed transient anemia at 21 days of age
that resolved spontaneously. No adverse effects were observed in the other
two newborns. All three infants were developing normally at about 2–3 years of
age (5).

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (6).
The first cycle of chemotherapy occurred at a mean gestational age of 26
weeks, with delivery occurring at a mean 34.7 weeks. A total of 38 cycles were
administered during pregnancy with a median of two cycles per woman. None
of the women received radiation therapy during pregnancy. The pregnancy
outcomes included two SAB (both exposed in the 1st trimester), one
intrauterine death (exposed in the 2nd trimester), and 17 live births, one of
whom died at 8 days of age without apparent cause. The 16 surviving children
were developing normally at a mean follow-up of 42.3 months (6). Fluorouracil
(F), in combination with various other agents (cyclophosphamide [C],
doxorubicin [D], epirubicin [E], mitoxantrone [M], or vinorelbine [V]) was



administered to 16 of the women at a mean dose of 535 mg/m2 (range 300–
750 mg/m2). The outcomes were one SAB (FCE; 1st trimester), one neonatal
death (one cycle of FCE 32 days before birth), and 14 surviving liveborn infants
(five FEC, four FV, two FDC, two FCM, and one FD in the 2nd or 3rd
trimester). One of the infants, exposed to two cycles of FCE with the last at 25
days before birth, had transient leukopenia and another was growth restricted
(1460-g, born at 33 weeks’ gestation after two cycles of FCM) (6).

Amenorrhea has been observed in women treated with fluorouracil for breast
cancer, but this was probably caused by concurrent administration of melphalan
(7,8) (see also Melphalan). The long-term effects of combination chemotherapy
on menstrual and reproductive function have been described in two 1988
reports (9,10). In one report, only 2 of the 40 women treated for malignant
ovarian germ cell tumors received fluorouracil (9). The results of this study are
discussed in the monograph for cyclophosphamide (see Cyclophosphamide).
The other report described the reproductive results of 265 women who had
been treated from 1959 to 1980 for gestational trophoblastic disease (10).
Single-agent chemotherapy was administered to 91 women, including 54 cases
in which fluorouracil was the only agent used; sequential (single agent) and
combination therapies were administered to 67 and 107 women, respectively.
Of the total group, 241 were exposed to pregnancy and 205 (85%) of these
women conceived, with a total of 355 pregnancies. The time interval between
recovery and pregnancy was 1 year or less (8.5%), 1–2 years (32.1%), 2–4
years (32.4%), 4–6 years (15.5%), 6–8 years (7.3%), 8–10 years (1.4%), and
more than 10 years (2.8%). A total of 303 (4 sets of twins) liveborn infants
resulted from the 355 pregnancies, 3 of whom had congenital malformations:
anencephaly, hydrocephalus, and congenital heart disease (one in each case).
No gross developmental abnormalities were observed in the dead fetuses.
Cytogenetic studies were conducted on the peripheral lymphocytes of 94
children, and no significant chromosomal abnormalities were noted. Moreover,
follow-up of the children, more than 80% of the group older than 5 years of age
(the oldest was 25 years old), revealed normal development. The reproductive
histories and pregnancy outcomes of the treated women were comparable to
those of the normal population (10).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).



BREASTFEEDING SUMMARY
No reports describing the use of fluorouracil during lactation have been located.
The low molecular weight (about 130) probably indicates that the drug is
excreted into milk. Because of the potential for severe toxicity in a nursing
infant, women should not nurse while receiving fluorouracil.
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FLUOXETINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The available animal and human experience indicates that fluoxetine is not a
major teratogen. However, one animal study has shown that fluoxetine can
produce changes, perhaps permanently, in the fetal brain. Moreover, the
increased rate of three or minor anomalies found in one investigation may
be evidence that the drug does adversely affect embryonic development.
The other studies cited above lacked the sensitivity to identify minor
anomalies because of the absence of standardized examinations. Two
large case–control studies did find increased risks for some birth defects,
but the absolute risk appears to be small. However, selective serotonin
reuptake inhibitor (SSRI) antidepressants, including fluoxetine, have been
associated with several developmental toxicities, including spontaneous
abortions (SABs), low birth weight, prematurity, neonatal serotonin
syndrome, neonatal behavioral syndrome (withdrawal), possibly sustained
abnormal neurobehavior beyond the neonatal period, respiratory distress,
and persistent pulmonary hypertension of the newborn (PPHN).

FETAL RISK SUMMARY
Fluoxetine, an SSRI, is used for the treatment of depression. The chemical
structure of fluoxetine is unrelated to other antidepressant agents.

All of the antidepressant agents in the SSRI class (citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline) share a similar mechanism
of action, although they have different chemical structures. These differences
could be construed as evidence against any conclusion that they share similar
effects on the embryo, fetus, or newborn. In the mouse embryo, however,
craniofacial morphogenesis appears to be regulated, at least in part, by



serotonin. Interference with serotonin regulation by chemically different
inhibitors produces similar craniofacial defects (1). Regardless of the structural
differences, therefore, some of the potential adverse effects on pregnancy
outcome may also be similar.

Reproduction studies in rats and rabbits revealed no evidence of
teratogenicity when using up to 1.5 and 3.6 times the maximum recommended
human daily dose based on BSA (MRHDD), respectively, throughout
organogenesis (2,3). In rats, however, doses of 1.5 times the MRHDD during
gestation or 0.9 times the MRHDD during gestation and lactation were
associated with an increase in stillbirths, a decrease in pup weight, and a
decrease in pup survival during the first 7 days postpartum (2). The no-effect
dose for pup mortality was 0.6 times the MRHDD (2). There was no evidence
of developmental neurotoxicity in the surviving pups exposed to 1.5 times the
MRHDD during gestation (2).

Using uterine rings from midterm (gestation day 14) and term pregnant rats,
fluoxetine, and two other antidepressants (imipramine and nortriptyline), were
shown to attenuate the activity of serotonin-induced spontaneous uterine
contractions (4). Although a direct myometrial role could not be demonstrated
for these monoamine reuptake inhibitors, the investigators discussed several
other possible pathways that fluoxetine could induce preterm delivery (4).

Administration of fluoxetine to pregnant rats produced a down-regulation of
fetal cortical 3H-imipramine binding sites that was still evident 90 days after
birth (5). The clinical significance of this finding to the development of the
human fetal brain is unknown.

In a study to determine if fluoxetine increased the bleeding risk in neonates,
pregnant rats were administered fluoxetine (5.62 mg/kg/day) from day 7 of
gestation until the delivery (6). The dose was approximately five times the
maximum recommended human dose. Compared with controls, fluoxetine-
exposed pups had a significantly higher frequency of skin hematomas. The
mechanism was thought to be related to the inhibition of serotonin uptake by
platelets (6).

Both fluoxetine and the active metabolite, norfluoxetine, cross the placenta
and distribute within the embryo or fetus in rats (7). Consistent with the
relatively low molecular weight (about 310 for the free base), fluoxetine and the
metabolite desmethylfluoxetine (norfluoxetine) cross the human term placenta.
In an in vitro experiment using a single placental cotyledon, the mean steady-
state placental transfer for the two compounds was 8.7% and 9.1%,
respectively (8). A 2003 study of the placental transfer of antidepressants



found cord blood:maternal serum ratios for fluoxetine and its metabolite that
ranged from 0.32 to 1.36 and 0.12 to 1.58, respectively (9). The dose-to-
delivery interval was 9–37 hours, with the highest ratio for the parent drug and
metabolite occurring at 26 hours. Moreover, two studies (cited below as
references 19 and 20), have documented the human placental transfer of the
antidepressant and its active metabolite at term.

During clinical trials with fluoxetine, a total of 17 pregnancies occurred during
treatment, even though the women were required to use birth control,
suggesting lack of compliance (3). No pregnancy complications or adverse fetal
outcomes were observed.

A prospective evaluation of 128 women treated with a mean daily dose of
25.8 mg of fluoxetine during the 1st trimester was reported in 1993 (10). Two
matched control groups were selected: one with exposure to tricyclic
antidepressants (TCAs) and the other with exposure only to nonteratogens. No
differences were found in the rates of major birth defects (2, 0, and 2,
respectively) among the groups. An increased risk was observed, although not
statistically significant, in the rate of SAB when the fluoxetine group was
compared with those in the nonteratogen group, 14.8% vs. 7.8% (relative risk
1.9; 95% confidence interval [CI] 0.92–3.92). Because only 74 TCA 1st
trimester exposures were available for matching, comparisons between the
three groups were based on 74 women in each group. The rates of SAB from
this analysis were 13.5% (fluoxetine), 12.2% (TCAs), and 6.8%
(nonteratogens), again without reaching statistical significance (10).

A 1992 prospective multicenter study evaluated the effects of lithium
exposure during the 1st trimester in 148 women (11). One of the pregnancies
was terminated at 16 weeks’ gestation because of a fetus with a rare
congenital heart defect—Ebstein’s anomaly. The fetus had been exposed to
lithium, fluoxetine, trazodone, and L-thyroxine during the 1st trimester. The
defect was probably caused by lithium exposure.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 142 newborns had
been exposed to fluoxetine, 109 during the 1st trimester (F. Rosa, personal
communication, FDA, 1994). Two (1.8%) major birth defects were observed
(five expected), but details of the abnormalities were not available. No
anomalies were observed in eight defect categories (cardiovascular defects,
oral clefts, spina bifida, polydactyly, limb reduction defects, hypospadias, brain
defects, and eye defects) for which specific data were available. These data
do not support an association between the drug and congenital defects.



A 1993 letter to the editor from representatives of the manufacturer
summarized the postmarketing database for the antidepressant (12). Of the
1103 prospectively reported exposed pregnancies, 761 of which had potentially
reached term, data were available for 544 (71%) outcomes, including 91
elective terminations. Among the remaining 453 pregnancies, there were 72
(15.9%) SABs; 2 (0.4%) stillbirths; and 20 (4.4%) infants with major
malformations, 7 of which were identified in the postperinatal period. Details of
the aborted fetuses and stillbirths were not given. The malformations observed
in the perinatal period were abdominal wall defect (in one twin), atrial septal
defect, constricted band syndrome, hepatoblastoma, bilateral hydroceles,
gastrointestinal anomaly, intestinal blockage, macrostomia, stubbed and
missing digits, trisomy 18, trisomy 21, and ureteral disorder (2 cases). The
postperinatal cases included an arrhythmia, pyloric stenosis (2 cases), tracheal
malacia (3 cases), and volvulus. Additional 28 cases of major malformations
reported retrospectively to the manufacturer were mentioned, but no details
were given other than the fact that the malformations lacked similarity and were
not indicative of a pattern of anomalies (12).

A review that appeared in 1996 (before reference 14) examined the
published data relating to the safety of fluoxetine use during gestation and
lactation in both experimental animals and humans (13). Using previously
published criteria for identifying human teratogens, the authors concluded that
the use of fluoxetine during pregnancy did not result in an increased frequency
of birth defects or effects on neurobehavior (13).

A prospective study published in 1996 compared the pregnancy outcomes of
228 women who took fluoxetine with 254 nonexposed controls (14). The rates
of spontaneous abortion in the two groups were 10% (exposed) and 8.5%
(controls), but 13.6% (23 of 169) among those who were enrolled in the study
during the 1st trimester and who had 1st trimester exposure. No significant
difference in the rates of major defects among liveborn infants from subjects
and controls was observed and no anomaly patterns were evident in either
group. A total of 250 infants (97 study and 153 controls) were examined (by a
physician who was unaware of the infant’s drug exposure [15]) for minor
anomalies and among those with three or more anomalies, 15 (15.5%) were
exposed and 10 (6.5%) were not exposed (p = 0.03). In comparison with those
infants who were exposed to fluoxetine during the 1st trimester or not exposed
at all, late-exposed infants had a significant increase in perinatal complications,
including prematurity (after excluding twins), rate of admission to special-care
nurseries (after excluding preterm infants), poor neonatal adaptation, lower



mean birth weight and shorter length in full-term infants, and a higher proportion
of full-term infants with birth weights at ≤10th percentile. Moreover, two (2.7%)
of the full-term infants who were exposed late had PPHN, a complication that is
estimated to occur in the general population at a rate of 0.07%–0.10%.
Although the authors concluded that the number of major structural anomalies
and the rate of SABs were not significantly increased by fluoxetine exposure in
this study, the increased rate of three or more minor anomalies, an unusual
finding, is indicative that the drug does affect embryonic development and
raises the concern of occult malformations, such as those involving brain
development (14).

A 1993 case report described possible fluoxetine-induced toxicity in a term
3580-g male newborn (15). The infant’s 17-year-old mother had taken the
antidepressant (20 mg/day) throughout most of her pregnancy for severe
depression and suicidal ideation. The infant was initially alert and active with
mild hypoglycemia (33 mg/dL). At 4 hours of age, marked acrocyanosis was
noted and the infant became jittery. Tachypnea developed with a respiratory
rate of 70. His condition continued to worsen with symptoms peaking at
36 hours. The symptoms included continuous crying, irritability, moderate to
marked tremors, increased muscle tone, a hyperactive Moro reflex, and
emesis. An extensive diagnostic workup, including a drug screen, was negative.
The cord blood fluoxetine and norfluoxetine levels were 26 ng/mL and 54
ng/mL, respectively, both within a nontoxic range for adults. The infant was
asymptomatic at 96 hours of age at which time the serum levels of the parent
drug and metabolite were <25 ng/mL and 55 ng/mL, respectively. The toxicity
was attributed to fluoxetine (15).

A case report in 1997 described a 3020-g male newborn who was delivered
at term from a 34-year-old woman with obsessive-compulsive disorder treated
with fluoxetine 60 mg/day (16). Apgar scores were 7 and 8 at 1 and 5 minutes,
respectively. The newborn was jittery and hypertonic with mild grunting, flaring,
and retracting. Scattered petechiae on the face and trunk and a
cephalohematoma were noted. A right, nondisplaced clavicular fracture was
noted on chest X-ray. On the 2nd day of life, the serum fluoxetine and
norfluoxetine concentrations were 129 ng/mL and 227 ng/mL, respectively, both
in the normal adult range. The mother did not breastfeed the infant. Marked
improvement in the jitteriness was observed by 2 weeks of age and by 5
months of age, the infant was considered normal. The symptoms, including the
bruising and bleeding, were thought to have been caused by the antidepressant
(16).



In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (17). Multiple drug therapy occurred in
about two-thirds of the mothers. Fluoxetine was used in 96 pregnancies. The
outcomes of these pregnancies were 15 elective abortions, 13 SABs, 1
stillbirth, 60 normal newborns (includes 6 premature infants), 3 normal infants
with neonatal disorder (asphyxia and bradycardia, periventricular bleeding;
gastroesophageal regurgitation and bradycardia; and withdrawal symptoms), 2
infants with minor defects (angioma right eyebrow and pilonidal sinus), and 2
infants with congenital defects. The defects (all exposed in the 1st trimester or
longer) were ventricular septal defect; and hypospadias (exposed to multiple
other agents) (17).

Using data from the manufacturer’s prospective pregnancy registry, postnatal
complications that had been reported in 112 pregnancies (115 infants) exposed
to fluoxetine during the 3rd trimester were tabulated in a 1995 reference (18).
Maternal doses were 10–80 mg/day, but were not reported in 20 pregnancies.
Postnatal complications, unrelated to congenital malformations, were noted in
15 singleton term infants, including 2 infants with jitteriness and 3 with irritability.
Irritability was also observed in one premature infant (gestational age not
given). Except in one infant, the complications were considered mild and
transitory. No relationship to the maternal dose was observed, but plasma drug
levels were not measured in any of the infants (18).

A study published in 1997 described the outcomes among 796 pregnancies
with confirmed 1st trimester exposure to fluoxetine that had been reported
prospectively to the manufacturer’s worldwide fluoxetine pregnancy registry
(19) (this is an update of the data presented in reference 12). Of the total
number, 37 pregnancies were identified during clinical trials and 759 from
spontaneous reports. SABs occurred in 110 (13.8%) cases and, for the
remaining 686 pregnancies, malformations, deformations, and disruptions
occurred in 34 (5.0%). No consistent pattern of defects was observed and only
one minor malformation was reported. Moreover, no recurring patterns of
malformations, increase in unusual defects, or adverse outcomes were
observed in 89 infants from 426 retrospectively reported pregnancies. Based
on these data, the authors concluded that it was unlikely that the drug was
related to an increased risk of malformations (19).

The neurodevelopment of children ages 16–86 months, who had been
exposed in utero for varying lengths of duration to fluoxetine (N = 55) or TCAs
(N = 80), were described in 1997 (20). A control group (N = 84) of children not



exposed to any agent known to adversely affect the fetus was used for
comparison. Assessments of neurodevelopment were based on tests for global
IQ and language development and were conducted in a blinded manner. No
statistically significant differences were found between the three groups in
terms of gestational age at birth, birth weight, and weight, height or head
circumference at testing. The mean global IQ scores in the fluoxetine, tricyclic,
and control groups were 117, 118, and 115, respectively ( ns). Moreover, there
were no significant differences in the language scores, or assessment of
temperament, mood, arousability, activity level, distractibility, or behavior
problems. In addition, no significant differences between the three groups were
found with analysis of the data by comparing those exposed only during the 1st
trimester to those exposed throughout pregnancy (20).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (21). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Fluoxetine was taken during the 1st
trimester in 52 pregnancies. The outcomes of these pregnancies included 2
ectopic pregnancies, 6 SABs, 6 elective abortions, 11 cases lost to follow-up,
25 normal newborns (1 premature), and 2 infants with major malformations.
The birth defects were spina bifida with hydrocephalus (the mother also took
dothiepin, sodium valproate, and carbamazepine) and congenital
hypothyroidism. In addition, one newborn with a normal chromosome pattern
had a minor congenital anomaly (single palmar creases) (21).

Two reviews published in 1998 (22,23) and a meta-analytical review
published in 2000 (24) concluded that fluoxetine was not associated with human
teratogenicity.

In a 1998 case report, a 32-year-old woman with bipolar disorder took
fluoxetine, buspirone, and carbamazepine (see Breastfeeding Summary for
doses and further details) throughout gestation (25). At 42 weeks’ gestation
she gave birth to a healthy 3940-g female infant. The mother continued her
medications for 3 weeks while exclusively breastfeeding the infant. She
reported seizure-like activity in her infant at 3 weeks, 4 months, and 5.5 months
of age (25).



Five male infants exposed to citalopram (30 mg/day), paroxetine (10–40
mg/day), or fluoxetine (20 mg/day) during gestation exhibited withdrawal
symptoms at or within a few days of birth and lasting up to 1 month (26).
Symptoms included irritability, constant crying, shivering, increased tonus,
eating and sleeping problems, and convulsions.

A 2002 prospective study compared two groups of mother–child pairs
exposed to antidepressants throughout gestation (40 exposed to fluoxetine and
46 to tricyclics) with 36 nonexposed, not depressed controls (27). Offspring
were studied between the ages of 15 and 71 months for effects of
antidepressant exposure in terms of IQ, language, behavior, and temperament.
Exposure to antidepressants did not adversely affect the measured
parameters, but IQ was significantly and negatively associated with the
duration of depression, and language was negatively associated with the
number of depression episodes after delivery (27).

The effect of SSRIs on birth outcomes and postnatal neurodevelopment of
children exposed prenatally was reported in 2003 (28). Thirty-one children
(mean age 12.9 months) exposed during pregnancy to SSRIs (15 sertraline, 8
paroxetine, 7 fluoxetine, and 1 fluvoxamine) were compared with 13 children
(mean age 17.7 months) of mothers with depression who elected not to take
medications during pregnancy. All of the mothers had healthy lifestyles. The
timing of the exposures was 71% in the 1st trimester, 74% in the 3rd trimester,
and 45% throughout. The average duration of breastfeeding in the subjects and
controls was 6.4 and 8.5 months. Twenty-eight (90%) subjects nursed their
infants, 17 of who took SSRIs (10 sertraline, 4 paroxetine, and 3 fluoxetine)
compared with 11 (85%) controls, 3 of who took sertraline. There were no
significant differences between the groups in terms of gestational age at birth,
premature births, birth weight, and length or, at follow-up, in sex distribution or
gain in weight and length (expressed at percentage). Seven (23%) of the
exposed infants were admitted to a neonatal intensive care unit (six respiratory
distress, four meconium aspiration, and one cardiac murmur) compared with
none of the controls (ns). Follow-up examinations were conducted by a
pediatric neurologist, psychologist, and a dysmorphologist who were blinded as
to the mother’s mediations status. The mean Apgar scores at 1 and 5 minutes
were lower in the exposed group than in controls (7.0 vs. 8.2, and 8.4 vs. 9.0,
respectively). There was one major defect in each group: small asymptomatic
ventricular septal defect (exposed); bilateral lacrimal duct stenosis that required
surgery (control). The test outcomes for mental development were similar in the
groups, but significant differences in the subjects included a slight delay in



psychomotor development and lower behavior motor quality (tremulousness
and fine motor movements) (28).

A 2004 prospective study examined the effect of four SSRIs (citalopram,
fluoxetine, paroxetine, and sertraline) on newborn neurobehavior, including
behavioral state, sleep organization, motor activity, heart rate variability,
tremulousness, and startles (29). Seventeen SSRI-exposed, healthy, full-birth-
weight newborns and 17 nonexposed, matched controls were studied. A wide
range of disrupted neurobehavioral outcomes were shown in the subject
infants. After adjustment for gestational age, the exposed infants were found to
differ significantly from controls in terms of tremulousness, behavioral states,
and sleep organization. The effects observed on motor activity, startles, and
heart rate variability were not significant after adjustment (29).

A 2003 prospective study evaluated the pregnancy outcomes of 138 women
treated with SSRI antidepressants during gestation (30). Women using each
agent were 73 fluoxetine, 36 sertraline, 19 paroxetine, 7 citalopram, and 3
fluvoxamine. Most (62%) took an SSRI throughout pregnancy and 95% were
taking an SSRI at delivery. Birth complications were observed in 28 infants,
including preterm birth (9 cases), meconium aspiration, nuchal cord, floppy at
birth, and low birth weight. Four infants (2.9%) had low birth weight, all
exposed to fluoxetine (40–80 mg/day) throughout pregnancy, including two of
the three infants of mothers taking 80 mg/day. One infant had Hirschsprung
disease, a major defect, and another had cavum septi pellucidi (neither the size
of the cavum nor the SSRI agents were specified) (30). The clinical significance
of the cavum septi pellucidi is doubtful as it is nearly always present at birth but
resolves in the first several months (31).

In 2004, an expert panel of the National Toxicology Program (NTP) Center
for the Evaluation of Risks to Human Reproduction (CEHR) evaluated the
developmental toxicity of fluoxetine (32). The panel concluded that fluoxetine,
especially when used late in pregnancy, caused developmental toxicity that was
characterized by an increased rate of poor neonatal adaptation, such as
jitteriness, tachypnea, hypoglycemia, hypothermia, poor tone, respiratory
distress, weak or absent cry, diminished pain reactivity, or desaturation with
feeding (32). Other toxicities included low birth weight and decreased duration
of gestation. The panel also concluded that fluoxetine can impair human fertility
as demonstrated by reversible, impaired sexual function, specifically orgasm.
The mechanism of these effects was unknown but could be related to the drug,
disease, or to the pharmacological action of the drug (32).

A 2005 meta-analysis of seven prospective comparative cohort studies



involving 1774 patients was conducted to quantify the relationship between
seven newer antidepressants and major malformations (33). The
antidepressants were bupropion, fluoxetine, fluvoxamine, nefazodone,
paroxetine, sertraline, and trazodone. There was no statistical increase in the
risk of major birth defects above the baseline of 1%–3% in the general
population for the individual or combined studies (33).

The database of the World Health Organization (WHO) was used in a 2005
report on neonatal SSRI withdrawal syndrome (34). Ninety-three suspected
cases with either neonatal convulsions or withdrawal syndrome were identified
in the WHO database. The agents were 64 paroxetine, 14 fluoxetine, 9
sertraline, and 7 citalopram. The analysis suggested that paroxetine might have
an increased risk of convulsions or withdrawal compared with other SSRIs
(34).

Evidence for the neonatal behavioral syndrome that is associated with in
utero exposure to SSRIs and serotonin and norepinephrine reuptake inhibitors
(SNRIs) (collectively called serotonin reuptake inhibitors [SRIs]) in late
pregnancy was reviewed in a 2005 reference (35). The report followed a
recent agreement by the FDA and manufacturers for a class labeling change
about the neonatal syndrome. Analysis of case reports, case series, and cohort
studies revealed that late exposure to SRIs carried an overall risk ratio of 3.0
(95% CI 2.0–4.4) for the syndrome compared with early exposure. The case
reports (N = 18) and case series (N = 131) involved 97 cases of paroxetine, 18
fluoxetine, 16 sertraline, 12 citalopram, 4 venlafaxine, and 2 fluvoxamine. There
were nine cohort studies analyzed. The typical neonatal syndrome consisted of
CNS, motor, respiratory, and gastrointestinal signs that were mild and usually
resolved within 2 weeks. Only 1 of 313 quantifiable cases involved a severe
syndrome consisting of seizures, dehydration, excessive weight loss,
hyperpyrexia, and intubation. There were no neonatal deaths attributable to the
syndrome (35).

Possible sustained neurobehavioral outcomes beyond the neonatal period
were reported in 2005 (36). Based on the previous findings that prenatally
exposed newborns had reduced pain responses, biobehavioral responses to
acute pain (heel lance) were prospectively studied in 2-month-old infants. The
responses included facial action (Neonatal Facial Coding System) and cardiac
autonomic reactivity (derived from respiratory activity and heart rate variability).
Three groups of infants were formed: 11 infants with prenatal SSRI exposure
alone (2 fluoxetine and 9 paroxetine), 30 infants with prenatal and postnatal
(from breast milk) SSRI exposure (6 fluoxetine, 20 paroxetine, and 4



sertraline), and 22 nonexposed controls (mothers not depressed). The
exposure during breastfeeding was considered to be very low. Heel lance-
induced facial action increased in all three groups but was significantly lowered
(blunted) in the first group. Heart rate was significantly lower in the exposed
infants during recovery. Moreover, exposed infants had a greater return of
parasympathetic cardiac modulation, whereas controls had a sustained
sympathetic response. The findings were consistent with the patterns of pain
reactivity observed in exposed newborns and suggested sustained
neurobehavioral outcomes (36).

A significant increase in the risk of low birth weight (<10th percentile) and
respiratory distress after prenatal exposure to SSRIs was reported in 2006
(37). The population-based study, representing all live births (N = 119,547)
during a 39-month period in British Columbia, Canada, compared pregnancy
outcomes of depressed mothers treated with SSRIs with outcomes in
depressed mothers not treated with medication and in nonexposed controls.
The severity of depression in the depressed groups was accounted for by
propensity score matching (37).

A 30% incidence of SSRI-induced neonatal abstinence syndrome was found
in a 2006 cohort study (38). Sixty neonates with prolonged in utero exposure to
SSRIs were compared with nonexposed controls. The agents used were
paroxetine (62%), fluoxetine (20%), citalopram (13%), venlafaxine (3%), and
sertraline (2%). Assessment was conducted by the Finnegan score. Ten of the
infants had mild and eight had severe symptoms of the syndrome. The
maximum mean score in infants with severe symptoms occurred within 2 days
of birth, but some occurred as long as 4 days after birth. Because of the small
numbers, a dose response could only be conducted with paroxetine. Infants
exposed to mean maternal doses that were <19 mg/day had no symptoms,
<23 mg/day had mild symptoms, and 27 mg/day had severe symptoms (38).

A meta-analysis of clinical trials (1990–2005) with SSRIs was reported in
2006 (39). The SSRI agents included were citalopram, fluoxetine, fluvoxamine,
paroxetine, and sertraline. The specific outcomes analyzed were major, minor,
and cardiac malformations and SABs. The odds ratio (OR) with 95% CI for the
four outcomes were 1.394 (0.906–2.145), 0.97 (0.13–6.93), 1.193 (0.531–
2.677), and 1.70 (1.28–2.25), respectively. Only the risk of SABs was
significantly increased (39).

A brief 2005 report described significant associations between the use of
SSRIs in the 1st trimester and congenital defects (40). The data were collected
by the CDC-sponsored National Birth Defects Prevention Study in an ongoing



case–control study of birth defect risk factors. Case infants (N = 5357) with
major birth defects were compared with 3366 normal controls. A positive
association was found with omphalocele (N = 161; OR 3.0, 95% CI 1.4–6.1).
Paroxetine, which accounted for 36% of all SSRI exposures, had the strongest
association with the defect (OR 6.3, 95% CI 2.0–19.6). The study also found a
significant association between the use of any SSRI and craniosynostosis (N =
372; OR 1.8, 95% CI 1.0–3.2) (40). An expanded report from this group was
published in 2007 (see reference 49 below).

In a multicenter, prospective controlled study, the pregnancy outcomes of
three groups of women were evaluated: (a) paroxetine 330 (286 in the 1st
trimester), (b) fluoxetine 230 (206 in the 1st trimester), and (c) 1141 exposures
not known to cause birth defects (41). Compared with controls, there was a
higher rate of congenital defects among those exposed to paroxetine in the 1st
trimester, 5.1% vs. 2.6%, relative risk (RR) 1.92, 95% CI 1.01–3.65. There
also was a higher rate for cardiovascular anomalies, 1.9% vs. 0.6%, RR 3.46,
95% CI 1.06–11.42. In addition, perinatal complications were more prevalent in
both SSRI groups than in controls (41).

In 1999, the Swedish Medical Birth Registry compared the use of
antidepressants in early pregnancy and delivery outcomes for the years 1995–
1997 (42). There were no significant differences for birth defects, infant
survival, or risk of low birth weight (<2500 g) among singletons between those
exposed to any depressant, SSRIs only, or non-SSRIs only, but a shorter
gestational duration (<37 weeks) was observed for any antidepressant
exposure (OR 1.43, 95% CI 1.14–1.80) (42). A second Registry report,
published in 2006 and covering the years 1995–2003, analyzed the relationship
between antidepressants and major malformations or cardiac defects (43).
There was no significant increase in the risk of major malformations with any
antidepressant. The strongest effect among cardiac defects was with
ventricular or atrial septum defects (VSDs-ASDs). Significant increases were
found with paroxetine (OR 2.22, 95% CI 1.39–3.55) and clomipramine (OR
1.87, 95% CI 1.16–2.99 (44). In 2007, the analysis was expanded to include
the years 1995–2004 (44). There were 6481 women (6555 infants) who had
reported the use of SSRIs in early pregnancy. The number of women using a
single SSRI during the 1st trimester was 2579 citalopram, 1807 sertraline, 908
paroxetine, 860 fluoxetine, 66 escitalopram, and 36 fluvoxamine. After
adjustment, only paroxetine was significantly associated with an increased risk
of cardiac defects (N = 13, RR 2.62, 95% CI 1.40–4.50) or VSDs-ASDs (N =
8, RR 3.07, 95% CI 1.32–6.04). Analysis of the combined SSRI group,



excluding paroxetine, revealed no associations with these defects. The study
found no association with omphalocele or craniostenosis (44).

A 2007 study evaluated the association between 1st trimester exposure to
paroxetine and cardiac defects by quantifying the dose–response relationship
(45). A population-based pregnancy registry was used by linking three
administrative databases so that it included all pregnancies in Quebec between
1997 and 2003. There were 101 infants with major congenital defects, 24
involving the heart, among the 1403 women using only one type of
antidepressant during the 1st trimester. The use of paroxetine or other SSRIs
did not significantly increase the risk of major defects or cardiac defects
compared with non-SSRI antidepressants. However, a paroxetine dose >25
mg/day during the 1st trimester was significantly associated with an increased
risk of major defects (OR 2.23, 95% CI 1.19–4.17) and of cardiac defects (OR
3.07, 95% CI 1.00–9.42) (45).

A 2007 retrospective cohort study examined the effects of exposure to
SSRIs or venlafaxine in the 3rd trimester on 21 premature and 55 term
newborns (46). The randomly selected unexposed control group consisted of
90 neonates of mothers not taking antidepressants, psychotropic agents, or
benzodiazepines at the time of delivery. There were significantly more
premature infants among the subjects (27.6%) than in controls (8.9%), but the
groups were not matched. The antidepressants, as well as the number of
subjects, and daily doses (in parentheses) in the exposed group were
paroxetine (46; 5–40 mg), fluoxetine (10; 10–40 mg), venlafaxine (9; 74–150
mg), citalopram (6; 10–30 mg), sertraline (3; 125–150 mg), and fluvoxamine (2;
50–150 mg). The behavioral signs that were significantly increased in exposed
compared with nonexposed infants were as follows: CNS: abnormal
movements, shaking, spasms, agitation, hypotonia, hypertonia, irritability, and
insomnia; respiratory system: indrawing, apnea/bradycardia, and tachypnea;
and other: vomiting, tachycardia, and jaundice. In exposed infants, CNS
(63.2%) and respiratory system (40.8%) signs were most common, appearing
during the 1st day of life and lasting for a median duration of 3 days. All of the
exposed premature infants exhibited behavioral signs compared with 69.1% of
exposed term infants. The duration of hospitalization was significantly longer in
exposed premature compared with nonexposed premature infants (14.5 days
vs. 3.7 days, respectively). In 75% of the term and premature infants, the signs
resolved within 3 and 5 days, respectively. There were six infants in each group
with congenital malformations, but the drugs involved were not specified (46).

A 2007 review conducted a literature search to determine the risk of major



congenital malformations after 1st trimester exposure to SSRIs and SNRIs
(47). Fifteen controlled studies were analyzed. The data were adequate to
suggest that citalopram, fluoxetine, sertraline, and venlafaxine were not
associated with an increased risk of congenital defects. In contrast, the
analysis did suggest an increased risk with paroxetine. The data were
inadequate to determine the risk for the other SSRIs and SNRIs (47).

A case–control study, published in 2006, was conducted to test the
hypothesis that exposure to SSRIs in late pregnancy was associated with
PPHN (48). The study concept evolved from a 1996 study (see above) in which
two (2.7%) newborns exposed to fluoxetine late in pregnancy had PPHN (14).
A total of 1213 women were enrolled in the study, consisting of 377 cases
whose infants had PPHN and 836 matched controls and their infants. Mothers
were interviewed by nurses who were blinded to the hypothesis. Fourteen case
infants had been exposed to an SSRI after the 20th week of gestation
compared with six control infants (adjusted OR 6.1, 95% CI 2.2–16.8). The
numbers were too small to analyze the effects of dosage, SSRI used, or
reduction of the length of exposure before delivery. No increased risk of PPHN
was found with the use of SSRIs before the 20th week or with the use of non-
SSRI antidepressants at any time in pregnancy. If the relationship was causal,
the absolute risk was estimated to be about 1% (48).

Two large case–control studies assessing associations between SSRIs and
major birth defects were published in 2007 (49,50). The findings related to
SSRIs as a group as well as to four specific agents: citalopram, fluoxetine,
paroxetine, and sertraline. An accompanying editorial discussed the findings
and limitations of these and other related studies (51). Details of the studies
and the editorial are described in the paroxetine review (see Paroxetine).

A 16-year-old primigravida with narcolepsy, cataplexy, and glutaric aciduria
type II (an autosomal recessive disorder) was treated throughout pregnancy
with modafinil 200 mg/day, fluoxetine 20 mg/day, L-carnitine, and riboflavin
(52). Because the episodes of narcolepsy and cataplexy increased in
frequency, a cesarean section was conducted at 38 weeks’ to deliver a 2.360-
kg infant (sex not specified) with Apgar scores of 7, 8, and 9. No signs of
withdrawal or abnormalities in vital signs or behavior were noted in the infant,
who was discharged home with the mother after 3 days (52).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (53). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for



age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 61 fluoxetine cases, the
other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 52
fluvoxamine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio 0.9,
95% CI 0.5–1.61). There were three major anomalies in the fluoxetine group:
pulmonary valve stenosis, hypospadias, and ventricular septal defect. There
were no major defects in the pregnancies exposed to bupropion, escitalopram,
or trazodone (53).

BREASTFEEDING SUMMARY
Fluoxetine is excreted into breast milk. A 1990 case report described a woman,
3 months postpartum, who was started on fluoxetine, 20 mg every morning, for
depression (54). No drug-related adverse effects were noted in the infant by
the mother or the infant’s pediatrician. However, the woman’s husband, also a
pediatrician, thought that the nursing infant showed increased irritability during
the first 2 weeks of therapy. Two months after treatment had begun, plasma
and milk samples were obtained from the mother (time in relationship to the
dose was not specified). Plasma concentrations of the antidepressant and its
active metabolite, norfluoxetine, were 100.5 and 194.5 ng/mL, respectively.
Similar measurements in the milk were 28.8 and 41.6 ng/mL, respectively. The
milk:plasma ratios for the parent compound and the metabolite were 0.29 and
0.21, respectively (54).

A 1992 report described a woman treated for postpartum depression with
fluoxetine, 20 mg at bedtime, 10 weeks after delivery (55). The dosing time
was chosen just before the infant’s longest period of sleep to lessen his
exposure to the drug. After 53 days of therapy, milk and serum samples were
collected 8 hours after the usual dose and 4 hours after a subsequent dose
administered to approximate peak concentrations of fluoxetine. Serum
concentrations of fluoxetine and the active metabolite at 4 hours were 135 and
149 ng/mL, respectively, and at 8 hours were 124 and 141 ng/mL, respectively.
The variation in the milk samples was greater, with values at 4 hours of 67 and
52 ng/mL (hand-expressed foremilk), respectively, and at 8 hours of 17 and 13
ng/mL (hand-expressed hindmilk obtained after nursing), respectively.
Assuming that the milk contained a steady concentration of 120 ng/mL of
fluoxetine and norfluoxetine, and the infant was ingesting 150 mL/kg/day of
milk, the maximum theoretical infant dose was 15–20 mcg/kg/day. No adverse



effects were observed in the nursing infant’s behavior, feeding patterns, or
growth during the treatment period (55).

A 1993 case study described colicky symptoms consisting of increased
crying, irritability, decreased sleep, vomiting, and watery stools in a breastfed
infant whose mother was taking fluoxetine, 20 mg/day (56). The mother had
begun breastfeeding the infant immediately after birth and began taking
fluoxetine 3 days later. The baby began to show symptoms at 6 days of age.
The mother was enrolled in a study of infant crying at 3 weeks postpartum and,
at 6 weeks, the infant was switched to a commercial formula for 3 weeks. The
mother continued to pump her breasts during this time. She noted a marked
change in the infant’s behavior shortly after the change to formula feeding. The
milk concentrations of fluoxetine and norfluoxetine were 69 ng/mL and 90
ng/mL, respectively. After 3 weeks of bottle-feeding, feeding with the mother’s
milk from a bottle was resumed; within 24 hours, the colic returned and she
restarted feeding with the commercial formula. Drugs levels of fluoxetine and
metabolite, determined by a commercial laboratory, in the infant’s serum on the
2nd day after the return to mother’s milk were 340 ng/mL and 208 ng/mL,
respectively. The authors associated the symptoms of colic with the presence
of fluoxetine in the mother’s milk (56).

The very high infant serum levels of fluoxetine and metabolite, similar to
therapeutic range in adults, are difficult to explain based on the mother’s low
dose. A 1996 review suggested that one possible explanation was laboratory
error (57).

The presence of fluoxetine and its active metabolite, norfluoxetine, was
measured in the breast milk of 10 women and in serum or urine of some of the
11 (one set of twins) nursing infants (median age 185 days) (58). The women
had been taking fluoxetine at an unchanged dose for 7–14 days. The mean
maternal dose of fluoxetine was 0.39 mg/kg/day (range 0.17–0.85 mg/kg/day).
Milk concentrations of fluoxetine, over a 24-hour interval, were 17.4–293
ng/mL, whereas those for norfluoxetine were 23.4–379.1 ng/mL. In three
women, the mean milk:plasma ratios for the two agents were 0.88 (range
0.52–1.51) and 0.82 (range 0.60–1.15), respectively. Peak milk concentrations
of fluoxetine occurred within 6 hours in 8 women, more than 12 hours in 2, and
undetermined in 1. A plasma sample obtained from one infant contained no
measurable drug or metabolite (limit of detection for both <1 ng/mL). Fluoxetine
was detected in four of five infant urine samples (1.7–17.4 ng/mL) and
norfluoxetine was measured in two of the five samples (10.5 and 13.3 ng/mL).
Based on an ingestion of 1000 mL of milk per day, the mean infant doses of



fluoxetine and norfluoxetine were 0.077 mg/day and 0.084 mg/day,
respectively, or about 10.8% of the weight-adjusted maternal dose. No adverse
effects in the nursing infants, including alterations in sleeping, eating, or
behavior patterns, were reported by the mothers (58).

In a 1998 case report, a 32-year-old woman with bipolar disorder took
fluoxetine (20 mg/day), buspirone (45 mg/day), and carbamazepine (600
mg/day) throughout pregnancy and during the first 3 weeks postpartum (25).
She reported seizure-like activity in the infant at 3 weeks, 4 months, and 5.5
months of age. Breast milk and infant serum were evaluated for the presence
of fluoxetine and metabolite on postpartum days 13 and 21. On day 13,
fluoxetine concentrations in breast milk were 45 ng/mL and 68 ng/mL (right and
left breasts), whereas norfluoxetine levels were 68 and 57 ng/mL (right and left
breasts). On day 21, the milk concentrations of the drug and metabolite were
38 and 28 ng/mL (mixed milk), respectively. The infant’s serum had no
detectable fluoxetine on day 13, but the level was 61 ng/mL on day 21.
Norfluoxetine concentrations in infant serum on day 13 and 21 were 58 and 57
ng/mL, respectively. Maternal serum samples were not obtained for fluoxetine
analysis. Similar analyses were conducted for buspirone and carbamazepine
(see Buspirone and Carbamazepine for results). A neurologic examination of
the infant, which included electroencephalography, was within normal limits. The
authors were unable to determine the cause of the seizure-like activity, if
indeed it had occurred (none of the episodes had been observed by medical
personnel) (25).

Serum and milk concentrations of fluoxetine (maternal dose 20–40 mg/day)
and norfluoxetine in four breastfeeding women were reported in a 1998 study
(59). Maternal fluoxetine serum concentrations ranged from 71 to 250 ng/mL,
whereas the levels for the metabolite were 67–177 ng/mL. Hindmilk levels of
fluoxetine and norfluoxetine (always higher than foremilk) were 37–132 ng/mL
and 11–74 ng/mL, respectively. Neither the parent drug nor metabolite could be
detected in the serum or urine samples from the nursing infants. No
neurological abnormalities were detected in the infants and all had normal
mental and psychomotor performance development up to 12–13 months of
age, as assessed by the Bayley Scales of Infant Development (59).

In 14 breastfeeding women receiving a mean fluoxetine dose of 0.51
mg/kg/day, the mean milk:plasma ratios for the parent drug and metabolite
were 0.68 and 0.56, respectively (60). The mean total infant dose (fluoxetine
plus active metabolite) was estimated to be 6.81% (range 2.15%–12%) of the
weight-adjusted maternal dose. In nine infants for which plasma samples were



obtained, fluoxetine was detected in five (range 20–252 ng/mL) and
norfluoxetine in seven (range 17–187 ng/mL). In eight cases, the
antidepressant had also been taken during pregnancy and three of these
infants had the highest plasma concentrations of fluoxetine. Two infants had
colic, which had resolved in one infant before the study. Two other infants, with
the highest plasma levels of fluoxetine, norfluoxetine, or both, exhibited
symptoms of withdrawal consisting of uncontrollable crying, irritability, and poor
feeding. In one case, however, maternal methadone use may have contributed
to the symptoms (60).

An abstract of a study published in 1999 examined the effect of maternal
fluoxetine therapy on the weight gain of nursing infants (61). A total of 64
women took the antidepressant during pregnancy and 26 continued the drug
during breastfeeding. The other 38 women, who also breastfed their infants but
who had discontinued the drug, were used as controls. Fluoxetine-exposed
nursing infants had a growth curve significantly below the controls, averaging a
deficit in weight gain of 392 g (95% CI –5, –780) in measurements taken
between 2 weeks and 6 months of age. Although no adverse effects in the
exposed nursing infants were reported by the mothers, the reduced growth
was thought to be of possible clinical significance if infant weight gain was
already of concern (61).

A 2001 case report described a woman who had been taking fluoxetine (40
mg/day) for 8 years, including throughout pregnancy (62). The infant was
delivered at 37 weeks’ gestation with a birth weight of about 2.76 kg. The infant
was drowsy in the immediate postpartum period but was able to nurse. On day
3 of life, the infant was difficult to arouse, stopped rooting, closed her mouth,
nursed only for a few minutes, and began to moan and grunt. On day 11, signs
and symptoms included fever (102°F) and continuous moaning with an
expiratory grunt; in addition, the infant was drowsy and difficult to arouse and
hypotonic. An examination for sepsis was negative. Breastfeeding was
stopped. The mother’s serum fluoxetine and norfluoxetine levels were 453 and
422 ng/mL, respectively, whereas her milk levels were 114 and 124 ng/mL,
respectively. The infant’s serum levels of fluoxetine and metabolite were <40
ng/mL and 142 ng/mL, respectively. Eight days after nursing was stopped, the
infant’s serum levels were <40 ng/mL and 86 ng/mL, respectively. The infant
recovered over the next 3 weeks (62).

A 2010 study using human and animal models found that drugs disturbing
serotonin balance such as SSRIs and SNRIs can impair lactation (63). The
authors concluded that mothers taking these drugs may need additional support



to achieve breastfeeding goals.
Although some of the above reports described toxicity, the long-term effects

on neurobehavior and development from exposure to this potent serotonin
reuptake blocker during a period of rapid CNS development have not been
adequately studied. Further, the reduced weight gain identified in one study
may have clinical significance in some situations. As reported by the FDA, the
manufacturer was advised to revise the labeling of fluoxetine to contain a
recommendation against its use by nursing mothers (64). The current labeling
contains this revision (2). In contrast, the authors of a 1996 review stated that
they encouraged women to continue breastfeeding while taking the drug (13).
Similarly, a 1999 review of SSRI agents concluded that if there were
compelling reasons to treat a mother for postpartum depression, a condition in
which a rapid antidepressant effect is important, the benefits of therapy with
SSRIs would most likely outweigh the risks (65). The American Academy of
Pediatrics classifies the effects of fluoxetine on the nursing infant to be
unknown but may be of concern (66).

References
1. Shuey DL, Sadler TW, Lauder JM. Serotonin as a regulator of craniofacial morphogenesis: site-specific

malformations following exposure to serotonin uptake inhibitors. Teratology 1992;46:367–78.
2. Product information. Prozac. Dista Products, 2000.
3. Cooper GL. The safety of fluoxetine—an update. Br J Psychiatry 1988;153(Suppl 3):77–86.
4. Vedernikov Y, Bolanos S, Bytautiene E, Fulep E, Saade GR, Garfield RE. Effect of fluoxetine on

contractile activity of pregnant rat uterine rings. Am J Obstet Gynecol 2000;182:296–9.
5. Montero D, de Ceballos ML, Del Rio J. Down-regulation of 3H-imipramine binding sites in rat cerebral

cortex after prenatal exposure to antidepressants. Life Sci 1990;46:1619–26.
6. Stanford MS, Patton JH. In utero exposure to fluoxetine HCl increases hematoma frequency at birth.

Pharmacol Biochem Behav 1993;45:959–62.
7. Pohland RC, Byrd TK, Hamilton M, Koons JR. Placental transfer and fetal distribution of fluoxetine in the

rat. Toxicol Appl Pharmacol 1989;98:198–205.
8. Heikkinen T, Ekblad U, Laine K. Transplacental transfer of citalopram, fluoxetine, and their primary

demethylated metabolites in isolated perfused human placenta. BJOG 2002;109:1003–8.
9. Hendrick V, Stowe ZN, Altshuler LL, Hwang S, Lee E, Haynes D. Placental passage of antidepressant

medications. Am J Psychiatry 2003;160:993–6.
10. Pastuszak A, Schick-Boschetto B, Zuber C, Feldkamp M, Pinelli M, Sihn S, Donnenfeld A, McCormack

M, Leen-Mitchell M, Woodland C, Gardner A, Hom M, Koren G. Pregnancy outcome following first-
trimester exposure to fluoxetine (Prozac). JAMA 1993;269:2246–8.

11. Jacobson SJ, Jones K, Johnson K, Ceolin L, Kaur P, Sahn D, Donnenfeld AE, Rieder M, Santelli R,
Smythe J, Pastuszak A, Einarson T, Koren G. Prospective multicentre study of pregnancy outcome
after lithium exposure during first trimester. Lancet 1992;339:530–3.

12. Goldstein DJ, Marvel DE. Psychotropic medications during pregnancy: risk to the fetus. JAMA
1993;270:2177.

13. Nulman I, Koren G. The safety of fluoxetine during pregnancy and lactation. Teratology 1996;53:304–8.
14. Chambers CD, Johnson KA, Dick LM, Felix RJ, Jones KL. Birth outcomes in pregnant women taking

fluoxetine. N Engl J Med 1996;335:1010–5.
15. Spencer MJ. Fluoxetine hydrochloride (Prozac) toxicity in a neonate. Pediatrics 1993;92:721–2.
16. Mhanna MJ, Bennet JB II, Izatt SD. Potential fluoxetine chloride (Prozac) toxicity in a newborn.



Pediatrics 1997;100:158–9.
17. McElhatton PR, Garbis HM, Elefant E, Vial T, Bellemin B, Mastroiacovo P, Arnon J, Rodriguez-Pinilla E,

Schaefer C, Pexieder T, Merlob P, Dal Verme S. The outcome of pregnancy in 689 women exposed to
therapeutic doses of antidepressants. A collaborative study of the European Network of Teratology
Information Services (ENTIS). Reprod Toxicol 1996;10:285–94.

18. Goldstein DJ. Effects of third trimester fluoxetine exposure on the newborn. J Clin Psychopharmacol
1995;15:417–20.

19. Goldstein DJ, Corbin LA, Sundell KL. Effects of first-trimester fluoxetine exposure on the newborn.
Obstet Gynecol 1997;89:713–8.

20. Nulman I, Rovet J, Stewart DE, Wolpin J, Gardner HA, Theis JGW, Kulin N, Koren G.
Neurodevelopment of children exposed in utero to antidepressant drugs. N Engl J Med 1997;336:258–
62.

21. Wilton LV, Pearce GL, Martin RM, Mackay FJ, Mann RD. The outcomes of pregnancy in women
exposed to newly marketed drugs in general practice in England. Br J Obstet Gynaecol 1998;105:882–
9.

22. Gupta S, Masand PS, Rangwani S. Selective serotonin reuptake inhibitors in pregnancy and lactation.
Obstet Gynecol Surv 1998;53:733–6.

23. Austin MPV, Mitchell PB. Psychotropic medications in pregnant women: treatment dilemmas. Med J
Aust 1998;169:428–31.

24. Addis A, Koren G. Safety of fluoxetine during the first trimester of pregnancy: a meta-analytical review of
epidemiological studies. Psychologic Med 2000;30:89–94.

25. Brent NB, Wisner KL. Fluoxetine and carbamazepine concentrations in a nursing mother/infant pair.
Clin Pediatr 1998;37:41–4.

26. Nordeng H, Lindemann R, Perminov KV, Reikvam A. Neonatal withdrawal syndrome after in utero
exposure to selective serotonin reuptake inhibitors. Acta Paediatr 2001;90:288–91.

27. Nulman I, Rovet J, Stewart DE, Wolpin J, Pace-Asciak P, Shuhaiber S, Koren G. Child development
following exposure to tricyclic antidepressants or fluoxetine throughout fetal life: a prospective,
controlled study. Am J Psychiatry 2002;159:1889–95.

28. Casper RC, Fleisher BE, Lee-Ancajas JC, Gilles A, Gaylor E, DeBattista A, Hoyme HE. Follow-up of
children of depressed mothers exposed or not exposed to antidepressant drugs during pregnancy. J
Pediatr 2003;142:402–8.

29. Zeskind PS, Stephens LE. Maternal selective serotonin reuptake inhibitor use during pregnancy and
newborn neurobehavior. Pediatrics 2004;113:368–75.

30. Hendrick V, Smith LM, Suri R, Hwang S, Haynes D, Altshuler L. Birth outcomes after prenatal exposure
to antidepressant medication. Am J Obstet Gynecol 2003;188:812–5.

31. DeMyer W. Brain, midline caves. In: Buyse ML, editor-in-chief. Birth Defects Encyclopedia. Cambridge,
MA: Blackwell Scientific Publications, 1990:238.

32. Hines RN, Adams J, Buck GM, Faber W, Holson JF, Jacobson SW, Keszler M, McMartin K, Segraves
RT, Singer LT, Sipes IG, Williams PL, NTP-CERHR expert panel report on the reproductive and
developmental toxicity of fluoxetine. Birth Defects Res B Dev Reprod Toxicol 2004;71:193–280.

33. Einarson TR, Einarson A. Newer antidepressants in pregnancy and rates of major malformations: a
meta-analysis of prospective comparative studies. Pharmacoepidemiol Drug Saf 2005;14:823–7.

34. Sanz EJ, De-las-Cuevas C, Kiuru A, Edwards R. Selective serotonin reuptake inhibitors in pregnant
women and neonatal withdrawal syndrome: a database analysis. Lancet 2005;365:482–7.

35. Moses-Kolko EL, Bogen D, Perel J, Bregar A, Uhl K, Levin B, Wisner KL. Neonatal signs after late in
utero exposure to serotonin reuptake inhibitors. JAMA 2005;293:2372–83.

36. Oberlander TF, Grunau RE, Fitzgerald C, Papsdorf M, Rurak D, Riggs W. Pain reactivity in 2-month-old
infants after prenatal and postnatal selective serotonin reuptake inhibitor medication exposure.
Pediatrics 2005;115:411–25.

37. Oberlander TF, Warburton W, Misri S, Aghajanian J, Hertzman C. Neonatal outcomes after prenatal
exposure to selective serotonin reuptake inhibitor antidepressants and maternal depression using
population-based linked health data. Arch Gen Psychiatry 2006;63:898–906.

38. Levinson-Castiel R, Merlob P, Linder N, Sirota L, Klinger G. Neonatal abstinence syndrome after in
utero exposure to selective serotonin reuptake inhibitors in term infants. Arch Pediatr Adoles Med



2006;160:173–6.
39. Rahimi R, Nikfar S, Abdollahi M. Pregnancy outcomes following exposure to serotonin reuptake

inhibitors: a meta-analysis of clinical trials. Reprod Toxicol 2006;22:571–5.
40. Alwan S, Reefhuis J, Rasmussen S, Olney R, Friedman JM. Maternal use of selective serotonin

reuptake inhibitors and risk for birth defects (abstract). Birth Defects Res A Clin Mol Teratol
2005;73:291.

41. Diav-Citrin O, Shechtman S, Weinbaum D, Arnon J, Gianantonio ED, Clementi M, Ornoy A. Paroxetine
and fluoxetine in pregnancy: a multicenter, prospective, controlled study (abstract). Reprod Toxicol
2005;20:459.

42. Ericson A, Kallen B, Wiholm BE. Delivery outcome after the use of antidepressants in early pregnancy.
Eur J Clin Pharmacol 1999;55:503–8.

43. Kallen B, Olausson PO. Antidepressant drugs during pregnancy and infant congenital heart defect.
Reprod Toxicol 2006;21:221–2.

44. Kallen BAJ, Olausson PO. Maternal use of selective serotonin re-uptake inhibitors in early pregnancy
and infant congenital malformations. Birth Defects Res A Clin Mol Teratol 2007;79:301–8.

45. Berard A, Ramos E, Rey E, Blais L, St-Andre M, Oraichi D. First trimester exposure to paroxetine and
risk of cardiac malformations in infants: the importance of dosage. Birth Defects Res B Dev Reprod
Toxicol 2007;80:18–27.

46. Ferreira E, Carceller AM, Agogue C, Martin BZ, St-Andre M, Francoeur D, Berard A. Effects of selective
serotonin reuptake inhibitors and venlafaxine during pregnancy in term and preterm neonates.
Pediatrics 2007;119:52–9.

47. Bellantuono C, Migliarese G, Gentile S. Serotonin reuptake inhibitors in pregnancy and the risk of major
malformations: a systematic review. Hum Psychopharmacol Clin Exp 2007;22:121–8.

48. Chambers CD, Hernandez-Diaz S, Van Marter LJ, Werler MM, Louik C, Jones KL, Mitchell AA. Selective
serotonin-reuptake inhibitors and risk of persistent pulmonary hypertension of the newborn. N Engl J
Med 2006;354:579–87.

49. Alwan S, Reefhuis J, Rasmussen SA, Olney RS, Friedman JM, for the National Birth Defects
Prevention Study. Use of selective serotonin-reuptake inhibitors in pregnancy and the risk of birth
defects. N Engl J Med 2007;356:2684–92.

50. Louik C, Lin AE, Werler MM, Hernandez-Diaz S, Mitchell AA. First-trimester use of selective serotonin-
reuptake inhibitors and the risk of birth defects. N Engl J Med 2007;356:2675–83.

51. Greene MF. Teratogenicity of SSRIs—serious concern or much ado about little? N Engl J Med
2007;356:2732–3.

52. Williams SF, Alvarez JR, Pedro HF, Apuzzio JJ. Glutaric aciduria type II and narcolepsy in pregnancy.
Obstet Gynecol 2008;111:522–4.

53. Einarson A, Choi J, Einarson TR, Koren G. Incidence of major malformations in infants following
antidepressant exposure in pregnancy: results of a large prospective cohort study. Can J Psychiatry
2009;54:242–6.

54. Isenberg KE. Excretion of fluoxetine in human breast milk. J Clin Psychiatry 1990;51:169.
55. Burch KJ, Wells BG. Fluoxetine/norfluoxetine concentrations in human milk. Pediatrics 1992;89:676–7.
56. Lester BM, Cucca J, Andreozzi L, Flanagan P, Oh W. Possible association between fluoxetine

hydrochloride and colic in an infant. J Am Acad Child Adolesc Psychiatr 1993;32:1253–5.
57. Wisner KL, Perel JM, Findling RL. Antidepressant treatment during breast feeding. Am J Psychiatry

1996;153:1132–7.
58. Taddio A, Ito S, Koren G. Excretion of fluoxetine and its metabolite, norfluoxetine, in human breast milk.

J Clin Pharmacol 1996;36:42–7.
59. Yoshida K, Smith B, Craggs M, Channi Kumar R. Fluoxetine in breast-milk and developmental outcome

of breast-fed infants. Br J Psychiatry 1998;172:175–9.
60. Kristensen JH, Ilett KF, Hackett LP, Yapp P, Paech M, Begg EJ. Distribution and excretion of fluoxetine

and norfluoxetine in human milk. Br J Clin Pharmacol 1999;48:521–7.
61. Chambers CD, Anderson PO, Thomas RG, Dick LM, Felix RJ, Johnson KA, Jones KL. Weight gain in

infants breastfed by mothers who take fluoxetine (abstract). Pediatrics 1999;104:1120–1.
62. Hale TW, Shum S, Grossberg M. Fluoxetine toxicity in a breastfed infant. Clin Pediatr 2001;40:681–4.
63. Marshall AM, Nommsen-Rivers LA, Hernandez LI, Dewey KG, Chantry CJ, Gregerson KA, Horseman



ND. Serotonin transport and metabolism in the mammary gland modulates secretory activation and
involution. J Clin Endocrin Metab 2010;95:837–46.

64. Nightingale SL. Fluoxetine labeling revised to identify phenytoin interaction and to recommend against
use in nursing mothers. JAMA 1994; 271:1067.

65. Edwards JG, Anerson I. Systematic review and guide to selection of selective serotonin reuptake
inhibitors. Drugs 1999;57:507–33.

66. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



FLUOXYMESTERONE
Androgenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Only one report describing the use of fluoxymesterone in human pregnancy
has been located. Fluoxymesterone is contraindicated in pregnancy
because of the risk for nonadrenal female pseudohermaphroditism (see
Testosterone).

FETAL RISK SUMMARY
The androgenic hormone fluoxymesterone is indicated as replacement therapy
in conditions associated with symptoms of deficiency or absence of
endogenous testosterone. It is also indicated for the palliation of androgen-
responsive recurrent mammary cancer. Fluoxymesterone inhibits the release of
testosterone by inhibition of pituitary luteinizing hormone. Large doses may also
suppress spermatogenesis by inhibiting follicle-stimulating hormone (1). The
relatively low molecular weight (about 336) suggests that the drug will cross the
placenta.

Fluoxymesterone (10 mg/day) was given to a 31-year-old woman in the third
month of pregnancy for gigantomastia (2). “Several weeks” of therapy had no
effect on the size of the breasts nor did diuretic therapy with chlorothiazide
(6000 mg/day). The woman was eventually hospitalized at 6 months’ gestation
because of breast tissue necrosis and hemorrhage. A single IM dose of
testosterone and estradiol (Deladumone) had no effect and both breasts
continued to enlarge. An 8-day course of combination oral contraceptives was
discontinued because of superficial thrombophlebitis in the right thigh. When the
breast ulcer became infected, a bilateral simple mastectomy was performed.
She eventually delivered a normal healthy, 3.8-kg male infant (2).

BREASTFEEDING SUMMARY
No reports describing the use of fluoxymesterone during human lactation have



been located. Because testosterone and its derivatives inhibit lactation (see
Testosterone), fluoxymesterone is contraindicated in women who are
breastfeeding.
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FLUPHENAZINE
Antipsychotic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Extrapyramidal and/or withdrawal have been reported when fluphenazine
was used during gestation. Although one case report described multiple
anomalies, most evidence suggests that phenothiazines are relatively low
risk during pregnancy (see also Prochlorperazine).

FETAL RISK SUMMARY
Fluphenazine is a piperazine phenothiazine in the same group as
prochlorperazine. Phenothiazines readily cross the placenta (1).

Shepard reviewed two studies, in which fluphenazine was given to pregnant
rats at doses up to 100 mg/kg orally without producing adverse fetal effects
(2). Pregnant mice were given fluphenazine (1 mg/kg) or diphenylhydantoin (50
mg/kg), or both, by gavage during organogenesis (3) . As compared with
controls, a significant reduction in fetal weight and length was observed in all
treatment groups. The combination produced a significant increase in the
incidence of skeletal defects (incomplete ossification of sternebrae and skull
bones) and in the incidence of dilated cerebral ventricles (already increased in
the fluphenazine-alone group) (3).

An apparently normal pregnancy outcome was described in a woman
receiving psychotherapy and being treated with fluphenazine decanoate (2 mL
IM every 3 weeks) (4). In addition, she also smoked cigarettes (up to 4
packs/day) and drank four or five cocktails each evening. She eventually
delivered a 1-week postterm 3.38-kg, male infant, who developed minor
extrapyramidal symptoms (or withdrawal) 4 weeks after delivery. The
symptoms readily responded to oral diphenhydramine. At 2 months of age, the
infant was healthy and weighed 4.66 kg. The infant boy was reported by the



mother to be doing well at 20 months of age.
A 22-year-old woman with schizophrenia was treated with chlorpromazine

(up to 1200 mg/day) throughout gestation, fluphenazine decanoate (50 mg IM
every 2 weeks) from the 14th week of gestation, and electroconvulsive therapy
at 18 weeks (5). The fluphenazine dose was increased to 100 mg IM every 2
weeks at 24 weeks’ gestation. In addition, she smoked 3–4 packs of cigarettes
per day. An apparently normal, 3.53-kg male infant was delivered by cesarean
section at 39 weeks, who did well during the first 3 weeks. At that time (6
weeks after the mother’s last fluphenazine dose), the infant developed
excessive irritability, choreiform and dystonic movements mostly in the upper
limbs, jittery behavior, and hypertonicity. Two doses of diphenhydramine given
on the 24th and 25th days failed to resolve the condition. Over the next few
weeks, the symptoms subsided only to return on the 58th day with the same
earlier intensity (5). Diphenhydramine (62.5 mg) was restarted every 6 hours
with slow improvement in his condition. At 15 weeks of age, the infant’s
progress appeared normal. At 6 months of age, the diphenhydramine was
gradually withdrawn. Follow-up at 15 months of age was normal. The authors
attributed the infant’s condition to fluphenazine withdrawal (5).

An infant with multiple anomalies was born to a mother treated with
fluphenazine enanthate injections throughout pregnancy (6). The mother also
took Debendox (see Doxylamine) during the 1st trimester. Anomalies included:
ocular hypertelorism with telecanthus; cleft lip and palate; imperforate anus;
hypospadias of penoscrotal type; jerky, roving eye movements; episodic rapid
nystagmoid movements; rectourethral fistula; and poor ossification of frontal
skull bone.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 13 newborns had
been exposed to fluphenazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (7.7%) major birth defect was observed (0.6
expected), a cardiovascular defect (0 expected). The number of exposures is
too small for comment.

A 35-year-old woman with schizophrenia was treated throughout gestation
with fluphenazine, 10 mg orally twice daily, then decreased to 5 mg orally twice
daily during the 3rd trimester (7). The fluphenazine concentration in cord blood
was <1.0 ng/mL. She delivered a normal, 2855-g, female infant at 39 weeks’
gestation, who developed severe rhinorrhea and upper respiratory distress at 8
hours of age. Oral feedings were poor and complicated by periodic episodes of
vomiting, course choreoathetoid movements of the arms and legs, and



intermittent arching of the body (7). Marked improvement in her symptoms
occurred following a single dose of pseudoephedrine solution (0.75 mg) that
was repeated once the next day. Although the infant had no further
extrapyramidal symptoms, the rhinorrhea and nasal congestion persisted for 3
months.

BREASTFEEDING SUMMARY
No reports describing the use of fluphenazine during human lactation have been
located. Because other phenothiazines are excreted into milk (see also
Prochlorperazine), passage of fluphenazine into milk should be expected. The
American Academy of Pediatrics classifies the effects of other antipsychotic
phenothiazine agents (e.g., see Chlorpromazine) on the nursing infant to be
unknown but may be of concern.
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FLURAZEPAM
Hypnotic
PREGNANCY RECOMMENDATION:Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION:Limited Human Data—Probably
Compatible*

PREGNANCY SUMMARY

Limited reports describing the use of flurazepam in human pregnancy have
been located. The effects of this drug on the fetus should be similar to
other benzodiazepines (see Diazepam). Maternal use near delivery may
potentially cause neonatal motor depression and withdrawal.

FETAL RISK SUMMARY
Flurazepam is a benzodiazepine used to induce sleep. No teratogenic or other
adverse fetal or postnatal effects were observed in studies using rats and
rabbits administered 80 mg/kg and 20 mg/kg, respectively, during various
stages of gestation (1). Similarly, no reports of congenital abnormalities
attributable to human exposure with flurazepam have been located. One group
of investigators classified the risk to the fetus from exposure to flurazepam as
“none–minimal,” but the quality of the data was judged to be “poor” (2). Studies
involving other members of this class, however, have found evidence that some
of these agents may cause fetal abnormalities (see Chlordiazepoxide and
Diazepam).

Although published data are lacking, the molecular weight of flurazepam
(about 461) suggests it is transferred to the fetus. Data from the manufacturer
indicate that an active metabolite of flurazepam crosses the human placenta
and may adversely affect the newborn (3). In a case cited in their product
information, a woman ingested flurazepam, 30 mg nightly, for 10 days
immediately preceding delivery. The newborn appeared sleepy and lethargic
during the first 4 days of life. The effect was thought to be due to a long-acting
metabolite, N1-desalkylflurazepam, found in the newborn’s serum.

In a surveillance study of Michigan Medicaid recipients involving 229,101



completed pregnancies conducted between 1985 and 1992, 73 newborns had
been exposed to flurazepam during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (5.5%) (three expected) major birth defects
were observed, including (observed/expected) 2/1 cardiovascular defects, 1/0
oral clefts, and 1/0 polydactyly. These data do not support an association
between the drug and congenital defects.

A brief 1982 case report described convulsions attributable to clomipramine
in a newborn who was exposed to that drug and flurazepam throughout
gestation (4). The 2360-g male infant was delivered vaginally at 33 weeks’
gestation (the reason for the premature delivery was not stated) and had Apgar
scores of 9 and 9 at 1 and 5 minutes, respectively. Convulsions, consisting of
myoclonic jerks that were unresponsive to phenobarbital, started at 7 hours of
age and were eventually successfully treated with IV and oral clomipramine,
although the infant remained jittery. The contribution of flurazepam, which is
known to cause convulsions after abrupt withdrawal following prolonged use in
adults, to the seizures observed in the newborn is unknown. However, a
correlation between declining serum levels of clomipramine and its active
metabolite and the condition of the infant probably indicates that the seizures
were not due to flurazepam.

BREASTFEEDING SUMMARY
Studies measuring the amount of flurazepam excreted into breast milk have not
been located. However, the passage of this agent and its active, long-acting
metabolite into milk should be expected (see also Diazepam).

The effects of exposure to benzodiazepines during breastfeeding were
reported in a 2012 study (5). In a 15-month period spanning 2010–2011, 296
women called the Motherisk Program in Toronto, Ontario, seeking advice on
the use of these drugs during lactation, and 124 consented to the study. The
most commonly used benzodiazepines were lorazepam (52%), clonazepam
(18%), and midazolam (15%). Neonatal sedation was reported in only two
infants. There was no significant difference between the characteristics of
these 2 and the 122 that reported no sedation in terms of maternal age,
gestational age at birth, daily amount of time nursing, amount of time infant
slept each day, and the benzodiazepine dose (mg/kg/day). The only difference
was in the number of CNS depressants that the mothers were taking: 3.5 vs.
1.7 (p = 0.0056). In the two infants with sedation, one mother reported using
alprazolam (two doses of 0.25 mg), sertraline (50 mg/day), and zopiclone
(about 2.5 mg every 3 days), whereas the other mother took clonazepam (0.25



mg twice daily), flurazepam (1 mg/day), bupropion (1 mg/day), and risperidone
(0.75 mg/day). The infant in this latter case also was exposed in utero. The
investigators concluded that their results supported the recommendation that
the use benzodiazepines was not a reason to avoid breastfeeding (5).

The American Academy of Pediatrics classifies the effects of lorazepam on
the nursing infant as unknown but may be of concern if exposure is prolonged
(6).

*Potential toxicity if combined with other CNS depressants
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FLURBIPROFEN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports describing the use of flurbiprofen during human pregnancy have
been located. Constriction of the ductus arteriosus in utero is a
pharmacologic consequence arising from the use of prostaglandin synthesis
inhibitors during pregnancy, as is inhibition of labor, prolongation of
pregnancy, and suppression of fetal renal function (see also
Indomethacin) (1). Persistent pulmonary hypertension of the newborn may
occur if these agents are used in the 3rd trimester close to delivery (1,2).
Women attempting to conceive should not use any prostaglandin
synthetase inhibitor, including flurbiprofen, because of the findings in various
animal models that indicate these agents block blastocyst implantation
(3,4). Moreover, as noted below, nonsteroidal anti-inflammatory drugs
(NSAIDs) have been associated with spontaneous abortions (SABs) and
congenital malformations. The absolute risk for these defects, however,
appears to be low.

FETAL RISK SUMMARY
Flurbiprofen is an NSAID that shares the same precautions for human
pregnancy use as other NSAIDs. It is in the same subclass (propionic acids) as
five other agents (fenoprofen, ibuprofen, ketoprofen, naproxen, and oxaprozin).
Flurbiprofen is used in the treatment of arthritis and is available in an ocular
formulation for inhibition of intraoperative miosis. No teratogenic effects were
observed in mice, rats, and rabbits administered this drug during gestation (5).

Like other NSAIDs, systemic use of flurbiprofen in rats has been associated
with prolonged gestation, fetal growth restriction, and decreased fetal survival
(6). In one study of pregnant rats, flurbiprofen inhibition of parturition appeared
to be dose-related (7).



A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (8). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. (A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (9), In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (10) (see Ibuprofen
for details on these three studies).

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (11). Two reviews, both on antirheumatic drug therapy in
pregnancy, recommended that if an NSAID was needed, agents with short
elimination adult half-lives should be used at the maximum tolerated dosage
interval, using the smallest effective dose, and that therapy should be stopped
within 8 weeks of the expected delivery date (12,13). Flurbiprofen has a short
plasma elimination half-life (5.7 hours), but other factors, such as its toxicity
profile, need to be considered.

BREASTFEEDING SUMMARY
Very small amounts of flurbiprofen are excreted into breast milk (14,15). In 10
nursing mothers, at least 1 month postpartum, a single 100-mg oral dose of
flurbiprofen was administered and milk and blood samples were obtained over
a 48-hour period (14). The average peak plasma concentration (14.7 mcg/mL)
occurred at 1.5 hours with a mean half-life of 5.8 hours. The average peak milk
concentration was 0.09 mcg/mL with an average of 0.05% (range 0.03%–
0.07%) of the maternal dose recovered in breast milk. Breastfeeding was
discontinued during and after the study.

In a multiple dosing study, 12 lactating women, 3–5 days after delivery, were
administered nine doses of flurbiprofen over a 3-day period (50 mg 4 times
daily) (15). Paired milk and plasma samples were obtained at several times
during the period and after the last dose. The mean maternal plasma half-life of
the drug was 4.8 hours. Flurbiprofen milk concentrations were less than 0.05
mcg/mL in 10 of the mothers. In the remaining two mothers, only three of their
milk samples contained flurbiprofen: 0.06, 0.07, and 0.08 mcg/mL. The authors
concluded that these small amounts were safe for a nursing infant. The mothers



did not breastfeed their infants (15).
The small amounts of flurbiprofen recovered from transitional and mature

breast milk seem to indicate that the risk posed by flurbiprofen to a nursing
infant is slight, if it exists at all. One reviewer classified flurbiprofen as one of
several low-risk alternatives, because of its short adult serum half-life and
toxicity profile compared with other similar agents, if an NSAID was required
while nursing (16). Other reviewers have also stated that flurbiprofen can be
safely used during breastfeeding (17,18). Ibuprofen, another NSAID in the
same subclass as flurbiprofen, is considered compatible with breastfeeding by
the American Academy of Pediatrics (see Ibuprofen).
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FLUTICASONE
Respiratory Drug (Corticosteroid)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Four reports totaling 201 women have described the use of fluticasone
during pregnancy. No increase in the rates of embryo, fetal, or newborn
toxicity were observed. Although the animal data suggest high risk, SC
doses were used, resulting in much higher systemic concentrations than
those obtained in humans after inhalation. Because of the initial absence of
human pregnancy experience, two reviews concluded that either
beclomethasone or budesonide were the inhaled corticosteroids of choice if
such therapy is initiated in pregnancy (1,2). However, the new data suggest
that if a nonpregnant woman has shown a good response to fluticasone, or
if the agent is indicated in a pregnant woman, the drug is compatible with
pregnancy.

FETAL RISK SUMMARY
Fluticasone, a synthetic trifluorinated glucocorticoid, is indicated for the
maintenance treatment of asthma as a prophylactic therapy. In human lung
preparations, the affinity of fluticasone for the glucocorticoid receptor is almost
twice that of the active metabolite of betamethasone, and more than 3 and 18
times greater that of budesonide and dexamethasone, respectively. Although
the oral bioavailability of fluticasone is negligible (<1%), the systemic
bioavailability after inhalation is high (about 30% of the dose). Peak plasma
levels after an 880-mcg inhaled dose were in the range of 0.1–1.0 ng/mL. The
only metabolite that has been identified in humans is relativity inactive (about
2000 times less affinity than the parent drug for the glucocorticoid receptor).
Plasma protein binding of the parent compound is about 91%. Excretion is
mostly in the feces with a terminal plasma elimination half-life of about 7.8
hours (3).



Reproduction studies have been conducted with SC doses in mice, rats, and
rabbits. In mice and rats, SC doses approximately 0.1 and 0.5 times the
maximum human daily inhalation dose based on BSA (MRHID), respectively,
revealed embryonic growth restriction, omphalocele, cleft palate, and retarded
cranial ossification. This toxicity was considered characteristic of potent
glucocorticoid compounds as rodents may be more prone to teratogenic effects
from these agents than humans (3). In male and female rats, no evidence of
impaired fertility was observed with SC doses up to about 0.25 times the
MRHID, but prostate weight was significantly reduced. Fluticasone was not
tumorigenic in long-term studies in mice and rats, nor was it mutagenic or
clastogenic in various in vitro assays. In pregnant rabbits, SC doses
approximately 0.04 times the MRHID were associated with fetal weight
reduction and cleft palate. Oral doses approximately 3 times the MRHID did not
cause maternal toxicity or increase the incidence of external, visceral, or
skeletal fetal defects. After oral doses in rats and rabbits that were about 0.5
and 3 times the MRHID, respectively, less than 0.008% of the dose crossed
the placenta. However, consistent with its poor oral absorption, fluticasone was
not detected in the maternal rabbit plasma (3). Although not stated, poor
absorption in the rat probably also occurred.

It is not known if fluticasone can cross the human placenta. As noted above,
the systemic concentrations of fluticasone after inhalation are very low.
Moreover, the placenta is a rich source of enzymes that can metabolize
corticosteroids (e.g., see Betamethasone, Dexamethasone, Hydrocortisone,
and Prednisolone). These factors suggest that clinically significant exposure of
the embryo or fetus is unlikely.

A 2004 study examined the effect of inhaled corticosteroids on low birth
weight, preterm births, and congenital malformations in pregnant asthmatic
patients (4). The inhaled steroids and the number of patients were
beclomethasone (N = 277), fluticasone (N = 132), triamcinolone (N = 81),
budesonide (N = 43), and flunisolide (N = 25). Compared with the general
population, the study found no increased incidence of small-for-gestational-age
infants (less than 10th percentile for gestational age), low birth weight (<2500
g), preterm births, and congenital malformations (4).

Three reports described the use of fluticasone nasal spray in 69 pregnant
women, sometimes compared with placebo controls (5–7). No effects on fetal
growth or pregnancy outcomes were observed in these patients. Although most
synthetic corticosteroids are partially metabolized by the placental enzymes,
budesonide and fluticasone were not (6).



A 2006 meta-analysis on the use of inhaled corticosteroids during pregnancy
was published in 2006 (8). The analysis included five agents: beclomethasone,
budesonide, flunisolide, fluticasone, and triamcinolone. The results showed that
these agents do not increase the risk of major congenital defects, preterm
delivery, low birth weight, and pregnancy-induced hypertension. Thus, they
could be used during pregnancy (8).

BREASTFEEDING SUMMARY
No reports describing the use of fluticasone during human lactation have been
located. Because of the low systemic concentrations obtained with fluticasone
inhalation, and the drug’s poor oral bioavailability, it is doubtful if clinically
significant amounts would be ingested by a nursing infant.
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FLUVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Because the interruption of cholesterol-lowering therapy during pregnancy
should have no effect on the long-term treatment of hyperlipidemia, and
because cholesterol and other products synthesized from cholesterol are
required for fetal development, the use of fluvastatin is contraindicated
during pregnancy.

FETAL RISK SUMMARY
The cholesterol-lowering, hydrophilic agent fluvastatin (a “statin”) has the same
mechanism of action (i.e., inhibition of hepatic 3-hydroxy-3-methylglutaryl-
coenzyme A [HMG-CoA] reductase) as other available agents in this class,
atorvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, and simvastatin
(cerivastatin was withdrawn from the market in 2001).

Fluvastatin was not teratogenic in rats and rabbits at doses up to 36 and 10
mg/kg/day, respectively (1,2). Moreover, at the highest doses tested in rats for
effects on fertility and reproductive performance, 20 mg/kg/day in males and
6 mg/kg/day in females, no adverse effects were observed (2). Significant
maternal body weight loss and an increase in stillborns, neonatal morbidity, and
maternal morbidity, however, were observed with fluvastatin doses of either 12
or 24 mg/kg/day administered to pregnant rats from the 15th day after coitus
through weaning (2). The maternal morbidity was attributed to the occurrence
of cardiomyopathy in the affected animals. The adverse effects of fluvastatin
were lessened or prevented by the co-administration of mevalonic acid, a
product produced by the enzyme HMG-CoA reductase, indicating that the
toxicity was a result of inhibition of this enzyme.

Rosa (3) reported finding no recipients of this drug in his 1994 presentation
on the outcome of pregnancies following exposure to anticholesterol agents.
However, a 1999 case report described the pregnancy outcome of a 28-year-



old woman who had taken fluvastatin (20 mg/day) for 18 months before
conception and during the first 9 weeks of pregnancy (4). The patient, who had
a kidney transplantation 6 years before pregnancy, took prednisone,
cyclosporine, azathioprine, cephalexin, and ranitidine throughout gestation. She
delivered a healthy, 2901-g female infant at term with Apgar scores of 4 and 9
at 1 and 5 minutes, respectively. Except for transient tachypnea, no other
complications were noted. At age 19 months, the infant’s growth (weight,
height, and head circumference all at the 50th percentile or higher) and
development were normal (4).

A 2004 report described the outcomes of pregnancy that had been exposed
to statins and reported to the FDA (see Lovastatin).

Among 19 cases followed by a teratology information service in England, one
involved 1st trimester exposure to fluvastatin (5). The pregnancy outcome was
a newborn with bradycardia and intrauterine growth restriction.

BREASTFEEDING SUMMARY
No published reports describing the use of fluvastatin during lactation have been
located. The manufacturer reports that fluvastatin is present in breast milk at a
milk:plasma ratio of 2 (1). Because of the potential for adverse effects in the
nursing infant, the drug should not be used during lactation.
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FLUVOXAMINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The limited animal and human data do not suggest a major teratogenic risk
from the use of fluvoxamine. However, the above studies lack the sensitivity
to identify minor anomalies because of the absence of standardized
examinations. Late-appearing major defects may also have been missed
because of the timing of the questionnaires. Selective serotonin reuptake
inhibitor (SSRI) antidepressants, including fluvoxamine, have been
associated with several developmental toxicities, including spontaneous
abortions (SABs), low birth weight, prematurity, neonatal serotonin
syndrome, neonatal behavioral syndrome (withdrawal), possible sustained
abnormal neurobehavior beyond the neonatal period, respiratory distress,
and persistent pulmonary hypertension of the newborn (PPHN).

FETAL RISK SUMMARY
Fluvoxamine is an antidepressant used in the treatment of obsessive-
compulsive disorder. The mechanism of action is unknown, but the drug is an
SSRI resulting in the potentiation of serotonin activity in the brain. The chemical
structure of fluvoxamine is unrelated to other antidepressants.

All the antidepressant agents in the SSRI class (citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline) share a similar mechanism
of action, although they have different chemical structures. These differences
could be construed as evidence against any conclusion that they share similar
effects on the embryo, fetus, or newborn. In the mouse embryo, however,
craniofacial morphogenesis appears to be regulated, at least in part, by
serotonin. Interference with serotonin regulation by chemically different
inhibitors produces similar craniofacial defects (1). Regardless of the structural



differences, therefore, some of the potential adverse effects on pregnancy
outcome may also be similar.

No evidence of teratogenicity was observed in reproductive studies with rats
and rabbits administered oral doses approximately twice the maximum human
daily dose based on BSA (MHDD) (2). Increased pup mortality at birth and
decreased postnatal pup weight were seen, however, when rats were dosed at
2 and 4 times the MHDD, respectively, throughout pregnancy and weaning.
These effects may have been partially due to maternal toxicity, but a direct
toxic effect on the fetuses and pups could not be excluded (2).

No reports describing the transfer across the human placenta have been
located. The molecular weight (about 434 for the maleate salt) is low enough
that passage to the fetus should be expected.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (3). Multiple drug therapy occurred in
about two-thirds of the mothers. Fluvoxamine was used in 67 pregnancies. The
outcomes of these pregnancies were 9 elective abortions (EABs) (1 with defect
—see below), 6 SABs, 2 stillbirths, 47 normal newborns (includes 2 premature
infants), 2 infants with neonatal disorders (withdrawal, cyanosis), and 2 infants
with congenital defects. The three cases of defects (all exposed in the 1st
trimester or longer and to multiple agents) were multicystic left kidney, right
megaureter with neonatal renal insufficiency; and hydrocephaly; right
diaphragmatic hernia; and agenesis of the corpus callosum (EAB) (3).

A 1998 noninterventional ,observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (4). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester, with
birth defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets
of twins). In addition, two birth defects were observed in aborted fetuses.
However, few of the aborted fetuses were examined. Fluvoxamine was taken
during the 1st trimester in 21 pregnancies. The outcomes of these pregnancies
included one ectopic pregnancy, five SABs, two EABs, nine normal full-term
newborns, one premature delivery (twins), and three lost to follow-up. One of
the EABs was for a genetic abnormality (47,XXX) (4).

A prospective, multicenter, controlled cohort study published in 1998
evaluated the pregnancy outcomes of 267 women exposed to one or more of



three SSRI antidepressants during the 1st trimester: fluvoxamine (N = 26);
paroxetine (N = 97); and sertraline (N = 147) (5). The women were combined
into a study group without differentiation as to the drug they had consumed. A
randomly selected control group (N = 267) was formed from women who had
exposures to nonteratogenic agents. The pregnancy outcomes were
determined, in most cases, 6–9 months after delivery. No significant differences
were measured in the number of live births, SABs or EABs, stillbirths, major
malformations, birth weight, or gestational age at birth. Nine major
malformations were observed in each group. The relative risk for major
anomalies was 1.06 (95% confidence interval [CI] 0.43–2.62). No clustering of
defects was apparent. The outcomes of women who took an antidepressant
throughout gestation were similar to those who took an antidepressant only
during the 1st trimester (5). All of the 267 women in the study group had taken
an antidepressant during embryogenesis (6).

The effect of SSRIs on birth outcomes and postnatal neurodevelopment of
children exposed prenatally was reported in 2003 (7). Thirty-one children (mean
age 12.9 months) exposed during pregnancy to SSRIs (15 sertraline, 8
paroxetine, 7 fluoxetine, and 1 fluvoxamine) were compared with 13 children
(mean age 17.7 months) of mothers with depression who elected not to take
medications during pregnancy. All of the mothers had healthy lifestyles. The
timing of the exposures was 71% in the 1st trimester, 74% in the 3rd trimester,
and 45% throughout. The average duration of breastfeeding in the subjects and
controls was 6.4 and 8.5 months, respectively. Twenty-eight (90%) subjects
nursed their infants, 17 of who took SSRIs (10 sertraline, 4 paroxetine, and 3
fluoxetine) compared with 11 (85%) controls, three of whom took sertraline.
There were no significant differences between the groups in terms of
gestational age at birth, premature births, birth weight and length or, at follow-
up, in sex distribution or gain in weight and length (expressed at percentage).
Seven (23%) of the exposed infants were admitted to a neonatal intensive care
unit (six respiratory distress, four meconium aspiration, and one cardiac
murmur) compared with none of the controls (ns). Follow-up examinations were
conducted by a pediatric neurologist, psychologist, and a dysmorphologist who
were blinded as to the mother’s mediations status. The mean Apgar scores at
1 and 5 minutes were lower in the exposed group than in controls, 7.0 vs. 8.2,
and 8.4 vs. 9.0, respectively. There was one major defect in each group: small
asymptomatic ventricular septal defect (exposed); bilateral lacrimal duct
stenosis that required surgery (control). The test outcomes for mental
development were similar in the groups, but significant differences in the



subjects included a slight delay in psychomotor development and lower
behavior motor quality (tremulousness and fine motor movements) (7).

A 2005 meta-analysis of seven prospective comparative cohort studies
involving 1774 patients was conducted to quantify the relationship between
seven newer antidepressants and major malformations (8). The
antidepressants were bupropion, fluoxetine, fluvoxamine, nefazodone,
paroxetine, sertraline, and trazodone. There was no statistical increase in the
risk of major birth defects above the baseline of 1%–3% in the general
population for any of the individual or combined studies (8).

In a 2006 report, a 33-year-old woman with severe psychotic depression
was treated with fluvoxamine 200 mg/day and quetiapine 400 mg/day (9). After
appropriate counseling, she continued this therapy and conceived and, after a
normal pregnancy, delivered a healthy 2600-g, 49-cm-long female infant with
Apgar scores of 9 and 10 at 1 and 5 minutes, respectively. The infant was
developing normally at 3 months (9).

A 2003 prospective study evaluated the pregnancy outcomes of 138 women
treated with SSRI antidepressants during gestation (10). Women using each
agent were 73 fluoxetine, 36 sertraline, 19 paroxetine, 7 citalopram, and
3 fluvoxamine. Most (62%) took an SSRI throughout pregnancy and 95% were
taking an SSRI at delivery. Birth complications were observed in 28 infants,
including preterm birth (9 cases), meconium aspiration, nuchal cord, floppy at
birth, and low birth weight. Four infants (2.9%) had low birth weight, all
exposed to fluoxetine (40–80 mg/day) throughout pregnancy, including two of
the three infants of mothers taking 80 mg/day. One infant had Hirschsprung
disease, a major defect, and another had cavum septi pellucidi (neither the size
of the cavum nor the SSRI agents was specified) (10). The clinical significance
of the cavum septi pellucidi is doubtful as it is nearly always present at birth but
resolves in the first several months (11).

Evidence for the neonatal behavioral syndrome that is associated with in
utero exposure to SSRIs and serotonin and norepinephrine reuptake inhibitors
(SNRIs) (collectively called serotonin reuptake inhibitors [SRIs]) in late
pregnancy was reviewed in a 2005 reference (12). The report followed a
recent agreement by the FDA and manufacturers for a class labeling change
about the neonatal syndrome. Analysis of case reports, case series, and cohort
studies revealed that late exposure to SRIs carried an overall risk ratio of 3.0
(95% CI 2.0–4.4) for the syndrome compared with early exposure. The case
reports (N = 18) and case series (N = 131) involved 97 cases of paroxetine, 18
fluoxetine, 16 sertraline, 12 citalopram, 4 venlafaxine, and 2 fluvoxamine. There



were nine cohort studies analyzed. The typical neonatal syndrome consisted of
CNS, motor, respiratory, and gastrointestinal signs that were mild and usually
resolved within 2 weeks. Only one of 313 quantifiable cases involved a severe
syndrome consisting of seizures, dehydration, excessive weight loss,
hyperpyrexia, and intubation. There were no neonatal deaths attributable to the
syndrome (12).

A significant increase in the risk of low birth weight (<10th percentile) and
respiratory distress after prenatal exposure to SSRIs was reported in 2006
(13). The population-based study, representing all live births (N = 119,547)
during a 39-month period in British Columbia, Canada, compared pregnancy
outcomes of depressed mothers treated with SSRIs with outcomes in
depressed mothers not treated with medication and in nonexposed controls.
The severity of depression in the depressed groups was accounted for by
propensity score matching (13).

A meta-analysis of clinical trials (1990–2005) with SSRIs was reported in
2006 (14). The SSRI agents included were citalopram, fluoxetine, fluvoxamine,
paroxetine, and sertraline. The specific outcomes analyzed were major, minor,
and cardiac malformations, and SABs. The odds ratios (ORs) with 95% CI for
the four outcomes were 1.394 (0.906–2.145), 0.97 (0.13–6.93), 1.193 (0.531–
2.677), and 1.70 (1.28–2.25), respectively. Only the risk of SABs was
significantly increased (14).

A brief 2005 report described significant associations between the use of
SSRIs in the 1st trimester and congenital defects (15). The data were collected
by the CDC-sponsored National Birth Defects Prevention Study in an on-going
case–control study of birth defect risk factors. Case infants (N = 5357) with
major birth defects were compared with 3366 normal controls. A positive
association was found with omphalocele (N = 161; OR 3.0, 95% CI 1.4–6.1).
Paroxetine, which accounted for 36% of all SSRI exposures, had the strongest
association with the defect (OR 6.3, 95% CI 2.0–19.6). The study also found a
significant association between the use of any SSRI and craniosynostosis (N =
372; OR 1.8, 95% CI 1.0–3.2) (15). An expanded report from this group was
published in 2007 (see reference 22 below).

A 2006 report using the database (1995–2003) of the Swedish Medical Birth
Registry examined the relationship between maternal use of antidepressants
and major malformations and cardiac defects (16). There was no significant
increase in the risk of major malformations with any antidepressant. The
strongest effect among cardiac anomalies was with ventricular or atrial septum
defects (VSDs-ASDs). Significant increases were found with paroxetine (OR



2.22, 95% CI 1.39–3.55) and clomipramine (OR 1.87, 95% CI 1.16–2.99 (16).
In 2007, the analysis of the Registry database was expanded to include the
years 1995–2004 (17). There were 6481 women (6555 infants) who had
reported the use of SSRIs in early pregnancy. The number using a single SSRI
(i.e., no other SSRI or non-SSRI antidepressant) during the 1st trimester was
2579 citalopram, 1807 sertraline, 908 paroxetine, 860 fluoxetine, 66
escitalopram, and 36 fluvoxamine. Only paroxetine was significantly associated
with cardiovascular effects (20 cases; OR 1.63, 95% CI 1.05–2.53).
Paroxetine also had the strongest association with VSDs-ASDs, but did not
reach significance (13 cases; relative risk [RR] 1.81, 95% CI 0.96–3.09). When
the analysis was repeated after excluding women with body mass index >26,
born outside of Sweden, or with reported subfertility (N = 405) , only paroxetine
was significantly associated with any cardiac defect (13 cases, RR 2.62, 95%
CI 1.40–4.50) and with VSDs-ASDs (8 cases, RR 3.07, 95% CI 1.32–6.04).
The RR remained significant after also excluding women who took neuroleptics,
sedatives, hypnotics, folic acid, nonsteroidal anti-inflammatory agents, or
anticonvulsants (N = 340). Analysis of the combined SSRI group, excluding
paroxetine, revealed no associations with cardiac defects or VSDs-ASDs. The
study also found no association with omphalocele or craniostenosis (17).

A 2007 study evaluated the association between 1st trimester exposure to
paroxetine and cardiac defects by quantifying the dose–response relationship
(18). A population-based pregnancy registry was used by linking three
administrative databases so that it included all pregnancies in Quebec between
1997 and 2003. There were 101 infants with major congenital defects, 24
involving the heart, among the 1403 women using only one type of
antidepressant during the 1st trimester. The use of paroxetine or other SSRIs
did not significantly increase the risk of major defects or cardiac defects
compared with non-SSRI antidepressants. However, a paroxetine dose >25
mg/day during the 1st trimester was significantly associated with an increased
risk of major defects (OR 2.23, 95% CI 1.19–4.17) and of cardiac defects (OR
3.07, 95% CI 1.00–9.42) (18).

A 2007 retrospective cohort study examined the effects of exposure to
SSRIs or venlafaxine in the 3rd trimester on 21 premature and 55 term
newborns (19). The randomly selected unexposed control group consisted of
90 neonates of mothers not taking antidepressants, psychotropic agents, or
benzodiazepines at the time of delivery. There were significantly more
premature infants among the subjects (27.6%) than in controls (8.9%), but the
groups were not matched. The antidepressants, as well as the number of



subjects and daily doses (shown in parentheses) in the exposed group were
paroxetine (46; 5–40 mg), fluoxetine (10; 10–40 mg), venlafaxine (9; 74–150
mg), citalopram (6; 10–30 mg), sertraline (3; 125–150 mg), and fluvoxamine (2;
50–150 mg). The behavioral signs that were significantly increased in exposed
than in nonexposed infants were as follows: CNS—abnormal movements,
shaking, spasms, agitation, hypotonia, hypertonia, irritability, and insomnia;
respiratory system—indrawing, apnea/bradycardia, and tachypnea; and other
—vomiting, tachycardia, and jaundice. In exposed infants, CNS (63.2%) and
respiratory system (40.8%) signs were most common, appearing during the
first day of life and lasting for a median duration of 3 days. All of the exposed
premature infants exhibited behavioral signs compared with 69.1% of exposed
term infants. The duration of hospitalization was significantly longer in exposed
premature than in nonexposed premature infants, 14.5 days vs. 3.7 days,
respectively. In 75% of the term and premature infants, the signs resolved
within 3 and 5 days, respectively. There were six infants in each group with
congenital malformations, but the drugs involved were not specified (19).

A 2007 review conducted a literature search to determine the risk of major
congenital malformations after 1st trimester exposure to SSRIs and SNRIs
(20). Fifteen controlled studies were analyzed. The data were adequate to
suggest that citalopram, fluoxetine, sertraline, and venlafaxine were not
associated with an increased risk of congenital defects. In contrast, the
analysis did suggest an increased risk with paroxetine. The data were
inadequate to determine the risk for the other SSRIs and SNRIs (20).

A case–control study, published in 2006, was conducted to test the
hypothesis that exposure to SSRIs in late pregnancy was associated with
PPHN (21). A total of 1213 women were enrolled in the study, 377 cases
whose infants had PPHN and 836 matched controls and their infants. Mothers
were interviewed by nurses who were blinded to the hypothesis. Fourteen case
infants had been exposed to an SSRI after the 20th week of gestation
compared with six control infants (adjusted OR 6.1, 95% CI 2.2–16.8). The
numbers were too small to analyze the effects of dosage, SSRI used, or
reduction of the length of exposure before delivery. No increased risk of PPHN
was found with the use of SSRIs before the 20th week or with the use of non-
SSRI antidepressants at any time in pregnancy. If the relationship was causal,
the absolute risk was estimated to be about 1% (21).

Two large case–control studies assessing associations between SSRIs and
major birth defects were published in 2007 (22,23). The findings related to
SSRIs as a group, as well as to four specific agents: citalopram, fluoxetine,



paroxetine, and sertraline. The studies found increased risks for some birth
defects, but the absolute risk appeared to be small. An accompanying editorial
discussed the findings and limitations of these and other related studies (24).
Details of the studies and the editorial are described in the paroxetine review
(see Paroxetine).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (25). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 52 fluvoxamine cases,
the other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (OR 0.9, 95% CI
0.5–1.61). There were two major anomalies in the fluvoxamine group: atrial
septal defect and an umbilical hernia. There were no major defects in the
pregnancies exposed to bupropion, escitalopram, or trazodone (25).

BREASTFEEDING SUMMARY
Fluvoxamine is excreted into human milk. A 23-year-old, 70-kg woman in her
12th postpartum week was treated for postnatal depression with fluvoxamine,
100 mg twice daily (2.86 mg/kg/day) (26). Two weeks after the start of
therapy, single milk and plasma samples were obtained 5 hours after a dose
and concentrations of 0.09 and 0.31 mcg/mL, respectively, were measured. It
was estimated that the infant was ingesting about 0.5% of the mother’s daily
dose (26).

In a brief 1997 communication, plasma and breast milk samples were
obtained from a breastfeeding mother 3 hours after her morning fluvoxamine
dose (100 mg/day; 1.43 mg/kg/day) (27). The concentrations in the plasma and
milk were 0.17 and 0.05 mcg/mL, respectively, a milk:plasma ratio of 0.29. The
estimated infant dose was slightly less than 0.0075 mg/kg/day (0.5% of the
mother’s daily dose). The nursing infant had been exposed to the drug in milk
for about 3–4 weeks when breastfeeding was discontinued. No adverse effects
from the exposure were noted on infant assessments conducted up to 21
months of age (27).

A 2000 case report described a 31-year-old breastfeeding woman, 3 months
postpartum, on a stable dose (100 mg twice daily) of fluvoxamine (28). Serum



and foremilk samples were collected every hour for 12 hours after a dose. The
mean milk:serum ratio was 1.32. The estimated dose ingested by the nursing
infant was 48 mcg/kg/day or 1.58% of the weight-adjusted maternal dose. No
adverse effects or unusual behavior was noted in the nursing infant (28).
Foremilk samples in women ingesting SSRI agents have been shown to contain
much less drug than hindmilk because of the higher fat content of hindmilk and
the lipid solubility of these drugs (see Paroxetine and Sertraline). Therefore,
because only foremilk was collected from each breast, the milk:serum ratio and
the actual dose ingested by the infant were probably higher.

In a second 2000 communication, a 26-year-old woman was started on
fluvoxamine for severe obsessive-compulsive disorder symptoms at 19 days
postpartum (29). About 8 weeks later, while on a dose of 25 mg three times
daily, six breast milk (2–4 ounces) samples were collected (before each dose
and before each feeding) over a 24-hour period. Blood samples were obtained
from the mother and infant at the same time; 10 hours after a dose and 2–3
hours after the last feeding, respectively. Milk concentrations of fluvoxamine
were 24–40 ng/mL over the collection period. Maternal and infant serum
concentrations were 20 ng/mL and 9 ng/mL, respectively. The authors
speculated that the atypically high infant serum concentration (45% of the
mother’s level) may have been related to the infant’s hepatic function. The
estimated maximum dose ingested by the nursing infant was 6 mcg/kg/day, or
about 0.62% of the weight-adjusted maternal dose. No adverse effects or
interference with normal developmental milestones up to 4 months of age was
observed in the nursing infant (29).

In a 2006 case described in the Fetal Summary, a woman took fluvoxamine
200 mg/day and quetiapine 400 mg/day throughout a normal pregnancy (9).
She continued this therapy while attempting to breastfeed her healthy female
infant. Because of insufficient milk production, formula supplementation was
required. The infant was developing normally and meeting all milestones at 3
months of age (9).

A 1999 review of SSRI agents concluded that if there were compelling
reasons to treat a mother for postpartum depression, a condition in which a
rapid antidepressant effect is important, the benefits of therapy with SSRIs
would most likely outweigh the risks (30). However, because the long-term
effects of exposure to SSRI antidepressants in breast milk on the infant’s
neurobehavioral development are unknown, stopping or reducing the frequency
of breastfeeding should be considered if therapy with these agents is required.
Avoiding nursing around the time of peak maternal concentration (about 4 hours



after a dose) may limit infant exposure. However, the long elimination half-lives
of all SSRIs and their weakly basic properties, which are conducive to ion
trapping in the relatively acidic milk, probably will lessen the effectiveness of
this strategy. The American Academy of Pediatrics classifies fluvoxamine as a
drug whose effect on a nursing infant is unknown, but may be of concern (31).
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FOLIC ACID
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Folic acid deficiency during pregnancy is a common problem in
undernourished women and in women not receiving supplements. The
relationship between folic acid levels and various maternal or fetal
complications is complex. Evidence has accumulated that interference with
folic acid metabolism or folate deficiency induced by drugs such as
anticonvulsants and some antineoplastics early in pregnancy results in
congenital anomalies. Moreover, a substantial body of evidence is now
available that non-drug-induced folic acid deficiency, or abnormal folate
metabolism, is related to the occurrence of birth defects and some neural
tube defects (NTDs). Lack of the vitamin or its metabolites may also be
responsible for some cases of spontaneous abortion and intrauterine
growth restriction. For other complications, it is probable that a number of
factors, of which folic acid deficiency may be one, contribute to poor
pregnancy outcome. To ensure good maternal and fetal health, all pregnant
women should receive sufficient dietary or supplementary folic acid to
maintain normal maternal folate levels.

FETAL RISK SUMMARY
Folic acid, a water-soluble B complex vitamin, is essential for nucleoprotein
synthesis and the maintenance of normal erythropoiesis ( 1). The National
Academy of Sciences’ recommended dietary allowance (RDA) for folic acid in
pregnancy is 0.4 mg (1). However, a recommended dietary intake of 0.5
mg/day has been proposed that would meet the needs of women with poor
folate stores, those with essentially no other dietary folate, and those with
multiple pregnancies (2).

Rapid transfer of folic acid to the fetus occurs in pregnancy (3–5). One
investigation found that the placenta stores folic acid and transfer occurs only



after placental tissue vitamin receptors are saturated (6). Results compatible
with this hypothesis were measured in a 1975 study using radiolabeled folate in
women undergoing 2nd trimester abortions (7).

Folic acid deficiency is common during pregnancy (8–11). If not
supplemented, maternal serum and red blood cell (RBC) folate values decline
during pregnancy (8,12–16). Even with vitamin supplements, however, maternal
folate hypovitaminemia may result (8). This depletion is thought to result from
preferential uptake of folic acid by the fetal circulation such that at birth,
newborn levels are significantly higher than maternal levels (8,15–18). At term,
mean serum folate in 174 mothers was 5.6 ng/mL (range 1.5–7.6 ng/mL),
whereas in their newborns, it was 18 ng/mL (range 5.5–66.0 ng/mL) (8). In an
earlier study, similar serum values were measured with RBC folate decreasing
from 157 ng/mL at 15 weeks’ gestation to 118 ng/mL at 38 weeks ( 12). Folic
acid supplementation prevented the decrease in both serum and RBC folate.
Although supplementation is common during pregnancy in some countries, not
all authorities believe this is necessary for the entire population (19,20). The
main controversy is whether all women should receive supplements because of
the cost involved in identifying those at risk (19), or whether supplements
should be given only to those in whom a clear indication has been established
(20).

The most common complication of maternal folic acid deficiency is
megaloblastic anemia (9,21–30). Pancytopenia secondary to folate deficiency
has also been reported during pregnancy (31). The three main factors involved
in the pathogenesis of megaloblastic anemia of pregnancy are depletion of
maternal folic acid stores by the fetus, inadequate maternal intake of the
vitamin, and faulty absorption (27). Multiple pregnancy, hemorrhage, and
hemolytic anemia hasten the decline of maternal levels (13,27). A 1969 study
used 1-mg daily supplements to produce a uniformly satisfactory hematologic
response in these conditions (29). In anemia associated with β-thalassemia
minor, 5 mg/day of folic acid was significantly better than 0.25 mg/day in
increasing predelivery hemoglobin concentrations in both nulliparous and
multiparous Chinese women (32). Patients with iron deficiency, chronic blood
loss, and parasitic infestation were excluded.

The proposed effects on the mother and fetus resulting from folate
deficiency, not all of which appear to be related to the vitamin, can be
summarized as follows:

Fetal anomalies (NTDs; other defects)
Placental abruption



Gestational hypertension (GHTN)
Abortions
Placenta previa
Premature delivery
Low birth weight

Fetal Anomalies (Neural Tube Defects; Other Defects)
Several investigations have suggested a relationship between folic acid
deficiency and neural tube defects (NTDs). (Studies conducted with multiple
vitamin products and not specifically with folic acid are described under
Vitamins, Multiple.) In a randomized, double-blind trial to prevent recurrences of
NTDs, 44 women took 4 mg/day of folic acid from before conception through
early pregnancy (33). There were no recurrences in this group. A placebo
group of 51 women plus 16 noncompliant patients from the treated group had
four and two recurrences, respectively. The difference between the
supplemented and nonsupplemented patients was significant (p = 0.04). Other
researchers reported significantly lower RBC folate levels in mothers of infants
with NTDs than in mothers of normal infants, but not all of the affected group
had low serum folate (34). In a subsequent report by these investigators, very
low vitamin B12 concentrations were found, suggesting that the primary
deficiency may have been due to this latter vitamin with resulting depletion of
RBC and tissue folate (35). A large retrospective study found a protective
effect with folate administration during pregnancy, leading to a conclusion that
deficiency of this vitamin may be teratogenic (36).

Evidence was published in 1989 that low dietary intake of folic acid is related
to the occurrence of NTDs (37). In this Australian population-based case–
control study, 77 mothers whose pregnancies involved an isolated NTD were
compared with 77 mothers of infants with other defects (control group 1) and
154 mothers of normal infants (control group 2). Free folate intake was
classified into four levels (in mcg/day): 8.0–79.8, 79.9–115.4, 115.5–180.5,
and 180.6–1678.0. After adjustment for potential confounding variables, a
statistically significant trend for protection against an NTD outcome was
observed with increasing free folate intake in comparison to both control
groups: p = 0.02 for control group 1, and p <0.001 for control group 2. The
odds ratios (ORs) for the highest intake compared with the control groups were
0.31 and 0.16, respectively. When total folate intake was examined, the trends
were less: p = 0.10 for control group 1 and p = 0.03 for control group 2. In an
accompanying editorial comment, criticism of the above study focused on the



authors’ estimation of dietary folate intake (38). The commentary cited
evidence that nutrition tables are unreliable for the estimation of folate content,
and that the only conclusion the study could claim was that dietary factors, but
not necessarily folate, had a role in the etiology of NTDs.

A 1989 study conducted in California and Illinois examined three groups of
patients to determine whether multivitamins had a protective effect against
NTDs (39). The groups were composed of women who had a conceptus with
an NTD (N = 571) and two control groups: those who had a stillbirth or an infant
with another defect (N = 546) and women who had delivered a normal child (N
= 573). In this study, NTDs included anencephaly, meningocele,
myelomeningocele, encephalocele, rachischisis, iniencephaly, and
lipomeningocele. The periconceptional use of multivitamins, both in terms of
vitamin supplements only and when combined with fortified cereals, was then
evaluated for each of the groups. The outcome of this study, after appropriate
adjustment for potential confounding factors, revealed an OR of 0.95 for NTD-
supplemented mothers (i.e., those who received the RDA of vitamins or more)
compared with unsupplemented mothers of abnormal infants, and an OR of
1.00 when the NTD group was compared with unsupplemented mothers of
normal infants. Only slight differences from these values occurred when the
data were evaluated by considering vitamin supplements only (no fortified
cereals) or vitamin supplements of any amount (i.e., less than the RDA).
Similarly, examination of the data for an effect of folate supplementation on the
occurrence of NTDs did not change the results. Thus, this study could not show
that the use of either multivitamin or folate supplements reduced the frequency
of NTDs. However, the investigators cautioned that their results could not
exclude the possibility that vitamins might be of benefit in a high-risk population.
Several reasons were proposed by the authors to explain why their results
differed from those obtained in other studies: (a) recall bias, (b) a declining
incidence of NTDs, (c) geographic differences such that a subset of vitamin-
preventable NTDs did not occur in the areas of the current study, and (d)
others had not considered the vitamins contained in fortified cereals (39).
However, other researchers concluded that this study led to a null result
because (a) the vitamin consumption history was obtained after delivery, (b) the
history was obtained after the defect was identified, or (c) the study excluded
those women taking vitamins after they knew they were pregnant (40).

In contrast to the above report, a Boston study published in 1989 found a
significant effect of folic acid–containing multivitamins on the occurrence of
NTDs (40). The study population comprised 22,715 women for whom complete



information on vitamin consumption and pregnancy outcomes was available.
Women were interviewed at the time of a maternal serum α-fetoprotein screen
or an amniocentesis. Thus, in most cases, the interview was conducted before
the results of the tests were known to either the patient or the interviewer. A
total of 49 women had an NTD outcome (2.2/1000). Among these, three cases
occurred in 107 women with a history of previous NTDs (28.0/1000), and two
were in 489 women with a family history of NTDs in someone other than an
offspring (4.1/1000). After excluding the 87 women whose family history of
NTDs was unknown, the incidence of NTDs in the remaining women was
44 cases in 22,093 (2.0/1000). Among the 3157 women who did not use a folic
acid–containing multivitamin, 11 cases of NTDs occurred, a prevalence of
3.5/1000. For those using the preparation during the first 6 weeks of
pregnancy, 10 cases occurred from a total of 10,713 women (prevalence
0.9/1000). Among mothers who, during the first 6 weeks, used vitamins that did
not contain folic acid, the prevalence was three cases in 926, a ratio of
3.2/1000. When vitamin use was started in the 7th week of gestation, there
were 25 cases of NTD from 7795 mothers using the folic acid–multivitamin
supplements (3.2/1000; prevalence ratio 0.92) and no cases in the 66 women
who started consuming multivitamins without folate. This study, then, observed
a markedly reduced risk of NTDs when folic acid–containing multivitamin
preparations were consumed in the first 6 weeks of gestation.

A 1989 preliminary report of a Hungarian, controlled, double-blind study
evaluated the effect on congenital defects and first occurrence of NTDs of
periconceptional supplementation with a multivitamin combination containing
0.8 mg folic acid compared with a trace-element supplement (controls) (41).
Women were randomized to the vitamin formulation or control 1 month before
through 3 months after the last menstrual period. The differences in outcome
between the groups (number of subjects N = 1302) were not significant.
Statistical significance was obtained, however, in the final report, published in
1992 (42) with an accompanying editorial (43), where pregnancy outcome was
known in 2104 vitamin-supplemented cases and 2052 controls. Significantly
more congenital malformations occurred in the control group (22.9/1000 vs.
13.3/1000, p = 0.02), including six cases of NTDs in controls compared with
none in those taking vitamins (p = 0.029) (42). The rate of NTD occurrence in
the control group corresponded to the expected rate in Hungary (41).

In 1991, the results of an 8-year study to examine the effects of folic acid
supplementation, with or without other vitamins, on the recurrence rate of NTDs
was published (44). This randomized, double-blind study conducted by the



British Medical Research Council (MRC) was carried out at 33 medical centers
in the United Kingdom, Australia, Canada, France, Hungary, Israel, and Russia.
A total of 1817 women, all of whom had a previous pregnancy affected by an
NTD (anencephaly, spina bifida cystica, or encephalocele), were enrolled in the
study prior to conception and randomized to one of four treatment groups: folic
acid (4 mg/day) (N = 449), folic acid (4 mg/day) plus other vitamins (N = 461),
other vitamins (A, D, B1, B2, B6, C, and nicotinamide) (N = 453), and no
vitamins (placebo capsules containing ferrous sulfate and dicalcium phosphate)
(N = 454). Women with epilepsy were excluded, as were those with infants
whose NTD was associated with genetic factors. Women who conceived were
continued in the study until the 12th week of gestation. The study was
terminated after 1195 women had a completed pregnancy where the outcome
could be classified as either NTD or no NTD, because the preventive effect of
folic acid was clear. Six NTDs were observed in the two folic acid groups
(6/593; 10/1000) and 21 were observed in the nonfolic acid groups (21/602;
35/1000). Analysis of the data indicated that folic acid had prevented 72% of
the NTD recurrences compared with other vitamins, which gave no protective
effect. The benefit of folic acid was the same for anencephaly as for spina
bifida and encephalocele. The study found no evidence that any other vitamin
had a protective effect, nor did other vitamins enhance the effect of folic acid.
Based on the results of the study, the MRC recommended that all women who
have had a previous pregnancy outcome with an NTD should take folic acid
supplements. The study could not determine, however, whether 4 mg/day of
folic acid was required or whether a smaller dose, such as 0.36 mg, would
have been equally efficacious. They speculated, however, that even small
doses should have some preventive effect.

The CDC published interim recommendations for folic acid supplementation
based on the MRC study, pending further research to determine the required
dose, for women who have had an infant or fetus with an NTD (spina bifida,
anencephaly, or encephalocele) (45): 4 mg/day of folic acid at least 4 weeks
before conception through the first 3 months of pregnancy. This
supplementation was not recommended for (a) women who have never had an
infant or fetus with an NTD, (b) relatives of women who have had an infant or
fetus with an NTD, (c) women who themselves have spina bifida, and (d)
women who take valproic acid (45). Approximately 1 year later, the CDC, in
conjunction with other American health agencies, published the recommendation
that all women of childbearing age should consume 0.4 mg of folic acid per day
either from the diet or from supplements (46). This recommendation included



women who had an NTD-affected pregnancy, unless they were planning to
become pregnant. In that case, the CDC suggested that the 4-mg/day dose
was still appropriate. Although the 0.4-mg dose may be as effective, the higher
dose was based on a study designed to prevent NTDs, and the risks of an
NTD-affected infant may be greater than the maternal risks from 4 mg/day of
folic acid.

Several unanswered questions have been raised by the findings of the MRC
trial, in addition to the one involving dosage, including the following: (a) How
long before conception is supplementation needed (47)?, (b) What are the risks
from supplementation (47–49)?, (c) If there are risks, are they the same for 4
mg and 0.4 mg (47–49)?, (d) Will the benefits of supplementation be the same
for all ethnic groups, even in those with much lower prevalence rates of NTDs
(47)?, (e) Will the benefits be as great for women who are not at an increased
risk for producing a child with an NTD (47)?, (f) Can the required folic acid be
obtained from food (47)?, (g) Is one mechanism of folic acid’s action in
preventing NTDs related to the correction of genetic defects, such as inborn
errors of homocysteine metabolism (50)?, and (h) Is folic acid itself or its
metabolite, 5-methyltetrahydrofolate (5-MTHF), the active form of the vitamin
(48,49)?

Two uncontrolled trials conducted in the United Kingdom during the MRC
study described above provided additional evidence that folic acid
supplementation is beneficial in preventing recurrences of NTDs (51,52).
Women at high-risk for recurrence, but who refused to be enrolled in the MRC
trial, primarily out of fear of being placed in the placebo group, were treated
with 4 mg/day of folic acid at least 1 month prior to conception through the 12th
week of gestation (51). Of the 255 women supplemented, 234 achieved a
pregnancy with 235 fetuses/infants (one set of twins). Two cases of NTDs
were observed (spina bifida; encephalocele), a recurrence risk of 8.5/1000,
approximately one-third the expected incidence of 30/1000 and nearly identical
to the results in the MRC study. In the second trial, 208 high-risk women were
treated similarly, but with a multivitamin preparation containing 0.36 mg of folic
acid (52). Of the 194 who had delivered (14 were still pregnant), only one NTD
was observed (an incidence of 5.2/1000), and that mother admitted poor
compliance in taking the vitamins.

The results of three other studies, one conducted in 12 Irish hospitals
beginning in 1981 (53), one in Spain between 1974 and 1990 (54), and one in
the United States and Canada from 1988 through 1991 (55,56), indicated that
folic acid may be protective at a much lower dosage (e.g., ≥0.3 mg/day) than



that used in the MRC trial. In the American/Canadian study, folic acid (the most
commonly used daily dose was 0.4 mg) consumed 28 days before through 28
days after the last menstrual period decreased the risk for first occurrence of
NTDs by approximately 60% (55). The investigators also found evidence that a
relatively high dietary intake of folate reduced the risk of NTDs (55).

In a search for a possible mechanism of folic acid prevention of NTDs,
several studies have compared the concentrations of folic acid in mothers who
have produced a child with an NTD with control mothers with no history of
NTDs in their infants (57–60). A brief 1991 report found no relation between
NTDs and low folate levels in fetal blood, fetal red cells, or maternal blood, thus
eliminating poor placental transfer of folic acid as a possible mechanism (57).

A study conducted in Dublin found no difference in serum folate or vitamin B12
levels in mothers whose pregnancies ended with an NTD infant or fetus when
compared with 395 normal controls (58). The serum samples were obtained
during a routine screening program for rubella antibody conducted in three
Dublin hospitals. After testing, the samples were frozen and then later used for
this study. During the study period, 116 cases of NTDs were identified, but
serum was available for only 32 of the cases: 16 with anencephalus, 15 with
spina bifida, and 1 with encephalocele. In half of the cases, serum was
obtained between 9 week’s and 13 weeks’ gestation. The mean serum folate
concentrations in the cases and controls were both 3.4 ng/mL, and levels of
vitamin B12 were 297 and 277 pg/mL, respectively.

Another trial found significantly lower RBC folate levels in pregnancies ending
with an NTD (59). This Scottish study measured vitamin levels in 20 women
younger than 35 years of age who had a history of two or more NTD
pregnancies. A control group of 20 women with no pregnancies ending in NTDs,
but matched for age, obstetric history, and social class, was used for
comparison. No significant differences between the two groups were found in
assays for plasma or serum vitamin A, thiamine, riboflavin, pyridoxine, vitamin
B12, folate, vitamin C, vitamin E, total protein, albumin, transferrin, copper,
magnesium, zinc, and white cell vitamin C. RBC folate, however, was
significantly lower in the case mothers than in controls, 178 vs. 268 ng/mL (p =
0.005), respectively, although both were within the normal range (106–614
ng/mL). Moreover, a linear relationship was found between RBC folate and the
number of NTD pregnancies. Women who had three or four such pregnancies
also had the lowest concentrations of RBC folate (59). The dietary intake of
folic acid was lower in the case mothers than in controls, but the difference was
not statistically significant. Because the lower RBC folate levels could not be



attributed entirely to dietary intake of folic acid, the authors speculated that one
factor predisposing to the occurrence of NTDs may be an inherited disorder of
folate metabolism (59).

A study conducted in Finland, published in 1992, was similar in design and
findings to the Dublin study described above (60). Serum samples from women
who had delivered an infant with an NTD were analyzed and compared with
samples from 178 matched controls. Cases of NTDs with known or suspected
causes unrelated to vitamins were excluded. Maternal serum had been drawn
during the first or second prenatal care appointment for reasons not related to
the study, all within 8 weeks of neural tube closure, and kept frozen in a central
laboratory. No statistical differences were found between case mothers and
controls in serum levels of folate, vitamin B12, and retinol. After adjustment, the
ORs for being a case mother were 1.00 for folate, 1.05 for vitamin B12, and
0.99 for retinol. Several possible explanations have been offered as to why this
study was unable to find differences between case and control mothers (61):
(a) Serum samples may not have been obtained early enough in pregnancy, (b)
maternal serum vitamin concentrations may not be a good test of the folic acid
deficiency necessary to cause NTDs, and (c), most likely, the group tested may
not have been at risk to have a vitamin-sensitive NTD since the normal
incidence of NTDs in the studied population is very low.

At least three publications have commented on the potential risks of high-
dose folic acid supplementation (45,62,63). Megaloblastic anemia resulting
from vitamin B12 deficiency may be masked by folic acid doses of 4 mg/day but
still allow the neurologic damage of the deficiency to progress (45,62).
Responding to this, a Canadian editorial recommended that a woman’s vitamin
B12 status be checked prior to commencing high-dose folic acid
supplementation (62). A second risk identified concerned the inhibition of
dihydropteridine reductase (DHPR), a key enzyme in the maintenance of
tetrahydrobiopterin levels, by folic acid but not by 5-MTHF (63). Children with
an inherited deficiency of this enzyme have lowered levels of dopamine,
noradrenaline, serotonin, and folates in the CNS, which results in gross
neurologic damage and death if untreated, thus raising the potential that high-
dose folic acid could cause damage to embryonic neural tissue.

Folic acid deficiency is a known experimental animal teratogen (64). In
humans, the relationship between fetal defects other than NTDs and folate
deficiency is less clear. Several reports have claimed an increase in congenital
malformations associated with low levels of this vitamin (9,24–26,33,36,65,66),
and one study observed a significant decrease in birth defects when a



multivitamin–folic acid preparation was used before and during early gestation
(42) (see details above). Other investigators have stated that maternal
deficiency does not result in fetal anomalies (22,23,67–73). One study found
the folate status of mothers giving birth to severely malformed fetuses to be no
different from that of the general obstetric population and much better than that
of mothers with overt megaloblastic anemia (67). Similar results were found in
other series (71–73).

The strongest evidence for an association between folic acid and fetal
defects comes from cases treated with drugs that either are folic acid
antagonists or induce folic acid deficiency, although agreement with the latter is
not universal (70,74,75). The folic acid antagonists, aminopterin and
methotrexate, are known teratogens (see Aminopterin and Methotrexate). A
very high incidence of defects resulted when aminopterin was used as an
unsuccessful abortifacient in the 1st trimester. These antineoplastic agents may
cause fetal injury by blocking the conversion of folic acid to tetrahydrofolic acid
in both the fetus and the mother.

In contrast, certain anticonvulsants, such as phenytoin and phenobarbital,
induce maternal folic acid deficiency, possibly by impairing gastrointestinal
absorption or increasing hepatic metabolism of the vitamin (70,74,75). Whether
these agents also induce folic acid deficiency in the fetus is less certain,
because the fetus seems to be efficient in drawing on available maternal stores
of folic acid. Low maternal folate levels, however, have been proposed as a
mechanism for the increased incidence of defects observed in infants exposed
in utero to some anticonvulsants. In a 1984 article, investigators reported
research on the relationship among folic acid, anticonvulsants, and fetal defects
(74). In the retrospective part of this study, a group of 24 women who were
treated with phenytoin and other anticonvulsants produced 66 infants, of whom
10 (15%) had major anomalies. Two of the mothers with affected infants had
markedly low RBC folate concentrations. A second group of 22 epileptic
women was then given supplements of daily folic acid, 2.5–5.0 mg, starting
before conception in 26 pregnancies and within the first 40 days in 6
pregnancies. This group produced 33 newborns (32 pregnancies, one set of
twins) with no defects, a significant difference from the group not receiving
supplementation. Negative associations between anticonvulsant-induced folate
deficiency and birth defects have also been reported (70,75). Investigators
studied a group of epileptic women taking anticonvulsants and observed only
two defects (2.9%) in pregnancies producing a live baby, which is a rate similar
to that expected in a healthy population (70). Although folate levels were not



measured in this retrospective survey, maternal folate deficiency was predicted
by the authors, based on their current research with folic acid in patients taking
anticonvulsants. Another group of researchers observed 20 infants (15%) with
defects from 133 women taking anticonvulsants (75). No NTDs were found, but
this defect is rare in Finland and an increase in the anomaly could have been
missed (75). All of the women were given folate supplements of 0.1–
1.0 mg/day (average 0.5 mg/day) from the 6th to 16th weeks of gestation until
delivery. Folate levels were usually within the normal range (normal considered
to be serum >1.8 ng/mL, RBC >203 ng/mL).

Whole embryo cultures of rats have been tested with valproic acid and folinic
acid, a folic acid derivative (76). The anticonvulsant produced a dose-related
increase in the incidence of NTDs that was not prevented by the addition of the
vitamin. Experiments in embryonic mice, however, indicated that valproic acid-
induced NTDs were related to interference with embryonic folate metabolism
(77). Teratogenic doses of valproic acid caused a significant reduction in
embryonic levels of formylated tetrahydrofolates and increased the levels of
tetrahydrofolate by inhibition of the enzyme glutamate formyltransferase. The
result of this inhibition would have serious consequences on embryonic
development, including neural tube closure (77).

A review of teratogenic mechanisms involving folic acid and antiepileptic
therapy was published in 1992 (78). Several studies conducted by the authors
and others demonstrated that phenytoin, phenobarbital, and primidone, but not
carbamazepine or valproic acid, significantly reduced serum and RBC levels of
folate, and that polytherapy decreased these levels significantly more than
monotherapy. Animal studies cited indicated that valproic acid disrupts folic acid
metabolism, possibly by inhibiting key enzymes, rather than by lowering
concentrations of the vitamin, whereas phenytoin may act on folic acid by both
mechanisms (78). Data from a study conducted by the authors indicated that a
significant association existed between low serum and RBC folate levels,
especially <4 ng/mL, before or early in pregnancy in epileptic women and
spontaneous abortions and the occurrence of congenital malformations (78).
The reviewers concluded that folic acid supplementation may be effective in
preventing some poor pregnancy outcomes in epileptic women.

Another 1992 report, based on the results of a 1990 workshop addressing
the use of antiepileptic drugs during pregnancy, offered guidelines to counsel
women with epilepsy who plan pregnancy or who are pregnant (79). Included
among the guidelines was the recommendation that adequate folic acid be
consumed daily, either from the diet or from supplements, to maintain normal



serum and RBC levels of folate before and during the first months of pregnancy
(i.e., during organogenesis). A specific folic acid dose was not recommended.

In a 2013 case–control study from Japan covering the period 2001–2012,
360 women who had given birth to spina bifida-affected offspring were
compared with 2333 women who had given birth to offspring without spina
bifida (80). Four variables were significantly associated with the risk of having a
newborn with spina bifida: not taking folic acid supplements (OR 2.5, 95%
confidence interval [CI] 1.72–3.64, presence of spina bifida patients within
third-degree relatives (OR 4.26, 95% CI 1.12–16.19), taking anticonvulsants
without taking folic acid (OR 20.20, 95% CI 2.06–198.17), and low birth weight
≤2500 g (OR 4.21, 95% 3.18–5.59). In 2000, the Japanese government
recommended that women planning a pregnancy should take 0.4 mg/day of
folic acid. Because the prevalence rate of spina bifida, 5–6 per 10,000 total
births, had not changed in 11 years, the authors recommended that mandatory
food fortification with folic acid should be implemented (80).

Placental Abruption
Several articles have proposed that maternal folic acid status is associated with
placental abruption (25,26,28,66,81). In a review and analysis of 506
consecutive cases of abruptio placentae, defective folate metabolism was
found as a predisposing factor in 97.5%. The authors theorized that folic acid
deficiency early in pregnancy caused irreversible damage to the fetus, chorion,
and decidua, leading to abruption, abortion, premature delivery, low birth
weight, and fetal malformations. Other studies have discovered that 60% of
their patients with abruption were folate deficient, but their numbers were too
small for statistical analysis (82). In other series, no correlation was found
between low levels of folic acid and this complication (16,69,83).

Gestational Hypertension
A relationship between folate deficiency and GHTN is doubtful. In a study of
women with megaloblastic anemia, 14% had GHTN compared with the
predicted incidence of 6% for that population (22). In another report, 22 (61%)
of 36 GHTN patients had folate deficiency, but the authors were unable to
conclude that the association was causative (66,82). Other investigators have
also failed to find a relationship between low levels of the vitamin and GHTN
(23,27). In one of these studies, the incidence of GHTN in megaloblastic
anemia was 12.2% compared with 14.0% in normoblastic anemia (27). A
second group of investigators studied folate levels in 101 preeclamptic and 17



eclamptic women and compared them with 52 normal controls and 29 women
with overt megaloblastic anemia (84). No correlation was found between levels
of folic acid and the complications.

Abortions and Placenta Previa
Several papers have associated folic acid deficiency with abortion
(25,26,66,78,81,85–87). The cause of some abortions, as proposed by some,
is faulty folate metabolism in early pregnancy, producing irreversible injury to
the fetus and placenta (81). Others have been unable to detect any significant
relationship between serum and RBC folate levels and abortion (12,68,88). In a
series of 66 patients with early spontaneous abortions, the incidence of folate
deficiency was the same as in those with uncomplicated pregnancies (88).
These researchers did find a relationship between low folic acid levels and
placenta previa. However, others found no evidence of an association between
folate deficiency and either abortion or antepartum hemorrhage (12).

Premature Birth and Low Birth Weight
The relationship among prematurity, low birth weight, and folic acid levels has
been investigated. In one study, significantly lower folate levels were measured
in the blood of low-birth-weight neonates than in that of normal-weight
infants (18). The incidences of both premature delivery and infants with birth
weight <2500 g were increased in folate-deficient mothers in a 1960 report
(22). These patients all had severe megaloblastic anemia and a poor standard
of nutrition. In a later study of 510 infants from folate-deficient mothers, 276
(54%) weighed ≤2500 g compared with a predicted incidence of 8.6% (81). A
study of women with uterine bleeding during pregnancy found a significant
association between serum folate and low birth weight (86). Similarly, another
study reported a significant relationship between folate levels at the end of the
2nd trimester and newborn birth weight (89). A 1992 report described the
effects of supplementation with ferrous sulfate (325 mg/day) and folic acid
(1 mg/day), beginning at the first prenatal visit, on infant birth weight (90). A
significant association between low serum folate levels at 30 weeks’ gestation
and fetal growth restriction (defined as below the 15th percentile for gestational
age) was discovered. Adjustment for psychosocial status, maternal race, body
mass index, smoking history, history of a low-birth-weight infant, and infant
gender did not change the results. In contrast, others have found no association
between folic acid deficiency and prematurity (27,69,91,92) or between serum
folate and birth weight (12,69,93,94).



Two reports have alluded to problems with high folic acid levels in the mother
during pregnancy (95,96). An isolated case report described an anencephalic
fetus whose mother was under psychiatric care (95). She had been treated
with very high doses of folic acid and vitamins B1, B6, and C. The relationship
between the vitamins and the defect is questionable. A 1984 study examined
the effect of folic acid, zinc, and other nutrients on pregnancy outcome (96).
Total complications of pregnancy (infection, bleeding, fetal distress, prematurity
or death, pregnancy-induced hypertension, and tissue fragility) were associated
with high serum folate and low serum zinc levels. The explanation offered for
these surprising findings was that folate inhibits intestinal absorption of zinc,
which, they proposed, was responsible for the complications. This study also
found an association between low folate and abortion.

The CDC and other U.S. health agencies recommend a daily consumption of
0.4 mg of folic acid, from either the diet or supplements or both, for all women
of childbearing age before the onset of pregnancy (46,97). An increased risk of
adverse fetal outcome can be lowered by folic acid supplementation in at least
two groups of women. Women with a history of a fetus or infant with an NTD
should receive supplementation with 4 mg/day of folic acid beginning 1 month (3
months has been recommended in England [98]) before conception and
continuing through the 12th week of gestation (45,98,99). Also, women
receiving antiepileptic medications should receive sufficient folic acid from either
the diet or supplementation or both to maintain normal serum and RBC levels of
the vitamin beginning before conception and continuing through the period of
organogenesis. A specific dosage recommendation has not been located for
women receiving anticonvulsants, but 4 or 5 mg/day has been used.

BREASTFEEDING SUMMARY
Folic acid is actively excreted into breast milk (100–109). Accumulation of
folate in milk takes precedence over maternal folate needs (100). Levels of
folic acid are relatively low in colostrum but as lactation proceeds,
concentrations of the vitamin rise (101–103). Folate levels in newborns and
breastfed infants are consistently higher than those in mothers and normal
adults (104,105). In Japanese mothers, mean breast milk folate concentrations
were 141.4 ng/mL, resulting in a total intake by the infant of 14–25 mcg/kg/day
(105). Much lower mean levels were measured in pooled human milk in an
English study examining preterm (26 mothers, at 29–34 weeks) and term (35
mothers, at ≥39 weeks) patients (103). Preterm milk folate concentrations rose
from 10.6 ng/mL (colostrum) to 30.5 ng/mL (16–196 days), whereas term milk



folate concentrations increased during the same period from 17.6 to 42.3
ng/mL.

Supplementation with folic acid is apparently not needed in mothers with
good nutritional habits (103–107). Folic acid deficiency and megaloblastic
anemia did not develop in women not receiving supplements even when
lactation exceeded 1 year (103,104). In another study, maternal serum and
RBC folate levels increased significantly after 1 mg of folic acid/day for 4
weeks, but milk folate levels remained unchanged (105). Investigators gave
well-nourished lactating women a multivitamin preparation containing 0.8 mg of
folic acid (106). At 6 months postpartum, milk concentrations of folate did not
differ significantly from those of controls who were not receiving supplements.
Other investigators measured more-than-adequate blood folate levels in
American breastfed infants during the 1st year of life (107). The mean milk
concentration of folate consumed by these infants was 85 ng/mL.

In patients with poor nutrition, lactation may lead to severe maternal folic acid
deficiency and megaloblastic anemia (100). For these patients, there is
evidence that low folate levels, as part of the total nutritional status of the
mother, are related to the length of the lactation period (103). In one study,
lactating mothers with megaloblastic anemia were treated with 5 mg/day of
folic acid for 3 days (102). Breast milk folate rose from 7–9 ng/mL to 15–40
ng/mL 1 day after treatment began. The elevated levels were maintained for
3 weeks without further treatment. Nine lower-socioeconomic-status women
were treated with multivitamins containing 0.8 mg of folic acid and were
compared with seven untreated controls (108). Breast milk folate was
significantly higher in the treated women. In another study of lactating women
with low nutritional status, supplementation with folic acid, 0.2–10.0 mg/day,
resulted in mean milk concentrations of 2.3–5.6 ng/mL (109). Milk
concentrations were directly proportional to dietary intake.

Folic acid concentrations were determined in preterm and term milk in a
study to determine the effect of storage time and temperature (110). Storage
of milk in a freezer resulted in progressive decreases over 3 months such that
the RDA of folate for infants could not be provided from milk stored for this
length of time. Storage in a refrigerator for 24 hours did not affect folate levels.

The National Academy of Sciences’ RDA for folic acid during lactation is
0.280 mg (1). If the lactating woman’s diet adequately supplies this amount,
maternal supplementation with folic acid is not needed. Maternal
supplementation with the RDA for folic acid is recommended for those patients
with inadequate nutritional intake. The American Academy of Pediatrics



considers maternal consumption of folic acid to be compatible with
breastfeeding (111).
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FOMEPIZOLE
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Other than one case, no other human pregnancy experience is available.
Although an assessment of the risk that this agent presents to a human
embryo or fetus cannot be made, the maternal benefits should far outweigh
the unknown fetal risks. Therefore, the drug should not be withheld
because of pregnancy (1).

FETAL RISK SUMMARY
Fomepizole, given IV every 12 hours for ≥48 hours, is a competitive inhibitor of
alcohol dehydrogenase, an enzyme that catalyzes the oxidation of alcohol to
acetaldehyde. The enzyme also catalyzes the initial steps in the metabolism of
ethylene glycol and methanol to their toxic metabolites. Fomepizole is indicated
as an antidote for ethylene glycol (such as antifreeze or coolants) or methanol
ingestion. It undergoes extensive metabolism to inactive metabolites. The
elimination half-life has not been determined (2).

According to the manufacturer, animal reproduction studies have not been
conducted with fomepizole. One source cited a 1982 abstract, however, that
reported that the drug was not teratogenic in mice (3).

It is not known if fomepizole crosses the human placenta to the embryo or
fetus. The very low molecular weight (about 82) suggests that the drug will
cross the placenta.

Only one report describing the use of fomepizole in human pregnancy has
been located. A 21-year-old woman at 11 weeks’ gestation in her second
pregnancy was treated with fomepizole (two doses of 15 mg IV over 30
minutes, approximately 8 hours apart) for inhalation of carburetor cleaner (4).
The cleaner contained a mixture of methanol, toluene, methylene chloride, and
carbon dioxide. Her history included chronic abuse of toluene and inhalants.



After release from the hospital, she was again admitted for the same problem
about 6 weeks later and was treated with one dose of fomepizole. Attempts to
contact the patient after discharge were unsuccessful and the eventual
outcome of the pregnancy was unknown (4).

BREASTFEEDING SUMMARY
No reports describing the use of fomepizole during human lactation have been
located. The very low molecular weight (about 82) suggests that the drug will
be excreted into breast milk. The effects of this exposure on a nursing infant
are unknown (the most common adverse effects in patients and normal
volunteers were headache, nausea, dizziness, and bad taste/metallic taste [2]).
Since the maternal benefits of therapy are great, breastfeeding should be
temporarily discontinued, at least until the therapy is completed and the drug
eliminated from the maternal system. The time required to eliminate the drug is
unknown, but waiting for 24 hours would allow for nearly complete elimination if
the half-life was ≥5 hours. Moreover, fomepizole is extensively metabolized to
inactive metabolites and this will serve to lessen infant exposure. Furthermore,
fomepizole is indicated as an antidote for ethylene glycol (such as antifreeze or
coolants) or methanol ingestion, and these substances could be toxic to a
nursing infant if they were excreted into milk.
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FONDAPARINUX
Anticoagulant
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the human pregnancy experience with fondaparinux is limited, no
reports of embryo–fetal harm have been located. Several reviews have
stated that the agent is safe in pregnancy. Thus, if indicated it should not
be withheld because of pregnancy.

FETAL RISK SUMMARY
Fondaparinux is a synthetic selective inhibitor of activated factor X (Xa) that is
administered by SC injection. The drug is indicated for the prophylaxis of deep
vein thrombosis in patients undergoing hip fracture, hip replacement, or knee
replacement surgery. Distribution to extravascular fluid is characterized as
minor. The drug is extensively (at least 94%) and specifically bound to
antithrombin III but not to other plasma proteins or red blood cells. The binding
to antithrombin III significantly potentiates the neutralization of factor Xa by
antithrombin III. Fondaparinux has no effect on thrombin or platelet function.
The metabolism of fondaparinux has not been investigated, but most of a dose
is excreted unchanged in the urine. The drug is contraindicated in patients
weighing <50 kg because total clearance in this group is reduced by
approximately 30% (1).

Reproduction studies in pregnant rats and rabbits at SC doses up to 32 and
65 times the recommended human dose based on BSA, respectively, revealed
no evidence of impaired fertility or fetal harm (1).

Fondaparinux did not cross the placenta in an in vitro human dually perfused,
cotyledon model using placentas from six healthy white women approximately
31 years of age (2,3). The dose tested corresponded to the therapeutic
plasma concentrations observed with the recommended human dose. The



result is consistent with the high molecular weight (about 1728) and minimal
extravascular distribution of fondaparinux. However, in a 2004 study of five
women treated near delivery, the concentrations of fondaparinux in cord plasma
were <5–40 ng/mL (4). The patient with undetectable drug had received only
one dose, whereas the other four patients were at steady state with plasma
levels of 255–340 ng/mL. The fetal concentrations were about 10% of the
maternal levels (4).

A 31-year-old woman in her 12th week of pregnancy completely loss her
vision in her right eye for 2 minutes (5). After an extensive work-up, she was
diagnosed with hypereosinophilic syndrome and started on heparin and
prednisone. HIT developed and her anticoagulant therapy was changed to
argatroban (dose not specified). The thrombocytopenia resolved and, after 15
days, she was discharged home on fondaparinux (75 mg/day) and a tapering
dose of prednisone. About 6–7 months later, she gave birth to a healthy female
infant (no further details on the infant was provided) (5).

In a 2012 case report, a 33-year-old woman, with a history of hereditary
antithrombin deficiency, presented at 7 weeks’ gestation with a deep venous
thrombosis in her left leg due to the deficiency (6). She was treated with
urokinase (24,000 units/day), heparin (20,000 units/day), and antithrombin
concentrate (3000 units/day). Ten days later, at 9 weeks, HIT was diagnosed;
heparin was discontinued and a continuous infusion of argatroban (2.5
mcg/kg/min) was started. At 21 weeks, argatroban was stopped and
fondaparinux (2.5 mg/day) was started at 24 weeks’. Argatroban (2.5–
3.5 mcg/kg/min) was restarted during labor induction at 37 weeks. The patient
gave birth to 2800-g male infant with Apgar scores of 9 and 10 at 1 and 5
minutes, respectively. The newborn had 14% of antithrombin activity. The
mother and her newborn were discharged home 15 days later (6).

In addition to the above two reports, four other reports have described the
use of fondaparinux during human pregnancy without causing embryo or fetal
harm (7–10). In addition, four reviews have stated that the drug can be used
safely in pregnancy (11–14).

BREASTFEEDING SUMMARY
No reports describing the use of fondaparinux during human lactation have been
located. Despite the high molecular weight (about 1728), the drug may be
excreted into milk. The potential effects of this exposure on a nursing infant are
unknown but are probably not clinically significant.
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FORMOTEROL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal data suggest low risk, but the limited human pregnancy
experience prevents a more complete assessment of the embryo–fetal
risk. However, there is no published evidence that drugs in this class cause
developmental toxicity (growth restriction, structural defects,
functional/behavior defects, or death). β-Adrenergic agonists (e.g., see
Albuterol and Terbutaline) have been used as tocolytics and inhibition of
uterine contractions and labor is a potential complication. Although SC
formoterol has potent tocolytic activity in rodents, this effect has not been
studied in humans. Moreover, the systemic bioavailability of the drug after
inhalation is probably too low to inhibit uterine activity. Of note, among the
five premature births in the surveillance study, four of the women were
using inhaled formoterol at the time. Other potential toxic effects of
formoterol are maternal hyperglycemia (especially in diabetics) resulting in
newborn hypoglycemia, and maternal pulmonary edema (especially when
used with corticosteroids). Although published studies of these potential
adverse effects from inhaled formoterol have not been located, the
reported plasma drug concentrations appear to be too low to cause these
toxicities. Because of the availability of extensive human pregnancy
experience, either albuterol or salmeterol would be a better choice if a
pregnant woman required an inhaled β-adrenergic bronchodilator.
However, if a nonpregnant woman had a good response to inhaled
formoterol, it would be reasonable to continue her on this drug during
pregnancy. If formoterol is used in pregnancy, healthcare professionals are
encouraged to call the toll-free number (877-311-8972) for information
about patient enrollment in an Organization of Teratology Information
Specialists (OTIS) study.



FETAL RISK SUMMARY
Formoterol is a potent, long-acting, selective β2-adrenergic agonist that acts as
a bronchodilator. It is formulated as a dry powder into capsules intended for
oral inhalation using the Aerolizer inhaler. Formoterol is indicated for the long-
term maintenance treatment of asthma and in the prevention of bronchospasm.
It also is indicated for the long-term maintenance treatment of
bronchoconstriction in patients with chronic obstructive pulmonary disease
(COPD), including chronic bronchitis and emphysema, and for the acute
prevention of exercise-induced bronchospasm. Plasma protein binding in vitro
was 61%–64% (31%–38% to albumin) over a wide range of drug
concentrations. The mean plasma terminal elimination half-life after a single
inhaled dose was 10 hours (1).

Reproduction studies have been conducted with formoterol in rats and
rabbits. In pregnant rats, oral doses about 2000 times the maximum
recommended daily inhalation dose in humans based on BSA (MRDID-BSA) or
higher in late pregnancy resulted in stillbirth and neonatal mortality. These
effects were not produced at doses about 70 times the MRDID-BSA. Oral
doses about 70 times the MRDID-BSA or greater during organogenesis caused
delayed ossification and, at 2000 times the MRDID-BSA or greater, reduced
fetal weight. Oral dosing in pregnant rats and rabbits did not cause congenital
malformations (1).

In long-term, high-dose studies, formoterol was carcinogenic in mice and
rats. In these species, the doses used were about 25 and 45 times the human
exposure based on AUC at the MRDID or higher, respectively. Formoterol was
not mutagenic or clastogenic in multiple assays and did not impair fertility in rats
(1).

In studies, both in vitro and in vivo, conducted in mice and rats, formoterol
was a potent inhibitor of uterine contractions. The tocolytic activity of formoterol
was about 1000 times that of ritodrine (2,3).

It is not known if formoterol crosses the human placenta. The molecular
weight of the dihydrate fumarate salt (about 841), low protein binding, and
prolonged elimination half-life suggest that the drug will pass to the embryo
and/or fetus. However, the mean steady-state plasma concentrations of the
drug after twice-daily dosing ranged from 4.0 to 8.8 pg/mL. Thus, very low
drug concentrations will be available for placental transfer at the maternal–fetal
interface.

A 2002 postmarketing surveillance study in England reported the outcomes
of 34 pregnancies (33 women) exposed to formoterol (4). Most exposures (N =



31) occurred in the 1st trimester. Of these, there were 20 term live births, 5
premature births (31–36 weeks’ gestation), 3 spontaneous abortions (SABs),
and 3 elective pregnancy terminations. One of the premature infants had a fetal
heart rate anomaly (no other information provided), and a term infant had
pyloric stenosis. Formoterol treatment was ongoing in 16 of the 25 cases at the
time of birth, including four of the premature births. Three women started
treatment in the 2nd or 3rd trimester, and all had live term births. Exposure was
uncertain in an additional pregnancy that ended in an SAB (4).

BREASTFEEDING SUMMARY
No reports describing the use of formoterol during human lactation have been
located. The molecular weight of the dihydrate fumarate salt (about 841), low
protein binding, and prolonged elimination half-life suggest that the drug will be
excreted into breast milk. However, the very low plasma drug concentrations
(4.0–8.8 pg/mL) suggest that the amount in milk will be clinically insignificant.
Terbutaline, another β-adrenergic agonist, is classified by the American
Academy of Pediatrics as compatible with breastfeeding (5). Thus, maternal
inhalation of formoterol probably is compatible with nursing.
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FOSAMPRENAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the limited human data does not allow a prediction as to the risk
of fosamprenavir during pregnancy, the animal data indicate that the drug
may represent a risk to the developing fetus. However, if indicated, the
drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Fosamprenavir is a prodrug of amprenavir, an inhibitor of HIV protease. After in
vivo conversion in the gut during absorption, amprenavir binds to the active site
of HIV type 1 (HIV-1) protease to prevent the processing of viral Gag and Gag-
Pol polyprotein precursors, resulting in the formation of immature, noninfectious
viral particles. Fosamprenavir is indicated, in combination with other
antiretroviral agents, for the treatment of HIV infection (1).

Fosamprenavir was not mutagenic or genotoxic in assays conducted in vitro
and in vivo. The agent did not impair fertility or general reproductive
performance in male and female rats treated with doses producing systemic
exposures of three (males) or four (females) times the systemic exposure
obtained with the maximum recommended human dose when given alone
(MRHD), or similar to the systemic exposure obtained with the maximum
recommended human dose when given in combination with ritonavir (MRHD-
RIT) (1).

Reproduction studies have been conducted in pregnant rats and rabbits. In
rats given fosamprenavir from gestational days 6–17, no major effects on
embryo–fetal development were observed at doses 0.7 and 2 times the
MRHD-RIT and MRHD, respectively. Dosing of female rats before and during
mating, throughout gestation, and during the first six postpartum days was
associated with a reduction in pup survival and body weights. An increased



incidence of abortion was observed in pregnant rabbits given fosamprenavir
from gestational days 7–20 at doses 0.3 and 0.8 times the MRHD-RIT and
MRHD, respectively. In contrast, amprenavir was associated with abortions
and an increase in the incidence of minor skeletal variations (deficient
ossification of the femur, humerus, and trochlea) in rabbits at a dose about
1/20th the human exposure obtained from the recommended dose (1).

Consistent with its molecular weight (about 506), amprenavir crosses the rat
and rabbit placentas to the fetus. Amprenavir also has been shown to readily
cross the ex vivo human placenta (see Amprenavir).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (2). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimester, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births, with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 98 outcomes exposed to fosamprenavir
(70 in the 1st trimester and 28 in the 2nd/3rd trimesters) in combination with
other antiretroviral agents. There were two birth defects (one in the 1st
trimester and one in the 2nd/3rd trimester). In reviewing the birth defects of
prospective and retrospective (pregnancies reported after the outcomes were
known) registered cases, the Registry concluded that, except for isolated
cases of neural tube defects with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (2) (see
Lamivudine for required statement).

The FDA issued a public health advisory on the association between
protease inhibitors and diabetes mellitus (3). Because pregnancy is a risk
factor for hyperglycemia, there was concern that these antiviral agents would
exacerbate this risk. An abstract published in 2000 described the results of a
study involving 34 pregnant women treated with protease inhibitors (none with
fosamprenavir or amprenavir) compared with 41 controls that evaluated the
association with diabetes (4). No association between protease inhibitors and
an increased incidence of gestational diabetes was found.

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy



during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (5,6). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (7). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (8). If indicated, therefore, protease inhibitors, including
fosamprenavir, should not be withheld in pregnancy because the expected
benefit to the HIV-positive mother outweighs the unknown risk to the fetus.
Pregnant women taking protease inhibitors should be monitored for
hyperglycemia. The updated guidelines for the use of antiretroviral drugs to
reduce perinatal HIV-1 transmission also were released in 2010 (9). Women
receiving antiretroviral therapy during pregnancy should continue the therapy
but, regardless of the regimen, zidovudine administration is recommended
during the intrapartum period to prevent vertical transmission of HIV to the
newborn (9).

BREASTFEEDING SUMMARY
No reports describing the use of fosamprenavir during lactation have been
located. Amprenavir is excreted into the milk of lactating rats. In addition, the
molecular weight of amprenavir (about 506) is low enough that excretion into
breast milk should be expected (see Amprenavir).

Reports on the use of fosamprenavir during human lactation are unlikely
because the antiviral agent is used in the treatment of HIV infection. HIV-1 is
transmitted in milk, and, in developed countries, breastfeeding is not
recommended (5,6,8,10–12). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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FOSCARNET
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

One 1992 review suggested that foscarnet would be a first-line agent for
pregnant HIV-positive patients with sight-threatening cytomegalovirus
(CMV) retinitis (1). Because of the frequent occurrence of renal toxicity
experienced with foscarnet in adults, however, the reviewer recommended
frequent antepartum testing of the fetus and close monitoring of the
amniotic fluid volume to observe for fetal renal toxicity.

FETAL RISK SUMMARY
Foscarnet has antiviral in vitro activity against all known herpes viruses,
including CMV, herpes simplex virus (HSV) types 1 and 2, human herpesvirus 6,
Epstein–Barr virus, and varicella–zoster virus (2). The drug is also active in vitro
against HIV (3). It is used in patients with AIDS who have CMV retinitis or in
immunocompromised patients with mucocutaneous acyclovir-resistant HSV
infections.

Reproductive studies in pregnant rats with SC doses of 150 mg/kg/day,
approximately one-eighth the estimated maximum daily human exposure based
on AUC comparison, caused an increase in the frequency of skeletal
malformations or variations. Administration to pregnant rabbits with
75 mg/kg/day, approximately one-third the human dose (AUC comparison),
produced similar skeletal defects or variations. In addition, dose-related
genotoxic effects were seen in two in vitro tests and in one in vivo test in mice
(2).

It is not known if foscarnet crosses the human placenta. The molecular
weight (about 300 for the sodium salt) is low enough that passage to the fetus
should be expected.

Only one report describing the use of foscarnet during human pregnancy has



been located. A 21-year-old woman at 18 weeks’ gestation was treated with
an 8-day course of IV foscarnet (total dose 43.8 g) for severe, genital
acyclovir-resistant HSV type 2 (3). The patient also had a 3-year history of HIV
disease that was being treated with saquinavir, lamivudine, and zidovudine.
After discharge from the hospital, repeat cultures yielded HSV type 2 sensitive
to acyclovir and she was treated with oral doses of this antiviral agent for the
remainder of her pregnancy. She underwent a cesarean section at term to
deliver a healthy, HIV-negative, female infant who was developing normally at 1
year of age. The authors, citing information received from the manufacturer,
briefly reviewed two other cases of IV foscarnet therapy. In one case, a HIV-
negative woman with acyclovir-resistant HSV encephalitis and retinitis had been
treated with foscarnet (60 mg/kg IV every 8 hours) for 17 days starting at 32
weeks’ gestation. She eventually delivered a healthy infant at term. The second
case involved a HIV-positive patient who was treated with foscarnet (40 mg/kg
IV every 8 hours) for genital HSV type 2 beginning at 29 weeks’ gestation. No
further information was available on this case (3).

BREASTFEEDING SUMMARY
No reports describing the use of foscarnet during human lactation have been
located. Because excretion into human milk most likely occurs, and because of
the potentially severe toxicity that might occur in a nursing infant, women
receiving foscarnet should not breastfeed.
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FOSFOMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The lack of teratogenicity in animals and the apparently safe use of
fosfomycin during human pregnancy appear to indicate that the drug
presents a low risk, if any, to the fetus.

FETAL RISK SUMMARY
Fosfomycin is a synthetic, broad-spectrum, bactericidal phosphonic acid
antibiotic given as a single 3-g oral dose of the trometamol salt for the
treatment of uncomplicated urinary tract infections (acute cystitis) in women
(1). Outside of the United States, other salt forms (calcium salt for oral
administration, disodium salt for IM or IV dosing) are also available. Following
absorption, fosfomycin tromethamine is rapidly converted to the free acid,
fosfomycin.

Studies in male and female rats found no effect on fertility or impairment of
reproductive performance (1). No teratogenic effects were observed in
pregnant rats administered doses up to 1000 mg/kg/day, about 9 and 1.4 times
the human dose based on body weight and BSA (HD), respectively (1). In
pregnant rabbits, fetotoxicity was observed at doses up to 1000 mg/kg/day,
about 9 and 2.7 times the HD, respectively, a maternally toxic dose in the
rabbit.

The placental transfer of fosfomycin, following a single 1-g IM dose (14–20
mg/kg), was studied in a group of women at term in active labor (2). Samples
of maternal and fetal blood were obtained before delivery at 30, 90, and 120–
210 minutes after the dose in 7, 8, and 7 women, respectively. Mean maternal
blood concentrations of fosfomycin at the three time intervals were 14.24,
23.32, and 15.86 mcg/mL, respectively, whereas those in the fetal blood were
1.58, 5.35, and 11.5 mcg/mL, respectively. Another report found that the drug



crossed the placenta, resulting in detectable concentrations in amniotic fluid and
cord blood in three women (3).

Although the above studies were conducted with IM dosing, the results
appear to be comparable with those expected after oral dosing. The mean
maximum maternal serum concentration of fosfomycin, after a single 3-g oral
dose of fosfomycin tromethamine under fasting conditions, was 26.1 mcg/mL
within 2 hours (1). As should be expected because of the normal physiologic
changes that occur during gestation, pregnant women will have lower peak
levels. In four pregnant women at 28–32 weeks’ gestation after a single 3-g
oral dose, the mean peak serum level at 2 hours was 20.5 mcg/mL (4).

A number of reports have described the use of fosfomycin during human
pregnancy. Although appropriate precautions had been taken to exclude and
prevent pregnancies during clinical trials, three women conceived shortly after
enrolling and all received a single 3-g oral dose of fosfomycin (H.A. Schneier,
personal communication, Forest Laboratories, 1997). The dose was apparently
consumed about 3 days before conception in one case, 8 days after the last
menstrual period (probably before conception) in a second, and 14 days after
the last menstrual period (assumed to be around the time of conception) in a
third. The first woman was lost to follow-up and the other two delivered healthy
male newborns who were developing normally at 3 years of age.

In a case of stillbirth reported by the manufacturer to the FDA, the mother
was hospitalized following a car accident and approximately 10 days later
received a single 3-g oral dose of fosfomycin for a urinary tract infection (H.A.
Schneier, personal communication, Forest Laboratories, 1997). About 5 days
later, ultrasound demonstrated no fetal heartbeat and an induced abortion was
performed. The cause of death was thought to be caused by progressive
multiple placental infarctions and fetal hypotrophy.

Several published reports have studied the efficacy and safety of oral
fosfomycin during pregnancy (4–15). The drug has been used in all trimesters
of pregnancy without apparent harm to the fetus or newborn.

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (16). Of 1067 exposed pregnancies,
fosfomycin was taken during the 1st trimester in two, both concluding with
normal, full-term infants.

BREASTFEEDING SUMMARY
No reports describing the use of fosfomycin during human lactation have been



located. However, consistent with the molecular weight (about 259), the drug is
excreted into colostrum and breast milk (3). In two women, the average
colostrum and milk concentrations were 4.8 and 3.6 mcg/mL, respectively
(colostrum:plasma and milk:plasma ratios 0.07). The risk to a nursing infant
from this exposure is unknown, but modification of the infant’s bowel flora may
occur.
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FOSINOPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of fosinopril in human pregnancy have been
located. The 1st trimester experience with other angiotensin-converting
enzyme (ACE) inhibitors does not suggest a risk of major anomalies. The
use of this drug during the 2nd and 3rd trimesters may cause teratogenicity
and severe fetal and neonatal toxicity. Fetal toxic effects may include
anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth restriction
(IUGR), prematurity, and patent ductus arteriosus. Anuria-associated
anhydramnios/oligohydramnios may produce fetal limb contractures,
craniofacial deformation, and pulmonary hypoplasia. Severe anuria and
hypotension, resistant to both pressor agents and volume expansion, may
occur in the newborn following in utero exposure to valsartan. Newborn
renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Fosinopril is an ACE inhibitor. In reproduction studies in rats at doses about
80–250 times the maximum recommended human dose based on body weight
(MRHD), three similar orofacial malformations and one fetus with situs inversus
were observed (1). No teratogenic effects were observed in rabbits at a dose
up to 25 times the MRHD (1).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, who
had 1st trimester exposure to ACE inhibitors (2). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors, or other antihypertensives beyond the 1st trimester, and those



exposed to known teratogens. Two comparison groups, those taking other
antihypertensives (N = 202) and those taking no antihypertensives (N =
29,096), were formed. The number of major birth defects in each of the three
groups was 18 (8.6%), 4 (2%), and 834 (2.9%), respectively. Compared with
the no antihypertensives group, exposure to ACE inhibitors was associated with
a significantly increased risk of major defects (relative risk [RR] 2.71, 95%
confidence interval [CI] 1.72–4.27). When the analysis was conducted by the
type of defect, the highest rates were with cardiovascular defects, 9, 2, and
294 respectively, RR 3.72, 95% CI 1.89–7.30, and with CNS defects, 3, 0, and
80, respectively, RR 4.39, 95% CI 1.37–14.02. The major defects observed in
the subject group were as follows: atrial septal defect (N = 6) (includes three
with pulmonic stenosis and/or three with patent ductus arteriosus (PDA), renal
dysplasia (N = 2), PDA alone (N = 2), and one each of ventricular septal
defect, spina bifida, microcephaly with eye anomaly, coloboma, hypospadias,
intestinal and choanal atresia, Hirschsprung disease, and diaphragmatic hernia
(2). In an accompanying editorial, it was noted that neither previous reports of
1st trimester exposure to ACE inhibitors nor the animal studies had observed
an increased risk of birth defects (3). It also was noted that no mechanism for
ACE inhibitor-induced teratogenicity was known. A subsequent communication
raising concerns about the validity of the study in terms of adequate exclusion
of diabetes, charting and coding errors in busy medical practices, and the
effects of maternal obesity (4) was addressed by the investigators (5).

ACE inhibitors are human teratogens when used in the 2nd and 3rd
trimesters, producing fetal hypocalvaria and renal defects. The cause of the
defects and other toxicity is thought to be related to fetal hypotension and
decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, PDA, craniofacial deformation, and neonatal death (6,7).
Prematurity, IUGR, and severe neonatal hypotension may also be observed.
Two reviews of fetal and newborn renal function indicated that both renal
perfusion and glomerular plasma flow are low during gestation and that high
levels of angiotensin II may be physiologically necessary to maintain glomerular
filtration at low perfusion pressures (8,9). Fosinopril prevents the conversion of
angiotensin I to angiotensin II and, thus, may lead to in utero renal failure. Since
the primary means of removal of the drug is renal, the impairment of this
system in the newborn prevents elimination of the drug, resulting in prolonged
hypotension. Newborn renal function and blood pressure should be closely



monitored. If oligohydramnios occurs, stopping fosinopril may resolve the
problem but may not improve infant outcome because of irreversible fetal
damage (6). In those cases in which fosinopril must be used to treat the
mother’s disease, the lowest possible dose should be used, combined with
close monitoring of amniotic fluid levels and fetal well-being. Guidelines for
counseling exposed pregnant patients have been published and should be of
benefit to health professionals faced with this task (6,10).

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (11). The factors that typically coexist with
hypertension in pregnancy included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No published reports describing the use of fosinopril during lactation have been
located. The manufacturer states that the drug can be detected in milk after a
daily dose of 20 mg given for 3 days (1). Although the effects of this exposure
on a nursing infant are unknown, the American Academy of Pediatrics classifies
two other similar agents (see Captopril and Enalapril) as compatible with
breastfeeding.
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FOSPROPOFOL
Hypnotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of fospropofol in human pregnancy have
been located. The agent is converted to its active metabolite propofol for
which there is limited human pregnancy experience but not in the first half
of gestation. Although the animal data suggest low risk, human data are
required for a complete assessment of the embryo–fetal risk. As with
propofol, use of the prodrug near birth may cause transient depression of
the newborn (see Propofol).

FETAL RISK SUMMARY
Fospropofol is a prodrug that is metabolized by alkaline phosphatases to
propofol, which undergoes further metabolism. It is indicated for monitored
anesthesia care sedation in adult patients undergoing diagnostic or therapeutic
procedures. The mean elimination half-life of fospropofol is 0.88 hours,
whereas the mean elimination half-life of propofol from fospropofol is 1.13
hours. Both fospropofol and its active metabolite propofol are highly plasma
protein bound (about 98%) primarily to albumin (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses up to 0.6 and 1.7 times, respectively, the anticipated human
dose for a 16-minute procedure based on BSA (HD) revealed no evidence of
embryo–fetal harm or impaired fertility. In rats, the highest doses caused
significant maternal toxicity, whereas in rabbits all doses caused significant
maternal toxicity. When rats were given doses up to 0.2 times the HD from
gestation day 7 through lactation day 20, no clear treatment-related effects on
growth, development, behavior (passive avoidance and water maze), or fertility
and mating capacity of the offspring were noted (1).



Long-term studies for carcinogenicity have not been conducted with
fospropofol. The drug was not genotoxic in two assays, with or without
metabolic activation. However, in a third assay, fospropofol was mutagenic in
the presence of metabolic activation but the finding was thought to have been
an artifact of the culture conditions (1).

It is not known if fospropofol crosses the human placenta. The molecular
weight (about 332 for the disodium salt form) is low enough, but the extensive
plasma protein binding and relatively short elimination half-life suggest that
transfer will be limited. However, the active metabolite propofol does cross,
with an umbilical vein:maternal vein ratio of 0.7 (see Propofol).

BREASTFEEDING SUMMARY
No reports describing the use of fospropofol during human lactation have been
located. The molecular weight (about 332 for the disodium salt form) is low
enough for excretion, but the extensive plasma protein binding and relatively
short elimination half-life should limit the amount in milk. Small amounts of the
active metabolite propofol are excreted into colostrum and milk following use of
the agent for the induction and maintenance of maternal anesthesia during
cesarean delivery (see Propofol).
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FROVATRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of frovatriptan in human pregnancy have
been located. The animal data suggest low risk, but an assessment of the
actual risk cannot be determined until human pregnancy experience is
available. Although a 2008 review of triptans in pregnancy found no
evidence for teratogenicity, the data did suggest a possible increase in the
rate of preterm birth (1).

FETAL RISK SUMMARY
Frovatriptan is an oral selective serotonin (5-hydroxytryptamine [5-HT])
receptor agonist that has high affinity for 5-HT1B and 5-HT1D receptors. The
drug is closely related to almotriptan, eletriptan, naratriptan, rizatriptan,
sumatriptan, and zolmitriptan. It is indicated for the acute treatment of migraine
with or without aura in adults. Protein binding is minimal (about 15%). Several
metabolites have been identified, but only one has affinity, lower than
frovatriptan, for the 5-HT1B/1D receptors. The mean terminal elimination half-life
of frovatriptan is about 26 hours (2).

Reproduction studies have been conducted in rats and rabbits. In rats,
frovatriptan was given during organogenesis at oral doses ranging from 130 to
1300 times the maximum recommended human dose based on BSA (MRHD).
Dose-related increases were found in the incidences of dilated ureters,
unilateral and bilateral pelvic cavitation, hydronephrosis, and hydroureters. The
renal effects were thought to be consistent with a slight delay in fetal
maturation. A no-effect dose for this toxicity was not established. Skeletal
variations (incomplete ossification of the sternebrae, skull, and nasal bones)
were observed at all doses. In pregnant rabbits, oral doses up to 210 times the



MRHD during organogenesis revealed no effects on fetal development (2).
It is not known if frovatriptan or its less active metabolite crosses the human

placenta to the fetus. The molecular weight of the parent compound (about 243
for the free base) is low enough that passage to the fetus should be expected.
In addition, the minimal protein binding and prolonged elimination half-life
suggest that the drug will be available for transfer at the maternal:fetal
interface.

BREASTFEEDING SUMMARY
No reports describing the use of frovatriptan during human lactation have been
located. The molecular weight (about 243 for the free base), low plasma
protein binding (about 15%), and prolonged elimination half-life (about 26 hours)
suggest that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown, but using an antimigraine agent with a
shorter half-life should be considered.
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FURAZOLIDONE
Anti-infective
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports linking the use of furazolidone with congenital defects have been
located.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 132
of whom had 1st trimester exposure to furazolidone (1). No association with
malformations was found. Theoretically, furazolidone could produce hemolytic
anemia in a glucose-6-phosphate dehydrogenase-deficient newborn if given at
term. Placental passage of the drug has not been reported.

BREASTFEEDING SUMMARY
No reports describing the use of furazolidone during human lactation have been
located.
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FUROSEMIDE
Diuretic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Administration of furosemide during pregnancy does not significantly alter
amniotic fluid volume (1). Serum uric acid levels, which are increased in
toxemia, are further elevated by furosemide (2). No association was found
in a 1973 study between furosemide and low platelet counts in the neonate
(3). Unlike the thiazide diuretics, neonatal thrombocytopenia has not been
reported for furosemide.

FETAL RISK SUMMARY
Furosemide is a potent diuretic. The drug has caused maternal deaths and
abortions in rabbits at doses 2, 4, and 8 times the maximum recommended
human dose of 600 mg/day (4).

An increase in the incidence and severity of hydronephrosis (distention of the
renal pelvis and in some cases of the ureters) has also been observed in the
offspring of mice and rabbits (4). Wavy ribs and some skeletal defects have
been observed in the offspring of rats given furosemide during organogenesis
(5). These effects appeared to be caused directly or indirectly by the diuretic
action of the drug.

Cardiovascular disorders, such as pulmonary edema, severe hypertension,
or congestive heart failure, are probably the only valid indications for this drug
in pregnancy. Furosemide crosses the placenta (6). Following oral doses of
25–40 mg, peak concentrations in cord serum of 330 ng/mL were recorded at
9 hours. Maternal and cord levels were equal at 8 hours. Increased fetal urine
production after maternal furosemide therapy has been observed (7,8).
Administration of furosemide to the mother has been used to assess fetal
kidney function by provoking urine production, which is then visualized by
ultrasonic techniques (9,10). Diuresis was found more often in newborns



exposed to furosemide shortly before birth than in controls (11). Urinary sodium
and potassium levels in the treated newborns were significantly greater than in
the nonexposed controls.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 350 newborns had
been exposed to furosemide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 18 (5.1%) major birth defects were
observed (15 expected). Specific data were available for six defect categories,
including (observed/expected) 2/4 cardiovascular defects, 1/1 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 1/1 limb reduction defects, and 3/1 hypospadias.
Only with the latter defect is there a suggestion of an association, but other
factors, including the mother’s disease, concurrent drug use, and chance, may
be involved.

In the 2nd and 3rd trimesters, furosemide has been used for edema,
hypertension, and toxemia of pregnancy without causing fetal or newborn
adverse effects (1,12–33). One case report described the use of oral
furosemide throughout gestation for the treatment of Gordon’s syndrome (short
stature, defective dentition, hyperkalemic hyperchloremic acidosis, and chronic
hypertension) (34). A cesarean section at 32 weeks’ gestation gave birth to an
1100-g female infant with Apgar scores of 8 and 9. Except for respiratory
distress due to prematurity and hyperkalemia that required treatment, the infant
did well.

Many investigators now consider diuretics contraindicated in pregnancy,
except for patients with cardiovascular disorders, since they do not prevent or
alter the course of toxemia and they may decrease placental perfusion
(35–38). A 1984 study determined that the use of diuretics for hypertension in
pregnancy prevented normal plasma volume expansion and did not change
perinatal outcome (39). Thus, diuretics are not recommended for the treatment
of gestational hypertension and/or preeclampsia because of the maternal
hypovolemia characteristic of these conditions.

BREASTFEEDING SUMMARY
Furosemide is excreted into breast milk (4,40). No reports of adverse effects in
nursing infants have been found. Thiazide diuretics have been used to suppress
lactation (see Chlorothiazide).
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GABAPENTIN
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

A 2005 report of gabapentin monotherapy raises concerns of drug-induced
developmental toxicity (1). Although limited, other studies involving
monotherapy have not confirmed these findings. Moreover, a 2012 review
concluded that the available data were not sufficient to determine whether
or not exposure to gabapentin was harmful to the fetus (2). Because the
agent is often combined with other anticonvulsants, the actual cause of a
defect may be obscured. If a woman’s condition requires gabapentin, the
benefits of therapy to her appear to outweigh the potential risks to her
embryo and/or fetus. A 2009 review on the treatment of cluster headache
in pregnancy and lactation concluded that, if indicated, gabapentin was the
drug of choice (3).

FETAL RISK SUMMARY
Gabapentin (Neurontin) is an anticonvulsant used as adjunctive therapy for the
treatment of partial seizures in patients with epilepsy (4,5). The drug also is
indicated for the management of postherpetic neuralgia in adults (5).
Gabapentin enacarbil (Horizant) is a prodrug that is undergoes extensive first-
pass hydrolysis by enterocytes and to a lesser extent in the liver to form
gabapentin so that blood levels are low and transient (≤2% of gabapentin
plasma levels) (6). The prodrug is indicated for the treatment of moderate-to-
severe restless legs syndrome (6). Gabapentin has been used off-label for



multiple other conditions, including migraine and chronic headache, bipolar
disorder, peripheral neuropathy, diabetic neuropathy, complex regional pain
syndrome, attention deficit disorder, trigeminal neuralgia, periodic limb
movement disorder of sleep, and alcohol withdrawal syndrome (7).

Fetotoxicity in mice exposed during organogenesis to maternal oral doses of
about 1–4 times the maximum recommended human dose based on BSA
(MRHD) was characterized by delayed ossification of bones in the skull,
vertebrae, forelimbs, and hindlimbs. The no-effect dose in mice was about half
of the MRHD. Delayed ossification was also observed in rats exposed in utero
to 1–5 times the MRHD. Hydroureter or hydronephrosis was observed in rat
pups exposed in utero during organogenesis and during the perinatal and
postnatal periods after similar doses. The causes of the urinary tract anomalies
were unclear. The no-effect dose in rats during organogenesis was
approximately equal to the MRHD in the teratogenicity study. When compared
with controls, exposure to gabapentin during organogenesis did not increase
congenital malformations, other than hydroureter or hydronephrosis in rats, in
mice, rats, and rabbits at 4, 5, or 8 times, respectively, the MRHD. In rabbits,
doses less than about ¼ to 8 times the MRHD caused an increased incidence
of postimplantation fetal loss (5).

Animal reproduction studies have been conducted with gabapentin enacarbil
(6). In rats and rabbits given the drug throughout organogenesis, increased
embryo–fetal mortality and decreased fetal body weights were observed. The
no-effect dose in rats and rabbits was about 3 and 16 times, respectively, the
recommended human dose of 600 mg/day based on BSA (RHD). When rats
were dosed throughout pregnancy and lactation, decreased growth and survival
were noted. The no-effect dose was about three times the RHD (6).

Both gabapentin and gabapentin enacarbil were carcinogenic (pancreatic
acinar cell adenomas and carcinomas) in rats, but assays for mutagenicity
were negative. No adverse effects on fertility were observed with either agent
(5,6).

Consistent with its low molecular weight (about 171), absence of metabolism
and plasma protein binding, gabapentin crosses the placenta. In a 2005 study
involving six women, the mean cord:maternal plasma concentration ratio was
1.7 (range 1.3–2.1) (8). The drug declined in the neonates with an estimated
half-life of 14 hours.

No cases of fetal or newborn adverse outcomes were reported to the FDA
through 1996 (F. Rosa, personal communication, FDA, 1996).

A 2005 abstract reported 62 pregnancy outcomes after exposure to



gabapentin, lamotrigine, or topiramate (1). The study included a blinded
dysmorphology examination. Thirty women used gabapentin, one of whom
delivered an infant with a major malformation: pyloric stenosis with bilateral fifth
finger clinodactyly and prominent epicanthal folds (mother treated for seizures
with monotherapy). Two of the 13 infants that were examined by a
dysmorphologist had anticonvulsant facies (one monotherapy and the other
combined with carbamazepine). In addition, two had neurologic abnormalities:
failure to gaze up (sunsetting), opisthotonus, frontal bossing, medial flare of the
eyebrows, and small for gestational age (mother treated for depression with
gabapentin, doxepin, clonazepam, nefazodone, and zolpidem); sunsetting and
metopic ridge (mother treated for chronic fatigue and fibromyalgia with
gabapentin, lorazepam, and fluoxetine). Although they were not conclusive, the
findings suggested reason for concern with gabapentin, as well as the same
phenotype that has been observed with older anticonvulsants (1).

In a brief 1995 communication, a newborn exposed to gabapentin and
carbamazepine during pregnancy had a cyclops holoprosencephaly (no nose
and one eye) (9). Of the seven suspected cases of holoprosencephaly
described in this report, five involved the use of carbamazepine (two cases of
monotherapy and three of combined therapy). Because of the lack of family
histories, an association with familial holoprosencephaly or maternal neurologic
problems could not be excluded (9).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (10). The final report was
published in July 2010. The Registry is now closed. Among 32 prospectively
enrolled pregnancies exposed to gabapentin and lamotrigine, with or without
other anticonvulsants, 27 were exposed in the 1st trimester, resulting in 25 live
births without defects, 1 spontaneous abortion (SAB), and 1 birth defect. There
were five exposures in the 2nd/3rd trimester resulting in live births without
defects (10).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (11). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Gabapentin was taken during the 1st



trimester in 17 pregnancies. The outcomes of these pregnancies included 2
SABs, 4 elective abortions (EABs), and 11 normal newborns (1 premature)
(11). Although no congenital malformations were observed, the study lacked
the sensitivity to identify minor anomalies. Late-appearing major defects may
also have been missed due to the timing of the questionnaires.

A 1996 review reported 16 pregnancies exposed to gabapentin from
preclinical trials and postmarketing surveillance (12). The outcomes of these
pregnancies included five EABs, one ongoing pregnancy, seven normal infants,
and three infants with birth defects. No specific information was provided on the
defects other than that there was no pattern of malformation and all had been
exposed to polytherapy for epilepsy (12).

A 2002 review concluded that gabapentin could be used for chronic
headache during early pregnancy but not later because of concerns about
delaying fetal bony growth plate development (13). The reason for this concern
was not stated, but the animal data above may have influenced the conclusion.
In a 2002 report of a postmarketing surveillance study in England, there were
no congenital anomalies in the 11 infants of women who used gabapentin in the
1st trimester (14).

Results from the Neurontin Pregnancy Registry were reported in 2003 (15).
There were 51 fetuses, including 3 sets of twins, from 39 women with epilepsy
and other disorders. At conception, 17 were taking gabapentin alone, 30 were
taking it with other antiepileptic drugs, and 4 were not receiving gabapentin. At
delivery, the numbers were 19, 21, and 4, respectively. There were six SABs
and one EAB. Among the 44 live births, there were 2 (4.5%) major anomalies:
hypospadia (gabapentin plus valproate) and single kidney (gabapentin alone,
changed to phenobarbital at 16 weeks’). There also was one (2.3%) minor
defect (defect of left external ear canal and two small skin tags on the jaw).
The outcomes were comparable to the risk of major (4%–8%) defects in
infants of epileptic mothers and the risk of minor (3%–10%) defects in the
general population (15).

The United Kingdom Epilepsy and Pregnancy Register prospective study
reported the malformation risks of antiepileptic drugs (AEDs) (16). Among the
3607 cases, there were 31 pregnancies (excludes an unspecified number of
pregnancy losses with no major defects) exposed to gabapentin monotherapy.
There was one major anomaly (type not specified). Compared to no exposure
to AED, the adjusted odds ratio was 1.76, 95% confidence interval 0.22–14.49
(p = 0.596) (16).

A brief report described the use of gabapentin in seven women with



hyperemesis gravidarum (17). Therapy was started at a mean gestational age
of 8 weeks and discontinued at a median gestational age of 21 weeks (range
10–25 weeks). The mean dose was 1843 mg (range 1200–3000 mg). Two
birth defects were observed: hydronephrosis and tethered spinal cord. The
latter defect occurred in an infant conceived by in vitro fertilization, a process
known to increase the risk of congenital defects (17).

A study published in 2009 examined the effect of AEDs on the head
circumference in newborns (18). Significant reductions in mean birth-weight-
adjusted mean head circumference (bw-adj-HC) was noted for monotherapy
with carbamazepine and valproic acid. No effect on bw-adj-HC was observed
with gabapentin, phenytoin, clonazepam, and lamotrigine. A significant increase
in the occurrence of microcephaly (bw-adj-HC smaller than 2 standard
deviations below the mean) was noted after any AED polytherapy but not after
any monotherapy, including carbamazepine and valproic acid. The potential
effects of these findings on child development warrant study (18).

A 2013 prospective cohort study compared the outcomes of 223 pregnancies
exposed to gabapentin (average dose 1000 mg/day, range 100–4800 mg/day
combined with other drugs) with 223 pregnancies not exposed to gabapentin or
known teratogens (19). Indications for use of gabapentin were known in 207
cases: epilepsy (34%), pain (90%), and psychiatric conditions (22%). In the
two groups, there was no statistical difference in the number of major
malformations 7 (4.1%) vs. 5 (2.5%), SABs 22 (9.8%) vs. 17 (7.6%), stillbirths
2 (1.1%) vs. 0, or IUGR 6 (3.5%) vs. 4 (1.9%). Statistically significant
outcomes were found for live births (76.2% vs. 90%), EABs (13% vs. 2.2%),
preterm birth (10.5% vs. 3.9%), and low (<2500 g) birth weight (10.5% vs.
4.4%). The seven infants with major malformations were exposed to
gabapentin and other drugs in the 1st trimester. The defects were ventricular
septal defect (2 infants); anencephaly; macrocephaly, microtrognathism, and
cutis marmorata; pyloric stenosis; bilateral varus clubfoot; and cryptorchidism.
Although the authors noted the small size of their study, and the absence of a
comparative group with other antiepileptic drugs, they concluded that
gabapentin did not appear to increase the risk for major malformations (19).

A 27-year-old woman was diagnosed about 2 months before pregnancy with
stiff person syndrome (Moersche-Woltman syndrome) (20). She was treated
with gabapentin (2700 mg/day), diazepam (30 mg/day), and a prednisone
taper. When pregnancy was diagnosed, diazepam was discontinued but,
without the drug, her muscle spasms increased and baclofen (30 mg/day) was
started. The patient was able to wean down her medications in the 2nd and 3rd



trimesters (specific details not provided). Labor commenced at about 40
weeks’ while still on gabapentin and baclofen. A cesarean section was
conducted because of fetal repetitive late decelerations to deliver a 3230-g
female infant with Apgar scores of 5 and 8 at 1 and 5 minutes, respectively.
The infant, discharged home on day 4, was doing well (age assumed to be 6
weeks) (20).

BREASTFEEDING SUMMARY
Consistent with its low molecular weight (about 171) and lack of plasma protein
binding, gabapentin is excreted breast milk. A 2005 study described the use of
gabapentin during pregnancy in five women, three of whom breastfed their
infants (7). One infant was born at 33 weeks’, but all five had normal Apgar
scores. No congenital defects were noted in the five infants. In the three
women who breastfed, their doses were 600, 1800, and 2100 mg/day,
respectively. Milk and plasma sampling occurred on postpartum days 21, 16,
and 97, respectively. Infant plasma levels of gabapentin after completion of
nursing were 1.3, 1.5, and 1.9 µM, respectively, and the milk:plasma ratios
were 1.0, 1.3, and 0.8, respectively. The estimated infant dose as a
percentage of the mother’s weight-adjusted dose was 1.3%–3.8% (not
specified by infant) (7).

In a 2006 case report, a 34-year-old mother had been taking gabapentin 600
mg three times daily (36.7 mg/kg/day) and amitriptyline 2.5 mg/day for 6
weeks while nursing her male infant (21). On the date the milk samples were
obtained, her infant was 1.6 months old and weighed 3.1 kg. The milk:plasma
ratio was 0.86 and the relative infant was 2.34% of the mother’s weight-
adjusted dose. The plasma concentration in the infant (0.4 mg/L) was about 6%
of the mother’s plasma concentration. No adverse effects were noted in the
infant, who was doing well (21).
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GADOBENATE DIMEGLUMINE
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Gadolinium-based contrast agents are complexes with chelating agents
that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). The guidelines of the Contrast Media Safety Committee of
the European Society of Urogenital Radiology and a review article
recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadobenate dimeglumine, a paramagnetic agent, is a complex formed between
a chelating agent and a paramagnetic ion, gadolinium. It is in the same
subclass of gadolinium-based contrast agents as gadodiamide, gadofosveset
trisodium, gadopentetate dimeglumine, gadoteridol, and gadoversetamide.
Gadobenate dimeglumine is given IV for magnetic resonance imaging (MRI) of
the central nervous system in adults. Neither metabolism nor plasma protein
binding of the agent has been detected. The mean elimination half-life is about



1–2 hours (6).
Reproduction studies have been conducted in rats and rabbits. In rats, no

evidence of teratogenicity, other developmental toxicities (i.e., birth, survival,
growth, development, and fertility of the next generation), or maternal toxicity at
a daily IV dose that was three times the human dose based on BSA (HD).
Teratogenicity (microphthalmia/small eye and/or focal retinal fold in three
fetuses from three litters) was observed in rabbits given a daily IV dose during
organogenesis that was six times the HD. A dose that was 10 times the HD
resulted in increased intrauterine deaths (6).

Long-term studies to evaluate the potential for carcinogenicity have not been
conducted. Assays for mutagenicity and chromosome aberrations assay were
negative. No effect on male and female rat fertility was observed with daily IV
doses up to three times the HD. A dose five times the HD caused irreversible
toxicity in male rat reproductive organs. These effects were not observed in
dog and monkey studies with doses up to about 11 and 10 times, respectively,
the HD (6).

BREASTFEEDING SUMMARY
Although no reports describing the administration of gadobenate dimeglumine
during human lactation have been located, reviewers consider gadolinium
contrast media to be compatible with breastfeeding because of the very small
amounts excreted into milk and potentially being absorbed by a nursing infant
(2–4). The American Academy of Pediatrics classifies gadopentetate
dimeglumine as compatible with breastfeeding (7) (see Gadopentetate
Dimeglumine).
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GADOBUTROL
Diagnostic (Radiopaque Agent)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use a gadobutrol in human pregnancy have been
located. Gadolinium-based contrast agents are complexes with chelating
agents that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid, where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). The guidelines of the Contrast Media Safety Committee of
the European Society of Urogenital Radiology and a review article
recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadobutrol, a gadolinium-based contrast agent, is a paramagnetic macrocyclic
administered for magnetic resonance imaging (MRI). It is indicated for IV use in
diagnostic MRI in adults and children 2 years of age or older to detect and
visualize areas with disrupted blood–brain barrier and/or abnormal vascularity
of the central nervous system. The agent does not display any particular
protein binding and is not metabolized. The mean terminal half-life is 1.81 hours



(6).
Reproduction studies have been conducted in rats, rabbits, and monkeys. In

rats, maternally toxic doses that were 12 times the human equivalent dose
based on BSA (HED) caused retardation of the embryo development and
embryolethality. Similar toxicity, but without evidence of maternal toxicity,
occurred in rabbits at doses that were 8 times the HED. In rabbits, the toxicity
occurred despite minimal placental transfer (0.01% of the dose detected in the
fetuses). In monkeys, gadobutrol was not teratogenic but was embryolethal
when given IV during organogenesis in doses up to 8 times the recommended
single human dose based on BSA. However, pregnant animals received
repeated daily doses so their exposure was much higher than that obtained
with the standard single dose in humans (6).

Studies for carcinogenicity have not been conducted. Multiple assays for
mutagenicity were negative. No effect on fertility and general reproductive
performance was observed in male and female rats (6).

It is not known if gadobutrol crosses the human placenta, However, other
gadolinium-based contrast agents cross (see Gadobenate Dimeglumine and
other agents in this subclass) and exposure of the embryo–fetus should be
expected with gadobutrol. The molecular weight (about 605) and the terminal
half-life are consistent with placenta transfer.

BREASTFEEDING SUMMARY
No reports describing the use of gadobutrol during human lactation have been
located. However, the molecular weight (about 605) and terminal half-life (1.81
hours) suggest that the drug will be excreted into breast milk. Although there
are no reports, reviewers consider gadolinium contrast media to be compatible
with breastfeeding because of the very small amounts excreted into milk and
potentially being absorbed by a nursing infant (2–4). The American Academy of
Pediatrics classifies gadopentetate dimeglumine as compatible with
breastfeeding (7) (see Gadopentetate Dimeglumine).
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GADODIAMIDE
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Available gadolinium-based contrast agents are complexes with chelating
agents that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid, where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). In addition, the guidelines of the Contrast Media Safety
Committee of the European Society of Urogenital Radiology and a review
article recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadodiamide, a paramagnetic agent, is a complex formed between a chelating
agent and a paramagnetic ion, gadolinium. It is in the same subclass of
gadolinium-based contrast agents as gadobenate dimeglumine, gadofosveset
trisodium, gadopentetate dimeglumine, gadoteridol, and gadoversetamide.
Gadodiamide is indicated for IV use in magnetic resonance imaging (MRI) to
visualize lesions with abnormal vascularity (or those thought to cause
abnormalities in the blood–brain barrier) in the brain (intracranial lesions), spine,



and associated tissues. It is also indicated for IV administration to facilitate the
visualization of lesions with abnormal vascularity within the thoracic
(noncardiac), abdominal, and pelvic cavities, and the retroperitoneal space.
Neither metabolism nor plasma protein binding has been detected. The
elimination half-life is about 78 minutes (6).

Reproduction studies have been conducted in rats and rabbits. Increased
incidences of flexed appendages and skeletal malformations were observed in
rabbits given a daily IV dose for 13 days during gestation that was about 0.6
times the human dose (HD) based on mmol/m2. The skeletal malformations
may have due to maternal toxicity (reduced body weight). Neither fetal
abnormalities nor maternal toxicity were observed in rats at a daily IV dose
given for 10 days during gestation that was 1.3 times the HD based on mg/m2

(6).
Long-term studies to evaluate the potential for carcinogenicity have not been

conducted. Assays for mutagenicity and chromosome aberrations assay were
negative. No effect on male and female rat fertility was observed with a low IV
dose given three times weekly (6).

BREASTFEEDING SUMMARY
Although no reports describing the administration of gadodiamide during human
lactation have been located, reviewers consider gadolinium contrast media to
be compatible with breastfeeding because of the very small amounts excreted
into milk and potentially being absorbed by a nursing infant (2–4). The American
Academy of Pediatrics classifies gadopentetate dimeglumine as compatible
with breastfeeding (7) (see Gadopentetate Dimeglumine).

References
1. Kanal E, Barkovich AJ, Bell C, Borgstede JP, Bradley WG Jr, Froelich JW, Gilk T, Gimbel JR, Gosbee

J, Kuhni-Kaminski E, Lester JW Jr, Nyenhuis J, Parag Y, Schaefer DJ, Sebek-Scoumis EA, Weinreb J,
Zaremba LA, Wilcox P, Lucey L, Sass N, for the ACR Blue Ribbon Panel on MR Safety. ACR guidance
document for safe MR practices: 2007. AJR Am J Roentgenol 2007;188:1447–74.

2. Lin SP, Brown JJ. MR contrast agents: physical and pharmacologic basics. J Magn Reson Imaging
2007;25:884–99.

3. Chen MM, Coakley FV, Kaimal A, Laros RK Jr. Guidelines for computed tomography and magnetic
resonance imaging use during pregnancy and lactation. Obstet Gynecol 2008;112:333–40.

4. Webb JAW, Thomsen HS, Morcos SK, and members of Contrast Media Safety Committee of
European Society of Urogenital Radiology (ESUR). The use of iodinated and gadolinium contrast media
during pregnancy and lactation. Eur Radiol 2005;15:1234–40.

5. Garcia-Bournissen F, Shrim A, Koren G. Safety of gadolinium during pregnancy. Can Fam Physician
2006;52:309–10.

6. Product information. Omniscan. GE Healthcare, 2005.
7. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;106:776–89.



GADOFOSVESET
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Available gadolinium-based contrast agents are complexes with chelating
agents that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid, where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). In addition, the guidelines of the Contrast Media Safety
Committee of the European Society of Urogenital Radiology and a review
article recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadofosveset, a paramagnetic agent, is a complex formed between a chelating
agent and a paramagnetic ion, gadolinium. It is in the same subclass of
gadolinium-based contrast agents as gadobenate dimeglumine, gadodiamide,
gadopentetate dimeglumine, gadoteridol, and gadoversetamide. Gadofosveset
trisodium is indicated for use as a contrast agent in magnetic resonance
angiography (MRA) to evaluate aortoiliac occlusive disease in adults with
known or suspected peripheral vascular disease. It binds reversibly to serum



albumin, resulting in longer time in the vascular system than non-protein-binding
contrast agents. Metabolism has not been detected and the mean elimination
half-life is about 16 hours (6).

Reproduction studies have been conducted in rats and rabbits. In rats and
rabbits, daily doses up to about 11 and 21.5 times, respectively, the human
dose based on BSA (HD) did not cause fetal anomalies. In both species, the
highest dose caused maternal toxicity. In rabbits, a daily dose 3 times the HD
caused increased postimplantation loss, resorptions, and dead fetuses (6).

Long-term studies to evaluate the potential for carcinogenicity have not been
conducted. Assays for mutagenicity and chromosome aberrations assay were
negative. Male and female rat fertility was not impaired with daily doses up to
8.3 times the HD given for 4 and 2 weeks, respectively (6).

BREASTFEEDING SUMMARY
Although no reports describing the administration of gadofosveset during human
lactation have been located, reviewers consider other gadolinium-based
contrast media to be compatible with breastfeeding because of the very small
amounts excreted into milk and potentially being absorbed by a nursing infant
(2–4). The American Academy of Pediatrics classifies gadopentetate
dimeglumine as compatible with breastfeeding (7) (see Gadopentetate
Dimeglumine). However, gadofosveset has a much longer elimination half-life
(16 hours) than other gadolinium-based contrast agents and, even though the
agent is bound to albumin, the binding is reversible. Until human data are
available, withholding breastfeeding for 24 hours or longer should lessen the
amount available for excretion into breast milk.
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GADOPENTETATE DIMEGLUMINE
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Available gadolinium-based contrast agents are complexes with chelating
agents that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid, where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). In addition, the guidelines of the Contrast Media Safety
Committee of the European Society of Urogenital Radiology and a review
article recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadopentetate dimeglumine, a paramagnetic agent, is a complex formed
between a chelating agent and a paramagnetic ion, gadolinium. It is in the same
subclass of gadolinium-based contrast agents as gadobenate dimeglumine,
gadodiamide, gadoversetamide, and gadoteridol. Gadopentetate dimeglumine
is indicated for use with magnetic resonance imaging (MRI) in adults, and
pediatric patients (2 years of age and older) to visualize lesions with abnormal
vascularity in the brain (intracranial lesions), spine, and associated tissues. It
also is indicated for use with MRI in adults and pediatric patients (2 years of



age and older) to facilitate the visualization of lesions with abnormal vascularity
in the head, neck, and body (excluding the heart). Neither metabolism nor
plasma protein binding has been detected. The mean elimination half-life is 1.6
hours (6).

Reproduction studies have been conducted in rats and rabbits. Although no
congenital malformations were observed, daily IV doses in these species that
were 7.5–12.5 times the human dose based on body weight (HD) resulted in
slight retardation of development. Doses that were 2.5 times the HD did not
cause this effect (6). The contrast agent crosses the placenta to the fetus in
rabbits (7).

Long-term studies for carcinogenicity potential have not been conducted. The
drug was not mutagenic or clastogenic in several assays. High doses impaired
fertility in male and female rats, including dose-related irreversible toxicity of
male rat reproductive organs (6).

In a 1997 report, 11 women at 16–37 weeks’ gestation underwent
gadolinium-enhanced MRI for suspected uterine or placental abnormalities (8).
The placentas were rapidly and intensely enhanced immediately after
administration of the contrast agent. Three patients were in the 2nd trimester
and eight were in the 3rd trimester. All infants were healthy at birth (8).

A 1992 case report described the inadvertent IV bolus administration of
gadopentetate dimeglumine (0.2 mmol/kg) to a woman with multiple sclerosis
shortly after conception (9). Her last menstrual period had occurred 23 days
before the MRI procedure, thus giving her an estimated gestational length of 9
days. Because this was before the period of organogenesis, the authors of the
report concluded that the most likely adverse effect would have been an early
spontaneous abortion, rather than congenital malformations. A normal
pregnancy occurred, however, terminating in the delivery of a healthy baby girl
at 39 weeks’ gestation. The infant was developing normally at 3 months of age
(9).

A 1993 report described two women at 3 and 5 months’ gestation,
respectively, who were given the contrast agent for MRI diagnosis of Crohn’s
disease (10). Both patients delivered healthy infants at term.

Eleven women with symptomatic hydronephrosis at 19–34 weeks’ underwent
gadolinium-enhanced (gadopentetate dimeglumine) MRI excretory urography
(11). There were no adverse effects of the procedure in the pregnancies. All of
the infants had good Apgar scores, none had a birth weight below the third
centile adjusted for gestational age and sex, and one had an umbilical hernia.

A prospective cohort study, conducted by a teratology information service in



Italy, described the outcomes of 26 women who had an MRI with
gadopentetate dimeglumine immediately before or after conception (12). Two
cases were exposed preconceptional (4 and 12 days after the last menstrual
period) and 24 were exposed at about a mean 30 days after the last menstrual
period. Because of the short half-life of the agent, all of the exposures occurred
before organogenesis. The outcomes were two spontaneous abortions (SABs),
one elective abortion (mother taking valproic acid), two infants with low birth
weight, and one infant with a congenital anomaly (hemangiomas; mother
exposed at 31 days). No information was available on the two SABs. The 23
live births were all at term (12).

BREASTFEEDING SUMMARY
Gadopentetate dimeglumine is excreted into breast milk. A woman
breastfeeding her infant was given the contrast agent 13 weeks after birth (13).
Small amounts of the drug were found in her milk at 2, 11, 17, and 24 hours
with a cumulative amount of 1.60 mcg-mols (0.023% of the administered dose).

A 2000 study described the excretion of gadopentetate dimeglumine into the
breast milk of 19 women (14). One woman who was undergoing MRI received
0.2 mmol/kg IV (15 mmol), but the other 18 women received 0.1 mmol/kg
(mean 5.9 mmol). Breastfeeding was stopped for at least 24 hours. The
cumulative amount of drug excreted into milk over 24 hours was 0.57 µmol
(range 0.05–3.0 µmol). This amount was a mean 0.009% (range 0.001% to
0.04%) of the mother’s dose. Because the amount excreted into milk would be
far less than the recommended IV dose for neonates (200 µmol/kg), and
because very little of orally administered gadopentetate dimeglumine is
absorbed systemically, the authors concluded that waiting 24 hours to resume
breastfeeding was not warranted (14). An editorial also concluded that waiting
24 hours was not required because of the small amounts in milk and the safety
profile of the contrast agent in infants and children (15). The American
Academy of Pediatrics classifies gadopentetate dimeglumine as compatible
with breastfeeding (16), as do other reviewers (2–4).
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GADOTERIDOL
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Available gadolinium-based contrast agents are complexes with chelating
agents that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid, where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). In addition, the guidelines of the Contrast Media Safety
Committee of the European Society of Urogenital Radiology and a review
article recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadoteridol, a paramagnetic agent, is a nonionic complex formed between a
chelating agent and a paramagnetic ion, gadolinium. It is in the same subclass
of gadolinium-based contrast agents as gadobenate dimeglumine,
gadodiamide, gadofosveset trisodium, gadopentetate dimeglumine, and
gadoversetamide. Gadoteridol is indicated for use in MRI in adults and children
over 2 years of age to visualize lesions with abnormal vascularity in the brain
(intracranial lesions), spine, and associated tissues. It also is indicated for use



in MRI in adults to visualize lesions in the head and neck. It is not known if
gadoteridol is metabolized or if it binds to plasma proteins. The elimination half-
life is about 1.57 hours (6).

Reproduction studies have been conducted in rats and rabbits. In rats, a
daily IV dose given for 12 days during gestation that was six times the human
dose based on mmol/m2 (HD) doubled the incidence of postimplantation loss.
This dose and a daily dose that was 40% lower given for 12 days caused an
increase in spontaneous locomotor activity in rat offspring. In rabbits, an
increase in the incidence of spontaneous abortions and early delivery was
noted at a dose that was seven times the HD (6).

Studies to evaluate the potential for carcinogenicity or potential effects on
fertility have not been conducted. Assays for mutagenicity and chromosome
aberrations assay were negative. No effect on male and female rat fertility was
observed with a low IV dose given three times weekly (6).

BREASTFEEDING SUMMARY
Although no reports describing the administration of gadoteridol during human
lactation have been located, reviewers consider gadolinium contrast media to
be compatible with breastfeeding because of the very small amounts excreted
into milk and potentially being absorbed by a nursing infant (2–4). The American
Academy of Pediatrics classifies gadopentetate dimeglumine as compatible
with breastfeeding (7) (see Gadopentetate Dimeglumine).
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GADOVERSETAMIDE
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Available gadolinium-based contrast agents are complexes with chelating
agents that lower the potential toxicity in patients receiving the agents by
preventing the cellular uptake of free gadolinium. The complexes cross the
placenta to the fetus and are excreted by the fetal kidneys into the amniotic
fluid, where they remain for long periods. The complexes themselves are
relatively nontoxic, but dissociation may occur to release free gadolinium
into the amniotic fluid, where it could expose fetal lungs and gut. Presently,
the risk of gadolinium-induced toxicity in the fetus is unknown but may be
harmful (1–3). A concern has been raised for a risk of gadolinium-induced
nephrogenic systemic fibrosis (3). The American College of Radiology
recommends that these agents should not be routinely used in pregnancy
and, if such use is indicated, a written informed consent be obtained from
the patient (1). In addition, the guidelines of the Contrast Media Safety
Committee of the European Society of Urogenital Radiology and a review
article recommend that gadolinium-based contrast media may be used in
pregnancy if such use is important to the mother’s health (4,5).

FETAL RISK SUMMARY
Gadoversetamide, a paramagnetic agent, is a complex formed between a
chelating agent (versetamide) and a paramagnetic ion (gadolinium). It is in the
same subclass of gadolinium-based contrast agents as gadobenate
dimeglumine, gadodiamide, gadofosveset trisodium, gadopentetate
dimeglumine, and gadoteridol. Gadoversetamide is indicated for use with
magnetic resonance imaging (MRI) in patients with abnormal blood–brain
barrier or abnormal vascularity of the brain, spine, and associated tissues. The



agent also is indicated for use with MRI to provide contrast enhancement and
facilitate visualization of lesions with abnormal vascularity in the liver in patients
who are highly suspect for structural abnormalities of liver on computed
tomography. Neither metabolites nor plasma protein binding has been detected.
The mean elimination half-life is about 104 ± 20 minutes (6).

Reproduction studies have been conducted in rats and rabbits. In rats, daily
IV doses given for 5 weeks (including gestation) that were equal to the human
dose based on BSA (HD) reduced neonatal weights from birth through
weaning. A dose 0.2 times the HD did not cause the effect. Neither dose was
maternal toxic. A daily IV dose given on gestational days 7–17 that was 10
times the HD did cause maternal toxicity, as well as reduced mean fetal weight,
abnormal liver lobation, delayed ossification of sternebrae, and delayed
behavioral development (startle reflex and air rights reflex). These effects were
not observed with doses that were equal to the HD. In rabbits, daily IV doses
given during gestational days 6–18 that were 1 and 4 times the HD caused
forelimb flexures and cardiovascular changes (malformed thoracic arteries, a
septal defect, and abnormal ventricle) in fetuses. These effects were not
observed at doses that were 0.3 times the HD. Maternal toxicity was not
observed at any dose (6).

Long-term studies to evaluate the potential for carcinogenicity have not been
conducted. Genotoxicity assays were negative but a chromosome aberration
assay was positive. In fertility studies, daily IV doses given for 4 and 7 weeks
that were 6 and 4 times the HD, respectively, caused irreversible toxicity in
male rat reproductive organs and impaired fertility. These effects were not
observed with a dose equal to the HD, nor were they observed in similar
studies conducted in dogs. In a rat single-dose study, no adverse effects were
seen on the male reproductive system 24 hours and 14 days after doses that
were 1–25 times the HD (6).

BREASTFEEDING SUMMARY
Although no reports describing the administration of gadoversetamide during
human lactation have been located, reviewers consider gadolinium contrast
media to be compatible with breastfeeding because of the very small amounts
excreted into milk and potentially being absorbed by a nursing infant (2–4). The
American Academy of Pediatrics classifies gadopentetate dimeglumine as
compatible with breastfeeding (7) (see Gadopentetate Dimeglumine).
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GALANTAMINE
Cholinesterase Inhibitor (CNS Agent)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of galantamine in human pregnancy have
been located. Because of its indication, such reports should be rare.
Moreover, the animal data suggest that the risk to the embryo and/or fetus
is low. Therefore, inadvertent exposure to galantamine during pregnancy
should not be a reason for pregnancy termination.

FETAL RISK SUMMARY
Galantamine is a reversible cholinesterase inhibitor that is indicated for the
treatment of mild-to-moderate dementia of the Alzheimer’s type. The
metabolites are apparently inactive. Plasma protein binding is low (18%) and
the plasma elimination half-life is about 7 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, a
dose three times the maximum recommended human dose based on BSA
(MRHD) given for 14 days before mating through organogenesis caused a
slight increase in skeletal variations. No major malformations were observed
with a dose seven times the MRHD. When rats were given doses three and
seven times the MRHD from the beginning of organogenesis through
postpartum day 21, pup weights were decreased. However, no other adverse
effects on postnatal development were observed. The above doses also
caused slight maternal toxicity. No impairment of fertility was observed in
female rats given doses up to seven times the MRHD for 14 days or in male
rats for 60 days before mating. In rabbits, doses up to 32 times the MRHD
during organogenesis revealed no evidence of teratogenicity (1).

It is not known if galantamine crosses the human placenta. The molecular
weight (about 287 for the free base), low plasma protein binding, and the



moderately long plasma elimination half-life suggest that the drug will cross to
the embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of galantamine during human lactation have been
located. Because of its indication, such reports should be rare. The molecular
weight (about 287 for the free base), its low plasma protein binding (18%), and
moderately long plasma elimination half-life (about 7 hours) suggest that
galantamine will be excreted into breast milk. The effects of this exposure on a
nursing infant are unknown.

Reference
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GALSULFASE
Endocrine/Metabolic Agent (Enzyme)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data —Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of galsulfase in human pregnancy have been
located. The animal data in two species suggest low risk. Because
Maroteaux-Lamy syndrome is a debilitating chronic disease, the drug
should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Galsulfase is a purified human enzyme that is produced by DNA technology. It
is a glycoprotein that is given as weekly IV infusions. Galsulfase is indicated for
patients with mucopolysaccharidosis VI (MPS V1; Maroteaux-Lamy syndrome)
to improve walking and stair-climbing capacity. In 13 patients with MPS VI the
medium half-life at weeks 1 and 24 were 9 and 26 minutes, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, IV doses up to about 0.5 and 0.97 times, respectively, the
recommended human dose of 1 mg/kg based on BSA (RHD) revealed no
evidence of impaired fertility or harm to the fetus (1).

Long-term studies in animals for carcinogenicity and mutagenicity have not
been conducted. In male and female rats, an IV dose that was about 0.5 times
the RHD had no effect on fertility and reproductive performance (1).

It is not known if galsulfase crosses the human placenta. The molecular
weight (about 56,000) and brief half-life suggest that exposure of the embryo
or fetus will be minimal, if it occurs at all.

Pregnant women treated with this agent are encouraged to enroll in the MPS
VI Clinical Surveillance Program by calling 800-983-4587 (1).

BREASTFEEDING SUMMARY



No reports describing the use of galsulfase during lactation have been located.
The molecular weight (about 56,000) and brief half-life (9–26 minutes) suggest
that excretion into breast milk will be minimal, if it occurs at all. Moreover, as a
glycoprotein, the agent would most likely be digested in the infant’s gut.

Reference
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GANCICLOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Cytomegalovirus (CMV) is the most common cause of congenital viral
infection in the United States, infecting 0.2%–2.2% of all liveborn infants
(1). Approximately 40% of primary CMV infections occurring during
pregnancy will result in transplacental passage of the virus to the fetus. A
relatively small percentage of these infants, however, will exhibit structural
damage, such as symmetric growth restriction, hepatosplenomegaly,
chorioretinitis, microphthalmia, cerebral calcification, hydrocephaly, and
microcephaly. Some infants infected in utero will develop later toxicity as
evidenced by deafness (CMV is the leading cause of congenital hearing
loss), mental retardation, and impaired psychomotor development (1). The
effectiveness of ganciclovir in preventing or ameliorating these effects is
unknown. Only six cases of its use in human pregnancy are known. No
adverse effects attributable to ganciclovir were apparent in the five cases
with outcome details, although one infant had a positive CMV urine culture
without signs or symptoms of infection. Long-term evaluation of three of the
four exposed infants for late-appearing toxicity has not been reported. The
fourth infant was developing normally at 3 years of age (2). Because of the
potential for fetal toxicity and the known toxic effects in animals, some
investigators have recommended that ganciclovir should only be used
during pregnancy for life-threatening disease or in immunocompromised
patients with major CMV infections, such as retinitis (3–5). The only
approved indications for ganciclovir are for the treatment of CMV retinitis or
prevention of CMV disease in immunocompromised patients or in solid
organ transplant recipients (3). However, based on the above cases and
avoiding the 1st trimester, if possible, the use of ganciclovir to prevent or
treat fetal infection might be reasonable.



FETAL RISK SUMMARY
Ganciclovir, a synthetic nucleoside analog that inhibits replication of herpes
viruses, is used in the treatment of CMV retinitis and other viral infections.

The drug is embryotoxic in mice and rabbits, causing fetal resorption in at
least 85% of animals exposed to two times the human dose based on AUC
(HD). Month-old male offspring of female mice administered 1.7 times HD
before and during gestation and during lactation had hypoplastic testes and
seminal vesicles and pathologic changes in the nonglandular region of the
stomach. In pregnant rabbits given doses two times the HD, fetal effects
included growth restriction and teratogenicity (cleft palate,
anophthalmia/microphthalmia, aplastic kidneys and pancreas, hydrocephaly,
and brachygnathia) (3).

Ganciclovir is both carcinogenic and mutagenic in mice (3). Moreover,
inhibition of spermatogenesis has been observed in mice and dogs. One study
using cultured fetal rat hepatocytes, however, found little or no toxic effects, in
terms of cell growth and cell membrane permeability, of high concentrations
(0.5–30 mcg/mL) of ganciclovir (6).

Passage of ganciclovir across the perfused human placenta has been
reported (4,6). In a 1993 report, ganciclovir was found initially to concentrate
on the maternal placental surface and then to cross passively, without
metabolism, to the fetus (6). In a second study, ganciclovir and acyclovir were
discovered to cross the placenta in approximately similar amounts by simple
diffusion (4).

Six reports (three unpublished) have described the use of ganciclovir during
human pregnancy (2,7,8). In the first case, a 31-year-old woman received a
renal transplant approximately 3 weeks after her last menstrual period (LMP)
(8 and 10 days after unprotected intercourse) (7). Medications related to
maintaining the transplant included methylprednisolone tapered to prednisone,
azathioprine, and cyclosporine. Other drugs added shortly after surgery were
trimethoprim, nifedipine, and acyclovir. Her worsening hypertension was
controlled with nifedipine. Six weeks after surgery (9 weeks after her LMP),
she developed CMV infection that was treated with IV ganciclovir (2.5 mg/kg
twice daily) for 2 weeks and a single dose of IV CMV hyperimmune globulin.
CMV cultures were negative after treatment and remained so throughout the
remainder of the pregnancy. A normal 2640-g male infant was born at 38
weeks’ gestation with Apgar scores of 9 and 9 at 1 and 5 minutes,
respectively. Placental villitis consistent with CMV was noted and the infant had
a positive CMV urine culture, but he remained healthy and was developing



normally at 18 months of age (7).
The second case involved a 29-year-old who was a CMV-negative woman

and who had received a CMV-positive liver transplant (8). She became
pregnant 5 months after the transplant. She received oral ganciclovir (3 g/day),
tacrolimus, and prednisone before conception and throughout the 1st trimester.
Ganciclovir was discontinued when pregnancy was diagnosed at 3 months’
gestation. Steroid-induced hyperglycemia was not observed, but worsening
preeclampsia and fetal distress resulted in delivery at 30 weeks’ gestation of a
790-g female infant with Apgar scores of 4 and 7 at 1 and 5 minutes,
respectively. No malformations were observed and, except for her small size
and mild respiratory problems, she did well and was discharged home on day
50 of life. The author also mentioned three other, unpublished, ganciclovir-
treated pregnancies that had been reported to the manufacturer. One patient
had been lost to follow-up, one had been treated with IV ganciclovir during the
last 4 weeks of pregnancy, and one had been treated with oral ganciclovir at
14–18 weeks’ gestation. The two pregnancies with known outcomes resulted in
normal infants (8).

A 2005 report described the use of ganciclovir to treat CMV infection in a
fetus at 22 weeks’ gestation (2). The mother had received a renal transplant
before pregnancy and had been treated for CMV infection subsequent to a
blood transfusion. Although the mother had no signs or symptoms of infection,
an amniocentesis at 21–4/7 weeks’ gestation suggested fetal CMV infection.
Oral ganciclovir 3 g/day was started at 22 weeks’. At 25 weeks, a repeat
amniocentesis revealed that the CMV–DNA level had decreased to within the
negative range. The minimum inhibitory concentration for CMV was 3 µM,
whereas the amniotic fluid concentration of ganciclovir was 14.5 µM. A
cesarean section at 36 weeks’ delivered a healthy female infant with no signs
or symptoms of CMV infection. At 3 years of age, the child had no signs of
neurological, ophthalmological, or developmental abnormalities (2).

BREASTFEEDING SUMMARY
No reports describing the use of ganciclovir during lactation have been located.
Because of the potential for serious toxicity in a nursing infant, mothers taking
ganciclovir should probably not breastfeed. However, the drug has been used in
newborns. The pharmacokinetics of ganciclovir in newborns with congenital
cytomegalovirus infections has been reported (9).
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GARLIC
Herb
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Ingestion of garlic as a food flavoring appears to be safe during pregnancy.
The herb has been used since ancient times and its use is so common that
it is doubtful that it presents any risk to the embryo or fetus. Some
components of garlic do cross the placenta to the fetus, as shown by
detection of a garlic odor in the amniotic fluid and on the newborn’s breath.
The use of high-dose garlic during gestation is not common and apparently
has not been reported. Moreover, the lack of standardization of therapeutic
garlic preparations would make any such study suspect unless analysis of
the chemical constituents of the actual product used in the study was also
reported. The complete lack of data on the outcome of animal or human
pregnancies after high-dose garlic does not allow any assessment of its
fetal risk. At least one source considers the use of large amounts of garlic
during pregnancy to be contraindicated because of the potential for
inducing menstruation or uterine contractions (1).

FETAL RISK SUMMARY
Allium sativum L. (Family, Alliaceae), better known as garlic, is a perennial bulb
used as a food flavoring. In much higher doses, the herb has been used for
medicinal purposes since ancient times. The medicinal parts of garlic are the
whole fresh bulb, the dried bulb, and the oil. Studies have demonstrated
antitibacterial, antimycotic, lipid-lowering, and platelet aggregation inhibition
properties. Garlic may prolong bleeding and clotting time and enhance
fibrinolytic activity. The average daily doses for medicinal indications are 4 g of
fresh garlic, 8 mg of essential oil, and one or two fresh garlic cloves (1–5).

The primary chemical constituents of garlic are the alliins (alkylcysteine
sulfoxides), in particular the odorless, colorless amino acid, alliin (S-allyl-L-
cysteine sulfoxide). This amino acid, which has no pharmacologic activity, is



converted by the enzyme, allinase (released from neighboring vascular bundle
sheath cells by cutting or crushing the bulb) to allicin (diallyl-disulfide-mono-S-
oxide, but also known as diallyl thiosulfinate responsible for the pungent
characteristic garlic odor), a sulfur-containing volatile oil. The unstable allicin
then undergoes further changes to two major products, diallyldisulfide (a
predominant compound in garlic breath) and diallytrisulfide, and several minor
products, cycloalliin, vinyl dithiins, ajoene (4,5,9, trithiadodeca-1,6,11-triene 9-
oxide), and methylallyltrisulfide (2–5).

Depending on the method of preparation, commercial garlic products may
vary widely in their content of allicin, especially those in oil (4). In some cases,
no detectable levels of allicin were found. A 1992 study that evaluated 18 garlic
preparations of the approximate 70 that were commercially available in
Germany found that only five had an allicin content equivalent to 4 g of fresh
garlic, the average daily dose required for therapeutic effects. The other 13
products were considered “expensive placebos” because they had no
pharmacologic activity (4).

Korean garlic juice was administered to rats to investigate whether it would
protect against embryotoxicity induced by maternal ingestion of methylmercuric
chloride (6). Analysis of Korean garlic juice indicated that it contained several
types of free amino acids, including (numbers in parentheses is the number of
amino acids for each type) neutral (N = 7), sulfur-containing (N = 3), acidic (N =
2), basic (N = 2), imino acid (N = 1), and aromatic acid (N = 3) with a total
content of approximately 55 mg/mL. The pregnant rats were given 20 mg of
methylmercuric chloride on gestational day 7 and then treated with either 0.5 or
1.0 g/kg Korean garlic juice or saline. A fourth group of rats was not treated
with mercury or garlic juice. Korean garlic juice was effective, in a dose-related
manner, in preventing or reversing the toxicity of organic mercury in terms of
increasing maternal and fetal body weights, increasing fetal survival, and
decreasing mercury levels in the organs and blood of dams and fetuses. The
investigators concluded that the effects of Korean garlic juice were most likely
due to the thiol groups found on several of the amino acids that resulted in
chelation of the mercury, thereby protecting essential maternal and fetal
enzyme systems (6).

Some of the chemical components apparently cross the placenta of animals
and humans. In fetal sheep, the taste system develops between 50 and 100
days after conception (7). To determine if garlic crosses the sheep placenta,
sheep were administered 6 mL of Egyptian garlic oil by gavage on
approximately day 110 of gestation. A sensory panel of 16 judges, selected



because of demonstrated ability to detect dilute concentrations of garlic in
water, was used to determine if the odor was present in allantoic and amniotic
fluid, fetal blood, and maternal blood. Samples were drawn at 0, 50, 100, and
150 minutes after the maternal dose. Paired samples (treated and untreated)
were presented to each judge. Garlic odor was detected in amniotic fluid at
100 and 150 minutes and in allantoic fluid, fetal blood, and maternal blood at
50, 100, and 150 minutes (7). In a brief letter, one correspondent said the odor
of garlic had been noted on the breath of some human newborns (8). In a 1995
study, a sensory panel of 13 judges, screened for normal olfactory function,
smelled paired samples of amniotic fluid from 10 women (9). At 48 minutes
before amniocentesis in the 2nd trimester, five of the women received capsules
containing the essential oil of garlic and five received placebo capsules
containing lactose. The odor of garlic was judged stronger in four of the five
women who had ingested the capsules with garlic. Therefore, this study
demonstrated that components of garlic were transferred across the placenta
and altered the odor of amniotic fluid (9). Although the specific components of
garlic in the amniotic fluid were not identified, allicin (diallyl thiosulfinate) and at
least one of its degradation products (diallyldisulfide) were most likely present
because these are responsible for the characteristic odor of garlic (see above).

Two brief reports by a group of investigators in London stated that garlic
might have benefits in preventing preeclampsia and intrauterine growth
restriction (IUGR) (10,11). In an in vitro experiment, the investigators added
increasing concentrations of garlic extract to a homogenate of human placental
villous tissue to demonstrate a dose-related increase in nitric oxide synthase
(enzyme that produces nitric oxide) activity (10). Because both calcium-
dependent and calcium-independent nitric oxide synthase activities are
decreased in preeclampsia and IUGR, the researchers speculated that garlic
might be beneficial in these vascular conditions. In the second study, also using
human placental villous tissue, both garlic extract and perchloric acid-treated
garlic extract (allicin-negative) were shown to have cyclooxygenase inhibitor
activity similar to that of aspirin (11).

BREASTFEEDING SUMMARY
Garlic ingestion by a lactating woman may impart garlic odor to her milk. The
clinical significance of occasional garlic odor in milk appears to relate only to
the amount of time the infant will be attached to the breast and this effect will
disappear if the mother ingests the herb frequently.

At least some garlic constituents are excreted into breast milk. A 1994 study



in lactating mice evaluated the effects on xenobiotic metabolizing enzymes in
mouse pups from garlic administered to the mother (12). The lactating mice
received either 200 or 400 mg/kg of crushed fresh garlic diluted in a volume of
0.1 mL of water for 14 or 21 days postpartum. Significant hepatic enzyme
changes were measured in both the dams and pups, but the clinical significance
of the changes is unknown.

Eight women, all exclusively breastfeeding their 3- to 4-month old infants,
were the subject of a study published in 1991 examining the effect of garlic on
the odor of breast milk and the nursling’s behavior (13). None of the women
was a regular user of garlic and their consumption of other sulfur-containing
foods was limited before and during the study. In addition to breastfeeding, milk
samples were also collected from the women every hour for 4 hours. They
were given either placebo or garlic (1.5 g of garlic extract) capsules on
alternate days. A sensory panel of 11 judges, all screened for normal olfactory
function, were able consistently to detect the odor of garlic from paired
samples of expressed milk (treated and untreated) with a peak effect at 2
hours. It also appeared that the nursing infants detected the garlic odor
because when the mother had ingested garlic capsules, the infants attached to
the breast for significantly longer periods and sucked more. Although not
significant, the infants also tended to consume more milk, but consumption may
have been limited by the amount of milk available to the infant (13). A
subsequent study confirmed that infants remained attached to the breast longer
than usual when their mothers started taking garlic but that this effect
disappeared with continued garlic ingestion (14).

The clinical significance of the above investigations is unknown. A review on
the effect of various flavors in milk concluded that it was not known whether
flavors such as garlic in milk had any effect on the subsequent development of
food habits or willingness to accept new foods at weaning or later in life (15).

References
1. Garlic. Natural Medicines Comprehensive Database. Stockton, CA: Therapeutic Research Faculty,

1999:366–8.
2. Allium Sativum. Garlic. PDR for Herbal Medicines, Montvale, NJ: Medical Economics, 1998:626–8.
3. Garlic. Blumenthal M, ed. The Complete German Commission E Monographs. Therapeutic Guide to

Herbal Medicines. Austin, TX: American Botanical Council, 1998:134.
4. Robbers JE, Tyler VE. Tyler’s Herbs of Choice. The Therapeutic Use of Phytomedicinals. Binghamton,

NY: Haworth Press, 2000:132–7.
5. Garlic. The Lawrence Review of Natural Products. St. Louis, MO: Facts and Comparisons, 1994.
6. Lee JH, Kang HS, Roh J. Protective effects of garlic juice against embryotoxicity of methylmercuric

chloride administered to pregnant Fischer 344 rats. Yonsei Med J 1999;40:483–9.
7. Nolte DL, Provenza FD, Callan R, Panter KE. Garlic in the ovine fetal environment. Physiol Behav

1992;52:1091–3.



8. Snell SB. Garlic on the baby’s breath. Lancet 1973;2:43.
9. Mennella JA, Johnson A, Beauchamp GK. Garlic ingestion by pregnant women alters the odor of

amniotic fluid. Chem Senses 1995;20:207–9.
10. Das I, Khan NS, Sooranna SR. Nitric oxide synthase activation is a unique mechanism of garlic action.

Biochem Soc Trans 1995;23:136S.
11. Das I, Patel S, Sooranna SR. Effects of aspirin and garlic on cyclooxygenase-induced

chemiluminescence in human term placenta. Biochem Soc Trans 1997;25:99S.
12. Chhabra SK, Rao AR. Transmammary exposure of mouse pups to allium sativum (garlic) and its effect

on the neonatal hepatic xenobiotic metabolizing enzymes of mice. Nutrition Res 1994;14:195–210.
13. Mennella JA, Beauchamp GK. Maternal diet alters the sensory qualities of human milk and the nursling’s

behavior. Pediatrics 1991;88:737–44.
14. Mennella JA, Beauchamp GK. The effects of repeated exposure to garlic-flavored milk on the nursling’s

behavior. Pediatr Res 1993;34:805–8.
15. Mennella JA. Mother’s milk: a medium for early flavor experiences. J Hum Lact 1995;11:39–45.



GATIFLOXACIN
Ophthalmic (Anti-infective)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ophthalmic gatifloxacin during human
pregnancy have been located. The risk to an embryo or fetus appears to
be nil because serum concentrations after ophthalmic use were below the
lower limit of quantification. The oral and IV formulations have been
withdrawn and only the ophthalmic preparation is available.

FETAL RISK SUMMARY
Gatifloxacin is a synthetic, broad-spectrum, fluoroquinolone antibacterial agent.
It is in the same anti-infective class as ciprofloxacin, enoxacin, gemifloxacin,
levofloxacin, lomefloxacin, moxifloxacin, norfloxacin, ofloxacin, sparfloxacin, and
trovafloxacin. In an escalated dosing regimen up to 2 drops 8 times daily for 3
days, serum gatifloxacin concentrations were below the lower limit of
quantification (5 ng/mL) (1).

In reproduction studies with rats and rabbits, oral doses up to about 1000
times the maximum recommended ophthalmic dose (MROD) were not
teratogenic. In rats, skeletal/craniofacial anomalies or delayed ossification,
atrial enlargement, and reduced fetal weight were observed in fetuses at about
3000 times the MROD. In a perinatal/postnatal study, increased
postimplantation loss and neonatal/perinatal death were observed at a dose
that was about 4000 times the MROD (1).

It is not known if gatifloxacin crosses the human placenta. Although the
molecular weight of the hydrate (about 402) is low enough, serum
concentrations are below the lower limit of quantification. Thus, clinically
significant exposure of the embryo and/or fetus should not occur.



BREASTFEEDING SUMMARY
No reports describing the use of gatifloxacin in human lactation have been
located. Because serum concentrations are below the lower limit of
quantification (5 ng/mL), clinically significant amounts of gatifloxacin are not
expected in breast milk.
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GEFITINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report describing the use of gefitinib in the 2nd and 3rd trimesters has
been located. There was developmental toxicity (growth restriction and
death) in two animal species, but the very limited human pregnancy
experience prevents a more complete assessment of the embryo–fetal
risk.

FETAL RISK SUMMARY
Gefitinib is an oral epidermal growth factor receptor tyrosine kinase inhibitor. It
is in the same subclass as several other agents (see Appendix). It is indicated
as monotherapy for the continued treatment of patients with locally advanced or
metastatic non-small-cell cancer after failure of other chemotherapies. Gefitinib
is extensively metabolized and one of the metabolites is partially active. The
elimination half-life of gefitinib is about 48 hours. Plasma protein binding to
albumin and α-1 glycoprotein is 90% (1).

Reproduction studies have been conducted in rats and rabbits. Pregnant rats
were treated from the beginning of organogenesis to the end of weaning with
daily doses (5 mg/kg) that were about one-fifth the recommended human dose
based on BSA (RHD), there was a decrease in the number of pups born alive.
When the dose was increased to 20 mg/kg, the effect was more severe with
more pups dying soon after birth. The no-effect dose was 1 mg/kg. In pregnant
rabbits, a dose about twice the RHD caused reduced fetal weight (1). No
mention of maternal toxicity was made in any of the animal studies.

Carcinogenicity studies have not been conducted with gefitinib. Genotoxicity
studies in several tests were negative (1).

It is not known if gefitinib crosses the human placenta. After a single dose of



5 mg/kg (about one-fifth the RHD), gefitinib crossed the rat placenta (1). The
molecular weight (about 447) and long elimination half-life suggest that gefitinib
also will cross the human placenta.

A 2011 case report described a 38-year-old woman at 26 weeks’ gestation
who was diagnosed with lung cancer (2). The woman had never smoked. She
was initially treated with erlotinib 100 mg/day and then changed about 2 weeks
later to gefitinib 250 mg/day. Gefitinib was continued through the remainder of
her pregnancy. At 36 weeks’, she gave birth to a healthy 2.08-kg infant with an
Apgar score of 9 at 1 minute. The baby weighed 2.98 kg 6 weeks later (2).

BREASTFEEDING SUMMARY
No reports describing the use gefitinib during human lactation have been
located. The molecular weight (about 447) and long elimination half-life suggest
that gefitinib will be excreted into breast milk. The effect of this exposure on a
nursing infant is unknown, but could be serious. In adults, the most common
adverse effects were diarrhea, rash, acne, dry skin, nausea, and vomiting. Until
human data are available, the safest course is to not breastfeed while taking
gefitinib.

References
1. Product information. Iressa. AstraZeneca Pharmaceuticals, 2007.
2. Lee CH, Liam CK, Pang YK, Chua KT, Lim BK, Lai NL. Successful pregnancy with epidermal growth

factor receptor tyrosine kinase inhibitor treatment of metastatic lung adenocarcinoma presenting with
respiratory failure. Lung Cancer 2011;74:349–51.



GEMCITABINE
Antineoplastic (Antimetabolite)
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Two case reports have described the use of gemcitabine in the 2nd
trimester. One of the reports speculated that two unusual complications
(chronic lung disease and excessive lung excretions) might have been
related to the therapy. The animal data suggest risk. Gemcitabine is
indicated for the treatment of cancers with a high mortality, often in
combination with other antineoplastics. Nevertheless, the maternal benefit
appears to outweigh the unknown fetal risk, but avoiding organogenesis is
a reasonable option.

FETAL RISK SUMMARY
Gemcitabine is a nucleoside analog antineoplastic. It is classified as an
antimetabolite in the subclass of pyrimidine analogs. Other antineoplastic
agents in the subclass are capecitabine, cytarabine, floxuridine, and
fluorouracil. Gemcitabine is indicated in combination with carboplatin for ovarian
cancer, with paclitaxel for breast cancer, and with cisplatin for non-small-cell
lung cancer. It also is indicated for locally advanced or metastatic
adenocarcinoma of the pancreas. Gemcitabine is metabolized intracellularly to
the active diphosphate and triphosphate nucleosides. Gemcitabine triphosphate
can be extracted from peripheral blood mononuclear cells and has a half-life of
the terminal phase from these cells of 1.7–19.4 hours. An inactive metabolite is
found in the plasma. The half-lives of gemcitabine in women 29 and 45 years of
age were 49 and 57 minutes, respectively. Plasma protein binding is negligible
(1).

Reproduction studies have been conducted in mice and rabbits. In mice,
gemcitabine was embryotoxic, causing cleft palate and incomplete ossification
at doses about 1/200th of the recommended human dose based on BSA
(RHD). This dose was also maternally toxic. Fetotoxicity or embryolethality was



observed at about 1/1300th of the RHD (1). A 1993 study in mice that was
conducted by the manufacturer expanded on the maternal and developmental
toxicities noted above (2). In rabbits, embryotoxicity (decreased fetal viability,
reduced live litter sizes, and developmental delays) and fetotoxicity (fused
pulmonary artery and absence of the gall bladder) at doses about 1/600th of
the RHD (1).

Carcinogenesis studies have not been conducted with gemcitabine. The drug
was associated with mutagenic and clastogenic effects in some assays.
Effects on the fertility of male mice were noted at a dose 1/700th of the RHD,
consisting of hypospermatogenesis, decreased fertility, and decreased
implantations. The fertility of female mice was not affected at doses up to
about 1/200th of the RHD (1).

It is not known if gemcitabine crosses the human placenta. The molecular
weight (about 264 for the free base) and negligible plasma protein binding
suggest that the drug will cross the placenta. However, the very short plasma
elimination half-life of the drug should reduce the amount reaching the embryo–
fetus.

A 2008 report described the use of gemcitabine, docetaxel, and cisplatin in a
woman who had lung cancer with brain metastases and an unrecognized
pregnancy (3). Very early in gestation, she underwent craniotomy with tumor
removal, followed by whole brain irradiation. Starting at 9 weeks’ gestation, she
was treated with four cycles of docetaxel and cisplatin (days 1 and 8) every 3
weeks. At 19 weeks’, therapy was changed to gemcitabine and cisplatin (days
1 and 8) at 3-week intervals for two cycles. About 2 months after the last dose,
her pregnancy was diagnosed. A cesarean section was performed at 33 weeks
to deliver a normal, 1490-g female infant (normal karyotype 46, XX) with Apgar
scores of 8, 9, and 10 at 1, 5, and 10 minutes, respectively, and normal blood
counts. An extensive examination of the infant failed to find any abnormalities.
She was developing normally at 10 months of age (3).

In a second case, a 38-year-old woman was treated for lung cancer at 25
weeks’ gestation with gemcitabine (1000 mg/m2 on day 1 and 8) and
carboplatin AUC 5 (day 1) (4). She gave birth by an elective cesarean section
at 28 4/7 weeks to a baby girl with Apgar scores of 7 and 9 at 1 and 5
minutes, respectively. The infant had multiple complications secondary to
prematurity. The authors speculated that two unusual features, chronic lung
disease and excessive secretions from her lungs, might have been related to
either the chemotherapy or an effect of the malignancy itself. At 8 months of
age, the infant had been weaned off of oxygen therapy and her



neurodevelopment was age-appropriate (4).
Occupational exposure of the mother to antineoplastic agents during

pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
It is not known if gemcitabine is excreted into human breast milk. The molecular
weight (about 264 for the free base) and negligible plasma protein binding
suggest that the drug will be excreted into milk, but the very short elimination
half-life (49–57 minutes) should mitigate the amount entering milk. However, the
cytotoxicity of the drug and its use in combination with other antineoplastics
strongly suggests that women being treated with gemcitabine should not
breastfeed.
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GEMFIBROZIL
Antilipemic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal data suggest risk, but the limited human pregnancy experience
prevents a more complete assessment of the embryo–fetal risk.
Teratogenic effects secondary to the drug have not been observed in the
few case reports. Because the drug is used for a severe maternal
condition, it should not be withheld, if indicated, because of pregnancy, but
starting therapy after the 1st trimester should be considered.

FETAL RISK SUMMARY
Gemfibrozil is a lipid-regulating agent. It is indicated as adjunctive therapy to
diet for treatment of adult patients with very high serum triglyceride levels who
present a risk of pancreatitis and who do not respond adequately to a
determined dietary effort. The drug is extensively metabolized to multiple
metabolites, one of which may be active (see reference 9). Gemfibrozil is highly
bound to plasma proteins but may be displaced by other drugs. The plasma
half-life is 1.5 hours following multiple doses (1).

Reproductive tests have been conducted in rats and rabbits. In male and
female rats, gemfibrozil was tumorigenic (benign liver nodules, liver carcinoma,
and benign Leydig cell tumors) at 0.2 and 1.3 times the human exposure based
on AUC. Treatment of female rats before and during gestation with 0.6 and 2
times the human dose based on BSA (HD) produced dose-related decreases in
the conception rate, birth weight, and pup growth during lactation, and
increased skeletal variations. Anophthalmia was observed rarely. The highest
dose also resulted in an increased rate of stillbirths. Pregnant rabbits given 1
and 3 times the HD during organogenesis had a decreased litter size and, at
the highest dose, an increased incidence of parietal bone variations (1). Two



other studies have found no evidence of reproductive or teratogenic effects in
rats and rabbits (2, 3).

It is not known if gemfibrozil crosses the human placenta during early
pregnancy. The molecular weight (about 250) suggests that the drug will cross
to the embryo–fetus. Although the extensive metabolism, high plasma protein
binding, and short half-life should limit the exposure, the drug and an active
metabolite cross near term (see reference 9).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 8 newborns had
been exposed to gemfibrozil during the 1st trimester and 7 in the 2nd or 3rd
trimester (4). One defect, a structural brain anomaly, was observed in an infant
delivered from a mother who took the agent after the 1st trimester. In a
separate case included in this report, an infant with Pierre Robin syndrome,
suspected of being associated with 1st trimester exposure to gemfibrozil, was
reported retrospectively to the FDA. The syndrome (cleft palate–micrognathia–
glossoptosis) was most likely due to autosomal recessive inheritance (4).

A 1992 report described the use of gemfibrozil starting at 20 weeks’
gestation in a 33-year-old woman with eruptive xanthomas (5). The patient had
a similar condition in her first pregnancy that included hypertriglyceridemia,
fulminant pancreatitis, and acute respiratory distress syndrome (5). A dose of
600 mg 4 times daily for 2 months lowered the triglyceride level from 7530 to
4575 mg/dL, and the total cholesterol level from 1515 to 1325 mg/dL, but the
xanthomas persisted throughout her pregnancy. A healthy, term infant (birth
weight and sex not specified) was eventually delivered (5).

A 1999 case report described the use of gemfibrozil 600 mg twice daily in a
22-year-old woman for severe acute pancreatitis due to hypertriglyceridemia
throughout pregnancy (except for gestational week 11) (6). After treatment in
the hospital, she did well during the remainder of her pregnancy without a
recurrence of her pancreatitis or other complications. She gave birth to a full-
term, healthy, male infant (no other details on the infant were given) (6).

A 29-year-old woman with lipoatrophic diabetes mellitus was treated
throughout gestation with gemfibrozil 600 mg twice daily (7). The lipoatrophic
diabetes was thought to be consistent with congenital partial lipodystrophy
(Kobberling-Dunnigan syndrome). At 37 weeks’ gestation, labor was induced
and she gave birth to a 2800-g female infant with Apgar scores of 7 and 8. No
other information about the infant was provided (7).

A 18-year-old woman with familial chylomicronemia syndrome had lipoprotein
lipase deficiency and hypertriglyceridemia since birth (8). During pregnancy,



she was managed with a very-low-fat diet and, in the 3rd trimester, with
gemfibrozil. Because of a risk for pancreatitis, labor was induced at 38 weeks’
and she gave birth to a healthy 2.77-kg male infant. No details on the infant
were given (8).

A 23-year-old woman with primary lipoprotein lipase deficiency was
managed with a low-fat diet throughout gestation (9). In week 29, gemfibrozil
600 mg/day was started and increased to 900 mg/day a week later. A second
episode of pancreatitis prompted labor induction at 35 weeks and a female
infant (about 2355 g) with a 5-minute Apgar of 9 was delivered vaginally.
Analysis of the cord blood revealed similar concentrations of gemfibrozil and its
active metabolite in both umbilical vein and artery at levels within the normal
reference for adults. The infant was intubated for 48 hours for respiratory
distress. The mother and her daughter were both healthy and doing well 11
years later (9).

BREASTFEEDING SUMMARY
No reports describing the use of gemfibrozil during lactation have been located.
The molecular weight (about 250) suggests that the drug will be excreted into
milk. However, the extensive metabolism, high plasma protein binding, and
short half-life (1.5 hours) should limit the exposure. Nevertheless, there is a
potential for severe toxicity in a nursing infant and the drug should probably not
be used during breastfeeding.
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GEMIFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of gemifloxacin during human pregnancy have
been located. The animal toxicity (fetal growth restriction) observed at
exposures close to those obtained in humans should be considered before
this agent is used in pregnant women. Moreover, some reviewers have
concluded that all fluoroquinolones should be considered contraindicated in
pregnancy (e.g., see Ciprofloxacin and Norfloxacin) because safer
alternatives are usually available.

FETAL RISK SUMMARY
Gemifloxacin is a synthetic, broad-spectrum, fluoroquinolone antibacterial
agent. It is in the same anti-infective class as ciprofloxacin, enoxacin,
gatifloxacin, levofloxacin, lomefloxacin, moxifloxacin, norfloxacin, ofloxacin,
sparfloxacin, and trovafloxacin. Gemifloxacin is available in an oral formulation.
Gemifloxacin and its metabolites are primarily eliminated in the feces (about
61%), with the remainder excreted in the urine (about 36%). Plasma protein
binding ranges from 55% to 73% and the elimination half-life is about 7 hours
(range 4–12 hours) (1).

Reproduction studies have been conducted with gemifloxacin in mice, rats,
and rabbits. Fetal growth restriction was observed in all three species given
doses resulting in exposures, based on AUC, that were two-, four-, and three-
fold greater, respectively, than those obtained in women given oral doses of
325 mg (HD). The growth restriction appeared to be reversible in rats, but this
was not studied in mice and rabbits. In rats, a dose eight times the HD not only
caused fetal brain and ocular malformations but also caused maternal toxicity.
The no-observed-effect-level (NOEL) in pregnant animals was about 0.8–3
times the HD (1).



It is not known if gemifloxacin crosses the human placenta. The molecular
weight of the mesylate salt (about 485), plasma protein binding (55%–73%),
and elimination half-life (about 7 hours) suggest that passage to the fetus
should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of gemifloxacin in lactating humans have been
located. The molecular weight (about 485), plasma protein binding (55%–73%),
and elimination half-life (about 7 hours) suggest that the drug will be excreted
into breast milk. The effect of this exposure on a nursing infant is unknown.
However, other fluoroquinolones are classified by the American Academy of
Pediatrics as compatible with breastfeeding (see Ciprofloxacin).
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GENTAMICIN
Antibiotic (Aminoglycoside)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Gentamicin is used frequently in pregnancy to treat maternal infections.
Developmental toxicity has not been associated with this agent.

FETAL RISK SUMMARY
Gentamicin is an aminoglycoside antibiotic. The antibiotic did not impair fertility
or cause fetal harm in rats and rabbits (1). Not surprisingly, gentamicin
produces dose-related nephrotoxicity in fetal rats (2–4). High doses (110
mg/kg/day SC) of gentamicin during gestation have also been shown to
produce significant and persistent increases in the blood pressure, as well as
nephrotoxicity, in exposed rat offspring (5).

Gentamicin rapidly crosses the placenta into the fetal circulation and amniotic
fluid (6–15). Following 40- to 80-mg IM doses given to patients in labor, peak
cord serum levels averaging 34%–44% of maternal levels were obtained at 1–
2 hours (6,9,13,14). Following a single 80-mg IM injection before delivery,
mean peak amniotic fluid concentrations (5.17 mcg/mL) occurred at 8 hours
(14). No toxicity attributable to gentamicin was seen in any of the newborns.
Patients undergoing 1st and 2nd trimester abortions were given 1 mg/kg IM
(10). Gentamicin could not be detected in their cord serum before 2 hours.
Amniotic fluid levels were undetectable at this dose up to 9 hours after injection.
Doubling the dose to 2 mg/kg allowed detectable levels in the fluid in one of two
samples 5 hours after injection.

The pharmacokinetics of gentamicin in 23 women with pyelonephritis at a
mean gestational age of 21.8 weeks was described in 1994 (16). Similar to
that observed in postpartum women, standard weight-adjusted doses of
gentamicin produced low, subtherapeutic serum levels in most of the women.

A brief study published in 2000 compared gentamicin serum levels in infants
of women who had received the antibiotic IV (240-mg single daily dose vs. 80



mg 3 times daily) during labor (17). In the single daily dose group (N = 11), all
of the mothers had received one dose a mean 5.12 hours before delivery,
whereas in the divided-dose group (N = 10), 9 of 10 mothers received one
dose a mean 4.72 hours before delivery. The mean serum levels in the
newborn infants were 1.94 and 0.98 mcg/mL, respectively (p = 0.01). There
was no correlation between the infant’s serum level and the time interval from
the mother’s dose (17). Based on their analysis, the authors concluded that the
divided-dose regimen was best for women in labor (17).

In an abstract published in 1997, women undergoing mid-trimester
terminations received gentamicin either as a 10-mg intra-amniotic infusion (N =
16) or a single 80-mg IV dose (18). Low median gentamicin plasma levels were
measured in the mothers and fetuses after the intra-amniotic dose:
0.28 mcg/mL in the mothers and 0.4 mcg/mL in the fetuses. In contrast, the
median amniotic fluid concentration, 46 mcg/mL, was sustained for >24 hours.
After IV dosing, amniotic fluid concentrations were low throughout the study
(median 0.35 mcg/mL). The authors concluded that intra-amniotic infusions of
gentamicin were a safe method to administer the antibiotic without reaching
toxic levels in the mother or the fetus (18).

Intra-amniotic instillations of gentamicin were given to 11 patients with
premature rupture of the membranes (19). Ten patients received 25 mg every
12 hours and one received 25 mg every 8 hours, for a total of 1–19 doses per
patient. Maternal gentamicin serum levels ranged from 0.063 to 6 mcg/mL (all
but one were <0.6 mcg/mL and that one was believed to be caused by error).
Cord serum levels varied from 0.063 to 2 mcg/mL (all but two were <0.6
mcg/mL). No harmful effects were seen in the newborns after prolonged
exposure to high local concentrations of gentamicin.

Only one report linking the use of gentamicin to congenital defects has been
located. A 34-year-old woman, who was not known to be pregnant at the time,
received a 10-day course of gentamicin (300 mg/day) in gestational
week 7 (20). The appropriateness of this dose cannot be determined because
the mother’s height and weight and renal function were not given. The mother
was also treated with prednisolone (50 mg/day for 5 days) for an “allergic
reaction” to the antibiotic. She delivered an apparently healthy, 2950-g
(6 pounds 8 ounces) male infant at 37 weeks’ gestation. His growth after birth
was less than the 5th percentile and, at 4.5 years of age, the child was
evaluated for short stature (<5th percentile). At this time, he was noted to have
impaired renal function. Ultrasound examination revealed small kidneys, both
<5th percentile for age, with increased echotexture, markedly decreased



corticomedullary differentiation, and small bilateral cysts. Although the exact
cause of the renal cystic dysplasia was unknown, and a potential genetic defect
could not be excluded, the authors speculated, on the basis of animal studies,
that the combination of gentamicin and prednisolone had induced the abnormal
nephrogenesis.

Gentamicin, in combination with ampicillin (N = 62), was compared with two
groups of women treated with cefazolin (N = 58) or ceftriaxone (N = 59) in a
randomized trial of the treatment of acute pyelonephritis in pregnancy (21). The
mean gestational age at the start of therapy was 14 to 15 weeks. There were
no significant differences among the three groups in clinical or pregnancy
outcomes. The pregnancy outcomes included gestational age at delivery,
preterm delivery, birth weight, neonatal intensive care admission, and length of
stay in the neonatal intensive care if admitted (21).

The population-based dataset of the Hungarian Case-Control Surveillance of
Congenital Abnormalities, covering the period of 1980–1996, was used to
evaluate the teratogenicity of aminoglycoside antibiotics (parenteral gentamicin,
streptomycin, tobramycin, and oral neomycin) in a study published in 2000 (22).
A case group of 22,865 women who had fetuses or newborns with congenital
malformations were compared with 38,151 women who had no newborns with
structural defects. A total of 38 cases and 42 controls were treated with
aminoglycosides. There were 19 women in the case and control groups, 0.08%
and 0.05%, respectively, treated with gentamicin (odds ratio 1.7, 95%
confidence interval 0.9–3.2). A case–control pair analysis for the 2nd and 3rd
months of gestation also failed to show a risk for teratogenicity. The
investigators concluded that there was no detectable teratogenic risk for
structural defects for any of the aminoglycoside antibiotics (22). Although it was
not investigated in this study, they also concluded that the risk of deafness after
in utero aminoglycoside exposure was small.

Ototoxicity, which is known to occur after gentamicin therapy, has not been
reported as an effect of in utero exposure. However, eighth-cranial nerve
toxicity in the fetus is well known following exposure to other aminoglycosides
(see Kanamycin and Streptomycin) and may potentially occur with gentamicin.
Gentamicin and vancomycin, both of which can cause ototoxicity and
nephrotoxicity, have been used together during pregnancy without apparent
harm to the fetus or newborn (see Vancomycin).

Potentiation of MgSO4-induced neuromuscular weakness has been reported
in a neonate exposed during the last 32 hours of pregnancy to 24 g of MgSO4
(23). The depressed infant was treated with gentamicin for sepsis at 12 hours



of age. After the second dose, the infant’s condition worsened with rapid onset
of respiratory arrest. Emergency treatment was successful, and no lasting
effects of the toxic interaction were noted.

BREASTFEEDING SUMMARY
Small amounts of gentamicin are excreted into breast milk and absorbed by the
nursing infant. In a reference published in 1994, 10 women, who had just
delivered term infants, were administered antibiotic prophylaxis with gentamicin
(80 mg IM 3 times daily) (24). On the 4th day of a 5-day therapy course, milk
and serum samples were obtained. The mean maternal serum levels of
gentamicin at 1 and 7 hours after a dose were 3.94 and 1.02 mcg/mL,
respectively. Mean milk levels at 1, 3, 5, and 7 hours after a dose were 0.42,
0.48, 0.49, and 0.41 mcg/mL, respectively, providing mean milk:plasma ratios
at 1 and 7 hours of 0.11 and 0.44, respectively. The infants were allowed to
breastfeed 1 hour after a dose and serum samples were collected 1 hour later.
Five of the 10 infants had detectable (>0.27 mcg/mL) gentamicin serum levels
with a mean level of 0.41 mcg/mL.

In a case report, a nursing infant developed two grossly bloody stools while
his mother was receiving gentamicin and clindamycin (25). The condition
cleared rapidly when breastfeeding was discontinued. Although both antibiotics
are known to be excreted into milk, the cause of the infant’s diarrhea cannot be
determined with certainty. The American Academy of Pediatrics classifies
gentamicin as compatible with breastfeeding (26).
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GENTIAN VIOLET
Disinfectant/Anthelmintic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
40 of whom had 1st trimester exposure to gentian violet (1). Evidence was
found to suggest a relationship to malformations based on defects in 4
patients. Independent confirmation is required to determine the actual risk.

BREASTFEEDING SUMMARY
No reports describing the use of gentian violet during human lactation have
been located.
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GINGER
Herb
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

There is no evidence of ginger-induced developmental toxicity. The herb
has been used safely as an antiemetic for nausea and vomiting of
pregnancy.

FETAL RISK SUMMARY
The rhizome of the perennial plant, ginger (Zingiber officinale), is used as a
dried powdered spice in foods and as a natural medicine for its alleged
carminative, cardiotonic, antithrombotic, antibacterial, antioxidant, antitussive,
antiemetic, stimulant, antihepatotoxic, anti-inflammatory, antimutagenic,
diaphoretic, diuretic, spasmolytic, immunostimulant, and cholagogue actions
(1). The active ingredients in ginger are thought to be primarily a class of
structurally cardiotonic compounds called gingerols. Other pharmacologically
active compounds that have been identified in ginger include shogaol,
dehydrogingerdiones, gingerdiones, and zingerone. Some of these ingredients
inhibit prostaglandin synthetase (cyclooxygenase) but, in some cases, this
activity may be confined only to fresh ginger (1).

In a reproduction study, ginger tea (20 or 50 g/L) was given to rats during
organogenesis (days 6–15) via their drinking water (2). The lower concentration
(20 g/L) was equivalent to the ginger tea consumed by humans (2). No
maternal toxicity or teratogenicity was seen, but early embryonic loss was
double that of the controls (p <0.05) at both doses. In addition, surviving
fetuses, especially females, were significantly heavier than controls and had
more advanced skeletal growth (2). Another rat study used a patented
standardized ethanol extract of Z. officinale (EV.EXT 33) to administer doses
up to 1000 mg/kg/day during organogenesis (3). Compared with a control
group, no embryo toxicity, teratogenicity, or treatment-related adverse effects



were observed in the pregnant rats or their offspring.
Several authors have commented on or reported, with mixed results, studies

examining the antiemetic properties of ginger in nonpregnant patients (4–10),
and a review of this topic was published in 2000 (11). The oral dose in the
studies varied from 1 to 2 g/day of the powdered root or rhizome. Although the
exact mechanism of action is unknown, it appears to be a local effect in the
gastrointestinal tract rather than a central action (7,10). The effect may be
mediated by antagonism of gastrointestinal 5-hydroxytryptamine (serotonin) to
prevent stimulation of the vagus nerve and, thus, the vomiting center (8,10).
One author commented that ginger has been long used in Chinese herbal or
folk medicine for the treatment of pregnancy-induced nausea and vomiting (5).

The efficacy of ginger as an antiemetic in pregnancy was studied in a double-
blind, randomized, cross-over trial involving women with hyperemesis
gravidarum (12). All the subjects had been admitted to a hospital with
hyperemesis and if their symptoms persisted for more than 2 days, they were
enrolled in the study after giving informed consent. A total of 27 women at a
mean gestational age of about 11 weeks completed the study. The women
were administered either powdered root of ginger (1 g/day) or placebo for 4
days, then nothing for 2 days, then given the alternate agent for 4 days. More
patients stated a preference for (p = 0.003), and had greater relief from their
symptoms (p = 0.035), with ginger than with placebo. No maternal adverse
effects were observed. The pregnancy outcomes were one spontaneous
abortion in the 12th week of gestation, one elective abortion for reasons other
than nausea and vomiting, and 25 normal living infants. The mean gestational
age at delivery was 39.9 weeks (range 36–41 weeks) with a mean birth weight
of 3585 g (range 2450–5150 g). All had Apgar scores of 9–10 at 5 minutes,
and none had a congenital abnormality (12).

In a comment relating to the above study, one author urged caution in the use
of ginger during pregnancy, citing ginger’s action as a thromboxane synthetase
inhibitor, which, theoretically, could affect testosterone-receptor binding and
result in adverse sex-steroid differentiation of the fetal brain (13). Although the
author’s research failed to find evidence of toxicity due to ginger, he
recommended that it not be used in pregnancy until this effect was studied. No
published reports to refute or support this alleged effect, however, have been
located.

A 2001 randomized, double-masked study also evaluated the effect on
ginger on nausea and vomiting of pregnancy (14). Ginger 1 g/day was
compared with placebo for 4 days starting at a mean gestational age of about



10 weeks. Ginger resulted in a significant decrease in the severity of nausea
and vomiting. No adverse effects on pregnancy outcome were detected (14).

The result of a prospective study of women consuming ginger in the 1st
trimester for nausea and vomiting was reported in 2003 (15). The pregnancy
outcomes of the exposed women were compared with a control group who
were exposed to nonteratogenic drugs that were not antiemetics. The
outcomes in the 187 ginger-exposed subjects were 3 spontaneous abortions, 1
elective abortion (Down’s syndrome), 2 stillbirths, and 181 live births. Three
liveborn infants had birth defects: ventricular septal defect, right lung
abnormality, and a kidney abnormality (pelviectasis). In addition, a female child
was later diagnosed with idiopathic central precocious puberty at 2 years of
age. The mean birth weight was 3542 g and the mean gestational age at birth
was 39 weeks. Except for the fact that more control infants weighed <2500 g,
the outcomes between the groups did not differ significantly. Sixty-six women
rated the effectiveness of ginger in controlling nausea and vomiting. On a 10-
point scale (0 being no effect and 10 the best effect), the mean score was 3.3
(within the “mild effect” range) (15).

A 2004 randomized, controlled trial was conducted in women <16 weeks’
gestation (16). Women were treated for 3 weeks with either ginger (N = 146)
(1.05 g/day) or vitamin B6 (N = 145) (75 mg/day) and the efficacy of the
treatments was measured at 7, 14, and 21 days. The median gestational age
at the start of the study in the two groups was 8.5 and 8.6 weeks, respectively.
There was no difference between the groups, averaged over time, in reducing
nausea, retching, or vomiting. There also was no difference in the pregnancy
outcomes, except that the ginger group had slightly more live births (16).

BREASTFEEDING SUMMARY
No studies describing the use of ginger during lactation have been located. It is
unlikely, however, that small doses of ginger, such as those used as a spice,
would affect a nursing infant. The effects, if any, of the higher doses used as
an antiemetic are also unknown, but they are probably of little consequence to
the infant. The oral bioavailability of ginger and its active ingredients, however,
has not been studied in animals or humans.
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GINKGO BILOBA
Herb
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ginkgo biloba during human pregnancy
have been located. No mutagenicity in animals or human sperm was
observed and no teratogenicity occurred in one animal species, but the
data and details of the animal studies are very limited. Moreover, a large
number of chemicals have been identified from this herb and none has
undergone rigorous reproductive testing. However, because ginkgo is an
ancient herb and its use is widespread, it is doubtful that a major
teratogenic effect or other significant reproductive toxicity would have
escaped notice. More subtle or low-incidence effects, however, including
structural and behavioral teratogenicity, the induction of abortions, and
infertility may have escaped detection, and further study is required before
human reproductive risk or safety can be assessed.

Because of the uncertainties described above, various sources can be
found that either state there are no restrictions against it use in pregnancy
(1) or that the herb is contraindicated during gestation (2–4). The safest
course is to avoid ginkgo products during pregnancy.

FETAL RISK SUMMARY
Ginkgo biloba (scientific name) is a popular herbal preparation. The dioecious
ginkgo tree may live as long as several 100–1000 years. It is the sole survivor
of the family Ginkgoaceae, which dates back >200 million years. The tree,
which may grow to a height of 30–40 m (approximately 98–131 feet), has fan-
shaped leaves and is indigenous to China, Japan, and Korea (2,3,5).
Commercial plantations of ginkgo trees in the United States, however, are
pruned to shrub height to allow mechanical picking of the leaves (6).



The medicinal parts of ginkgo are the fresh and dried leaves, and the seeds
separated from their fleshy outer layer (5). Ginkgo leaf extract, however, is the
most commonly used form of this herb (3). Numerous uses have been
recommended for the various IV (not available in United States) and oral
preparations of ginkgo leaf extract, some of which are symptomatic relief of
organic brain syndrome (e.g., cerebral insufficiency, anxiety and stress,
memory impairment, headache, and dementias), intermittent claudication and
other circulatory disorders, asthma, and vertigo and tinnitus of vascular origin
(1–3,5,6).

Ginkgo seed, although not commercially available in the United States, is
used orally as an antitussive and expectorant, as an aid for digestion, to
prevent drunkenness, in asthma and bronchitis, and for genitourinary
complaints. Topical uses include scabies and skin sores. Roasted seeds with
the pulp removed are eaten for food in Japan and China (3).

The content of active compounds in ginkgo leaves may vary widely
depending on the season (2,7). Seasonal and other factors, such as location
and method of harvest, may result in variance as much as 300% in the
concentrations of active compounds (7). Ginkgo leaf extract is prepared using
an acetone–water extraction process and subsequent purification steps without
adding concentrates or isolated ingredients (1,3,5,6). A number of chemical
constituents have been identified in the extract (percentages refer to German
Commission E standards): 22%–27% flavanone glycosides (flavonoids
consisting of monosides, biosides, and triosides of quercetin, kaempferol,
isorhamnetins, and 3′-O-methylmyristicins); 5%–7% terpene lactones
(terpenoids) (2.8%–3.4% ginkgolides A, B, C, and M [trilactonic diterpenes],
2.6%–3.2% bilobalide [trilactone sesquiterpene]); and <5 ppm of ginkgolic
acids (1–3,5,6). Other chemical constituents found in the leaf before
processing, in addition to those identified in the extract, include amino acid 6-
hydroxykynurenic acid, bioflavonoids (dimeric bioflavones: amentoflavone,
bilobetin, ginkgetin, isoginkgetin, 5-methoxybilobetin, sciadopitysin) (about 40
different bioflavonoids have been identified), terpene lactone (ginkgolide J),
steroids (sitosterol, stigmasterol), polyprenols, organic acids (shikimic, vanillic,
ascorbic, p-coumaric), benzoic acid derivatives, carbohydrates, straight-chain
hydrocarbons, alcohol, ketones, and 2-hexenol (2). A 1993 reference detailed
the chemical structures of the active ingredients (flavonoids and terpene
lactones) (8).

The seed contains 38% carbohydrate, 4% protein, and <2% fat (2). This part
of the tree is not marketed in the United States, but may contaminate other



ginkgo products (9). Chemicals found in the seed are alkaloids (e.g.,
ginkgotoxin), amino acids, cyanogenetic glycosides, and long-chain phenols
(e.g., anacaric acid, bilobol, and cardanol) (2).

Reproduction studies in animals have revealed no mutagenic or teratogenic
effects. No teratogenicity was observed in pregnant rats given oral doses up to
1600 mg/kg/day (2).

In a sperm penetration assay, zona-free hamster oocytes were incubated for
1 hour with two concentrations of ginkgo, 0.1 and 1.0 mg/mL, dissolved in
HEPES-buffered synthetic human tubal fluid (modified HTF) (10). Fresh human
donor sperms was suspended in the modified HTF and then mixed with the
oocytes for 3 hours. Modified HTF served as the control. At the 0.1 mg/mL
concentration, three of nine oocytes were penetrated, whereas at 1.0 mg/mL,
zero (0 of 8) penetration occurred. The decrease in penetration was not
associated with a decrease in sperm motility. In the second part of the study,
sperms were incubated with the herbal solutions for 7 days. Neither
concentration caused significant sperm DNA denaturation or mutation of a
selected sperm sentinel gene (BRCA1 exon 11 gene), but the higher
concentration reduced sperm viability compared with controls. Extrapolation of
these data to the reproductive risk of ginkgo in males is difficult, in part
because the concentration of the herb in semen or sperm has not been studied
(10). Moreover, although the doses used in this study are small fractions of the
actual recommended human dose, usually expressed in milligrams of ginkgo, no
published evidence indicates that the adverse effects observed have occurred
in vivo.

Although some ginkgo preparations may be standardized, the standardization
of any herbal product as to its constituents, concentrations, and the presence
of contaminants is generally lacking. Consumption of these products during
pregnancy may result in fetal exposure to unintended chemicals and doses.

BREASTFEEDING SUMMARY
No reports describing the use of ginkgo biloba during lactation have been
located. Although one source states that there are no restrictions to its use
during lactation (1), other sources consider the use of the herb during lactation
to be contraindicated (2–4). The latter course is the safest because of the
large number of chemical compounds in the herb and the absence of
information on the effects of exposure to these substances in a nursing infant.
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GINSENG
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Ginseng is an ancient popular herb that is used extensively throughout the
world. The reproductive effects of the herb in pregnant animals, except in
one case, have not been studied. Similarly, only one small study has
investigated its effect in human pregnancy, but the study did not mention if
birth defects were observed. As with most herbal preparations, there
appears to be little or no quality control in the production of commercial
products, and mislabeling of these products is probably common. Ginseng
is known to act on multiple organ systems. Depending on the product
ingested and the dose and duration of use, the herb can produce clinically
significant adverse reactions in nonpregnant patients. Hypertension and
hypoglycemia have been reported with ginseng (1). These effects could
complicate pregnancies with hypertensive disorders or diabetes. However,
because ginseng has been used in medicine for more than 2000 years and
its current use is widespread, it is doubtful if it causes major birth defects
or other clinically significant developmental toxicity. More subtle or low-
incidence effects, however, including structural and behavioral
teratogenicity, the induction of abortions, and infertility, may have escaped
detection. Further study using products identified by chemical analysis is
required before human reproductive risk or safety can be assessed.

FETAL RISK SUMMARY
Ginseng is a plant that is found throughout the world. The root is considered the
most important part of the plant because it contains the pharmacologically
active ginsenosides. Ginseng has been used in medicine for >2000 years. The
herb is promoted as having multiple pharmacologic effects, including



adaptogenic, CNS, cardiovascular, endocrine, ergogenic, antineoplastic, and
immunomodulatory effects. It is available as fresh or dried roots, extracts,
solutions, tablets, sodas, teas, chewing gum, cigarettes, and candy (1–3).

Although the name ginseng (common names, if given, shown in parentheses)
commonly refers to Panax quinquefollus L. (American or Canadian ginseng) or
P. ginseng  C.A. Meyer (Asian, Chinese, Korean, or Oriental ginseng; red
ginseng [steamed]), one source listed seven other recognized medicinal
ginsengs (1). They are P. japonicus  var bipinnatifidus, P. japonicus  C.A. Meyer
(Japanese, Chikusetsu, or zhu je ginseng), P. japonicus  var major, P.
notoginseng (Western or Five-fingers ginseng; Sang; San-chi; Tien-chan or
tienqi ginseng), P. pseudoginseng  subsp. himalaicus (Himalayan ginseng), P.
pseudoginseng var major (Zhuzishen), and P. vietnamensis  Ha et Grushv.
(Vietnamese ginseng) (1).

A 1994 letter stated that there were eight species and three varieties of
genus Panax in the Northern Hemisphere (4). The eight species were ginseng,
quinquefolium, notoginseng, pseudoginseng, zingigerensis, trifolus,
stipuleanatus, and japonicus. The varieties of P. japonicus  were identified as
var major, var angustifolius, and var bipinnatifidus.

Ginseng products are commercially available as food flavorings and herbal
medicines. Although the minor constituents of ginseng listed below might have
some role, the principal pharmacologically active ingredients of ginseng appear
to be a group of steroid-like compounds linked to sugars, called saponins
(ginsenosides) (1). At least 13 major saponins, as well as numerous minor
glycosides, have been identified. Minor constituents include volatile oils, β-
elemine, sterols, acetylenes, polysaccharides, starch, flavonoids, peptides,
various B-complex vitamins, minerals, enzymes, and choline (1). Xanthines
(e.g., caffeine, theophylline, and theobromine), produced by the plant, may also
be present in various concentrations and may contribute to the pharmacologic
action of the product (1).

The actual amount of ginsenosides in commercial preparations varies widely.
This variance partially reflects poor quality control, but may also depend on the
species, age of the root, location, season of harvest, and preservation or curing
method (1). In addition, products sold as ginseng may actually contain no
ginsenosides (2,5). For example, other herbal species that do not contain
ginsenosides are also called “ginseng,” such as Siberian ginseng
(Eleutherococcus senticosus; active constituents are eleutherosides) and
Brazilian ginseng (Pfaffia paniculata) (6). In addition, Chinese silk vine
(Periploca sepium), an herb that contains cardiac glycosides but no



ginsenosides, is a common substitute for Siberian ginseng (7).
A reproduction study with rats was conducted with an extract (G115) of

Oriental ginseng (P. ginseng ) (8). Two generations of rats, male and female,
were fed a diet supplemented with ginseng extract at doses of 1.5, 5, or 15
mg/kg/day or a control diet. No differences in treatment-related effects were
observed between the groups in terms of body weights, food consumption,
hematologic and clinical chemical data. In addition, no differences were noted in
ophthalmic, gross and histopathologic examinations, or in autopsies (8).

Ginseng (P. ginseng) was used as a fetal protectant in a study involving rats
given hexavalent chromium throughout gestation (9). Hexavalent chromium, the
most toxic form of chromium for the embryo and fetus, was fed to two groups
of female rats in their drinking water. In one of the groups, ginseng (20
mg/kg/day) was also given. A third group received ginseng only, whereas a
control group received neither agent. The rats receiving chromium plus ginseng
had significantly better pregnancy outcomes than those receiving only chromium
in terms of increased maternal weight gain, fewer pre- and postimplantation
losses, resorptions, and stillbirths, and lower rates of visceral and skeletal
anomalies (9).

The effects of American ginseng (P. quinquefolium) on male copulatory
behavior have been studied in rats (10). Doses of 10–100 mg/kg/day given for
28 days significantly stimulated copulatory behavior. In comparison with
controls, no effects were noted on plasma luteinizing hormone or testosterone
levels, or on sex organs, but plasma prolactin concentrations were significantly
decreased in ginseng-treated animals (10).

Three brief reports have described an estrogen-like effect (11) and vaginal
bleeding (12,13) in three postmenopausal women taking ginseng (P. ginseng  in
two; unknown source in one).

A 30-year-old woman took an herbal preparation alleged to be pure Siberian
ginseng (1300 mg/day—twice the manufacturer’s recommended dose)
throughout pregnancy and during the first 2 weeks of breastfeeding (14). In late
pregnancy, she had repeated occurrences of premature uterine contractions.
She also thought that the hair growth on her head, face, and pubic region had
increased and was thicker. The term, 3.3-kg male infant had thick black hair in
the pubic region and over the entire forehead, and swollen, red nipples (14).
The mother stopped breastfeeding 2 weeks postpartum on medical advice
because she did not want to stop taking the herb. At 7.5 weeks of age, the
infant’s weight (5.8 kg) and length (60.6 cm) were above the 97th percentile,
but the pubic and forehead hair, which had begun to fallout at 2 weeks, was



scant. A physical examination revealed testes that were enlarged (volume = 3
mL) but were otherwise normal. In addition, there was no evidence of
adrenogenital syndrome because the serum concentrations of 17-
hydroxyprogesterone, testosterone, and cortisol were within normal ranges.
The investigators noted that ginseng increases testosterone levels in male rats
and testes growth in rabbits, and could significantly increase corticotropin and
corticosteroid levels. Therefore, they concluded that the product she was taking
might have caused the hirsutism in the mother and infant and the infant’s
excessive weight gain (14).

In response to the above case, a representative for a government agency
argued that the cited animal studies involving ginseng had no relevance
because the active constituents of Siberian ginseng were eleutherosides that
are completely different from ginsenosides (15). In reply, one of the
investigators stated that they had recently given the woman doses either of her
Siberian ginseng or placebo in a double-blind manner. Her testosterone levels
were undetectable when she was taking the herb and normal when she
received placebo. The investigator hypothesized that the product she was
taking contained a compound that suppressed, but acted like, endogenous
testosterone (16). In the last correspondence on this case, three bulk lots of
powder supposedly containing Siberian ginseng were obtained from the
manufacturer of the product taken by the woman. The lot dates overlapped the
period of her pregnancy. Chemical analysis revealed that the powder was
actually Chinese silk vine (P. sepium), the bark of which contains cardioactive
glycosides (17). Inadvertent substitution of Chinese silk vine for Siberian
ginseng had occurred previously and may have resulted because of confusion
surrounding the Chinese names of the herbs (17).

A brief 1991 correspondence compared the outcomes of 88 Asian women
who had taken ginseng during pregnancy with 88 matched controls who had not
taken the herb (18). No statistically significant differences were found in the
mode of delivery, birth weight, low birth weight (<2500 g), preterm delivery
(<37 weeks), low Apgar scores (<7), and stillbirths or neonatal deaths.
Regarding pregnancy complications, there were no differences in the incidence
of gestational diabetes, or antepartum or postpartum hemorrhage, but
significantly more controls than subjects had preeclampsia (1 vs. 8; p <0.02).
No mention was made of congenital malformations in either group (18).

BREASTFEEDING SUMMARY
No studies describing the use of ginseng during human lactation have been



located. Confusion has arisen over the actual identity of commercial products
(see above) and without chemical analysis, the actual herb ingested is
uncertain. Ginseng can affect multiple organ systems in users and, potentially,
could adversely affect a nursing infant if the ginsenosides (active constituents)
were excreted into breast milk. However, it is doubtful if ginseng has caused
clinically significant effects in nursing infants because of its ancient and
widespread use. Although more subtle effects on a nursing infant could have
been missed, the proven benefits of breastfeeding may outweigh the unknown
risk from exposure to the active and inactive constituents of ginseng. Women
taking this herb and nursing should be informed of this uncertainty.
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GLATIRAMER
Immunologic Agent (Immunosuppressive)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of glatiramer during pregnancy appears to be low risk. In addition,
the benefits of the drug in reducing the number of relapses of multiple
sclerosis appear to outweigh the potential, but unknown risks to the
embryo–fetus. If indicated, glatiramer should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Glatiramer (copolymer-1) is an immunosuppressant agent given by SC injection
to reduce the frequency of relapses in patients with relapsing–remitting multiple
sclerosis, including patients who experienced a first clinical episode and have
features consistent with multiple sclerosis. It is the acetate salts of synthetic
polypeptides containing four naturally occurring amino acids: L-glutamic acid, L-
alanine, L-lysine, and L-tyrosine. Chemically, glatiramer is a designated L-
glutamic acid polymer with L-alanine, L-lysine, and L-tyrosine, acetate (salt).

A substantial fraction of the dose is hydrolyzed locally, but some may enter
the systemic circulation intact (1).

Reproduction studies during organogenesis have been conducted in rats and
rabbits at SC doses up to 18 and 36 times the human dose of 20 mg based on
BSA (HD), respectively. No adverse fetal effects were observed in either
species. Pregnant rats were also given glatiramer at doses up to about 18
times the HD from gestational day 15 and throughout lactation. No significant
effects were observed on delivery or pup growth or development.

Long-term studies for carcinogenesis in mice and rats were negative, as
were assays for mutagenesis or clastogenic effects. In fertility and reproductive
performance studies in rats at SC doses up to 18 times the HD, no adverse



effects were observed on reproductive or developmental parameters (1).
It is not known if glatiramer crosses the human placenta to the fetus. The

average molecular weight of glatiramer acetate is 5000–9000, suggesting that
it does not cross by simple diffusion.

A prospective observational cohort study from a Teratology Information
Service in Berlin compared the pregnancy outcomes of four groups: exposure
to glatiramer (N = 31) or interferon (N = 69) (either beta-1a (N = 48) or beta-1b
(N = 21), women with multiple sclerosis not exposed to these agents (N = 64),
and a healthy comparative group (N = 1556) (2). Spontaneous abortions
(SABs), all within the expected range, in the four groups were 3.9%, 11.7%,
9.8%, and 9.1%, respectively. The higher rate in the interferon group was due
to a 27.8% rate in the beta-1b subgroup. Major birth defects occurred in two
exposed to glatiramer, none in the interferon group, three in the multiple
sclerosis group, and 23 of the healthy controls. In the glatiramer-exposed
group, club feet occurred in a term infant who was exposed until gestational
week 6. The second defect in the glatiramer group was a complex heart defect
diagnosed by ultrasound. The mother in this case had received the drug until
gestational week 13. She also had received moxifloxacin for 1 day and
levofloxacin for 5 days in week 6, as well as IV glucocorticoids for 3 days for
relapse. Her pregnancy was electively terminated. The male fetus had a
complete atrioventricular canal (grade III) with a normal karyotype. In all
groups, the mean birth weights were within the normal range (>3200 g) but
were significantly lower in the interferon group. The birth weights also were
significantly lower in mothers who had relapsed. The authors concluded that
neither glatiramer or interferon was a major risk for developmental toxicity (2).

A 2010 study reported the pregnancy outcomes of 13 women (14 newborns
—one set of twins) with multiple sclerosis (3). Glatiramer was used throughout
gestation in nine cases, discontinued early (weeks 4 or 5) in gestation in three
cases, and discontinued at 19 weeks in one case. There were no birth defects
in the 14 newborns (3).

A brief 2011 report described three women with multiple sclerosis who
received glatiramer throughout gestation (4). The pregnancy outcomes were
compared with seven women with more complicated (increased relapses)
multiple sclerosis who were treated with interferon beta-1a throughout
gestation. Birth weight was lower in the glatiramer group, 3142 g vs. 3444 g,
but the glatiramer group was born earlier (38.3 vs. 39.7 weeks). In the
glatiramer group, a male infant had hypospadias that required surgical
correction. In the interferon group, a male infant had a valvular stenosis of the



pulmonary artery (4).
In a 2012 study from Germany, pregnancy outcomes in women with multiple

sclerosis were compared in three groups: glatiramer (N = 41), interferon beta
(N = 78), and pregnancies not exposed to these agents (N = 216) (5). There
were no differences between the groups in terms of birth weight, body length,
gestational age at birth, and preterm birth. Congenital anomalies were
observed in two infants in the glatiramer group (defect of urinary bladder and
hip dysplasia), three in the interferon group (ventricular septal defect [VSD],
valvular stenosis of the pulmonary artery, and hip dysplasia), and seven in the
control group (5).

A 2012 study from Italy evaluated the pregnancy outcomes in 423 cases
where the mother had multiple sclerosis (6). In the prospective observational
multicenter study, 17 were exposed to glatiramer, 88 to interferon beta, and
318 nonexposed. Glatiramer was not associated with a higher frequency of
SAB or other negative pregnancy and fetal outcomes (6).

BREASTFEEDING SUMMARY
Because of the high molecular weight (about 5000–9000), it is doubtful if
unmetabolized glatiramer is excreted into breast milk. In a 2010 report
described above, 8 of 13 mothers receiving glatiramer chose to breastfeed
their infants (3). The duration of nursing was 1 day to 6 months, but only two
breastfed for a significant period (2 and 6 months). No other information was
provided.

Three mothers who taken glatiramer throughout pregnancy continued the
therapy during exclusive breastfeeding for 6 months (4). None of the infants had
noticeable problems.

In the above study from Germany, 170 of 335 women throughout all three
groups breastfed exclusively (5). Significantly reduced relapse rates of multiple
sclerosis during the first 3 months occurred compared with nonexclusive
breastfeeding or nonbreastfeeding women (p <0.0001).
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GLIMEPIRIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One report describing the use of glimepiride during human pregnancy has
been located. Insulin is the treatment of choice for pregnant diabetic
patients because, in general, other hypoglycemic agents do not provide
adequate glycemic control. Moreover, insulin, unlike most oral agents, does
not cross the placenta to the fetus, thus eliminating the additional concern
that the drug therapy itself will adversely affect the fetus. Carefully
prescribed insulin therapy provides better control of the mother’s glucose,
thereby preventing the fetal and neonatal complications that occur with this
disease. High maternal glucose levels, as may occur in diabetes mellitus,
are closely associated with a number of maternal and fetal adverse effects,
including fetal structural anomalies if the hyperglycemia occurs early in
gestation. To prevent this toxicity, the American College of Obstetricians
and Gynecologists recommends that insulin be used for types 1 and 2
diabetes occurring during pregnancy and, if diet therapy alone is not
successful, for gestational diabetes (1,2).

FETAL RISK SUMMARY
Glimepiride is a second-generation sulfonylurea in the same class as glipizide
and glyburide (see also Glipizide and Glyburide). It is used as an adjunct to diet
and exercise, either alone or in combination with other oral agents, in the
treatment of type 2 diabetes (non-insulin-dependent diabetes mellitus). It has
also been used in combination with insulin when diet, exercise, and an oral
hypoglycemic have not controlled hyperglycemia.

Reproduction studies in animals have been conducted with glimepiride. No
teratogenic effects were observed in rats and rabbits given doses up to



approximately 4000 and 60 times, respectively, the maximum recommended
human dose based on BSA (MRHD). However, in some studies, rat pups,
nursing from mothers given high doses of glimepiride during pregnancy and
lactation, developed skeletal deformities consisting of shortening, thickening,
and bending of the humerus during the postnatal period. Moreover, fetotoxicity
(intrauterine death) occurred in both rats and rabbits at 50 and 0.1 times,
respectively, the MRHD. The fetotoxicity, which has also been observed with
other sulfonylureas, occurred only at doses that produced maternal
hypoglycemia and was thought to be due to that effect. No effect on the fertility
of male and female rats was noted at doses up to 4000 times the MRHD (3).

It is not known if glimepiride crosses the placenta, but the molecular weight
(about 491) is low enough that transfer to the fetus should be expected.
Hypoglycemia in the newborn may occur if glimepiride is taken close to
delivery.

A 2005 case report described the pregnancy outcome of a 33-year-old
woman treated with glimepiride for type 2 diabetes mellitus in the first 8 weeks
of an unplanned pregnancy (4). Other diseases in the patient were
hypertension, hypercholesterolemia, and morbid obesity that were treated with
orlistat, ramipril, thiocolchicoside (a muscle relaxant), simvastatin, metformin,
ciprofloxacin, and aspirin. When pregnancy was diagnosed at 8 weeks, all
medications were stopped, and she was started on methyldopa and insulin.
She gave birth at 38 weeks to a 3.470-kg female infant with Apgar scores of 5
and 7 at 1 and 5 minutes, respectively. No minor or major malformations were
observed in the infant (4).

BREASTFEEDING SUMMARY
No reports describing the use of glimepiride during human lactation have been
located. The relatively low molecular weight (about 491) suggests that the drug
will be excreted into breast milk. Because neonatal hypoglycemia is a potential
effect, women taking glimepiride should consider changing to insulin therapy
while nursing.
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GLIPIZIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the use of glipizide may be beneficial for decreasing the incidence
of fetal and newborn morbidity and mortality in developing countries where
the proper use of insulin is problematic, insulin is still the treatment of
choice for this disease during pregnancy. Moreover, insulin, unlike glipizide,
does not cross the placenta, which eliminates the additional concern that
the drug therapy itself is adversely affecting the fetus. Carefully prescribed
insulin therapy will provide better control of the mother’s blood glucose,
thereby preventing the fetal and neonatal complications that occur with this
disease. High maternal glucose levels, as may occur in diabetes mellitus,
are associated with a number of maternal and fetal adverse effects,
including fetal structural anomalies if the hyperglycemia occurs early in
gestation. To prevent this toxicity, the American College of Obstetricians
and Gynecologists recommends that insulin be used for types 1 and 2
diabetes occurring during pregnancy and, if diet therapy alone is not
successful, for gestational diabetes (1,2). If glipizide is used during
pregnancy, therapy should be changed to insulin. If glipizide is continued, it
should be stopped before delivery (the exact time before delivery is
unknown) to lessen the possibility of prolonged hypoglycemia in the
newborn.

FETAL RISK SUMMARY
Glipizide is an oral sulfonylurea agent, structurally similar to glyburide that is
used for the treatment of adult-onset diabetes mellitus. It is not the treatment of
choice for the pregnant diabetic patient.

Reproductive studies in male and female rats showed no effect on fertility.



Mild fetotoxicity (type not specified) was observed at all doses tested in rats
and was thought to be caused by the hypoglycemic action of glipizide. No
teratogenic effects were observed in rats or rabbits (3).

A 1994 report described the in vitro placental transfer, using a single
cotyledon human placenta, of four oral hypoglycemic agents (4). As expected,
molecular weight was the most significant factor for drug transfer, with
dissociation constant (pKa) and lipid solubility providing significant additive
effect. The cumulative percentage placental transfer at 3 hours of the four
agents and their approximate molecular weights (shown in parentheses) were
tolbutamide (270) 21.5%, chlorpropamide (277) 11.0%, glipizide (446) 6.6%,
and glyburide (494) 3.9% (4).

A 1984 source cited a study that described the use of glipizide in four
diabetic patients from the 32nd week of gestation through delivery (5). No
adverse effects in the fetuses were observed.

A study published in 1995 assessed the risk of congenital malformations in
infants of mothers with non-insulin-dependent diabetes during a 6-year period
(6). Women were included in the study if, during the first 8 weeks of pregnancy,
they had not participated in a preconception care program and then had been
treated either with diet alone (group 1), diet and oral hypoglycemic agents
(predominantly chlorpropamide, glyburide, or glipizide) (group 2), or diet and
exogenous insulin (group 3). The 302 women eligible for analysis gave birth to
332 infants (5 sets of twins and 16 with two or three separate singleton
pregnancies during the study period). A total of 56 (16.9%) infants had one or
more congenital malformations, 39 (11.7%) of which were classified as major
anomalies (defined as those that were either lethal, caused significant
morbidity, or required surgical repair). The major anomalies were divided
among those involving the CNS, face, heart and great vessels, gastrointestinal,
genitourinary, and skeletal (includes caudal regression syndrome) systems.
Minor anomalies included all of these, except those of the CNS, and a
miscellaneous group composed of sacral skin tags, cutis aplasia of the scalp,
and hydroceles. The number of infants in each group and the number of major
and minor anomalies observed were group 1—125 infants, 18 (14.4%) major,
6 (4.8%) minor; group 2—147 infants, 14 (9.5%) major, 9 (6.1%) minor; and
group 3—60 infants, 7 (11.7%) major, 2 (3.3%) minor. There were no
statistical differences among the groups. Six (4.1%) of the infants exposed in
utero to oral hypoglycemic agents and four other infants in the other two groups
had ear anomalies (included among those with face defects). Other than the
incidence of major anomalies, two other important findings of this study were



(1) the independent associations between the risk of major anomalies (but not
minor defects) and poor glycemic control in early pregnancy and (2) a younger
maternal age at the onset of diabetes. Moreover, the study did not find an
association between the use of oral hypoglycemics during organogenesis and
congenital malformations, in that the observed anomalies appeared to be
related to poor maternal glycemic control (6).

BREASTFEEDING SUMMARY
Nondetectable levels of glipizide were reported in three of four milk samples
from two women nursing their infants (7). The two women were on a steady-
state dose of glipizide (5-mg immediate-release tablet every morning for 6 and
15 days). In one woman, the peak milk concentration (3 hours after dose) was
0.20 mcg/mL and the trough level was nondetectable (detection limit 0.08
mcg/mL). In the second woman, both the peak and trough samples had
nondetectable glipizide levels. Blood glucose levels were normal in both of the
exclusively breastfed infants (7).
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GLUCAGON
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The limited animal and human pregnancy data suggest that the embryo
and/or fetal risks from glucagon are very low or negligible. Apparently, the
drug does not cross the placenta.

As with all antidotes, maternal treatment usually is paramount. Thus, in
cases of severe hypoglycemia, when IV glucose cannot be administered,
glucagon should not be withheld because of concern for embryo–fetal
safety. The maternal consequences of withholding treatment might place
the pregnancy at far greater risk than the undocumented risk from the drug.

FETAL RISK SUMMARY
Glucagon is a single-chain polypeptide hormone produced by recombinant DNA
technology that is identical to human glucagon. Glucagon increases blood
glucose by stimulating hepatic glycogenolysis and relaxes smooth muscle of the
gastrointestinal tract. It also is used as an antidote for β-blocker overdose.
Glucagon must be given parenterally because it is destroyed in the
gastrointestinal tract and is not active when taken orally. The polypeptide
contains 29 amino acid residues with a molecular weight of 3483. Glucagon
treats severe hypoglycemia by the conversion of liver glycogen to glucose. It is
also indicated as a diagnostic aid in the radiologic examination of the
gastrointestinal tract when diminished intestinal motility is advantageous. The
hormone is extensively metabolized in the liver, kidney, and plasma and has a
very short elimination half-life (range 8–18 minutes) (1).

Reproduction studies have not been conducted with recombinant glucagon,
but have been performed with animal-source glucagon. In rats, doses up to 40
times the human dose based on BSA revealed no evidence of impaired fertility
or fetal harm (1).



An in vitro mouse study examined the effect of glucagon and other metabolic
factors (insulin, β-hydroxybutyrate, and acetoacetate) on the preimplantation
development of mouse embryos (2). Glucagon, as well as the other factors,
demonstrated a statistically significant dose-related inhibition of blastocyst
development when cultured over 72 hours. However, the relationship of the
observed embryotoxicity to a typical human clinical exposure is doubtful.

The metabolic response to glucagon injections (1 mcg/kg to 1 mg/kg) was
studied in chronically catheterized fetal lambs near term (3). A significant
hyperglycemia occurred within 15–30 minutes but, in contrast to neonatal
lambs, did not induce a significant ketogenesis.

In a 1992 study, no effects on renal function were observed in near-term
fetal sheep administered pharmacologic doses of glucagon (0.5 mcg/kg/min)
for 1.5 hours (4). However, a significant increase in fetal heart rate, without
changes in arterial pressure, was noted.

Glucagon does not cross the placenta in sheep or humans (5–8). In an
experiment with pregnant sheep at term, no transfer of radioiodine-labeled
glucagon was detected either from the mother to the fetus or from the fetus to
the mother (5). A 1972 human study failed to find evidence of glucagon
placental transfer in three mothers at term (6). Similarly, in an in vitro study
using human chorion, no transfer of glucagon to the fetal side was detected (7).
In a 1976 study, 15 women received a 1-mg IV dose of glucagon within 40
minutes of delivery (8). Compared with 47 control subjects, no change in
glucagon concentrations in umbilical cord blood was observed, suggesting a
lack of significant placental transfer.

A 1987 study reported the outcomes of seven pregnant women who had
received glucagon for severe hypoglycemia on 12 occasions during pregnancy
(9). In each case, a single 1-mg dose was given SC or IM by a spouse or other
family member, resulting in glucose levels of 100–200 mg/dL within 30 minutes
in 11 cases. In one case, the woman did not respond and required IV glucose
in the emergency room. Although the gestational timing of the glucagon doses
was not given, all of the infants survived and had normal Apgar scores at birth
(9).

Glucagon was used as an antidote in a pregnant woman who had taken a
massive overdose (15.2 g) of the β-blocker, metoprolol (10). At 20 weeks’
gestation, the woman ingested 152 100-mg tablets in a suicide attempt. She
suffered cardiac arrest in the hospital. Despite prolonged, but successful,
cardiopulmonary resuscitation, she remained in severe cardiogenic shock with
low systolic blood pressure. When the nature of the ingestion was learned, the



woman was given glucagon 1-mg IV. Her condition markedly improved after the
glucagon, but intrauterine fetal death had occurred and an induced abortion
was performed 10 days later (10).

A 2003 review on the effects of antidotes in pregnancy concluded that there
was probably no teratogenic risk because of the endogenous nature of
glucagon (11). However, doses >1 mg in human pregnancy have not been
reported.

BREASTFEEDING SUMMARY
No reports describing the use of glucagon during lactation have been located. It
is doubtful if such reports would be forthcoming because of the nature of its
indications (severe hypoglycemia; antidote; diagnostic agent) and its very short
elimination half-life (8–18 minutes). Moreover, even if the high molecular weight
(3483) polypeptide hormone were excreted into milk, it would be broken down
to its constituent amino acids or fragments thereof in the infant’s digestive tract.
Thus, the risk to a nursing infant appears to be negligible.
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GLUCARPIDASE
Antidote
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of glucarpidase in human or animal
pregnancy have been located, but such reports are unlikely because of the
drug’s indication. The use of methotrexate in pregnancy is contraindicated
(see Methotrexate). However, if the drug was used because a pregnant
woman inadvertently received methotrexate, the benefit–risk ratio might
favor glucarpidase.

FETAL RISK SUMMARY
Glucarpidase is a carboxypeptidase produced by recombinant DNA technology.
The enzyme is a homodimer protein that converts methotrexate to its inactive
metabolites. It is indicated for the treatment of toxic plasma methotrexate
concentrations (>1 µmol/L) in patients with delayed methotrexate clearance due
to impaired renal function. The metabolism and plasma protein binding data
were not specified, but the elimination half-life is 9 hours (1).

Reproduction studies in animals have not been conducted. Neither have
studies been conducted for carcinogenic and mutagenic potential, and studies
for impairment of fertility.

It is not known if glucarpidase crosses the human placenta. The molecular
weight (83,000) suggests that the protein will not cross to the embryo–fetus, at
least early in gestation.

BREASTFEEDING SUMMARY
No reports describing the use of glucarpidase during human lactation have been
located. The molecular weight (83,000) suggests that the protein will not be
excreted into mature milk, but might be excreted during the colostral phase.



However, reports of its use during breastfeeding are unlikely because of its
indication. Methotrexate is contraindicated during breastfeeding (see
Methotrexate).
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GLUCOSAMINE
Dietary Supplement
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for the one study, no reports describing the use of glucosamine in
human pregnancy have been located. The very limited animal data suggest
low risk, but the human data are too limited to determine the risk of
glucosamine in pregnancy. However, glucosamine is an endogenous
substance widely found in human tissues, so the embryo–fetus must
synthesize it during development. Moreover, the availability of free
glucosamine to cross the placenta also is apparently very limited.
Therefore, the planned or inadvertent use of glucosamine during gestation
does not appear to represent a clinically significant risk of embryo–fetal
harm.

FETAL RISK SUMMARY
Glucosamine, an amino-sugar, is an endogenous substance found in chitin,
glycoproteins, and glycosaminoglycans (formerly known as
mucopolysaccharides). It not only is derived from marine exoskeletons but also
is prepared synthetically. Endogenous glucosamine is involved in the process of
cartilage tissue formation and is present in tendons and ligaments. Commercial
formulations of glucosamine, sometimes in combination with chondroitin or
manganese, are used to treat osteoarthritis and other inflammatory conditions
(1–4). The drug is available in oral, injectable (intra-articular, IM, and IV), and
topical formulations, but only the oral form is available in the United States
(2,3,5). Oral bioavailability (26%) is limited by hepatic metabolism, whereas IM
bioavailability is 96%. After absorption, glucosamine is incorporated into plasma
proteins, and the elimination half-life is 57–70 hours (5). No official standards
regulate glucosamine production in the United States, so the actual dose taken



cannot be accurately determined.
In a 1956 study, no teratogenicity was observed in mice and rabbits (6).

However, glucosamine has been suspected of inhibiting protein, RNA, and DNA
synthesis (1). The clinical significance of this is unknown.

It is not known if glucosamine crosses the animal or human placenta. The
molecular weight (about 179) and prolonged plasma protein elimination half-life
suggest that the drug will cross to the embryo–fetus. However, unbound
glucosamine is concentrated in articular cartilage and free drug is undectable in
the plasma (3). Therefore, it appears that free drug at the maternal:fetal
interface is very limited and that little, if any, glucosamine would be available to
cross the placenta.

A 2005 abstract cited data from an ongoing study involving the exposure of
pregnant patients to glucosamine (7). Of the 55 women in the study, outcome
data were available for 34 pregnancies (20 pregnancies ongoing; 1 case no
data provided): 33 livebirths (2 sets of twins) and 3 spontaneous abortions. A
male infant had a scrotal hernia, which was repaired surgically (7). The timing
of the exposures, doses, and other information were not provided in this brief
abstract.

Concern has been expressed that glucosamine might alter glucose
metabolism (1–5). A 2006 review, however, concluded that the agent could be
used in some patients without affecting glucose control, but data in diabetic
patients were limited (8). Because pregnancy is a state of insulin resistance,
pregnant women with diabetes should be monitored closely for changes in
glucose control.

BREASTFEEDING SUMMARY
No reports describing the use of glucosamine during human lactation have been
located. The molecular weight (about 179) and prolonged plasma protein
elimination half-life suggest that the drug could be excreted in breast milk.
However, unbound glucosamine is undetectable in the plasma (3). Therefore, it
appears that little, if any, drug will be excreted into milk, and its use during
lactation probably is compatible.
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GLYBURIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The evidence suggests that glyburide may be an acceptable alternative to
insulin in gestational diabetes, but the risk factors for failure need to be
considered in the decision to use the oral agent. Glyburide also may be
beneficial for decreasing the incidence of fetal and newborn morbidity and
mortality in developing countries and in some populations where the proper
use of insulin is problematic. Moreover, either the agent does not cross the
placenta in detectable amounts or is actively transported back to the
mother. In either case, neonatal hypoglycemia secondary to glyburide
appears to be a low risk. Insulin is the treatment of choice for diabetic
types 1 and 2. For non-insulin-dependent diabetics (type 2), close control
of the mother’s blood glucose with insulin, preferably starting before
conception, will help to prevent the fetal and neonatal complications that
occur with this disease. High maternal glucose levels, as may occur in
diabetes mellitus, are associated with a number of maternal and fetal
adverse effects, including fetal structural anomalies if the hyperglycemia
occurs early in gestation. To prevent this toxicity, the American College of
Obstetricians and Gynecologists recommends that insulin be used for types
1 and 2 diabetes occurring during pregnancy and, if diet therapy alone is
not successful, for gestational diabetes (1,2).

FETAL RISK SUMMARY
Glyburide is a second-generation, oral sulfonylurea agent, structurally similar to
acetohexamide and glipizide that is used for the treatment of adult-onset
diabetes mellitus. It is not the treatment of choice for the pregnant diabetic
patient. Glyburide is metabolized to inactive metabolites. The decrease in
glyburide serum levels is biphasic with a terminal half-life of about 10 hours (3).



No fetotoxicity or teratogenicity was observed in pregnant mice, rats, and
rabbits fed large doses of the agent (4). In pregnant rats, glyburide crossed the
placenta to the fetus (fetal:maternal ratio 0.541) in amounts similar to diazepam
(fetal:maternal ratio 0.641) (5).

In studies using in vitro techniques with human placentas, only relatively small
amounts of glyburide were observed to transfer from the maternal to the fetal
circulation (6–11), and the use of placentas from diabetic patients (7) or with
high glucose concentrations (8) did not change the amounts transferred.
Concentrations used on the maternal side of the perfused placenta model were
approximately 800 ng/mL, much higher than the average peak serum level of
140–350 ng/mL obtained after a single 5-mg oral dose (9). Transport of the
drug to the fetal side of the placenta was 0.62% at 2 hours.

The in vitro placental transfer, using a single cotyledon human placenta, of
four oral hypoglycemic agents has been described (10). As expected,
molecular weight was the most significant factor for drug transfer, with the
dissociation constant (pKa) and lipid solubility providing a significant additive
effect. The cumulative percentage placental transfer at 3 hours of the four
agents and their approximate molecular weights (shown in parentheses) were
tolbutamide (270) 21.5%, chlorpropamide (277) 11.0%, glipizide (446) 6.6%,
and glyburide (494) 3.9% (10). In a study using similar in vitro techniques with
human placentas, glyburide did not increase glucose transfer to the fetus or
affect the placental uptake of glucose (11).

A commentary in 2001 considered several factors (pKa, molecular weight,
lipid solubility, elimination half-life, and protein binding) that could limit glyburide
from crossing the placenta (12). The short elimination half-life (4 hours) and
extensive protein binding (99.8%) were thought to be the major determinants
limiting transplacental transfer (12).

A 2006 study using an in vitro perfused human placental cotyledon reported
evidence of active glyburide transport from the fetal to the maternal side (13).
The transfer was against a concentration gradient, as the initial fetal:maternal
concentration ratio was 0.92 and then decreased over 3 hours to 0.31. The
investigators concluded that this was the first direct evidence of active transport
from the fetus to the mother of any medicinal drug used during pregnancy (13).

A 1991 report described the outcomes of pregnancies in 21 non-insulin-
dependent diabetic women who were treated with oral hypoglycemic agents
(17 sulfonylureas, 3 biguanides, and 1 unknown type) during the 1st trimester
(14). The duration of exposure was 3–28 weeks, but all patients were changed
to insulin therapy at the first prenatal visit. Forty non-insulin-dependent diabetic



matched women served as a control group. Eleven (52%) of the exposed
infants had major or minor congenital malformations compared with 6 (15%) of
the controls. Moreover, ear defects, a malformation that is observed, but
uncommonly, in diabetic embryopathy, occurred in six of the exposed infants
and in none of the controls. Two of the infants with defects (anencephaly;
ventricular septal defect) were exposed in utero to glyburide during the first 10
and 23 weeks of gestation, respectively, but these and the other malformations
observed, with the possible exception of the ear defects, were thought to be
related to poor blood glucose control during organogenesis. The cluster of ear
defects, however, suggested a drug effect or synergism between the drug and
lack of metabolic control in the mother. Sixteen live births occurred in the
exposed group compared with 36 in the control group. The groups did not differ
in the incidence of hypoglycemia at birth (53% vs. 53%), but 3 of the exposed
newborns (not exposed to glyburide) had severe hypoglycemia lasting 2, 4, and
7 days, even though the mothers had not used oral hypoglycemics close to
delivery. This was attributed to irreversible β-cell hyperplasia that may have
been increased by exposure to oral hypoglycemics. Hyperbilirubinemia was
noted in 10 (67%) of 15 exposed newborns compared to 13 (36%) of controls
(p <0.04), and polycythemia and hyperviscosity requiring partial exchange
transfusions were observed in 4 (27%) of 15 exposed vs. 1 (3.0%) control (p
<0.03) (1 exposed infant was not included in these data because of delivery
after completion of study) (14).

The use of glyburide in all phases of human gestation has been reported in
other studies (15–19). In these studies, glyburide (glibenclamide) was either
used alone or combined with the oral antihyperglycemic agent, metformin (see
Metformin). Neonatal hypoglycemia (blood glucose <25 mg/dL) was present in
4 of 15 (27%) newborns who were exposed to glyburide during gestation
(16,17). This adverse effect was 3.5 times that observed in a group of
newborns whose mothers were treated with insulin. Moreover, in one newborn,
the hypoglycemia persisted for more than 48 hours (16).

A study published in 1995 assessed the risk of congenital malformations in
infants of mothers with non-insulin-dependent diabetes (NIDDM) over a 6-year
period (20). Women were included in the study if, during the first 8 weeks of
pregnancy, they had not participated in a preconception care program and then
had been treated either with diet alone (group 1), diet and oral hypoglycemic
agents (predominantly chlorpropamide, glyburide, or glipizide) (group 2), or diet
and exogenous insulin (group 3). The 302 women eligible for analysis gave birth
to 332 infants (5 sets of twins and 16 with two or three separate singleton



pregnancies during the study period). A total of 56 (16.9%) of the infants had
one or more congenital malformations, 39 (11.7%) of which were classified as
major anomalies (defined as those that were either lethal, caused significant
morbidity, or required surgical repair). The major anomalies were divided
among those involving the central nervous system, face, heart and great
vessels, gastrointestinal, genitourinary, and skeletal (includes caudal regression
syndrome) systems. Minor anomalies included all of these, except those of the
central nervous system, and a miscellaneous group composed of sacral skin
tags, cutis aplasia of the scalp, and hydroceles. The number of infants in each
group and the number of major and minor anomalies observed were group 1—
125 infants, 18 (14.4%) major, 6 (4.8%) minor; group 2—147 infants, 14
(9.5%) major, 9 (6.1%) minor; and group 3—60 infants, 7 (11.7%) major, 2
(3.3%) minor. There were no statistical differences among the groups. Six
(4.1%) of the infants exposed in utero to oral hypoglycemic agents and four
other infants in the other two groups had ear anomalies (included among those
with face defects). Another important finding of this study was the independent
association between the risk of major anomalies and poor glycemic control in
early pregnancy. The study did not find an association between the use of oral
hypoglycemics during organogenesis and congenital malformations because the
observed anomalies appeared to be related to poor maternal glycemic control
(20).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 37 newborns had
been exposed to glyburide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.7%) major birth defect was observed (two
expected), which was a cardiovascular defect (0.4 expected). No anomalies
were observed in five other categories of defects (oral clefts, spina bifida,
polydactyly, limb reduction defects, and hypospadias) for which specific data
were available.

A study published in 2000 compared the pregnancy outcomes in gestational
diabetic women with singleton pregnancies who were randomly assigned to
treatment with glyburide or insulin (21). A majority of the women (83%) were
Hispanic, mostly Mexican American. The study was not blinded. The goals of
treatment were the achievement of a mean glucose concentration of 90–105
mg% and fasting, preprandial, and postprandial glucose levels of 60–90, 80–
95, and <120 mg%, respectively. A total of 404 women were enrolled, 201 in
the glyburide group and 203 in the insulin group. The mean pretreatment
glucose concentrations, fasting, preprandial, and postprandial concentrations,



and the glycosylated hemoglobin’s in the glyburide and insulin groups were 114
vs. 116 mg%, 104 vs. 108 mg%, 104 vs. 107 mg%, 130 vs. 129 mg%, and
5.7% vs. 5.6%, respectively. These results are indicative of mild
hyperglycemia. There were no significant differences between the groups in
terms of any characteristic, including the gestational age at start of therapy and
at delivery. The mean doses of glyburide and insulin were 9 mg/day and 85
units/day, respectively. Eight (4%) of the women randomized to glyburide failed
to achieve good glycemic control and were changed to insulin. During
treatment, the mean blood glucose concentrations and the mean fasting,
preprandial, and postprandial values did not differ significantly between the
glyburide and insulin groups. Nor was there a difference in the mean
glycosylated hemoglobin values, 5.5% vs. 5.4%, respectively, measured late in
the 3rd trimester. In 12 randomly selected women a mean 8 hours after the last
dose, the glyburide maternal serum concentrations ranged from 50 to 150
ng/mL, whereas glyburide was undetectable in cord serum. No significant
differences were measured between the groups in terms of neonatal features,
metabolic outcomes, or perinatal mortality (21). An accompanying editorial
explored the strengths and limitations of the study (22).

Several reports and an editorial have studied (23–27) or discussed (28) the
use of glyburide for the treatment of gestational diabetes not controlled by diet.
The studies reported favorable control of glucose levels with relatively few
patients requiring a change to insulin therapy. However, in one study, glyburide-
treated women had an increased risk of preeclampsia and their infants were
more likely to require phototherapy for hyperbilirubinemia (25). Several risk
factors have been identified that were predictors of glyburide failure: higher
mean glucose values on glucose challenge test and more likely to have a test
value ≥200 mg/dL (26); and diagnoses of diabetes earlier in gestation (23 vs.
28 weeks’) of older age (34 vs. 29 years) and multiparity, and with higher
fasting glucoses (>110 mg/dL) (27).

BREASTFEEDING SUMMARY
Nondetectable levels of glyburide in breast milk were reported in a 2005 study
involving 11 lactating women, 3 of whom were nursing infants (29). The analysis
of glyburide in milk was conducted at two different laboratories. Of eight
nonbreastfeeding subjects, six received a single 5- mg dose and two received a
single 10-mg dose. Glyburide was not detected in the milk of these cases
(detection limit 0.005 mcg/mL). Three breastfeeding women on a steady-state
dose of glyburide (5 mg every morning for 4–7 days) also had nondetectable



peak (4 hours post-dose) and trough glyburide levels in their milk (detection
limit 0.080 mcg/mL). Blood glucose levels were normal in two of the breastfed
infants (not determined in the third infant because supplements were being
given) (29).
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GLYCERIN
Laxative
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Only one report describing the use of glycerin in human pregnancy has
been located. The near absence of human pregnancy experience prevents
a full assessment of the embryo–fetal risk.

FETAL RISK SUMMARY
In a 2013 case report, a 24-year-old woman at 22 weeks’ gestation was
treated with 6 weeks of meropenem (3 g/day) and cefotaxime (2 g/day) for a
brain abscess (1). Glycerin (20 g/day) was given to reduce intracranial
pressure. She responded well to the therapy. At term, she gave birth to a
normal 2890-g female infant (1).

BREASTFEEDING SUMMARY
No data are available.
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GLYCOPYRROLATE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Glycopyrrolate is an anticholinergic agent. Although the data are very
limited, there is no evidence that drugs in this class cause developmental
toxicity.

FETAL RISK SUMMARY
In pregnant sheep, the transfer of glycopyrrolate (0.025 mg/kg) across the
placenta was significantly less than that of atropine (0.05 mg/kg) (1). No
change in maternal or fetal arterial pressure, fetal heart rate, or beat-to-beat
variability was observed. In pregnant dogs, the placental passage of
glycopyrrolate was again significantly less than that of atropine (2).

In a large prospective study, 2323 patients were exposed to this class of
drugs during the 1st trimester, only 4 of whom took glycopyrrolate (3). A
possible association was found between the total group and minor
malformations.

Glycopyrrolate has been used before cesarean section to decrease gastric
secretions (4–7). Maternal heart rate, but not blood pressure, was increased.
Uterine activity increased as expected for normal labor. Fetal heart rate and
variability were not changed significantly, confirming the limited placental
transfer of this quaternary ammonium compound. No effects in the newborns
were observed.

In a 1999 double-blind, randomized, controlled study, women were treated
with either glycopyrrolate (N = 24) or placebo (N = 25) immediately before
induction of subarachnoid anesthesia for elective cesarean section to determine
if the drug reduced the incidence and severity of nausea (8). Glycopyrrolate
reduced the frequency (p = 0.02) and severity (p = 0.03) of nausea. It also



reduced the severity of hypotension as evidenced by reduced ephedrine
requirements (p = 0.02). There was no difference in Apgar scores between the
two groups (8).

A 2011 study was conducted to determine if glycopyrrolate prevents
bradycardia in women receiving spinal anesthesia for cesarean section (9). In
the double-blind, placebo-controlled study, 34 patients received glycopyrrolate
and 35 received saline. Bradycardia (heart rate <60/min) occurred in none of
the glycopyrrolate patients and in six of the placebo group (p = 0.02) (9).

Glycopyrrolate has been recommended as the anticholinergic of choice
during anesthesia for electroconvulsive therapy in pregnant patients (10).

BREASTFEEDING SUMMARY
No reports describing the use of glycopyrrolate during human lactation have
been located (see also Atropine).
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GOLDENSEAL
Herb
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (High or Frequent Doses)

PREGNANCY SUMMARY

Goldenseal and its active isoquinoline alkaloids, hydrastine and berberine,
should be avoided in pregnancy because they can stimulate uterine
contractions and induce labor. Although dosage information and clinical
reports are lacking, goldenseal has been used traditionally as an
abortifacient. Nevertheless, goldenseal preparations have been available
for centuries, and the absence of reports describing human pregnancy
toxicity suggests low risk, at least from usual doses. However, the safest
course is to avoid this herb in pregnancy, especially high doses and/or
frequent use.

FETAL RISK SUMMARY
The perennial herb, goldenseal is found in the woods of the Ohio River valley
and other locations in the northeastern United States. It also is grown
commercially in Washington State, New York, North Carolina, and Canada ( 1).
Goldenseal has been used for hundreds of years and is one of the five top-
selling herbal products in the United States (2). The principal active
components, found in the roots, include the isoquinoline alkaloids (range of
concentrations) hydrastine (1.5%–4%) and berberine (0.5%–6%). Other
alkaloids with apparently less activity include canadine (tetrahydroberberine),
palmatine, and berberastine. For goldenseal, the typical daily doses for tablets
and capsules is 0.75–3.4 g/day, 0.9–3 mL of fluid extract, 6–12 mL of tincture,
and 1.5–3 g of dried root as a decoction (1,2).

Goldenseal is a component of many over-the-counter products, such as
dietary supplements, digestive aids, eardrops, cold/flu and allergy remedies,
and laxatives. The herb or individual alkaloids have been used for their
antimicrobial, antidiarrheal, anti-inflammatory, antiproliferative, cardiovascular,



ophthalmic, immunostimulant, and other effects, but controlled trials are lacking.
Moreover, the alkaloids are poorly absorbed when taken orally (1,2).

Reproduction studies have been conducted in rats and mice (3–8). In
pregnant rats, a daily oral dose that was 65 times the human dose based on
body weight was given on gestation days 1–8 or 8–15 (3). Compared with
controls, there was no increase in pre- or postimplantation losses, no change in
fetal weight, and no difference in the incidence of external or internal
malformations. In a separate study, rat embryos were explanted on gestation
day 10.5 and cultured with increasing concentrations (0.5–6 µL/mL) of
goldenseal extract for 26 hours in rat serum. Compared with nonexposed
embryos, growth restriction and embryotoxicity were observed in a dose-
dependent manner beginning at 1 µL/mL. The different results observed were
thought to be due to the poor oral absorption of goldenseal. Because
goldenseal is unlikely to be absorbed to the same extent as the concentrations
used in the in vitro study, the authors thought that the herb, at the prescribed
human dose, would not cause human embryo toxicity (3).

In a series of studies conducted by the National Toxicology Program, no
developmental toxicity was observed in pregnant rats and mice at doses that
were less than the maternal toxic dose (4–9).

It is not known if the active isoquinoline alkaloids of goldenseal cross the
human placenta. The molecular weights of two alkaloids, berberine (about 353)
and canadine (about 339), are low enough to cross. However, the poor
systemic bioavailability after recommended oral doses suggests that little will
reach the maternal circulation and be available to expose the embryo–fetus.
Higher doses, however, may result in greater bioavailability and, consequently,
greater embryo–fetal exposure.

Hydrastine and berberine are known to be uterine stimulants (1,2). Although
published clinical trials are lacking, herbs containing these constituents have
been used traditionally as abortifacients (2). The dose required for this effect
has not been published.

BREASTFEEDING SUMMARY
No reports describing the use of goldenseal or its active constituents during
lactation have been located. Systemic absorption is poor after ingestion of
recommended doses, so the amount of alkaloids in milk is most likely very low.
High or frequent doses, however, might result in systemic concentrations and
excretion into breast milk. Berberine, one of the active isoquinoline alkaloids of
goldenseal, is known to displace bilirubin from albumin in animal studies,



resulting in increased serum total and direct bilirubin concentrations (2). The
risk of this for a nursing infant is unknown but probably low if the mother is
ingesting low, infrequent doses of goldenseal. However, high doses or frequent
use of goldenseal, or use of the specific alkaloids, could place the infant at risk
of icterus or jaundice. Until human data are available, the safest course is to
avoid goldenseal or its active alkaloids while breastfeeding (10).
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GOLD SODIUM THIOMALATE
Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although gold compounds apparently do not pose a major risk to the fetus,
the clinical experience is limited and long-term follow-up studies of exposed
fetuses have not been reported.

FETAL RISK SUMMARY
Gold sodium thiomalate is indicated in the treatment of active rheumatoid
arthritis. Teratogenic effects were observed in rats and rabbits given SC doses
140 and 175 times the usual human dose, respectively, during organogenesis
(1). In rats, the defects were hydrocephaly and microphthalmia, whereas those
in rabbits were limb malformations and gastroschisis.

Gold compounds have been used for the treatment of maternal rheumatoid
arthritis and other conditions in a small number of pregnancies (2–7). One
review noted that several pregnant patients had been treated with gold salts
without harmful effects observed in the newborns (2). In a Japanese report,
119 patients were treated during the 1st trimester with gold, 26 of whom
received the drug throughout pregnancy (3). Two anomalies were observed in
the newborns—a dislocated hip in one infant and a flattened acetabulum in
another—but the association with the therapy is unknown. A German case
history involved a woman who received her last injection of gold for chronic
polyarthritis in the 3rd week of pregnancy (4). A growth-restricted, 1750-g
female infant was delivered at 40 weeks’ gestation. Other than the low birth
weight, no other abnormalities were noted in the infant, whose development
during the next 2 years was normal. In another case, a woman had been
treated with gold sodium thiomalate (sodium aurothiomalate) for 2 years
immediately prior to pregnancy, receiving her last dose when several weeks



pregnant (5). No adverse effects in the newborn were mentioned.
Gold compounds cross the placenta. A patient who had received a total dose

of 570 mg of gold sodium thiomalate from before conception through the 20th
week of gestation elected to terminate her pregnancy (6). No obvious fetal
abnormalities were observed, but gold deposits were found in the fetal liver and
kidneys. A second patient received monthly 100-mg injections of gold
throughout pregnancy (7). The last dose, given 3 days prior to delivery,
produced a cord serum concentration of 2.25 mcg/mL, 57% of the
simultaneous maternal serum level. No anomalies were observed in the infant.

BREASTFEEDING SUMMARY
Gold is excreted in milk (5,8–10). A woman received a total aurothioglucose
dose of 135 mg in the postpartum period (8). Gold levels in two milk samples
collected a week apart were 8.64 and 9.97 mcg/mL, respectively. The validity
of these figures has been challenged on a mathematical basis, so the exact
amount excreted is open to question (9). In addition, the timing of the samples
in relation to the dose was not given. Of interest, however, was the
demonstration of gold levels in the infant’s red blood cells (0.354 mcg/mL) and
serum (0.712 mcg/mL) obtained on the same date as the second milk sample.
The author speculated that this unexpected oral absorption may have been the
cause of various unexplained adverse reactions noted in nursing infants of
mothers receiving gold injections, such as rashes, nephritis, hepatitis, and
hematologic abnormalities (8).

Another report described a lactating woman who was treated with 50 mg of
gold sodium thiomalate weekly for 7 weeks after an initial 20-mg dose (total
dose 370 mg) (10). Milk and infant urine samples collected 66 hours after the
last dose yielded gold levels of 22 and 0.4 ng/mL, respectively. Repeat
samples collected 7 days after an additional 25-mg dose produced milk and
urine levels of 40 and <0.4 ng/mL, respectively. Three months after cessation
of therapy, transient facial edema was observed in the nursing infant, but it was
not known whether this was related to the maternal gold administration (10).

In a 1986 report, two women were given IM injections of gold sodium
thiomalate (5). One patient received 20 mg on day 1 followed by 50 mg on day
3. Milk concentrations rose from a low of 17 ng/mL (1.4% of simultaneous
maternal serum) 10 hours after the first dose to a peak of 153 ng/mL
(approximately 4.6% of maternal serum) 22 hours after the second dose. The
second patient received three doses of the gold salt consisting of 10 mg on day
1, 20 mg on day 8, and 20 mg on day 12. The peak milk concentration, 185



ng/mL (10.4% of maternal serum), occurred 3 hours after the third dose. The
levels of gold in the milk of both patients increased steadily over the sampling
periods. The investigators estimated that the nursing infant would receive about
20% of the maternal dose (5).

Three studies have described the excretion of gold into breast milk, with milk
concentrations in two of the studies similar in magnitude. Gold absorption by
the nursing infant has been documented. Although adverse effects have been
suggested, a direct cause-and-effect relationship has not been proven. At least
one set of investigators cautioned that, due to the prolonged maternal
elimination time after gold administration and the potential for toxicity in the
infant, nursing should be avoided (5). However, the American Academy of
Pediatrics classifies gold salts as compatible with breastfeeding (11).
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GOLIMUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk Contraindicated (if combined with methotrexate)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible Contraindicated (if combined with methotrexate)

PREGNANCY SUMMARY

No reports describing the use of golimumab in human pregnancy have been
located. The animal data from one species suggest that the embryo–fetal
risk is low. However, the lack of human pregnancy experience prevents a
full assessment of the risk. There is some similarity between the action of
immunomodulators with antitumor necrosis factor alpha (TNFα) activity and
the human teratogen thalidomide, a drug that also decreases the activity of
TNFα (see Thalidomide). However, decreased production of TNFα may not
be a primary cause of the teratogenicity of thalidomide. Theoretically,
TNFα antagonists could interfere with implantation and ovulation, but this
has not been shown clinically (1). If golimumab is indicated in a pregnant
woman, she should be informed of the absence of human pregnancy data.
Moreover, until adequate human data are available, the safest course is to
avoid the drug during organogenesis (20–55 days after conception or 34–
69 days from the first day of the last menstrual period).

FETAL RISK SUMMARY
Golimumab is a human IgG1k monoclonal antibody that blocks human TNFα.
TNFα is a pro-inflammatory cytokine with a central role in inflammatory
processes. Golimumab is in the same subclass of immunomodulators as
adalimumab, certolizumab pegol, etanercept, and infliximab that block TNF. It is
indicated, in combination with methotrexate, for the treatment of adult patients
with moderately to severely active rheumatoid arthritis. Golimumab also is
indicated, either alone or with methotrexate, for the treatment of adult patients
with active psoriatic arthritis and, alone for the treatment of adult patients with
active ankylosing spondylitis. The median terminal half-life is about 2 weeks (2).



Reproduction studies have been conducted in monkeys. Pregnant monkeys
were given twice-weekly SC doses during the 1st trimester that were up to 300
times the maximum recommended human dose based on weight. No evidence
of maternal or fetal harm or developmental defects was observed. The drug
crossed the placenta as indicated by its presence in umbilical cord blood
obtained at the end of the 2nd trimester. When monkeys were given twice-
weekly SC doses during the 2nd and 3rd trimesters, no evidence of maternal or
neonatal harm was noted. The doses produced maternal and neonatal
exposures that were 860 and 310 times, respectively, the maximal steady state
human blood levels. This exposure during pregnancy and lactation had no effect
on the development and maturation of the immune system in offspring (2,3).

Studies for neither carcinogenicity nor mutagenicity have been conducted
with golimumab. A study in mice using an analogous anti-mouse TNFα antibody
showed no impairment of fertility (2).

It is not known if golimumab crosses the human placenta. The molecular
weight (about 150,000–151,000) is high, but immunoglobulin G crosses the
placenta late in pregnancy (see Immune Globulin Intravenous). Placental
transfer of IgG was a function of dose, as well as gestational age. Moreover,
golimumab crossed to the fetus in monkeys and, because the placentas in
monkeys are similar to those in humans, the antibody should be expected to
cross to the human fetus.

BREASTFEEDING SUMMARY
No reports describing the use of golimumab during human lactation have been
located. It is not known if the antibody is excreted into breast milk. The
molecular weight (about 150,000–151,000) is high, but the terminal half-life is
very long (about 2 weeks). Because immunoglobulins are excreted into milk,
exposure of a nursing infant should be expected. The effect of this exposure is
unknown, but serious infections have been observed in human adults treated
with golimumab. However, exposure during lactation had no effect on the
development and maturation of the immune system in monkey offspring (3).
Nevertheless, if a woman elects to nurse her infant while receiving this agent,
close observation of the infant for signs and symptoms of infection should be
considered.
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GRANISETRON
Antiemetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Three reports describing the use of granisetron during human gestation
have been located. Because of the indication for this drug, the opportunity
for fetal exposure appears to be minimal.

FETAL RISK SUMMARY
Granisetron is an antiemetic used for the prevention of nausea and vomiting in
patients receiving cancer chemotherapy. The drug is a selective 5-
hydroxytryptamine3 (5-HT3)-receptor antagonist with little or no affinity for other
serotonin receptors (1). No evidence of an effect on plasma prolactin
concentrations has been found in clinical studies.

Reproductive studies at doses up to 146 and 96 times, respectively, the
recommended human dose based on BSA in pregnant rats and rabbits found
no evidence of impaired fertility or harm to the fetus (1). Shepard reviewed
three studies conducted in rats and rabbits before and after conception or in
the perinatal and postnatal periods that found no adverse fetal effects or drug-
related effects on behavior (2).

It is not known whether granisetron crosses the placenta to the fetus. The
molecular weight (about 349) is low enough that passage to the fetus should be
expected.

Granisetron has been used to prevent vomiting during cesarean section (3)
and with chemotherapy in the 3rd trimester (4,5). No fetal or newborn
complications related to the antiemetic were reported.

BREASTFEEDING SUMMARY



No reports describing the use of granisetron during lactation have been located.
The indication for granisetron therapy, however, suggests that the opportunities
for use of the drug during lactation are minimal. Because of its low molecular
weight (about 349), transfer into breast milk should be expected.
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GRISEOFULVIN
Antifungal
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal reproductive data suggest risk, the human pregnancy
experience is too limited for a complete assessment of the embryo–fetal
risk. However, griseofulvin is best avoided during organogenesis because
the use of an antifungal agent is seldom essential during this time.

FETAL RISK SUMMARY
Griseofulvin is a fungistatic antibiotic derived from a species of Penicillium. The
drug is tumorigenic, embryotoxic, and teratogenic in some species of animals.
Chronic oral exposure to griseofulvin in several strains of mice has induced
hepatic and thyroid tumors (1). Hepatic tumors were also induced by relatively
low weekly SC doses in mice during the first 3 weeks of life (1). Multiple
malformations, including defects of the eye, skeleton, urogenital tract, and the
central nervous system, were observed in fetuses of pregnant rats injected with
50–500 mg/kg on days 11–14 of gestation (2). Daily doses of 1250–1500
mg/kg (about 60–75 times the usual human dose) on days 6 through 15 of
gestation in rats produced tail defects and occasional exencephaly (2).
Because of the animal toxicity, at least one publication suggested that it not be
given during pregnancy (3).

Human placental transfer of griseofulvin has been demonstrated at term (4).
In a surveillance study of Michigan Medicaid recipients involving 229,101

completed pregnancies conducted between 1985 and 1992, 34 newborns had
been exposed to griseofulvin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.9%) major birth defect was observed (one
expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction



defects, and hypospadias) for which specific data were available. The number
of exposures is too small to draw any conclusions.

A possible interaction between oral contraceptives and griseofulvin has been
reported in 22 women (5). The study described transient intermenstrual
bleeding in 15 women, amenorrhea in 5, and unintended pregnancies in 2.

In a report from the FDA, two sets of conjoined twins were observed in a
sample of >20,000 birth defect cases with 1st trimester drug exposure (6). The
first case involved female twins conjoined at the head and chest
(craniothoracopagus syncephalus), and the second involved male dicephalic
twins joined in the thorax and lumbar areas with a single seven-chamber heart.
In both cases, the mothers had taken griseofulvin during early pregnancy.
Fission with twinning is normally completed by the 20th day after ovulation, and
thus, the cause of conjoined twinning would have to be present prior to this time
(6). In both cases, maternal griseofulvin use was the only drug exposure (of
those drugs under surveillance by the FDA). Because the incidence of conjoined
twins is rare (approximately 1 in 50,000 births) and thoracopagus is even less
common (1 in 250,000), the authors concluded that the cases provided
evidence for an association with griseofulvin (6). The FDA investigators also
examined other data on 1st trimester griseofulvin exposure involving 55,736
deliveries from one geographic area between 1980 and 1983 (6). Of these
cases, griseofulvin was taken during the first 3 months by 37 mothers, two of
whom delivered infants with birth defects: one with a congenital heart defect
and the other with an unknown defect. The incidence of 5.4% (2 of 37) was
approximately the incidence in the total sample. However, in 4264 women with
spontaneous or threatened abortion diagnoses, 7 had been prescribed the drug
during the preceding 3 months, a relative risk of 2.5 (95% confidence interval
1.01–6.1) (6).

Prompted by the above report, investigators in two other countries reported
data from their respective congenital anomaly registries (7,8). One of these,
from Hungary, found 39 sets of conjoined twins in a sample of more than
100,000 cases of congenital anomalies observed between 1970 and 1986
(griseofulvin was marketed in Hungary in 1970) (7). None of the mothers of the
39 conjoined twins took griseofulvin. The prevalence of conjoined twins in
Hungary is approximately 1 in 60,000 births (7). The investigators also reported
data from their case–control surveillance system for the period 1980–1984 (7).
Of 6786 congenital anomaly cases, 2 were exposed to griseofulvin–one infant
with a heart defect was exposed during the 2nd and 3rd months, and one infant
with pyloric stenosis was exposed during the 1st month. Three exposures



occurred in the 10,962 matched controls, all in the late 2nd and 3rd trimesters.
The second report involved data from the International Clearinghouse for

Birth Defects Monitoring Systems (8). None of the 47 sets of conjoined twins in
more than 3 million births had been exposed to griseofulvin. Thus, neither of
these reports was able to support the FDA report of an association between
griseofulvin and the rare defect.

A 2003 review concluded that griseofulvin was contraindicated in pregnancy
because of a high risk of teratogenicity and the availability of safer alternatives
(9). In contrast, a 2004 report of a population-based case–control study did not
detect a teratogenic risk of oral griseofulvin treatment during pregnancy (10).
The data for this study came from the Hungarian Case-Control Surveillance of
Congenital Anomalies in 1980–1996 and the Hungarian Congenital
Abnormalities Registry for 1970–2002. The control group was composed of
38,151 pregnant women who gave birth to normal infants compared with
22,843 case women who had fetuses or newborns with birth defects.
Griseofulvin was used in 7 (0.03%) of the cases and 24 (0.06%) of the
controls. No teratogenic potential was found by a comparison of the expected
and observe number of different congenital anomalies. In addition, there were
55 conjoined twins and none had been exposed to griseofulvin (10).

BREASTFEEDING SUMMARY
No reports describing the use of griseofulvin during lactation have been located.
Because of the potential for toxicity in a nursing infant, the use of griseofulvin
during breastfeeding does not appear to be warranted.
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GUAIFENESIN
Respiratory Drug (Expectorant)
Pregnancy Recommendation: Compatible
Breastfeeding Recommendation: No Human Data—Probably Compatible

PREGNANCY SUMMARY

The available pregnancy data do not support an association between
guaifenesin and developmental toxicity.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 197 mother–child pairs with 1st
trimester exposure to guaifenesin (1, p. 478). An increase in the expected
frequency of inguinal hernias was found. For use anytime during pregnancy,
1336 exposures were recorded (1, p. 442). In this latter case, no evidence for
an association with malformations was found. In another large study in which
241 women were exposed to the drug during pregnancy, no strong association
was found between guaifenesin and congenital defects (2).

A 1981 report described a woman who consumed, throughout pregnancy,
480–840 mL/day of a cough syrup (3). The potential maximum daily doses
based on 840 mL of syrup were 16.8 g of guaifenesin, 5.0 g of
pseudoephedrine, 1.68 g of dextromethorphan, and 79.8 mL of ethanol. The
infant had features of the fetal alcohol syndrome (see Ethanol) and displayed
irritability, tremors, and hypertonicity. It is not known whether guaifenesin or the
other drugs, other than ethanol, were associated with the adverse effects
observed in the infant.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 141 newborns had
been exposed to guaifenesin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Nine (6.4%) major birth defects were observed
(6 expected), including two cardiovascular defects (1.4 expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. An additional 1338 newborns were exposed to the general



class of expectorants during the 1st trimester with 63 (4.7%) major birth
defects observed (57 expected). Specific malformations were
(observed/expected) 9/13 cardiovascular defects, 0/2 oral clefts, 1/1 spina
bifida, 7/4 polydactyly, 1/2 limb reduction defects, and 3/3 hypospadias. These
data do not support an association between either guaifenesin or the general
class of expectorants and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of guaifenesin during lactation have been located.
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GUANABENZ

[Withdrawn from the marker. See 9th edition.]



GUANADREL

[Withdrawn from the marker. See 9th edition.]



GUANETHIDINE
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although most reports of guanethidine have not been associated with drug-
induced adverse fetal or newborn outcome, only three cases of 1st
trimester exposure have been described. Two of these were reported in a
surveillance study, in which one malformed infant was delivered from a
group of 13 women who took miscellaneous antihypertensives. Thus, the
data are too limited to assess the safety of the drug during early human
pregnancy. Moreover, the use of this potent antihypertensive has been
supplanted by the use of safer, more effective agents for pregnant women.
Because of this, it probably should be considered as a drug of last choice
during pregnancy (1).

FETAL RISK SUMMARY
Guanethidine is a peripherally acting, antiadrenergic agent used in the
treatment of hypertension. In nonpregnant adults, the drug is often combined
with diuretics. Because orthostatic hypotension resulting from adrenergic
inhibition and unopposed parasympathetic function is a common problem with
this agent, its usefulness in the pregnant patient is markedly reduced (1–4).

In a reproduction study in pregnant rats, guanethidine 10 mg/kg/day (average
human dose <1.0 mg/kg/day) produced no adverse effects in the offspring (5).
Guanethidine was listed in a later reference as a drug that causes maternal
death before any effect on the fetus is observed (6). Without citing details,
another publication cited guanethidine as a drug capable of producing
embryopathy (i.e., death or malformation or both) in laboratory animals (7).

Guanethidine neurotoxicity has been observed in newborn rats and mice that
were given the drug early in postnatal life (8,9). In one study, newborn rats



were given guanethidine (50 mg/kg SC) once daily for 5 days starting on
postnatal day 2 (8). In contrast to adult rats, a possible drug-induced delay in
cellular proliferation resulting in initially low brain weights occurred that was
thought to be related to passage of guanethidine into the brain because of
immature function of the neonatal blood–brain barrier (8). An earlier study found
a dysfunctional blood–brain barrier in newborn mice, but not in adult mice, when
administration of guanethidine caused a long-lasting reduction in brain
catecholamine (norepinephrine and dopamine) levels (9). It is not known if
these neurotoxicities would have occurred in the animal fetuses from exposure
to the much smaller amounts of drug that would have presumably resulted after
placental transfer.

No studies relating to the placental transfer of guanethidine in animals or
humans have been located. The commercially available form of the drug,
guanethidine monosulfate, has a molecular weight of about 296, which is low
enough that passage to the embryo and fetus in measurable amounts should
occur.

Several reports have described the use of guanethidine during all phases of
human pregnancy (10–16). The Collaborative Perinatal Project monitored
50,282 mother–child pairs, 13 of whom had 1st trimester exposure to a
miscellaneous group of antihypertensives, 2 of which were exposed to
guanethidine (10). There was 1 infant with a malformation from the total group
of 13.

Three references described the use of guanethidine during the 3rd trimester
for the treatment of preeclampsia (11–13). Although the outcomes of many of
these pregnancies were poor, including fetal death, they appeared to be
related to the severity of the mother’s disease rather than to the drug therapy.
In a fourth reference, the use of guanethidine, tolazoline, phentolamine, and
methyldopa for severe hypertension of pregnancy was curtailed over a 3-year
period in favor of reserpine and phenoxybenzamine because the authors
concluded that the latter two agents gave better control of hypertension,
improvement of renal function, and greater predictability of results (14). No fetal
or newborn adverse effects were mentioned. A fifth reference also concluded
that guanethidine was not an effective antihypertensive, in comparison to other
available agents, for the treatment of severe hypertension presenting late in
pregnancy (15).

A 1977 report described a 29-year-old woman who was treated with
guanethidine (10 mg/day) and hydrochlorothiazide (50 mg twice daily) for
hypertension during the first 12 weeks of pregnancy (16). This therapy was



stopped, and she was eventually diagnosed with pheochromocytoma that was
resected during delivery of a healthy, full-term, 5400-g female infant. The infant
was alive and well at 8 years of age.

BREASTFEEDING SUMMARY
The manufacturer states that very small amounts of guanethidine are excreted
into milk (17), but published reports describing the use of guanethidine during
lactation have not been located. The molecular weight (about 296) of the
commercially available form guanethidine monosulfate suggests that the drug
will be excreted into breast milk. The effect of this exposure on a nursing infant
is unknown.
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GUANFACINE
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the limited human pregnancy data for guanfacine have not shown
developmental toxicity, if an antihypertensive is indicated, agents with
greater pregnancy experience should be used.

FETAL RISK SUMMARY
Guanfacine is a centrally acting antihypertensive agent. The drug did not
produce reproductive dysfunction or adverse fetal effects in rats and rabbits
given doses 70 and 20 times the maximum recommended human dose
(MRHD). At doses 200 and 100 times the MRHD, respectively, increased fetal
mortality and maternal toxicity were observed (1).

Although guanfacine crosses the placenta in animals (1,2), this has not been
studied in humans. The molecular weight (about 247 for the free base) is low
enough that exposure of the embryo and fetus should be expected.

The manufacturer is aware of two unreported cases of exposure during
pregnancy that resulted in the birth of healthy infants (A.H. Robins Company,
personal communication, 1987). A third patient, who was participating in a
clinical trial of the drug for the treatment of hypertension, became pregnant
during treatment (3). Guanfacine therapy was discontinued at approximately 8
weeks of gestation. She subsequently delivered a healthy male infant.

Guanfacine is not approved for the treatment of preeclampsia, but one study
has been located that describes the use of the agent for this purpose. A 1980
German report summarized the use of guanfacine for the treatment of
hypertension secondary to preeclampsia in 30 women (4). The gestational
ages of the women at the time of treatment were not specified. Therapy was
administered for 16–68 days with doses ranging from 1 to 4 mg/day (mean



dose approximately 2 mg/day). Mean systolic blood pressures
(supine/standing) before treatment were about 160/164 mmHg compared with
136/139 mmHg just before parturition. Mean diastolic pressures
(supine/standing) before treatment and just before delivery were 105/106 and
88/92 mmHg, respectively. No significant changes in fetal heart rate were
observed during the trial. Six infants were growth restricted, but this was
probably secondary to the maternal hypertension. No drug-induced adverse
effects were observed in any of the infants, and all were developing normally
on follow-up (duration of follow-up not specified).

BREASTFEEDING SUMMARY
No reports describing the use of guanfacine during human lactation have been
located. The molecular weight (about 247 for the free base) is low enough that
excretion into human milk should be expected. The effect of this exposure on a
nursing infant is unknown. Guanfacine reduces serum prolactin concentrations
in some patients and, theoretically, could cause inhibition of milk secretion.
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HALOPERIDOL
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal data suggest moderate risk, the limited human
pregnancy experience with haloperidol prevents a more complete
assessment of embryo–fetal risk. Neonatal tardive dyskinesia may be an
uncommon complication of exposure throughout gestation. There does not
appear to be an increased risk of major congenital defects, but there were
three cases of limb defects after 1st trimester haloperidol exposure and a
fourth case after exposure to a drug in the same class (penfluridol). This
potential association requires further study. Until such data are available,
avoiding 1st trimester exposure, if possible, should be considered.

FETAL RISK SUMMARY
Haloperidol, a butyrophenone, is indicated for the management of
manifestations of psychotic disorders (e.g., schizophrenia) and Tourette’s
disorder. It is available in both oral and IM formulations (1).

Animal reproductive studies with haloperidol in mice, rats, rabbits, and dogs
have not revealed a teratogenic effect attributable to this tranquilizer. In
rodents, doses 2–20 times the usual maximum human dose (oral or parenteral)
were associated with an increased incidence of resorption, reduced fertility,
delayed delivery, and pup mortality (1,2). With single injections up to maternal
toxic levels in hamsters, haloperidol was associated with fetal mortality and
dose-related anomalies (3). Exposure of male rats in utero to haloperidol



throughout most of gestation had no effect on typical parameters of adult
sexual activity other than subtle changes involving ultrasonic vocalization (4).

Consistent with the molecular weight (about 376), haloperidol crosses the
human placenta. In a 2007 study, 13 women taking a staple dose (mean 2.2
mg/day) of haloperidol for a mean 22 weeks before delivery had maternal and
cord concentrations of the drug determined at birth (5). The cord blood
concentration was 65.5% of the maternal concentration. The mean Apgar
scores were 7.4 and 8.9 at 1 and 5 minutes, respectively. There were four
neonatal complications (two cardiovascular, 1 respiratory, and 1 hypotonia;
complications were not further described). No infants were admitted to the
neonatal intensive care unit (5).

A 31-year-old woman with atypical psychosis was treated with oral
haloperidol 3 mg/day and biperiden 3 mg/day at 36 weeks’ (6). As her condition
worsened, her doses were increased to IM 5 mg twice daily for each drug. At
about 38 weeks’, 3.5 hours after a dose of both drugs, she gave birth to a
healthy 3260-g male infant with Apgar scores of 9 and 9. At delivery, maternal
plasma concentrations of haloperidol and biperiden were 10.2 and 4.4 ng/mL,
whereas in the newborn they were 4.6 ng/mL and not detectable, respectively
(6).

Three reports have described limb defects in three infants after 1st trimester
exposure to haloperidol (7–9). In one of these cases, high doses (15 mg/day)
were used (8). Defects were observed in two infants: ectromelia (phocomelia)
in one infant (7), and multiple upper- and lower-limb defects and an aortic valve
defect in the other (8). The infant in the latter case died.

The third case was identified in a 2005 international prospective cohort study
that compared 215 pregnancies exposed to either haloperidol (N = 188) or
penfluridol (N = 27) (a butyrophenone antipsychotic not available in the United
States) with 631 controls (9). The pregnancy outcomes were determined by
telephone interviews and/or mailed questionnaires. In 161 pregnancies,
exposure occurred in the 1st trimester, 136 to haloperidol and 25 to penfluridol.
The median doses for haloperidol were oral 5 mg/day (2.25–10 mg) or
parenteral 100 mg/4 weeks. There were no statistical differences between the
butyrophenone and control groups in terms of spontaneous abortions (8.8% vs.
5.5%), ectopic pregnancies (0.5% vs. 0.2%), stillbirths (0 vs. 0.2%), or major
malformations (3.4% vs. 3.8%). Significant differences were observed in the
rates of elective terminations (8.8% vs. 3.8%), preterm births (13.9% vs.
6.9%), birthweight (3155 vs. 3370 g), birthweight of full-term infants (3250
vs. 3415 g), and cesarean section delivery (25.5% vs. 16.3%). There were



three major defects in pregnancies exposed to haloperidol in the 1st trimester:
absent left fourth finger, common wrist (carpal) of left first and second fingers;
carbamazepine syndrome, developmental delay, congenital heart defect (also
exposed to carbamazepine); and ventricular septal defect (also exposed to
perphenazine). The haloperidol doses in the three cases were 12.5 mg IM
every 4 weeks, 150 mg IM every month, and 10 mg/day orally. There was one
major defect with 1st trimester exposure to penfluridol (oral 20 mg/ week):
upper limb reduction defect and foot deformity. The small size of the study
prevented excluding a possible association between butyrophenones and limb
defects (9). Of interest, though, other studies have not observed limb defects in
haloperidol-exposed pregnancies (10–14).

In 98 of 100 patients treated with haloperidol for hyperemesis gravidarum in
the 1st trimester, no effects were produced on birth weight, duration of
pregnancy, sex ratio, or fetal or neonatal mortality, and no malformations were
found in abortuses, stillborn, or liveborn infants (10). Two of the patients were
lost to follow-up. In 31 infants with severe reduction deformities born over a 4-
year period, none of the mothers remembered taking haloperidol (11).
Haloperidol has been used for the control of chorea gravidarum and manic-
depressive illness during the 2nd and 3rd trimesters (15,16). During labor, the
drug has been administered to the mother without causing neonatal depression
or other effects in the newborn (12).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 56 newborns had
been exposed to haloperidol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (5.4%) (two expected) major birth defects
were observed, two of which were cardiovascular defects (0.6 expected). No
anomalies were observed in five other defect categories (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available.

A 1989 report described a case of withdrawal emergent syndrome, a
subtype of tardive dyskinesia, in a newborn infant who had been exposed to
oral haloperidol (2–6 mg/day) throughout gestation (17). The mother had been
treated with haloperidol for schizophrenia, but she stopped the drug 2 weeks
before delivery at 38 weeks’ gestation. The male infant (weight not given
except as “appropriate for gestational age”) had Apgar scores of 8 and 9 at 1
and 5 minutes, respectively. One hour after delivery, he became irritable and
developed continuous tongue thrust. In addition, poor suck resulting in difficult
feeding, vomiting, abdominal posturing of the hands, and tremors of the trunk



and extremities were noted. By 8 days of age, all of the signs had resolved
except for the tongue thrusting. This symptom continued to persist at 6 months
of age, but otherwise, his development and examination were normal (17). A
second, similar case of tardive dyskinesia was described in a 2003 case report
(18). The mother had been treated for schizophrenia with haloperidol 200 mg
IM every 2 weeks throughout gestation. She received her last dose 3 weeks
before delivery of an infant (sex and weight not given) with Apgar scores of 9
and 9 at 1 and 5 minutes, respectively. The newborn was noted to be jittery
and developed diarrhea and metabolic acidosis. Irritability increased over the
next 8 days when tonic-clonic movements in all extremities were noted
(seizures were excluded by an electroencephalogram) as well as tongue
thrusting and torticollis. Treatment with clonazepam resolved the condition and
the infant was discharged home at 21 days of age (18).

Premature labor, loss of fetal cardiac variability and acceleration, an unusual
fetal heart rate pattern (double phase baseline), and depression at birth (Apgar
scores of 4 and 7 at 1 and 5 minutes, respectively) were observed in a
comatose mother and her infant after an acute overdose of an unknown amount
of haloperidol and lithium at 31 weeks’ gestation (19). Because of progressive
premature labor, the 1526-g female infant was delivered about 3 days after the
overdose. The lithium concentrations of the maternal plasma, amniotic fluid, and
cord vein plasma were all >4 mmol/L (severe toxic effect >2.5 mmol/L),
whereas the maternal level of haloperidol at delivery was about 1.6 ng/mL. The
effects observed in the fetus and newborn were attributed to cardiac and
cerebral manifestations of lithium intoxication. No follow-up on the infant was
reported (19).

BREASTFEEDING SUMMARY
Haloperidol is excreted into breast milk. In a patient receiving an average of
29.2 mg/day, a milk level of 5 ng/mL was detected (20). When the dose was
decreased to 12 mg, a level of 2 ng/mL was measured. In a second patient
taking 10 mg daily, milk levels up to 23.5 ng/mL were found (21). A milk:plasma
ratio of 0.6–0.7 was calculated. No adverse effects were noted in the nursing
infant.

In a 1985 report, the haloperidol milk concentration was 1.7 ng/mL 3 hours
after an unspecified dose (total daily dose 6 mg but the number of doses per
day not specified) and 12 days after birth (6). However, the mother had not
been breastfeeding and attempts had been made to halt milk production.

A 1992 reference measured haloperidol in the breast milk of three women



receiving chronic therapy (22). The maternal doses were 3, 4, and 6 mg/day,
and the corresponding haloperidol concentrations in their milk were 32, 17, and
4.7 ng/mL, respectively. The patient receiving 6 mg/day, but with the lowest
milk concentration, was thought to be noncompliant with her therapy. No
mention of nursing infants was made (22).

A study published in 1998 described 12 mothers who breastfed their infants
while taking haloperidol, chlorpromazine, or trifluoperazine for bipolar
depression (3 cases), manic disorder (1 case), schizo-affective disorder (5
cases), or schizophrenia (3 cases) (23). Haloperidol doses were 1–40 mg/day.
The ages of the nursing infants at the start of therapy were 1–18 weeks. Using
an enzyme immunoassay technique, the range of concentrations in fore-milk
and hind-milk were <10–988 and 23–140 ng/mL, respectively, whereas the
range of ratios of fore-milk and hind-milk to maternal plasma were 0.8–5.2 and
1.7–8.0, respectively. Plasma concentrations of haloperidol in the four nursing
infants who were tested were 0.8, 1.2 and 2.1, 6.8, and 8.0 ng/mL,
respectively. Two of the samples (6.8 and 8.0 ng/ mL) were in the adult range.
In addition, the urine of all seven infants tested contained haloperidol (1.6–
7.9 ng/mL). The maximum infant dose ingested was 3% of the weight-adjusted
maternal dose. As assessed using the Bayley Scales of Infant Development, all
three of the infants whose mothers were taking both haloperidol (20–
40 mg/day) and chlorpromazine (200–600 mg/day) showed a decline in mental
and psychomotor development from the first (at 1–4 months of age) to the
second assessment (at 12–18 months of age). Because of this decline, the
investigators concluded that breastfeeding might not be best if a breastfeeding
mother is taking neuroleptics, either alone or in combination, at the upper end
of their recommended dose ranges (23).

The American Academy of Pediatrics classifies haloperidol as an agent
whose effect on the nursing infant is unknown but may be of concern (24).
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HALOTHANE
General Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Halothane has demonstrated teratogenicity and toxicity in some animal
studies, but this may have occurred at maternally toxic doses. The potential
for long-term behavioral teratogenicity in animals or humans has not been
adequately studied but such studies are needed. The anesthetic does not
appear to cause human structural anomalies nor does it appear to be
related to embryotoxicity (e.g., abortions), but this is based on limited 1st
trimester experience. Others also have reached this same conclusion (1).
In addition, general anesthesia usually involves the use of multiple
pharmacologic agents which complicates attempts at fetal risk
assessment. In the past, halothane frequently was used during delivery for
analgesia and anesthesia. This use does not appear to affect the newborn
any differently than use of other general anesthetic agents does. The
uterine effects of halothane (relaxation and increased blood loss) also
appear to be similar to those of other agents in this class. All anesthetic
agents can cause depression in the newborn that may last for 24 hours or
more. The potential reproductive toxicity (spontaneous abortion and
infertility) of occupational exposure to halothane has not been adequately
studied.

FETAL RISK SUMMARY
Halothane, a nonflammable, volatile liquid administered via vaporizer, is
indicated for the induction and/or maintenance of anesthesia during surgery. It
is a fluorinated inhalation anesthetic agent that was the first such agent in a
class that now includes desflurane, enflurane, isoflurane, methoxyflurane, and
sevoflurane. Halothane has a high blood–gas partition coefficient (2.5)



compared with other anesthetics in this class (2). The agent has been used in
obstetric anesthesia since the 1950s.

In a 1968 reproduction study, pregnant rats were administered a
subanesthetic mixture of 0.8% halothane in 25% oxygen–nitrogen for 12 hours
at different stages of gestation (3). Higher incidences of lumbar ribs, vertebral
anomalies, and fetal resorptions were observed. An abstract published the
same year described the effects on pregnant mice exposed to either 1% or
1.5% halothane for 3 hours during organogenesis (4). An increased incidence
of cleft palate, limb hematomas, and ossification defects in the limbs was
observed.

An increased incidence of resorptions, as well as decreased fetal weight and
length, was observed in pregnant hamsters exposed on the 9th, 10th, or 11th
day of gestation to a mixture of 0.6% halothane and 60% nitrous oxide (5). In
contrast, subanesthetic concentrations of halothane (50–3200 ppm)
administered to rats on days 8–12 of pregnancy did not increase fetal death
and resorption rates, growth restriction, or frequency of skeletal anomalies (6).
Skeletal variations and ossification defects were observed in all groups but
were not dose-related.

In a 1978 study, male and female mice were exposed to subanesthetic and
anesthetic concentrations of halothane before mating (5–7 days/week for 9
weeks), then the females were exposed daily throughout gestation (7).
Halothane exposures ranged from 0.025 to 4.0 minimum alveolar anesthetic
concentration (MAC) hours/day. (Note: MAC is the concentration that causes
immobility in 50% of patients exposed to a noxious stimulus such as a surgical
incision; it represents the ED50 (8).) Maternal (decreased weight gain), fetal
(decreased weight and length), and neonatal (decreased early postnatal weight
gain) toxicity were observed at ≥0.4 MAC hours/day. At 1.2 MAC hours/day,
the pregnancy rate, implantation rate, and number of live fetuses per litter were
all significantly decreased, but the percentage of resorptions and postnatal
offspring survival were not altered. The smallest dose at which toxicity was
observed was estimated to be 40 times greater than the level of occupational
exposure in unscavenged operating rooms (7). Two studies of similar design
using subanesthetic mixtures of halothane and nitrous oxide found a decrease in
ovulation and implantation and a slight decrease in fetal growth (9,10). No
increase in resorptions or major defects was observed in either study.
However, cytogenetic damage to bone marrow and spermatogonial cells were
noted after prolonged exposure (9,10).

High subanesthetic concentrations of halothane or halot hane plus nitrous



oxide resulted in fetal growth restriction in pregnant rats, but did not increase
fetal death or congenital malformations (11). Another study in rats also found
no minor or major congenital defects using 0.75 MAC of halothane (0.8%) for 6
hours/day for 3 consecutive days at different intervals during gestation (12).

A 1999 study examined the effects on mice exposed to 1.2 MAC of
halothane (1.5%) before and during gestation (13). The dose was equivalent to
that used clinically. Treatment before gestation had no effect on fertility or the
number of live young delivered. Compared with controls, there were an
increased number of offspring deaths before weaning, and the immune
response of the offspring was impaired. The clinical significance of the
impairment was unknown (13).

The effects of halothane on growing neural tips (growth cones) in the
forebrains of neonatal rat pups were described in a 1993 report (14). The pups
were exposed to three concentrations of halothane (0.5%, 0.75%, and 1.0%)
over a 6-hour period on postnatal day 1. A dose–response chart on the activity
of a growth cone enzyme (protein kinase C [PKC]) was found, with the lowest
concentration having no effect on the enzyme. The 1.0% concentration,
however, reduced the activity to about 71%. The 0.75% dose also reduced the
PKC activity but to a lesser degree. The authors thought that the reduced
enzyme activity could be related to long-term morphologic or behavioral
neuroabnormalities in the pups (14).

The molecular weight (about 197) suggests that halothane will cross the
placenta to the embryo and fetus. In agreement, research has demonstrated
the rapid uptake of halothane by the fetus (15). Two reviews have concluded
that, in general, inhalational anesthetic agents are freely transferred to fetal
tissues (1,16), and in most cases, the maternal and fetal blood concentrations
are approximately equivalent (16). Lower levels were reported in a 1977 study
in which 15 women undergoing cesarean section received 0.65% halothane
combined with 50% nitrous oxide in oxygen (17). The umbilical vein:maternal
artery ratio at delivery was 0.35. The ratio in a second group of 15 women who
received the anesthetic mixture with 0.2% halothane was 0.51. The time from
start of halothane to delivery was about 10.5 minutes in both groups.

Pregnant women, at least in early gestation, require less halothane for
anesthesia than nonpregnant women. A 1996 study compared eight women
scheduled for pregnancy termination at 8–13 weeks’ gestation with eight
nonpregnant women undergoing laparoscopic sterilization (18). In pregnant
women the median MAC of 0.58 volume% (range 0.53–0.58) was less than
that in nonpregnant women, 0.75 volume% (range 0.70–0.78; p = 0.0005). The



percentage decrease (95% confidence interval) for pregnant women was 27%
(20%–27%). Similar results were found with enflurane (18).

Halothane and similar anesthetic agents (e.g., isoflurane and enflurane) have
a relaxant effect on the pregnant uterus (2,19–24). This effect has been known
since the 1950s and was considered one reason to avoid using halothane
during routine, uncomplicated obstetric procedures (2,19). A 1970 study using
low concentrations (0.5% or 0.8%) found no increase in blood loss at cesarean
section (23). However, it was recognized that decreasing uterine tone could
result in increased postpartum hemorrhage. Indeed, a 1989 review concluded
that halothane, isoflurane, and enflurane all increased blood loss through a
dose-related depression of uterine activity (24). In agreement with the dose-
related uterine effects, a 1991 reviewer thought that low halothane
concentrations (≤0.5%) were not associated with an increased risk of uterine
hemorrhage (25). In the 1970 study cited above, the 0.8% concentration of
halothane was associated with an increased incidence of maternal hypotension,
most likely secondary to compression of the inferior vena cava by the uterus
and vasodilatation (23). However, uterine blood flow is maintained during
maternal hypotension because of uterine artery dilation (24). In addition, low
concentrations of halothane (0.25%–0.5%) did not depress the neonatal
cardiac or respiratory systems (24).

Halothane was once frequently prescribed for both vaginal and cesarean
deliveries (17,20,26,27). For example, one hospital conducted 2500 vaginal
deliveries over a 6-year period with a combination of halothane, nitrous oxide,
and oxygen (20). The decline in obstetric use was probably due to the
availability of agents with reduced solubility in blood (e.g., see Desflurane and
Isoflurane) and the recognition that general anesthesia can cause depression in
the newborn.

Several studies have documented decreased initial Apgar scores in
newborns following cesarean section under general anesthesia (17,23,26–28).
Because the halothane concentrations often were subanesthetic and combined
with nitrous oxide, it was not always clear whether the depression was
secondary to a specific agent or the combination. In one study, reducing the
amount of nitrous oxide from 75% to 50% and adding 0.5% halothane
substantially improved the Apgar scores at 2 minutes (23). In an earlier study
that combined halothane anesthesia with succinylcholine, reducing the
halothane dose markedly improved the condition of the newborns as measured
by Apgar scores (26). Another study found no difference in Apgar scores
between groups given 0.3%–0.5% halothane combined with either 40% or 25%



nitrous oxide (27). In a direct comparison between 0.5% halothane and 0.75%
isoflurane, both combined with 50% nitrous oxide, the isoflurane group required
significantly less succinylcholine, recovered faster from anesthesia, and had
less uterine relaxation and bleeding (28). The mean Apgar scores were
significantly higher at 1 minute in the isoflurane group (7.4 vs. 6.7) but were
similar at 5 minutes (8.9 vs. 8.8).

A 1989 study compared 0.5% halothane, 0.5% isoflurane, and 1.0%
isoflurane (N = 20 in each group) during cesarean section delivery (29). No
differences among the groups were observed in the incidence of low 1-minute
Apgar scores or in the Neurologic and Adaptive Capacity Scores (NACS) at 15
minutes, 2 hours, and 24 hours. The percentage of infants who scored 35–40
on the NACS was similar in the three groups (29). A small 1983 study
compared the neonatal outcomes in four groups (10 patients each) of women
receiving general anesthesia for cesarean section: 50% nitrous oxide and 50%
oxygen either alone or combined with 0.5% halothane, 1.0% enflurane, or
0.75% isoflurane (30). There were no differences among the groups in low
Apgar scores at 1 and 5 minutes, neonatal neurobehavioral assessment 2–4
hours after delivery, or maternal or umbilical blood–gas analysis at delivery. A
randomized study examined the effects of halothane (N = 32) and isoflurane (N
= 34) (both at 0.7 MAC) on newborn Apgar scores and acid–base status after
anesthesia for emergency cesarean section (31). There were no statistically
significant differences in the percentage of infants with low Apgar scores (<7)
at 1 and 5 minutes. Similarly, there were no significant differences in the
hydrogen ion concentration, partial pressure of carbon dioxide, partial pressure
of oxygen, or base deficit in blood samples from umbilical arteries and veins
(31).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 25
of whom had 1st trimester exposure to halothane (32). Two children had
unspecified malformations, but there was no evidence of an association
between halothane and the defects (32). A 1965 report on fetal hazards of
surgery during pregnancy described the outcomes of 20 women who were
administered general anesthesia (halothane plus nitrous oxide) during
pregnancy (7, 9, and 4 women in the 1st, 2nd, and 3rd trimesters, respectively)
(33). One unspecified birth defect was observed (timing of exposure not
specified).

A possible association between surgery in the 1st trimester and neural tube
defects (NTD) was published in 1990 (34). Using data from Swedish health
care registries, investigators studied 2252 infants whose mothers had surgery



during the 1st trimester. Six of the infants had NTD (expected 2.5), one of
whom was thought to have Meckel’s syndrome. An additional infant had a
diagnosis of hydranencephaly, but the autopsy report indicated that the
diagnosis was uncertain and it may have been a very large encephalocele. In
the total group, 572 had operations during the period of neural tube closure
(gestational weeks 4 and 5). Mothers of five of the six infants with NTD
(expected 0.6) had surgery during this period, but only one had been exposed
to halothane (in combination with nitrous oxide). The mother of the
hydranencephaly case had surgery in gestational week 8 and was exposed to
halothane in combination with thiopental and succinylcholine. The authors could
not determine whether the findings represented a causal association with
surgery or just a random occurrence (34).

Chronic occupational exposure to anesthetic gases in operating rooms during
pregnancy has raised concerns that such exposure could cause spontaneous
abortions (35,36). The principal concern relates to unscavenged environments
in which high concentrations of halothane (0.001% or 10 ppm) and nitrous oxide
(0.03% or 300 ppm) had been measured (35). Lower concentrations of
halothane also have been reported near the anesthesiologist (1–26 ppm) and
the surgeon (1–2 ppm) (37). A 1988 review cited a number of studies
investigating the possible association between occupational exposure to
anesthetic gases and adverse pregnancy outcomes (15). The reviewer
concluded that serious methodological weaknesses in these studies precluded
arriving at a firm conclusion, but a slightly increased risk of miscarriage was a
possibility. However, there was no evidence of an association between
occupational exposure and congenital anomalies (15).

A review published in 1991 briefly evaluated the possibility that some drugs
and environmental agents could cause behavioral teratogenicity (38).
Anesthetics (e.g., halothane) were listed as “suspected” human behavioral
teratogens apparently based solely on animal studies. However, specific data
for any anesthetic agent, including halothane, were not cited.

A 2004 study, however, found a significant association between maternal
occupational exposure to waste anesthetic gases during pregnancy and
developmental deficits in their children, including gross and fine motor ability,
inattention/hyperactivity, and IQ performance (see Nitrous Oxide).

A 1993 study evaluated the effect of halothane anesthesia for fetal surgery in
pregnant ewes (39). Compared with ketamine, halothane decreased fetal
cardiac output and placental blood flow. An increase in total vascular
resistance, highest in the placenta, resulted in the shunting of blood away from



the placenta (39). The combination of these effects resulted in depressed
respiratory gas exchange. The investigators concluded that halothane was a
poor anesthetic for fetal surgery (39).

BREASTFEEDING SUMMARY
Halothane is excreted into breast milk (40–42). Breast milk samples were
collected on 2 days from a lactating anesthesiologist while she was working
(40). The milk concentrations of 2 ppm were consistent with the concentrations
at the anesthesiologist’s face in the operating room. Because respiratory
excretion of halothane by operating room personnel continues for ≤72 hours,
the authors thought that the trace milk concentrations would be detectable for a
similar period of time (40).

No reports measuring the amount of halothane excreted in milk of patients
who have received halothane anesthesia have been located. Of interest, a
1993 reference stated that respiratory excretion of halothane in patients may
occur for ≤20 days after exposure and that trace amounts of halothane should
be expected in milk during that interval (41). One review considered the
potential amounts in milk after halothane anesthesia, when nursing was
feasible, to be negligible (42). The American Academy of Pediatrics classifies
halothane as a drug that usually is compatible with breastfeeding (43).
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HEMIN
Hematopoietic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Animal reproduction studies have not been conducted with hemin and there
is only one report on its use in human pregnancy. The citations below,
however, suggest that hemin has been used more frequently in pregnant
women. The primary embryo or fetal risk from hemin appears to be from
the transmission of viruses or other agents from a hemin-induced maternal
infection or from a hemin-induced maternal adverse reaction (e.g.,
thrombocytopenia or coagulopathy). Therefore, the drug should not be
withheld because of pregnancy.

FETAL RISK SUMMARY
The enzyme inhibitor hemin (previously known as hematin) limits the hepatic
and/or marrow synthesis of porphyrin. It is indicated for the amelioration of
recurrent attacks of acute intermittent porphyria that are temporally related to
the menstrual cycle (1). Hemin is an iron molecule derived from human red
blood cells. Although multiple steps have been taken to lessen the chance of
blood-borne infection, a risk still exists for the transmission of infectious agents,
such as viruses, and for the agent that causes Creutzfeldt-Jacob disease (1).

Reproduction studies in animals have not been conducted. It is not known if
hemin can cross the human placenta to the fetus. As a natural constituent of
human blood, it is unlikely that clinically significant amounts would cross to the
fetal compartment.

A 1989 review summarized the prevalence, genetics, biochemistry,
classification, and the treatment of acute intermittent porphyria (2). The authors
also cited evidence that female hormones affect the onset and expression of
the disease. Before an understanding of the disease and improved prenatal



care were achieved, porphyria was associated with significant maternal
mortality and poor pregnancy outcome (2). Although the authors did not
specifically state that hemin treatment was indicated during pregnancy, they did
state that patients with acute attacks should be hospitalized for symptomatic
treatment. They also noted that treatment with hemin could shorten the duration
of the attack and reduce its severity (2).

Earlier, a brief response to a question concerning porphyria and pregnancy
hinted at the potential severity of this disease. The author, although noting the
lack of information relating to the potential to cause adverse pregnancy
outcomes, still recommended hematin therapy for an acute porphyric attack
before considering termination of pregnancy (3). Responding to this
recommendation, another author suggested that glucose infusions were safer
and expressed concern that the anticoagulant effect of hemin could jeopardize
a pregnancy (4). However, hemin was not thought to have a clinically significant
anticoagulant effect at low doses and was indicated in pregnancy if glucose
infusions were not effective in reversing the disease process (5).

A 34-year-old woman, in the 1st or 2nd month of pregnancy, was treated
with hematin, 3 mg/kg/day administered as an IV infusion for 5 days, for an
exacerbation of acute intermittent porphyria (6). A second IV infusion course,
1.5 mg/kg/day for 2 weeks, was started 41 days after the first course. No
adverse fetal effects of the exposure were noted and the woman eventually
delivered a healthy, 2570-g male infant at 39 weeks’ gestation. At follow-up, no
evidence of porphyria was noted in the 5-year-old child (6).

A 1984 study investigated the effect of hematin on bilirubin binding (7). Cord
blood of newborn infants with ABO hemolytic disease was thought to contain
endogenous hematin, which could increase the risk of kernicterus. In an in vitro
experiment, hematin was added to bilirubin-enriched cord blood and was found
to have a significant adverse effect on bilirubin binding. However, the high
concentrations required were not physiologic and, thus, were not thought to
have clinical significance for infants with ABO-isoimmune hemolysis (7).

A 2010 review of the treatment of acute intermittent porphyria in pregnancy
concluded that although the available information was limited, hemin could be
safely given in pregnancy (8).

BREASTFEEDING SUMMARY
No reports describing the use of hemin during lactation have been located.
Hemin is an enzyme inhibitor that is derived from human red blood cells. It is
doubtful if hemin is excreted in milk but even if small amounts were excreted,



they would be digested in the infant’s gut.
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HEPARIN
Anticoagulant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of heparin during gestation with developmental
toxicity have been located. Because heparin probably does not cross the
placenta, other fetal complications are related to the severe maternal
disease necessitating anticoagulant therapy.

FETAL RISK SUMMARY
Hall et al. (1) reviewed the use of heparin and other anticoagulants during
pregnancy (167 references) (see also Coumarin Derivatives). They concluded
from the published cases in which heparin was used without other
anticoagulants that significant risks existed for the mother and fetus and that
heparin was not a clearly superior form of anticoagulation during pregnancy.
Nageotte and coworkers (2) analyzed the same data to arrive at a different
conclusion.



By eliminating the 15 cases in which maternal disease or other drugs were
the most likely cause of the fetal problem, the analysis of Nageotte and
coworkers results in a 13% (15 of 120) unfavorable outcome vs. the 22% (30
of 135) of Hall and associates. This new value appears to be significantly better
than the 31% (133 of 426) abnormal outcome reported for coumarin derivatives
(see Coumarin Derivatives). Furthermore, in contrast to coumarin derivatives in
which a definite drug-induced pattern of malformations has been observed
(fetal warfarin syndrome), heparin has not been related to congenital defects
nor does it cross the placenta (3–5). Consequently, the mechanism of heparin’s
adverse effect on the fetus, if it exists, must be indirect. Hall and coworkers
theorized that fetal effects may be caused by calcium (or other cation)
chelation resulting in the deficiency of that ion(s) in the fetus. A more likely
explanation, in light of the report of the Nageotte group, is severe maternal



disease that could be relatively independent of heparin. Thus, heparin appears
to have major advantages over oral anticoagulants as the treatment of choice
during pregnancy (6–13).

A retrospective study, published in 1989, lends support to the argument that
heparin therapy is safe for the mother and fetus (14). A total of 77 women
were treated with heparin during 100 pregnancies. In 98 pregnancies, therapy
was administered for the prevention or treatment of venous thromboembolism;
in 2 pregnancies treatment was because of prosthetic heart valves. In
comparison with normal pregnancies, no difference was seen in the treated
mothers in terms of prematurity, spontaneous abortions, stillbirths, neonatal
deaths, or congenital malformations (6). Two bleeding episodes occurred, but
there were no symptomatic thrombolic events.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 65 newborns had
been exposed to heparin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Seven (10.8%) major birth defects were observed
(three expected). Specific data were available for six defect categories,
including (observed/expected) 4/0.6 cardiovascular defects, 0/0 oral clefts, 0/0
spina bifida, 1/0 polydactyly, 0/0 limb reduction defects, and 1/0 hypospadias.
The data for total malformations and for cardiovascular defects are suggestive
of possible associations, but other factors, most likely the mother’s disease,
but also possibly concurrent drug therapy and chance, are probably involved.

Long-term heparin therapy during pregnancy has been associated with
maternal osteopenia (15–19). Both low-dose (10,000 U/day) and high-dose
heparin have been implicated, but the latter is more often related to this
complication. One study found bone demineralization to be dose related, with
more severe changes occurring after long-term therapy (>25 weeks) and in
patients who had also received heparin in a previous pregnancy (18). The
significant decrease in 1,25-dihydroxyvitamin D levels measured in heparin-
treated pregnant patients may be related to the pathogenesis of this adverse
effect (16,17). Similar problems have not been reported in newborns.

BREASTFEEDING SUMMARY
Heparin is not excreted into breast milk because of its high molecular weight
(15,000) (20). Moreover, it is not absorbed after oral administration.
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HEROIN
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

In the United States, heroin exposure during pregnancy is confined to illicit
use as opposed to in other countries, such as Great Britain, where the drug
is commercially available. The documented fetal toxicity of heroin derives
from the illicit use and resulting maternal–fetal addiction. In the form
available to the addict, heroin is adulterated with various substances (such
as lactose, glucose, mannitol, starch, quinine, amphetamines, strychnine,
procaine, or lidocaine) or contaminated with bacteria, viruses, or fungi
(1,2). Maternal use of other drugs, abuse and nonabuse, is likely. It is,
therefore, difficult to separate entirely the effects of heroin on the fetus
from the possible effects of other chemical agents, multiple diseases with
addiction, and life-style. However, there are data that morphine, which is
closely related to heroin, and other opioids are human teratogens (see
Morphine).

FETAL RISK SUMMARY
Heroin rapidly crosses the placenta, entering fetal tissues within 1 hour of
administration. Withdrawal of the drug from the mother causes the fetus to
undergo simultaneous withdrawal. Intrauterine death may occur from meconium
aspiration (3,4).

Assessment of fetal maturity and status is often difficult because of uncertain
dates and an accelerated appearance of mature lecithin:sphingomyelin ratios
(5).

Until recently, the incidence of congenital anomalies was not thought to be
increased (6–8). Current data, however, suggest that a significant increase in
major anomalies can occur (9). In a group of 830 heroin-addicted mothers, the
incidence of infants with congenital abnormalities was significantly greater than
in a group of 400 controls (9). Higher rates of jaundice, respiratory distress



syndrome, and low Apgar scores were also found. Malformations reported with
heroin are multiple and varied with no discernible patterns of defects (6–13). In
addition, all of the mothers in the studies reporting malformed infants were
consuming numerous other drugs, including drugs of abuse.

Characteristics of the infant delivered from a heroin-addicted mother may
include the following (14):

Accelerated liver maturity with a lower incidence of jaundice (8,15)
Lower incidence of hyaline membrane disease after 32 weeks’ gestation

(5,16)
Normal Apgar scores (6)
(Note: The findings of Ostrea and Chavez (9) are in disagreement with the

above statements.)
Low birth weight; up to 50% weigh less than 2500 g
Small size for gestational age
Narcotic withdrawal in about 85% (58%–91%): symptoms (hyperactivity,

respiratory distress, fever, diarrhea, mucus secretion, sweating,
convulsions, yawning, and face scratching) apparent usually within the first
48 hours, with some delaying up to 6 days; incidence is directly related to
daily dose and length of maternal addiction (7,8)

Meconium staining of amniotic fluid
Elevated serum magnesium levels when withdrawal signs are present (up to

twice normal)
Increased perinatal mortality; rates up to 37% in some series (13)

Random chromosomal damage was significantly higher when Apgar scores
were 6 or less (12,17). However, only one case has appeared relating
chromosomal abnormalities to congenital anomalies (12). The clinical
significance of this is doubtful. The lower incidence of hyaline membrane
disease may be caused by elevated prolactin blood levels in fetuses of
addicted mothers (18).

Long-term effects on growth and behavior have been reported (19). As
compared with controls, children aged 3–6 years delivered from addicted
mothers were found to have lower weights, lower heights, and impaired
behavioral, perceptual, and organizational abilities.

BREASTFEEDING SUMMARY
Heroin crosses into breast milk in sufficient quantities to cause addiction in the
infant (20). A milk:plasma ratio has not been reported. Previous investigators



have considered breastfeeding as one method for treating the addicted
newborn (21). However, the American Academy of Pediatrics classifies heroin
abuse as a contraindication to breastfeeding (22).
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HEXACHLOROPHENE
Anti-infective
PREGNANCY RECOMMENDATION: Compatible (Topical; Excludes Mucous
Membranes)
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

One report has suggested that heavy use of hexachlorophene during the
1st trimester may cause birth defects in exposed offspring, but several
criticisms have been directed at this study on methodological grounds.
Moreover, in nonprimate animal species, only very high levels (i.e., that
approached maternal toxicity) of hexachlorophene are teratogenic. These
considerations, coupled with the absence of confirming reports in humans,
suggest a lack of an association between routine handwashing with
hexachlorophene and human congenital malformations. Because of other
toxicities, use of the antiseptic on mucous membranes, such as in the
vagina, or on injured skin should be avoided.

FETAL RISK SUMMARY
Hexachlorophene, a polychlorinated biphenol compound, is a topical antiseptic
used primarily as a surgical hand scrub and as a bacteriostatic skin cleanser.
Although no longer recommended, hexachlorophene has also been used as a
douching agent and in feminine hygiene sprays. The drug is rapidly absorbed
systemically following topical administration to injured skin, but percutaneous
absorption also occurs across intact skin (1–3). Because of very rapid
absorption, hexachlorophene should not be used on mucous membranes or
injured skin (1,2).

Blood concentrations of the anti-infective have been documented in
premature and full-term newborns who were bathed with hexachlorophene and
in adults after chronic handwashing (3). CNS toxicity has been observed
following the topical use of hexachlorophene in burn patients and after
intravaginal application (3).

Hexachlorophene crosses the human placenta (4,5). Newborn whole cord



blood concentrations in one study ranged from 0.003 to 0.182 mcg/g with a
mean of 0.022 mcg/g (1 mcg/g = 1 ppm) (4). The source of the drug was
thought to be from vaginal sprays used by the mothers and from preparation of
the skin immediately before delivery. In a second study, a commercially
available 3% emulsion of hexachlorophene was used as antiseptic lubricant for
vaginal examinations during labor (5). At delivery, detectable maternal serum
concentrations of the drug occurred in 12 of 28 women (range 0.142–0.942
mcg/mL) and in the whole cord blood of 9 of 28 newborns (range 0.177–0.617
mcg/mL). Because of the potential for toxicity, the authors recommended the
use of alternative lubricants.

A number of studies have examined the reproductive toxicity of
hexachlorophene in various animal species (6–14). A marked reduction in the
sperm count was observed in male rats administered a single oral dose of 125
mg/kg (6). In pregnant rats, dose-related teratogenicity was demonstrated
following acute and chronic oral dosing (6–9). No malformations resulted with
relatively low doses (6–8), but high maternal doses were associated with cleft
palate (8) and with microphthalmia, anophthalmia, and rib anomalies (9).
Intravaginal administration of hexachlorophene in pregnant rats resulted in
frequent microphthalmia, anophthalmia, wavy ribs, and less frequently, cleft
palate in the offspring (10,11). Blood concentrations were 6–10 times higher
after vaginal or oral administration than after dermal application (11). Oral
doses of 6 mg/kg/day in pregnant rabbits produced defects of the ribs in a
small percentage of exposed fetuses, indicating a minimal teratogenic response
(9).

Three studies have described the distribution of hexachlorophene in the
fetuses of pregnant mice, rats, and monkeys (12–14). In fetal mice, the drug
selectively accumulated in the brain, optic vesicles, and neural tube in early
gestation (12). During late gestation, high fetal concentrations were measured
in the blood, liver, and intestine. A similar pattern of distribution during gestation
was described in fetal monkeys (13). In both mice and monkeys, a partial
blood–brain barrier was demonstrated to hexachlorophene in term fetuses
(12,13). Hexachlorophene crossed the placenta in pregnant rats after both oral
and dermal administration with concentrations detected in the placenta,
amniotic fluid, and fetus (14).

Only one study has associated the routine use of hexachlorophene with
human teratogenicity (15). The results of the investigation were summarized as
a news item in a medical journal approximately a year before publication of the
original study (16). In a retrospective analysis of the pregnancy outcomes



among nurses who had washed their hands with hexachlorophene during the
1st trimester, 25 severe malformations were observed in 460 neonates (15).
No major congenital defects were observed among 233 newborns delivered
from similarly employed mothers who did not use hexachlorophene. The
exposed nurses had worked at one of six Swedish hospitals between 1969 and
1975 and had washed their hands 10–60 times per day with either a 0.5% or
3% hexachlorophene liquid soap. Three of the hospitals also used a 0.3% or
0.5% hexachlorophene hand cream. Among the exposed group, 46 newborns,
in addition to the 25 with major defects, had minor malformations for a total of
71 affected infants (15.4%). The major malformations included cleft lip and/or
palate, microphthalmia, anal atresia and hypospadias, cystic kidneys,
esophageal atresia and kidney defects, limb reductions, diaphragmatic hernia,
neural tube defects, pulmonary stenosis, and cardiac defects. Minor
malformations included dislocations of the hip, undescended testes,
polydactyly, various foot anomalies, and mild cardiac defects. Eight (3.4%)
minor malformations were observed in the control group.

Criticisms of this study on methodological grounds have been published
(17,18). Most of the hexachlorophene-exposed nurses were selected because
of an infant malformation, not on the basis of exposure to the drug, thus leading
to a higher rate of malformations in the exposed group. The selection of the
control group was also criticized and was considered, at least on statistical
grounds, not to be representative of random selection (17). Concern was
expressed over the identification of the minor defects and how diligently these
defects were searched for at the various hospitals (18). Furthermore, another
study evaluated delivery data on women working in Swedish hospitals from
1973 to 1975 and compared them with births in the general Swedish population
during the same period (19). A cluster of malformed infants was found during
1973–1974 that was similar to that observed in the report associating defects
with hexachlorophene. However, the rates of perinatal deaths and congenital
malformations did not differ between 3007 infants born to women heavily
exposed to hexachlorophene in 31 hospitals and 1653 infants born to women
working in 18 hospitals where the antiseptic was not used at all or was used
only sporadically (19).

BREASTFEEDING SUMMARY
Hexachlorophene has been measured in breast milk following the presumed use
of the antiseptic as a nipple wash between nursings (20). The specific history
of hexachlorophene use by the women was not available. Six samples of milk



were found to have a range of hexachlorophene levels from trace (<2 ppb) to
9.0 ppb (1 ng/g = 1 ppb). The authors concluded that the low milk
concentrations of hexachlorophene found in their study were not a risk to a
nursing infant. The American Academy of Pediatrics has not found any reports
describing signs or symptoms in a nursing infant or effect on lactation after use
of the drug but notes that nipple washing with hexachlorophene may
contaminate the milk (21).
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HOMATROPINE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human experience and absence of animal reproductive data
prevent an assessment of the embryo–fetal risk. In general, however,
anticholinergics are not thought to present a clinically significant risk of
developmental toxicity (see also Atropine).

FETAL RISK SUMMARY
Homatropine is an anticholinergic agent. The Collaborative Perinatal Project
monitored 50,282 mother–child pairs, 26 of whom used homatropine in the 1st
trimester (1, pp. 346– 353). For use anytime during pregnancy, 86 exposures
were recorded (1, p. 439). Only for anytime use was a possible association
with congenital defects discovered. In addition, when the group of
parasympatholytics was taken as a whole (2323 exposures), a possible
association with minor malformations was found (1, pp. 346–353).

BREASTFEEDING SUMMARY
No reports describing the use of homatropine during human lactation have been
located (see also Atropine).
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HYDRALAZINE
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of hydralazine with congenital defects have been
located. However, fetal toxicity has been associated with use of the drug in
the 3rd trimester.

FETAL RISK SUMMARY
In England, hydralazine is the most commonly used antihypertensive agent in
pregnant women (1). Neonatal thrombocytopenia and bleeding secondary to
maternal ingestion of hydralazine have been reported in three infants (2). In
each case, the mother had consumed the drug daily throughout the 3rd
trimester. This complication has also been reported in series examining severe
maternal hypertension and may be related to the disease rather than to the
drug (3,4).

Hydralazine readily crosses the placenta to the fetus (5). Serum
concentrations in the fetus are equal to or greater than those in the mother.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 8 of
whom had 1st trimester exposure to hydralazine (6, p. 372). For use anytime
during pregnancy, 136 cases were recorded (6, p. 441). No defects were
observed with 1st trimester use. There were eight infants born with defects
who were exposed in the 2nd or 3rd trimester. This incidence (5.9%) is greater
than the expected frequency of occurrence, but the severe maternal disease
necessitating the use of hydralazine is probably responsible. Patients with
preeclampsia are at risk for a marked increase in fetal mortality (7–10).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 40 newborns had
been exposed to hydralazine during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). One (2.5%) major birth defect was observed (two
expected), a hypospadias (none expected).

A number of studies involving the use of hydralazine either alone or in
combination with other antihypertensives have found the drug to be relatively
safe for the fetus (4,7–17). Fatal maternal hypotension has been reported in
one patient after combined therapy with hydralazine and diazoxide (18).

In a woman with chronic hypertension maintained on methyldopa, an increase
in blood pressure at about 35 weeks’ gestation prompted the addition of
hydralazine, 25 mg twice daily, to the treatment regimen (19). Fetal premature
atrial contractions were diagnosed 1 week later, but tachyarrhythmias, which
can be initiated by premature atrial contractions, were not observed (19).
Hospitalization with bed rest allowed the patient’s blood pressure to decline
enough to discontinue hydralazine therapy. Within 24 hours of stopping
hydralazine, the fetal arrhythmia resolved. The infant was delivered at
38 weeks and cardiac evaluation after discharge at 3 days indicated a regular
heart rate.

A syndrome resembling lupus erythematosus was diagnosed in a 29-year-old
woman treated with IV hydralazine during the 28th week of pregnancy (20).
The patient received 425 mg during a 6-day period for the treatment of
hypertension. IV methyldopa was administered on the 6th day of therapy.
Labor was induced for fetal distress and a 780-g growth-restricted male infant
was delivered vaginally. The infant expired at 36 hours of age secondary to
cardiac tamponade induced by 7 mL of clear sterile transudate in the
pericardial space. Lupus-like symptoms consisting of macular rash, arthralgia,
and bilateral pleural effusion developed in the mother on the 5th day of
hydralazine therapy and gradually resolved after discontinuance of the drug and
delivery. The findings of pericardial effusion and cardiac tamponade in the infant
were also thought to represent clinical evidence of a lupus-like syndrome (20).
The symptoms in both the mother and fetus were attributed to hydralazine
sensitivity resulting in the induction of a lupus-like syndrome.

BREASTFEEDING SUMMARY
Hydralazine is excreted into breast milk (5). In one patient treated with 50 mg 3
times daily, the milk:plasma ratio 2 hours after a dose was 1.4. This value is in
close agreement with the predicted ratio calculated from the pKa (21). The
available dose of hydralazine in 75 mL of milk was estimated to be 13 mcg (5).
No adverse effects were noted in the nursing infant from this small
concentration. The American Academy of Pediatrics classifies hydralazine as



compatible with breastfeeding (22).
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HYDROCHLOROTHIAZIDE
Diuretic

See Chlorothiazide.



HYDROCODONE
Narcotic Agonist Analgesic, Respiratory Drug (Antitussive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. Interestingly, this supports the
FDA data also presented below. Similar to other opioid analgesics, the use
of hydrocodone late in pregnancy has the potential to cause respiratory
depression and withdrawal in the newborn (see also Codeine).

FETAL RISK SUMMARY
Hydrocodone is a centrally acting narcotic agent that is related to codeine. It is
combined with other drugs for use as an analgesic or as an antitussive. In a
reproductive study in hamsters, a single SC injection (102 mg/kg) during the
critical period of CNS organogenesis produced malformations (cranioschisis
and various other lesions) in 3.4% of the offspring (1). Because of its narcotic
properties, withdrawal could theoretically occur in infants exposed in utero to
prolonged maternal ingestion of hydrocodone.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 332 newborns had
been exposed to hydrocodone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 24 (7.2%) major birth defects were
observed (14 expected), 5 of which were cardiovascular defects (3 expected).
No anomalies were observed in five other defect categories (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. The total number of malformations is suggestive of a
possible association but other factors, including the mother’s disease,
concurrent drug use, and chance, may be involved.

At a 1996 meeting, data on 118 women using hydrocodone (N = 40) or



oxycodone (N = 78) during the 1st trimester for postoperative pain, general
pain, or upper respiratory infection were matched with a similar group using
codeine for these purposes (2). Six (5.1%) of the infants exposed to
hydrocodone or oxycodone had malformations, an odds ratio of 2.61 (95%
confidence interval 0.6–11.5) (p = 0.13). There was no pattern evident among
the six malformations (2).

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (3). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
and frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:



The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (3).

BREASTFEEDING SUMMARY
A mother, breastfeeding her third infant, experienced severe pain from cracked
nipples associated with a fungal infection (4). She had successfully breastfed
her two previous infants for 1–2 years. At about 3 weeks postpartum, because
acetaminophen alone or combined with codeine had not been successful in
controlling her pain, she was started on hydrocodone/acetaminophen (10/650



mg/tablet) two tablets every 4 hours. Good analgesia was obtained, but both
the mother and infant were “groggy and sleepy most of the day.” After 24
hours, the mother decreased the dose to 1 tablet every 3–5 hours alleviating
the symptoms in her and the infant. She eventually discontinued the drug
combination completely after 3 weeks. The fungal infection was successfully
treated with long-term (30 days) oral fluconazole (4). Although hydrocodone
milk concentrations were not measured, it is obvious that sufficient amounts
were excreted into milk to cause marked sedation in the infant. Such excretion
is consistent with the molecular weight (about 381) of hydrocodone.

Severe apnea, requiring mouth-to-mouth resuscitation, intubation, and IV
naloxone, developed in a 5-week old, 3.8-kg breastfed infant (5). The mother
had been prescribed methadone and hydrocodone/acetaminophen (doses not
specified) for migraine headaches and had taken these agents before
breastfeeding the infant. The infant’s urine drug screen was positive for opioids.
It could not be determined if the infant toxicity was due to methadone,
hydrocodone, or a combination of the two agents (5).

A 2007 study reported milk concentrations of hydrocodone in two women (6).
In the first case, a 22-year-old, 63.6-kg woman was treated during the 3rd
trimester with hydrocodone/acetaminophen two tablets every 3–4 hours to
control headaches caused by left-sided temporal schwannoma (skull-based
tumor). She continued the analgesic combination after delivery at 35 weeks’
gestation. On postpartum day 7, the patient underwent a craniotomy to remove
the tumor and was continued on 5 mg of hydrocodone/acetaminophen one to
two tablets every 4 hours as needed. She received 105 mg hydrocodone over
81 hours. During that time, an electric pump was used to obtain breast milk for
her infant. The milk hydrocodone concentrations were 8.6–127.3 mcg/L with
the levels dependent upon the mother’s dose and the time interval from the last
dose. The average milk concentration, based on AUC, was 57.2 mcg/L. The
infant dose, if exclusively breastfed, was 8.58 mcg/kg/day, or 3.1% of the
mother’s weight-adjusted dose. In the second case, a 22-year-old, 73.5-kg
woman at 16 days postpartum was admitted to the hospital for treatment of
mastitis and urosepsis. In addition to antibiotics, she received
hydrocodone/acetaminophen (5/500 mg) every 6 hours, but only took three
doses (15 mg hydrocodone) over a 24-hour period. Milk was obtained as in the
first case. Milk concentrations of the opioid were 5.2–47.2 mcg/L depending on
the time from the last dose. The average milk concentration, based on AUC,
was 20.4 mcg/L. The infant dose, if exclusively breastfed, was 3.07
mcg/kg/day, or 3.7% of the mother’s weight-adjusted dose (6).



In their comments, the authors noted that although the infant doses relative to
their mother’s weight-adjusted dose were nearly the same (3.1% vs. 3.7%), the
absolute infant doses were much different (8.58 vs. 3.07 mcg/kg/day) (6).
Because the infants were not hospitalized, the authors could not determine if
either infant experienced an adverse reaction. However, toxicity would have
been more likely in the first infant because of the higher dose.

In a 2011 study, 30 postpartum women received hydrocodone–
acetaminophen for pain while fully breastfeeding their infants (7). The study
period averaged 55.3 hours (range 16.9–84.1 hours). The average milk
concentration of hydrocodone was 14.2 mcg/L. The infant dose as a
percentage of the mother’s weight-adjusted dose was 1.6% (range 0.2%–9%).
Hydromorphone, a metabolite of hydrocodone, was detected in 12 of the 30
women. The total median opiate dosage from breast milk was 0.7% (range
0.1%–9.9%) of the therapeutic dose for older infants. The infants were not
followed for evidence of adverse effects (7).

Occasional doses of hydrocodone probably represent a minimal risk for a
nursing infant, but higher or frequent maternal dosing may cause toxicity.
Regardless, mothers taking hydrocodone products while breastfeeding should
observe their infants for breathing difficulty, sedation, excessive sleepiness,
gastrointestinal effects, and changes in feeding patterns.
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HYDROCORTISONE
Corticosteroid
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Hydrocortisone and its inactive precursor, cortisone, appear to present a
small risk to the human fetus. These corticosteroids produce dose-related
teratogenic and toxic effects in genetically susceptible experimental animals
consisting of cleft palate, cataracts, spontaneous abortion, intrauterine
growth restriction (IUGR), and polycystic kidney disease. Although the
large amount data do not support these effects in the great majority of
human pregnancies, adverse outcomes have been observed and may have
been caused by corticosteroids. Moreover, the decrease in birth weight
and a small increase in the incidence of cleft lip with or without cleft palate
is supported by large epidemiologic studies. In addition, cataracts, resulting
from a toxicity observed in humans administered the drug directly, have
been reported in human offspring exposed in utero, but a causal
relationship to maternal corticosteroid use is less certain. Because the
benefits of corticosteroids appear to far outweigh the fetal risks, these
agents should not be withheld if the mother’s condition requires their use.
The mother, however, should be informed of the risks so that she can
actively participate in the decision on whether to use these agents during
her pregnancy.

FETAL RISK SUMMARY
Hydrocortisone (Cortisol; Compound F) is a corticosteroid secreted by the
adrenal cortex. An inactive precursor, cortisone (Compound E), is also
secreted by the adrenal cortex and is converted by reduction, primarily by the
liver, to hydrocortisone (1). Hydrocortisone is used for various indications.
Physiologic doses are used to treat adrenal hormone deficiency, and higher,
pharmacologic amounts for the anti-inflammatory and immunosuppressant



properties and other effects.
Multiple studies have described the effects of hydrocortisone or cortisone on

the pregnancy outcomes of experimental animals (2–14). In five different
strains of pregnant mice administered a daily IM dose of cortisone ranging from
0.625 to 10.0 mg for 4–5 days, a dose-related and strain-related incidence of
cleft palate and resorption were observed (2). Depending on the day of
gestation that treatment started, the percentage of young with cleft palate
ranged from 2.9% to 79.1%. (Pups with cleft lip and palate similar to the
spontaneous defects that sometimes occur in untreated pups were excluded
(2).) In contrast, no cases of cleft palate were observed in the young from
control mice injected with an inert cortisone-free vehicle. Other anomalies
observed in the offspring of treated groups included marked IUGR, shortening
of the head and mandible, and spina bifida.

In a continuation of the above work, this same research group studied the
effects on pregnant mice of a daily 2.5-mg IM cortisone dose given for 4
consecutive days beginning on gestational days 7 through 18 (3). The maximum
percentage of litters resorbed occurred on day 7 (88%) and declined thereafter
as the gestational age increased at the first dose. Depending on the mother’s
genotype, the 4-day cortisone treatment beginning on gestational day 11
resulted in an incidence of cleft palate in the offspring varying from 4% to
100%. Much of this and earlier experiments were reviewed by these
investigators in a 1957 paper (4).

Hydrocortisone was shown to produce an incidence of cleft palate in mice
offspring similar to cortisone (95%) in genetically susceptible pregnant mice
treated with 2.5 mg/day IM for 4 days starting on the 10th or 11th gestational
day (5). No other gross external malformations were observed in the offspring.

The effect of cortisone treatment in mice on litter size, birth weight, cleft
palate, gestation length, and spontaneous cleft lip (with or without palate) has
been investigated (6). Litter size was reduced only if treatment was begun
before the 12th gestational day, whereas birth weight was primarily reduced
(mean reduction 31.2%) by treatment after this time. Cortisone administration
had no effect on mean gestation length or on the frequency of spontaneous
cleft lip but did induce cleft palate in some offspring. A 1998 correspondence
reiterated the negative effect of cortisone on intrauterine growth that was found
in this study (7).

The teratogenic potency of three corticosteroids to produce cleft palate in
mice was the subject of a study published in 1965 (8). Therapeutically
equivalent IM doses of hydrocortisone (4 mg), prednisolone (1 mg), or



dexamethasone (0.15 mg) were administered to pregnant mice (weight 20 to
25 g) on gestational days 11 through 14. After exclusion of offspring with
spontaneous cleft lip and palate, the frequency of cleft palate with the three
agents was 18%, 77%, and 100%, respectively (8). In another study, cleft
palate (palatoschisis) and cataract were frequently observed in the offspring of
pregnant mice (weight 20 g) administered 1 mg of hydrocortisone SC for 2–4
days between gestational days 9 and 16 (9). Resorption of part or all of the
litters was common.

One study investigated the effect of IM cortisone, 1–5.7 mg/kg/day
administered for 1–33 days, on reproduction in rabbits (10). Gross congenital
anomalies were not seen in offspring that survived, but IUGR was evident in
some. Further, a marked increase in fetal and neonatal death was observed. In
a later study, pregnant rabbits received IM cortisone, 25 or 30 mg
(approximately 7–8 mg/kg/day), for 4 days beginning on gestational day 14 or
15 (11). (Total gestation time in rabbits is 31–34 days (12)) Seventeen of the
35 embryos had a cleft palate, including 9 of the 12 born dead. Embryos with
cleft palate, living or stillborn, usually weighed less than their siblings. In
addition, two of the seven exposed litters were completely resorbed. All 36
offspring from nonexposed controls were born alive without cleft palate.

Reduced lung and body weights were observed in rabbit fetuses given a 2-
mg IM injection of hydrocortisone on gestational day 24 (13). Treated fetuses
also had fewer lung cells as indicated by decreased DNA per lung. The
deficiencies in the number of lung cells and the weights of lung and body
recovered within 30 days of birth. In a 1979 study, hydrocortisone, 57
mg/kg/day intraperitoneal on day 12 or 15 of gestation, had no effect on the
development of brain monoamine cell bodies or the arrival of axon terminals in
the regions where the synapses form (14).

A study published in 1991 demonstrated that a single 250 mg/kg SC dose of
hydrocortisone in pregnant mice on gestational days 11 through 17 could induce
polycystic kidney disease in the fetus (15). (Total gestation time in mice is 18–
20 days (12).) The highest incidence of the defect occurred after exposure on
gestational day 12, corresponding to the expected onset of metanephric renal
differentiation in the fetal mouse (15).

Hydrocortisone and cortisone cross the human placenta to the fetus (16–19).
Six pregnant women, immediately before an elective cesarean section at term,
received a continuous IV infusion of a mixture of radioactive-labeled
hydrocortisone and cortisone (16). By measurement of the hormones in the
mothers and newborns, the investigators demonstrated that most (about 75%)



of the hydrocortisone in the fetus was endogenous, whereas most of the
cortisone was from the mother. Two other studies described low transfer of
hydrocortisone to the fetus because of placental metabolism (17,18). The
placenta is a rich source of the enzyme 11β-ol-dehydrogenase which can
convert hydrocortisone to cortisone, the biologically inactive 11-ketosteroid
(17,18). In an in vivo experiment, radioactive-labeled IV hydrocortisone was
administered to five women immediately before an elective abortion at 13–18
weeks’ gestation (17). The concentrations of hydrocortisone and cortisone in
umbilical cord serum and the placenta exhibited similar patterns: about 15% for
hydrocortisone and 85% for cortisone, indicating that most of hydrocortisone
crossing the placenta had been converted to cortisone (17). Using a perfused
human placenta, one investigation discovered that the percentage of
hydrocortisone converted to cortisone in three different perfusion mediums was
73% (buffer), 85% (1% human serum albumin), and 78% (washed calf red
blood cells) (18).

In a 1982 report, researchers measured the concentration of hydrocortisone
in the cord blood of 71 premature infants (mean gestational age 32.5 weeks)
after administration of the drug in an attempt to prevent respiratory distress
syndrome (RDS) (19). The mothers received an IV dose of 100 mg, followed
by 100 mg IM every 8 hours up to a total of 400 mg. The infants were delivered
between 6 minutes and 85 hours after the first dose. The peak cord blood
concentration (32 mcg/100 mL) occurred approximately 1 hour after a dose,
representing a 3.8-fold increase over endogenous levels (8.5 mcg/100 mL).
Nearly all of the exogenous hydrocortisone was cleared between doses as
indicated by the elimination half-life of about 2 hours (19).

Hydrocortisone is frequently prescribed during human pregnancy and case
reports and other references have described the use of this agent or its
precursor, cortisone, during pregnancies that produced an infant with a
congenital malformation. In most cases, however, a relationship between the
drug and the outcome cannot be determined.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, of
whom 21 and 34 infants, respectively, were exposed in the 1st trimester to
hydrocortisone and cortisone (20, pp. 388–400). Three of the infants exposed
in utero to hydrocortisone had a major malformation (relative risk [RR] 2.79),
whereas one infant had a defect following exposure to cortisone (RR 0.46)
(type of defect not specified). There were 74 exposures to hydrocortisone
anytime during pregnancy with three malformed infants (RR 1.70) (20, p. 443).
Although the number of exposures is limited, no evidence of an association with



congenital malformations was found with these data (20, p. 398).
Several case reports have described congenital anomalies in newborns

exposed to corticosteroids with and without other drug exposures (21–25).
Some of these cases are included in the review discussed below (26). A brief
1953 correspondence describes four infants with defects (club foot, coarctation
of the aorta, cataract, and hypospadias) who were delivered to mothers
treated during the 1st trimester with cortisone for nausea and vomiting (21).
Microcephaly was noted in a newborn whose mother was treated with two
100-mg IV doses of hydrocortisone and a single IM dose of procaine penicillin
at about the 8th week of gestation (22). A male cyclops with a single orbit
containing one eyeball with two corneas and two irides was described in a
1973 publication (23). The mother had been treated with “high doses” (specifics
not given) of cortisone, procaine penicillin, and sodium salicylate at about 4
weeks fetal age for symptoms of diarrhea, fever, and a maculopapular rash.
The infant died 5 minutes after birth. In addition to the cyclops, the nose was
absent and the ears were low set, and at autopsy, the brain was found to be
small and severely malformed. Although the mother had a positive rubella titer,
a definite diagnosis of rubella could not be made (23). Moreover, the defects
noted in the infant were not consistent with those required for a diagnosis of
congenital rubella syndrome (see Vaccine, Rubella). Two malformed infants,
one with gastroschisis and the other with hydrocephalus, were briefly noted in a
1965 reference (24). The mothers had used cortisone (doses not specified)
throughout their pregnancies for ulcerative colitis and severe asthma,
respectively. Bilateral nuclear cataract was diagnosed in a male infant who had
been exposed to prednisone (15–60 mg/day) throughout gestation for maternal
Crohn’s disease (25). In addition, “high-dose” (amount not specified) cortisone
had been given during the 6th month of gestation.

A brief 1995 article reviewed the available literature to assess whether the
use of corticosteroids (hydrocortisone, cortisone, prednisone, prednisolone, or
dexamethasone) during the first 70 days after human conception was
teratogenic (26). The disorders treated were mainly systemic lupus
erythematosus, asthma, and infertility. From 18 case reports, the researchers
identified 26 exposed pregnancies of which 7 (27%) ended with malformed
offspring. Four (57%) of the anomalies were cleft palate (three of these cases
are described below in references 27–29) and the other three were bilateral
nuclear cataract, gastroschisis, and hydrocephalus. Although the number of
infants with congenital defects is much higher than expected, the authors
thought it likely that they represented reporting bias. In addition, they reviewed



17 reported series of 457 mothers exposed to the corticosteroids during the
1st trimester. In this group, 16 (3.5%) of the offsprings, an incidence close to
that expected, had malformations. Of these, two had cleft palate (0.2 expected
based on population frequency). The other defects were anencephaly (N = 2),
clubfoot (N = 3), dislocated hip (N = 1), coarctation of the aorta (N = 2; 1 with a
positive family history), transposition of the great vessels (N = 1; with a positive
family history), cataract (N = 2; 1 with a positive family history), hypospadias
(N = 2), and undescended testis (N = 1). Other adverse effects including
stillbirth, neonatal death, prematurity, and low birth weight accounted for 21%
of the outcomes, but the authors were unable to separate the effect of the drug
treatment from the disease process itself. They concluded that there was little
teratogenic risk, if any, from the use of corticosteroids in human pregnancy
(26).

The first reported case of cleft palate in an infant delivered from a woman
treated with cortisone was published in 1956 (27). A 30-year-old woman with
idiopathic steatorrhea was administered oral cortisone, 100 mg 3 times daily,
beginning on the 38th day of pregnancy. Therapy was gradually tapered and
then discontinued about 9 weeks later when pregnancy was diagnosed. The
woman eventually delivered a term stillborn male child with a cleft palate. The
cause of death was thought to be intrauterine anoxia. A second case was also
reported in 1956 (28). A woman with disseminated lupus erythematosus was
treated throughout her pregnancy with oral cortisone (100 mg/day) and
tolazoline (400 mg/day). She delivered a premature, growth-restricted 2 pound
11 ounce (about 1.22 kg) male infant between 35 and 36 weeks’ gestation. The
infant, who died of pneumonia 14 days after birth, had a cleft palate but no
other malformations were observed at autopsy. A 1962 paper mentioned an
infant with a cleft palate whose mother had taken 62.5 mg/day of cortisone
during the first 6 months of pregnancy (29).

A 1960 reference cited pregnancy outcome data from 31 reports totaling 260
pregnancies exposed to pharmacologic doses of cortisone or its analogs (30).
The outcomes included 8 stillborn, 1 abortion, 15 premature infants, and 7
newborns with various disorders, 1 of which involved transient adrenocortical
failure. (Disorders in the other six were not specified.) The authors did not
attempt to list the type or frequency of congenital defects, stating only that
most “… showed no malformations.” They did, however, mention four cases of
cleft palate (two from their series and two from unpublished data) in infants
exposed to large doses of corticosteroids during the 1st trimester (30).

Data from the MADRE (Malformation Drug Exposure Surveillance) project



were published in 1994 (31). This large surveillance study, a part of the
International Clearinghouse for Birth Defects Monitoring Systems, compared
congenital malformations with 1st trimester drug exposures from six countries
(Australia, France, Israel, Italy, Japan, and South America) during a 2-year
period (1990–1991) (31). A total of 1448 infants with birth defects were
studied. Most of the programs, however, did not report abortions. Moreover,
individual drugs were not identified but were grouped into 45 pharmacologic
classes. The maternal drug exposure history was determined by interview in
the postpartum period. Of interest, seven infants with facial clefts (cleft lip N =
5, cleft lip and palate N = 2) were exposed to systemic corticosteroids (odds
ratio [OR] 3.16; 95% confidence interval [CI] 1.08–7.91; p = 0.04). The authors
noted that the association may have occurred by chance (31).

The MADRE database again was used in a 2003 case–control study (32).
The time interval for data collection was 13 years (1990–2002) and included
11,150 reported congenital malformations (included live births, stillbirths, and
induced abortion) with 1st trimester drug exposure. For the present study,
cases were defined as infants with cleft lip and/or palate and exposure to
systemic corticosteroids during the 1st trimester. Controls were defined as
infants with any other birth defect. There were nine cases of cleft lip or cleft
palate (OR 2.10, 95% CI 1.03–4.26). Two of the cases were cleft palate only
(OR 1.17, 95% CI 0.28–4.92) and seven were cleft lip with or without cleft
palate (OR 2.59, 95% CI 1.18–5.67). Because of a decreasing trend of the
number of cases per year and animal data, the results were thought to suggest
a possible interaction with environmental pesticides (32).

The case–control study, Spanish Collaborative Study of Congenital
Malformations, surveying more than 1.2 million infants born live from 1976 to
1995 was published in 1995 (33). The study’s purpose was to determine if the
occurrence of nonsyndromic cleft lip (with or without cleft palate) was related to
1st trimester exposure to systemic corticosteroids. Three control groups were
used: (a) paired controls, (b) controls born at the same hospital ±45 days of
the case’s birth date, and (c) malformed infants without oral clefts. Statistical
analysis was employed to control for four potential confounding factors: (a)
maternal smoking; (b) maternal hyperthermia; (c) first-degree malformed
relatives with cleft lip with or without cleft palate; and (d) 1st trimester drug
exposure to anticonvulsants, benzodiazepines, metronidazole, or sex hormones.
A total of 1184 case infants were identified with nonsyndromic oral clefts, 5
(0.42%) of whom were exposed during the 1st trimester to corticosteroids.
Among the 31,752 control infants, 36 (0.11%) had been exposed to



corticosteroids during the 1st trimester. None of the 5 case infants had been
exposed to known teratogens or known risk factors for oral clefts during the 1st
trimester. Based on four cases (a case of cleft soft palate was excluded),
there was an increased risk of cleft lip (with or without cleft palate) following
1st trimester exposure to systemic corticosteroids (OR 6.55; 95% CI 1.44–
29.76; p = 0.015) (32). Control of the four confounding factors made the
association slightly stronger (OR 6.64; 95% CI 1.46–30.18; p = 0.014). The
corticosteroids identified in these four cases were hydrocortisone (N = 1; 40
mg/day throughout pregnancy), prednisone (N = 2; 15–30 mg/day during 1st
trimester), and triamcinolone (N = 1; 8 mg/day during 2nd month) (33).

Another large case–control study of the teratogenic potential of oral and
topical corticosteroids involving 1,923,413 total births from 1980 to 1994 was
conducted with the Hungarian Case–Control Surveillance of Congenital
Abnormalities and published in 1997 (34). Among the 20,830 malformed case
infants, 322 (1.55%) were exposed to systemic corticosteroids (all oral except
for 4 who received parenteral doses) during the 1st trimester compared with
503 (1.41%) (all oral except for 3 who received parenteral doses) of the
35,727 normal control infants (p = 0.19). A corticosteroid ointment was used in
73 (0.35%) of the cases and in 118 (0.33%) of the controls (p = 0.69). A
corticosteroid spray was used by 8 case mothers (0.04%) and 11 controls
(0.03%) (p = 0.63), but the offspring from those mothers were excluded from
the detailed analysis because of the small numbers. The indications for
systemic corticosteroids during the 1st trimester were primarily for asthma, hay
fever, rheumatoid disorders, and subfertility, whereas the ointments were used
for skin diseases. Most of the systemic exposures in both cases and controls
were to dexamethasone and prednisolone. None of the patients in either group
received systemic hydrocortisone and only 15 cases and 22 controls received
systemic cortisone. Hydrocortisone ointment was used by 24 case mothers and
32 controls. No association between the rate of different abnormalities and the
use of corticosteroids (oral and ointment) in the 2nd and 3rd months of
gestation or during the 1st trimester was found based on the analysis of the
case–control pairs. In the 1st gestational month, three cases with cleft lip (with
or without cleft palate) (OR 5.88, 95% CI 1.70–20.32) and multiple defects
(OR 4.88, 95% CI 1.41–16.88) were observed. However, exposures that
occurred only during the 1st gestational month (the 1st half of this month is
before conception and the other half involves the processes of preimplantation
and implantation) cannot cause defects because this time is before the critical
period for induction of congenital malformations (34).



In a case–control study published in 1999, the California Birth Defects
Monitoring Program evaluated the association between selected congenital
anomalies and the use of corticosteroids 1 month before to 3 months after
conception (periconceptional period) (35). Case infants or fetal deaths
diagnosed with orofacial clefts, conotruncal defects, neural tubal defects
(NTD), and limb anomalies were identified from a total of 552,601 births that
occurred from 1987 through the end of 1989. Controls, without birth defects,
were selected from the same database. Following exclusion of known genetic
syndromes, mothers of case and control infants were interviewed by telephone,
an average of 3.7 years (cases) or 3.8 years (controls) after delivery, to
determine various exposures during the periconceptional period. The number of
interviews completed were orofacial cleft case mothers (N = 662, 85% of
eligible), conotruncal case mothers (N = 207, 87%), NTD case mothers (N =
265, 84%), limb anomaly case mothers (N = 165, 82%), and control mothers
(N = 734, 78%) (34). Orofacial clefts were classified into four phenotypic
groups: isolated cleft lip with or without cleft palate (ICLP, N = 348), isolated
cleft palate (ICP, N = 141), multiple cleft lip with or without cleft palate (MCLP,
N = 99), and multiple cleft palate (MCP, N = 74). A total of 13 mothers
reported using corticosteroids during the periconceptional period for a wide
variety of indications. Six case mothers of ICLP and 3 of ICP used
corticosteroids (unspecified corticosteroid, N = 1; prednisone, N = 2; cortisone,
N = 3; triamcinolone acetonide, N = 1; dexamethasone, N = 1; and cortisone
plus prednisone, N = 1). One case mother of an infant with NTD used cortisone
and an injectable unspecified corticosteroid, and three controls used
corticosteroids (hydrocortisone, N = 1; and prednisone, N = 2). The OR for
corticosteroid use and ICLP was 4.3 (95% CI 1.1–17.2), whereas the OR for
ICP and corticosteroid use was 5.3 (95% CI 1.1–26.5). No increased risks
were observed for the other anomaly groups. Commenting on their results, the
investigators thought that recall bias was unlikely because they did not observe
increased risks for other malformations, and it was unlikely that the mothers
would have known of the suspected association between corticosteroids and
orofacial clefts (35).

A 2002 study, using data from a Danish prescription database and a birth
registry, examined the relationship between topical corticosteroids and low birth
weight, malformations, and preterm delivery (36). The pregnancy outcomes of
363 women, who had received prescriptions for the drugs 30 days before
conception and/or during pregnancy, were compared with 9263 controls, who
had received no prescriptions at all. The incidence of birth defects in 170



pregnancies with 1st trimester exposure was 1.8% (3 of 170) and in controls
was 3.6%. The defects in the exposed group were clubfoot, flat foot, and
metatarsus varus. For use anytime in pregnancy, no associations were found
with low birth weight and preterm delivery. Stratification by corticosteroid
strength (weak to very strong) did not change any of the results (36).

In a 2004 report, the Israeli Teratogen Information Service prospectively
collected and followed 311 pregnancies exposed to systemic corticosteroids
(37). The pregnancy outcomes, in terms of major congenital defects, of
exposed and 790 controls did not differ significantly (4.6% vs. 2.6%). There
were no cases of oral clefts in the exposed group. However, significant
differences were observed in the rates of spontaneous abortion (11.5% vs.
7.0%) and preterm births (22.7% vs. 10.8%). Moreover, exposed infants had a
lower median birth weight (3080 vs. 3290 g) and were born at an earlier
median gestational age (39 vs. 40 weeks). The study had a power to find a
2.5-fold increase in the overall rate of major congenital defects (37).

Hydrocortisone was only partly successful in an attempt to prevent in utero
virilization by adrenal suppression of a female fetus with congenital adrenal
hyperplasia (21-hydroxylase deficiency) (38). A daily oral dose of 40 mg was
started at 9.4 weeks’ gestation and increased to 50 mg/day during mid-
pregnancy. At delivery, low amniotic fluids of estriol suggested only partial
suppression of the fetal adrenal glands. The infant had moderate virilization as
indicated by clitoral hypertrophy and slight posterior fusion. In contrast,
dexamethasone was used successfully in a second mother (see
Dexamethasone). The failure of hydrocortisone to prevent virilization was
probably a result of the lower placental transfer and adrenal suppression
potency compared with dexamethasone (38).

Hydrocortisone has been used in attempts to enhance fetal lung maturation
and, thus, prevent RDS (18,39–48). This therapy is relatively nontoxic to the
fetus. However, hydrocortisone is no longer used for this purpose because very
large doses are required to overcome placental metabolism and relatively short
half-life of the corticosteroid in the fetus. Compared with a corticosteroid
frequently used to prevent RDS (betamethasone 24 mg/treatment course), at
least a 2000 mg/treatment course of hydrocortisone would have to be
administered to achieve therapeutically equivalent results (48).

Both hydrocortisone and cortisone have been used to treat pregnancy-
induced severe nausea and vomiting (i.e., hyperemesis gravidarum (21,49,50)).
Although this therapy appears to be successful, its risks, especially in the 1st
trimester (e.g., see reference 21), indicate that corticosteroids should not be



used as primary therapy.
Hydrocortisone and other systemic and inhaled corticosteroids are frequently

prescribed to control the symptoms of severe asthma during pregnancy
(51–57). Most authorities believe that these agents are relatively safe in
pregnancy and that their benefit to both the mother and her pregnancy clearly
outweigh the potential risks to the fetus (51–56). One author, however,
suggested caution in their use around the time of palate closure and in women
with a family history of cleft lip (with or without cleft palate) (51). A recent study
of 824 pregnant asthmatic patients matched with 678 controls (all singleton
pregnancies in both groups) found no significant relationship between major
congenital malformations and 1st trimester exposure to corticosteroids (oral,
inhaled, or intranasal) (53). However, significant associations were found
between corticosteroid use and preeclampsia (exposed 11.4% vs. controls
7.1%, p = 0.014), preterm birth (exposed 6.4% vs. controls 3.8%, p = 0.048),
and low birth weight (exposed 6.0% vs. controls 3.3%, p = 0.032) (53). Other
references have reported IUGR as a complication of systemic corticosteroids
(54–56). The latter reference quantified the impaired fetal growth as about a
300- to 400-g decrease in birth weight (56).

BREASTFEEDING SUMMARY
Trace amounts of endogenous hydrocortisone (cortisol) are excreted into
breast milk (57,58). The amount of the corticosteroid in milk varies from 0.2 to
32 ng/mL with the highest mean concentrations (25.5 ng/mL) measured in
colostrum during late pregnancy (58). The concentration of hydrocortisone in
colostrum averages 7.5% of the plasma level.

No reports describing the excretion of exogenous hydrocortisone or cortisone
into human milk have been located. It is unlikely, however, that these agents
pose a risk to a nursing infant. Prednisone, a corticosteroid more potent than
hydrocortisone, is excreted in trace amounts into milk and is classified as
compatible with breastfeeding (see Prednisone). Moreover, a 1997 review
stated that corticosteroids have been used safely during lactation (54).
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HYDROFLUMETHIAZIDE
Diuretic

See Chlorothiazide.



HYDROMORPHONE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. In addition, withdrawal could occur
in infants exposed in utero to prolonged maternal ingestion of
hydromorphone. Use of the drug in pregnancy is primarily confined to labor.
Respiratory depression in the neonate similar to that produced by
meperidine or morphine should be expected (1) (see also Codeine).

FETAL RISK SUMMARY
Hydromorphone, an opioid analgesic, is a hydrogenated ketone of morphine.
The drug is extensively metabolized in the liver to apparently inactive
metabolites. It also is a metabolite of hydrocodone. Plasma protein binding of
hydromorphone is low (about 8%–19%) and the elimination half-life is dose-
dependent (about 2.6–2.8 hours) (2).

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (3). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
and frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,



hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the



absolute risk was a modest absolute increase above the baseline risk for birth
defects (3).

BREASTFEEDING SUMMARY
Hydromorphone is excreted into breast milk (4). Eight healthy lactating women
were given a single dose of 2-mg hydromorphone by nasal spray and serial
blood and milk samples were collected over 24 hours. Infants were not allowed
to nurse during the study. Little of the drug was found in milk fat (skim
milk:whole milk ratio 0.98). The milk:plasma ratio was about 2.6 and the
estimated infant dose (based on 150 mL/kg/day) was 0.67% of the mother’s
weight-adjusted dose (3).

The effect of these amounts, if any, on a nursing infant are unknown but
appear to be clinically insignificant. However, further study, especially with
multiple dosing, is warranted (see also Hydrocodone).
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HYDROQUINONE
Dermatologic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

In a 1998 study, approximately 45% of a dose from a 24-hour application
of 2% topical hydroquinone cream was absorbed into the systemic
circulation (1). In one of two animal species studied, an increased incidence
of structural anomalies was noted but only at a maternal toxic dose. The
difference between the oral doses used in animals and the topical human
dose in terms of systemic exposure (i.e., AUC) is unknown. However, since
the difference should be large, the animal data appear to suggest low risk.
Moreover, the nearly complete absence of reported human pregnancy
experience, combined with the expected frequent use in pregnancy,
provides some reassurance that topical hydroquinone is not associated
with embryo or fetal toxicity. Although more data are needed, the use of
hydroquinone in pregnancy probably is low risk, but one review concluded
that it was best to minimize exposure because of the amounts absorbed
into the systemic circulation (2).

FETAL RISK SUMMARY
Hydroquinone, usually in combination with a sunscreen agent, is used topically
to produce reversible depigmentation of the skin (3–5). Hydroquinone also
occurs naturally in leaves, bark, and fruit of a number of plants and in some
insects, and has several industrial uses (6). It is structurally related to
monobenzone. Two commercial preparations (EpiQuin Micro and Claripel) are
indicated for the gradual treatment of ultraviolet-induced dyschromia and
discoloration resulting from the use of oral contraceptives, pregnancy, hormone
replacement therapy, or skin trauma (3,4). A third product (Glyquin XM) is
indicated for the gradual bleaching of hyperpigmented skin conditions such as



chloasma, melasma, freckles, senile lentigines, and other unwanted areas of
melanin hyperpigmentation (5). Hydroquinone is a strong base (pKa 9.96) (3).

Animal reproductive tests have not been conducted with topical hydroquinone
(3–5). However, oral doses of the drug have been tested in pregnant animals
(6–8). In a rat study, gavage doses ≤300 mg/kg/day during organogenesis
caused no adverse effects on reproductive indices (i.e., pregnancy rate,
numbers of corpora lutea, implantation sites, preimplantation and
postimplantation losses, early and late resorptions, viable fetuses, fetal sex
ratio, and gravid uterine weights) (7). However, the highest dose did cause
maternal toxicity (slightly reduced body weight) and an associated small
decrease in mean fetal weight. Common vertebral variations also were
observed in the fetuses at the highest dose. The no-observable-effect level
(NOEL) for both maternal and developmental toxicity was 100 mg/kg/day (7).
In a two-generation rat study, no evidence of impaired fertility or embryo–fetal
harm was observed at oral doses up to 150 mg/kg/day given before and
throughout gestation (6).

In a study with pregnant rabbits, gavage doses of 75 and 150 mg/kg/day
during organogenesis were associated with maternal toxicity (reduced food
consumption and/or body weight) (8). The NOEL for maternal toxicity was 25
mg/kg/day. At 150 mg/kg/day, in the presence of maternal toxicity,
nonsignificant increases in the incidences of fetal ocular and minor skeletal
malformations (microphthalmia, vertebral/rib defects, angulated hyoid arch)
were observed. The NOEL for developmental toxicity was 75 mg/kg/day (8).

The relationship of the systemic hydroquinone exposures resulting from the
oral doses used in these studies to the human systemic exposure resulting from
topical application is not known. However, even though the amount absorbed
systemically by the animals is unknown, the exposures most likely are
significantly higher than those that humans experience from topical use.

It is not known if hydroquinone crosses the human placenta. The molecular
weight (about 110) is low enough for passive diffusion. Because it is a strong
base, most of the drug that reaches the systemic circulation should be in the
ionized state.

In a 1996 study, a combination of glycolic acid and hydroquinone was used,
but the outcomes of the pregnancy cases were not specified (9). The treatment
of hyperpigmentation disorders, including melasma (also known as the “mask of
pregnancy”), typically involves women of reproductive age (9–15).
Hydroquinone is the most commonly used agent for melasma (16,17). Other
topical agents in addition to glycolic acid, such as antioxidants, tretinoin, and



fluocinolone (a corticosteroid), are sometimes combined with hydroquinone to
increase the efficacy of melasma treatment (14,15). The use of topical tretinoin
in pregnancy is controversial and best avoided (see Tretinoin [Topical]).

BREASTFEEDING SUMMARY
No reports describing the use of topical hydroquinone during lactation have
been located. It is not known if hydroquinone is excreted into breast milk. The
molecular weight (about 110) is low enough but, because it is a strong base,
most of the compound, if it reaches the systemic circulation, would be in the
ionized state and not available for excretion into milk. The potential effects on a
nursing infant appear to be negligible.
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HYDROXYCHLOROQUINE
Antimalarial/Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Hydroxychloroquine does not appear to pose a significant risk to the fetus,
especially with lower doses. No reports of retinal or ototoxicity after in
utero exposure have been located. The CDC has stated that
hydroxychloroquine may be used during pregnancy for antimalarial
prophylaxis since, in prophylactic doses, the agent has not been shown to
be harmful to the fetus (1,2). The adult antimalarial prophylactic dose is
400 mg/week (3). The use of higher doses for prolonged periods, such as
those used for systemic lupus erythematosus (SLE), acute attacks of
malaria, and rheumatoid arthritis, probably represents an increased fetal
risk, but the magnitude of this increase is unknown. At least one source has
recommended that the use of hydroxychloroquine for rheumatoid arthritis or
SLE be avoided during pregnancy (4), but recent reports (5–7) do not
support this conclusion. Moreover, stopping therapy when a pregnancy
became known would not, as discussed below, stop exposure of the
embryo–fetus to the drug, but could increase the risk because of a lupus
flare. If hydroxychloroquine is used in pregnancy for the treatment of
rheumatoid arthritis, health care professionals are encouraged to call the
toll-free number (877-311-8972) for information about patient enrollment in
the Organization of Teratology Information Specialists (OTIS) Rheumatoid
Arthritis study.

FETAL RISK SUMMARY
Hydroxychloroquine is used for the treatment of malaria, SLE, and rheumatoid
arthritis. A 1988 review described several references relating to animal studies
with the closely related agent, chloroquine (4). In pregnant mice, rats, rabbits,



and monkeys, chloroquine crosses the placenta to the fetus. In fetal mice and
monkeys, the drug accumulates for long intervals, ≤5 months in mice, in the
melanin structures of the eyes and inner ears (3,4). Teratogenicity studies with
chloroquine using monkeys have not been published. However, in rats, only high
doses were teratogenic, producing skeletal and ocular defects (4). In pregnant
mice, chloroquine alone was not teratogenic, but in combination with radiation,
a significant increase in cleft palates and tail anomalies was observed. No
similar data are available for hydroxychloroquine.

Published data relating to the use of hydroxychloroquine during human
pregnancy are scarce but do not indicate that the drug poses a significant risk
to the fetus. The Collaborative Perinatal Project monitored 50,282 mother–child
pairs, 2 of whom had 1st trimester exposure to hydroxychloroquine (8). Neither
child had a congenital malformation. A 1974 reference reported no
abnormalities in a fetus after a therapeutic abortion at 14 weeks’ gestation (9).
The fetus had been exposed to the antimalarial agent, 200 mg twice daily,
since the time of conception. Examination of the temporal bones, the embryonal
precartilage, the anlages of the auditory ossicles, and the membranous
labyrinth demonstrated a normal 14-week stage of development, indicating an
apparent lack of drug-induced ototoxicity in this fetus (9). A short 1983
communication described the use of 200 mg/day of hydroxychloroquine during
the first 16 weeks of gestation for the treatment of maternal discoid lupus
erythematosus (10). A male infant was eventually delivered who was alive and
well at 2 years of age.

The use of hydroxychloroquine during 27 pregnancies in 23 women with mild
to moderate SLE was described in a 1995 abstract (5). In 17 of the
pregnancies, the drug was used at a dose of 200–400 mg daily throughout
gestation. The outcomes of these cases included 2 miscarriages, 2 perinatal
deaths, 1 infant with congenital heart block (in a Ro-positive mother), and 12
normal newborns. In six other pregnancies, hydroxychloroquine was started
after conception, three during the 1st trimester. In the remaining three cases,
therapy was stopped after diagnosis of pregnancy, resulting in a worsening of
the disease and higher doses of prednisolone, and pregnancy termination in
one because of severe renal lupus. No fetal or newborn adverse effects related
to hydroxychloroquine were observed. A follow-up of 20 newborns for ≥3 years
found that all were healthy. The authors concluded that hydroxychloroquine was
safe in pregnancy, and because of the risk of lupus flare, discontinuing therapy
during pregnancy represented a greater danger to the fetus (5).

Other investigators have reached similar conclusions as to the safety of



hydroxychloroquine in the treatment of SLE during pregnancy (6,7). These
authors described nine pregnancies (plus seven from an earlier paper) in which
hydroxychloroquine (200 mg/day) was used throughout gestation without
producing congenital malformations. In the present series of nine pregnancies,
five newborns were delivered preterm and four at term. Long-term follow-up of
the children exposed in utero has been normal. Because of the very long
elimination half-life of the drug from maternal tissues (weeks to months), the
authors concluded that discontinuing the drug when pregnancy was known
would not eliminate fetal exposure but could jeopardize the pregnancy from a
lupus flare (6,7).

The use of hydroxychloroquine as an antimalarial, instead of chloroquine, has
been recommended because of the belief that hydroxychloroquine is less toxic
(4). However, few data are available to substantiate this practice, either in
terms of congenital malformations or in optic or otic toxicity. From published
reports of fetal exposure to either chloroquine or hydroxychloroquine, one
source cited an incidence of 7 infants with congenital anomalies from 188 live
births—a rate of 4.5% (4). This value is within the expected 3%–6% incidence
of congenital malformations in a nonexposed population.

BREASTFEEDING SUMMARY
Two reports have described the excretion of small amounts of
hydroxychloroquine into breast milk. A 27-year-old woman was treated with
hydroxychloroquine, 400 mg (310 mg base) each night, for an exacerbation of
lupus erythematosus (11). She had been breastfeeding her infant for 9 months.
No mention of the infant’s condition or of the presence of toxic effects was
made by the authors of this report. Milk samples were collected 2.0, 9.5, and
14.0 hours after one dose and 17.7 hours after a second dose. Milk
concentrations of hydroxychloroquine base at the 4 times were 1.46, 1.09,
1.09, and 0.85 mcg/mL, respectively. A maternal blood sample was collected
15.5 hours after the first dose. Hydroxychloroquine base concentrations in
whole blood and plasma were 1.76 and 0.20 mcg/mL, respectively. The
authors estimated that the infant was consuming, based on 1000 mL of milk, a
daily dose of 1.1 mg hydroxychloroquine base, or approximately 0.35% of the
mother’s daily dose (11).

Much lower milk concentrations of drug were obtained from a 28-year-old
woman who was being treated with hydroxychloroquine, 200 mg twice daily, for
rheumatoid arthritis (12). Treatment had been stopped for 6 months during
pregnancy and then restarted 2 months later because of arthritis relapse. A



total of 3.2 mcg of the drug was recovered from her milk over a 48-hour
interval, representing 0.0005% of the mother’s dose. The highest milk
concentration of the agent, 10.6 ng/mL, was found in the 39–48-hour sample. It
was not stated whether the infant was allowed to breastfeed.

Because of the slow elimination rate and the potential for accumulation of a
toxic amount in the infant, breastfeeding during daily therapy with
hydroxychloroquine should be undertaken cautiously (11–13). The
administration of once-weekly doses, such as those used for malaria
prophylaxis, would markedly reduce the amount of drug available to the nursing
infant and, consequently, produce a much lower risk of accumulation and
toxicity. Although breastfeeding during maternal malarial prophylaxis is not
thought to be harmful, the amount of hydroxychloroquine in milk is insufficient to
provide protection against malaria in the infant (10). The American Academy of
Pediatrics classifies the drug as compatible with breastfeeding (14).
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HYDROXYPROGESTERONE
Progestogenic Hormone
PREGNANCY RECOMMENDATION: Human Data Suggest Risk (0–16
Weeks), Compatible (After 16 Weeks)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Hydroxyprogesterone (17α-hydroxyprogesterone [17α-HP]) is efficacious
and safe for the prevention of preterm labor when it is used after 16
weeks’ gestation. Use before this carries a small risk of female
masculinization and hypospadias and/or ambiguous genitals in males.
Development of the phallus occurs between the 7th and 16th week of
gestation (1). Use of 17α-HP after this point cannot cause hypospadias
because the urethral groove has fused. Because several issues still exist,
including long-term safety and the ideal progesterone formulation (e.g.,
progesterone vs. 17α-HP; and dosage), the American College of
Obstetricians and Gynecologists (ACOG) recommended in 2008 that the
use of progesterone supplementation should be restricted to women with a
singleton pregnancy and a prior spontaneous preterm birth due to
spontaneous preterm labor or premature rupture of membranes (2).

FETAL RISK SUMMARY
17α-HP is not available commercially in the United States but is prepared by
some compounding pharmacies. It is a naturally occurring metabolite of
progesterone (3).

The Collaborative Perinatal Project monitored 866 mother–child pairs with 1st
trimester exposure to progestational agents (including 162 with exposure to
17α-HP) (4, pp. 389, 391). An increase in the expected frequency of
cardiovascular defects and hypospadias was observed for both estrogens and
progestogens (4, p. 394; 5). Reevaluation of these data in terms of timing of
exposure, vaginal bleeding in early pregnancy, and previous maternal obstetric
history, however, failed to support an association between female sex



hormones and cardiac malformations (6).
Dillon reported six infants with malformations exposed to 17α-HP during

various stages of gestation (7,8). The congenital defects included spina bifida,
anencephalus, hydrocephalus, tetralogy of Fallot, common truncus arteriosus,
cataract, and ventricular septal defect. Complete absence of both thumbs and
dislocated head of the right radius in a child has been associated with 17α-HP
(8). However, the use of diazepam in early pregnancy and the lack of similar
reports make an association doubtful.

In 2000, Schardein (9) reviewed the risk of progestogens for female
masculinization and male feminization after 1st trimester use. He cited seven
cases of female masculinization with 17α-HP. Although admitting that the
relationship between progestogens and male feminization was still tenuous,
among 78 cases there were 7 cases of hypospadias and/or ambiguous genitals
associated with 17α-HP and 2 cases of hypospadias with progesterone (9).

A 1985 study described 2754 offspring born to mothers who had vaginal
bleeding during the 1st trimester (10). Of the total group, 1608 of the newborns
were delivered from mothers treated during the 1st trimester with either oral
medroxyprogesterone (20–30 mg/day), 17-hydroxyprogesterone (500 mg/week
by injection), or a combination of the two. Medroxyprogesterone was used
exclusively in 1274 (79.2%) of the study group. The control group consisted of
1146 infants delivered from mothers who bled during the 1st trimester but who
were not treated. There were no differences between the study and control
groups in the overall rate of malformations (120 vs. 123.9/1000, respectively)
or in the rate of major malformations (63.4 vs. 71.5/1000, respectively) (10).
Another 1985 study compared 988 infants exposed in utero to various
progesterones with a matched cohort of 1976 unexposed controls (11). No
association between the use of progestins, primarily progesterone and 17α-HP,
and fetal malformations was discovered.

Developmental changes in the psychosexual performance of boys have been
attributed to in utero exposure to 17α-HP (12). The mothers received an
estrogen–progestogen regimen for their diabetes. Hormone-exposed males
demonstrated a trend to have less heterosexual experience and fewer
masculine interests than controls (12).

A number of studies have reported the use of 17α-HP during pregnancy or its
benefits to prevent premature labor (13–30). The hormone is not effective in
twin pregnancies (3,22). A 2005 meta-analysis of randomized controlled trials
of progestational agents, most of which (80%) involved 17α-HP, concluded that
these agents reduced the incidence of preterm birth and low-birth-weight



newborns (31). In another 2005 review, the clinical use of 17α-HP for the
prevention of preterm delivery and its safety was summarized (3). No increase
in the incidence of fetal adverse effects has been observed. The evidence
supports the use of 17α-HP (250 mg IM every week) beginning as soon as
possible after 16 weeks’ gestation and continuing to 36 weeks’ (3).

17α-HP also has been used in early gestation to prevent spontaneous
abortion, but the results have been mixed (32,33).

BREASTFEEDING SUMMARY
No reports describing the use of 17α-HP during human lactation have been
located. Because of its use for the prevention of preterm birth, it is doubtful if
such reports will ever be available. However, progesterone is classified as
compatible with breastfeeding (34).
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HYDROXYUREA
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data Suggest Low
Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although hydroxyurea is teratogenic in animals, almost all reported human
pregnancy exposures have resulted in normal outcomes. In some of cases,
however, hydroxyurea was discontinued very early in gestation or started
after organogenesis. The available data prevent a better assessment of the
embryo–fetal risk. In addition, although many children exposed in utero
have had normal growth and development during their first few years,
longer evaluation periods are warranted because the drug might be a
human carcinogen. Nevertheless, if the drug is indicated, it should not be
withheld because of pregnancy, but avoiding organogenesis would be best.

FETAL RISK SUMMARY
Hydroxyurea is an antineoplastic agent that causes cytotoxic and cytoreductive
effects. It is indicated to reduce the frequency of painful crises and to reduce
the need for blood transfusions in adult patients with sickle cell anemia with
recurrent moderate to severe painful crises. It undergoes partial metabolism.
Hydroxyurea is presumed to be a human carcinogen (1). The drug is also used
for other indications as discussed below.

Hydroxyurea is teratogenic in several animal species including mice,
hamsters, cats, miniature swine, dogs, and monkeys at doses within onefold of
the human dose based on BSA (1). Shepard (2) reviewed nine studies
describing the effects of this agent on the embryos and fetuses of various
animal species. Anomalies observed included defects of the CNS, palate, and
skeleton, depressed DNA synthesis, extensive cell death in limb buds and CNS,
impaired postnatal learning, and decreased body and brain growth (rats); beak
defects (chick embryos); and neural tube and cardiac defects (hamsters) (2). A



1999 report, evaluating the combined prenatal toxicity of hydroxyurea and 6-
mercaptopurine riboside in mice, determined that the NOAEL (no-observed-
adverse-effect level) of a single, intraperitoneal dose of hydroxyurea
administered on day 11 of gestation was 250 mg/kg (3). An increase in gross
structural abnormalities was observed at the 300- and 350-mg/kg dose levels.

A number of reports have described the use of hydroxyurea in human
pregnancy (4–27). Two women, both with acute myelocytic leukemia, were
treated with five-drug chemotherapy regimens at 17 and 27 weeks’ gestation,
respectively (4). In both cases, hydroxyurea (8 mg) was given as an initial,
single IV dose. One woman underwent an elective abortion (EAB) of a grossly
normal fetus 4 weeks after the start of chemotherapy. The second patient
delivered a premature infant at 31 weeks with no evidence of birth defects,
again 4 weeks after the start of therapy. Follow-up at 13.5 months revealed
normal growth and development (4).

A 1991 report described the use of hydroxyurea, 0.5–1.0 g/day, throughout
gestation in a woman with chronic myelocytic leukemia (CML) (5). A
spontaneous vaginal delivery at 36 weeks’ gestation resulted in the birth of a
normal, healthy 2670-g male infant with normal blood counts. The infant’s
growth and development have been normal through 26 months of age (5). A
subsequent brief report described a similar patient treated with 1–3 g/day
orally before and throughout gestation (6). Hydroxyurea therapy was stopped
(to prevent a potential cytopenia in the fetus) 1 week before a planned
cesarean section at 38 weeks’ gestation. A healthy 3100-g male infant was
delivered, without evidence of hematologic abnormalities, whose growth and
development remain normal at 32 months of age (6). A 1992 report listed a
pregnant woman with CML who was treated in the 1st trimester with
hydroxyurea and three other agents (7). She elected to terminate her
pregnancy.

Several other studies have reported on the use of hydroxyurea for CML
during pregnancy (8–14). A 1992 publication described two women who were
treated before and throughout gestation with oral doses of 1.5 g/day (8).
Eclampsia developed at 26 weeks’ gestation in one woman resulting in the
delivery of a stillborn male fetus without gross abnormalities who had a normal
phenotype. The second patient had a vaginal delivery at 40 weeks of a healthy
3.2-kg male infant with normal phenotype. No follow-up evaluation of the infant
was mentioned (8). The clinical course of a pregnant woman with CML was
discussed in a 1993 report (9). She required 1.5–3 g/day during pregnancy for
her disease. At 37 weeks’ gestation, she delivered a healthy baby girl who had



normal blood counts and no evidence of congenital defects (9). A second 1993
report described a woman with CML treated unsuccessfully with interferon alfa
before pregnancy and then with hydroxyurea (10). At the patient’s request, all
therapies were stopped before conception. Hydroxyurea therapy (dose not
specified) was reinstituted during the 2nd trimester and continued until 1 month
before the delivery of a normal, term, 3.4-kg male infant. The infant was
developing normally at approximately 11 months of age (10). In another case, a
woman received hydroxyurea, 1.5–2.5 g/day, throughout gestation and
delivered a term, 3.44-kg female infant who was normal at age 6 weeks (11).
In a 2011 case report, the therapy of a 24-year-old patient with CML was
changed at 10 weeks’ from imatinib to hydroxyurea. She was maintained on the
agent (2.0–2.5 g/day) for the remainder of her pregnancy (12). A healthy 2.5-
kg female baby was born at 37 weeks. At 1-year follow-up, her growth and
development were normal. In a 2006 report, a woman was treated for chronic-
phase CML with imatinib before and during the first 6 weeks of gestation until
her pregnancy was diagnosed (13). Therapy was stopped until the completion
of the 1st trimester, at which time hydroxyurea was started. At 30 weeks’, a
fetal ultrasound revealed a meningocele and 4 weeks later the woman
delivered a dead fetus. The defect was thought to have been caused by
imatinib (13). A brief 2009 case report described the outcome of a 34-year-old
woman with CML who was treated with imatinib (400 mg/day) during the first 4
months of an unplanned pregnancy (14). When pregnancy was diagnosed,
imatinib was stopped and hydroxyurea was started. At 37 weeks’, she
delivered a healthy 3.12-kg infant with Apgar scores of 9 and 10. The child was
doing well at 26 months of age (14).

A 1994 report described a woman with primary thrombocythemia who had
lost two previous pregnancies from stillbirths (15). She was treated with
hydroxyurea (1–2 g/day) before and during the first 6 weeks of her third
pregnancy. She delivered a healthy male infant at 35 weeks’ gestation. Two
other publications have also reported the use of hydroxyurea in pregnant
women with essential thrombocythemia (16,17). In one case, the dose and
exposure time were not specified but the pregnancy was electively terminated
due to maternal complications (15). In the other case, 0.5–1.0 g/day was used
from 18 to 28 weeks’ gestation and a healthy male infant was delivered at 37
weeks’ gestation (17).

In another 1994 case report, a 28-year-old woman, known to have familial
myeloproliferative syndrome, was treated successfully for essential
thrombocythemia (ET) with hydroxyurea and aspirin with disappearance of her



neurologic symptoms (18). After about 9–10 months of treatment, she was
found to be pregnant and all therapy was stopped. About 2–3 months later, her
symptoms reappeared and she was treated with interferon alpha and aspirin
the remainder of pregnancy. At term, she gave birth to a growth-restricted
baby with multiple malformations (ambiguous genitalia, hemivertebrae D6 to
D10 with 11 pairs of ribs, and secondary scoliosis) (no other details on the
baby were provided) (18).

A 1995 study described the outcomes of 34 pregnancies in 18 women with
ET (19). Only one of the pregnancies was treated with hydroxyurea and that
pregnancy was terminated by an EAB. In a 2001 study, 43 pregnancies
occurred in 20 patients with ET but only were treated with hydroxyurea (20).
The pregnancy outcome was “successful” (no further details given). A 2011
report described the pregnancy outcome of a 42-year-old woman with ET who
had been treated with hydroxyurea and aspirin during the first 5 months of
gestation (21). At term, she delivered a normal 2.7-kg male infant with Apgar
scores of 8 and 9.

Four reports have described the use of hydroxyurea for the management of
sickle cell disease in pregnant women (22–25). In a study published in 1995,
three women conceived while receiving the drug (22). All stopped the therapy
when pregnancy was diagnosed. One delivered a normal, full-term infant, and
two had EABs. A 1999 report described one woman with sickle cell disease
who had received hydroxyurea (1 g/day) and folic acid (5 mg/day) for 3 years
before pregnancy (23). She discontinued hydroxyurea when pregnancy was
confirmed at 9 weeks’ gestation and delivered a normal male 3.24-kg baby at
39 weeks’ with Apgar scores of 8 and 10 at 1 and 5 minutes, respectively. The
infant was developing normally at 15 months. Another 1999 publication reported
two pregnancies that were exposed to hydroxyurea very early in gestation (24).
Both women were being treated for sickle cell disease with the drug (1 and 0.5
g/day), in addition to folic acid and other drugs, and both discontinued
hydroxyurea when pregnancy was confirmed at approximately 5 and 4 weeks,
respectively. One woman delivered a 2750-g male infant at 37 weeks’
gestation with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively. The
infant was developing normally at age 17 months. The second woman delivered
a premature, 1365-g, male baby at 32.5 weeks’ gestation with Apgar scores of
8 and 9 at 1 and 5 minutes, respectively. Because of his prematurity, the infant
required treatment for respiratory distress syndrome, hyperbilirubinemia, patent
ductus arteriosus, and sepsis during the first 6 weeks, but was developing
normally at age 21 months (24).



In a 2009 report from the Multicenter Study of Hydroxyurea in Sickle Cell
Anemia, attempts were made to prevent pregnancies during the randomized
double-blind placebo-controlled trial (25). Among the 299 study participants,
153 were females and, of these, 77 (50.3%) were in the hydroxyurea group.
During the trial, there were six pregnancies in female participants taking the
drug. When pregnancy was diagnosed, all were taken off of the drug. The
outcomes of the six pregnancies were two live births, three EABs, and one
spontaneous abortion (25).

A 2010 case report described the pregnancy outcome of a 25-year-old
patient with sickle-β thalassemia who had been treated with hydroxyurea during
the first 9 weeks of gestation (26). At that time, hydroxyurea was stopped and
other therapy initiated. Although the remainder of her pregnancy was
complicated, she eventually gave birth at 38 weeks’ to a healthy 2.68-kg female
infant who was growing normally at 1 year of age (26).

The outcomes of pregnancies exposed to chemotherapy for gestational
trophoblastic disease before conception were evaluated in two reports (27,28).
In 436 long-term survivors treated with chemotherapy between 1958 and 1978,
69 (16%) received hydroxyurea as part of their treatment regimens (27). Of the
69 women, 14 (20%) had at least one live birth (numbers in parentheses refer
to mean/maximum hydroxyurea dose in grams) (3.6/8.0), 3 (4%) had no live
births (6.3/16.0), 3 (4%) failed to conceive (3.0/6.0), and 49 (71%) did not try
to conceive (9.4/47.0). Additional details, including congenital anomalies
observed, are described in the monograph for methotrexate (see Methotrexate)
(27). In the other report, 336 women, who had tried to conceive, had previously
received various combinations of chemotherapeutic agents, some of which
included hydroxyurea (28). In comparison with a group receiving single-agent
therapy (N = 392; methotrexate), no differences in pregnancy outcome were
observed in the number of live births, unsuccessful pregnancies, and an inability
to become pregnant. Only 18 major or minor congenital abnormalities (affecting
1.7% of the births) were reported. However, the stillbirth rate in all women
treated for gestational trophoblastic disease was significantly higher than that
of the general population (odds ratio 2.87; 95% confidence interval 2.44–3.03;
p <0.001) (28).

A woman treated for acute lymphoid leukemia with a combination of nine
antineoplastic agents, one of which was hydroxyurea, conceived two
pregnancies, 2 and 4 years after chemotherapy was stopped (29). Apparently
normal term infants, a 3850-g male and a 3550-g female, resulted and both
were doing well at 7 and 4.5 years, respectively.



Hydroxyurea was used to treat polycythemia vera for 18 months before a 34-
year-old woman became pregnant (30). Her pregnancy was diagnosed at 9
weeks’ and hydroxyurea was stopped. Her erythrocytosis was controlled with
phlebotomy. At 37 weeks’ she gave birth to normal 2550-g male infant. The
infant’s development up to 12 months of age was normal (30).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
Hydroxyurea is excreted into human milk. A 29-year-old breastfeeding woman
with recently diagnosed chronic myelogenous leukemia was treated with
hydroxyurea, 500 mg orally 3 times daily (31). Breastfeeding was halted before
initiation of the chemotherapy. Milk samples were collected 2 hours after the
last dose for 7 days. Because of technical difficulties with the analysis, milk
concentrations of hydroxyurea could be determined only on days 1, 3, and 4.
The mean level of hydroxyurea was 6.1 mg/L (range 3.8–8.4 mg/L). Based on
a milk intake of 600 mL/day, the authors estimated that a nursing infant would
have received 3–4 mg/day of the drug. Serum concentrations were not
measured (31).

Because the mother’s weight was not provided, a comparison to the
maternal weight-adjusted dose could not calculated. Although the
concentrations are low, the potential for adverse effects in the infant suggests
that nursing should be considered contraindicated during hydroxyurea therapy.

References
1. Product information. Droxia. E.R. Squibb & Sons, 2012.
2. Shepard TH. Catalog of Teratogenic Agents . 7th ed. Baltimore, MD: The Johns Hopkins University

Press, 1992:206–7.
3. Platzek T, Schwabe R. Combined prenatal toxicity of 6-mercaptopurine riboside and hydroxyurea in

mice. Teratogenesis Carcinog Mutagen 1999;19:223–32.
4. Doney KC, Kraemer KG, Shepard TH. Combination chemotherapy for acute myelocytic leukemia

during pregnancy: three case reports. Cancer Treat Rep 1979;63:369–71.
5. Patel M, Dukes IAF, Hull JC. Use of hydroxyurea in chronic myeloid leukemia during pregnancy: a case

report. Am J Obstet Gynecol 1991;165:565–6.
6. Tertian G, Tchernia G, Papiernik E, Elefant E. Hydroxyurea and pregnancy. Am J Obstet Gynecol

1992;166:1868.
7. Zemlickis D, Lishner M, Degendorfer P, Panzarella T, Sutcliffe SB, Koren G. Fetal outcome after in

utero exposure to cancer chemotherapy. Arch Intern Med 1992;152:573–6.
8. Delmer A, Rio B, Bauduer F, Ajchenbaum F, Marie J-P, Zittoun R. Pregnancy during myelosuppressive



treatment for chronic myelogenous leukaemia. Br J Haematol 1992;82:783–4.
9. Jackson N, Shukri A, Ali K. Hydroxyurea treatment for chronic myeloid leukaemia during pregnancy. Br

J Haematol 1993;85:203–4.
10. Fitzgerald JM, McCann SR. The combination of hydroxyurea and leucapheresis in the treatment of

chronic myeloid leukaemia in pregnancy. Clin Lab Haematol 1993;15:63–5.
11. Szanto F, Kovacs L. Successful delivery following continuous cytostatic therapy of a leukemic pregnant

woman. Ovr Hetil 1994;134:527–9 (article in Hungarian). As cited in Diav-Citrin O, Hunnisett L, Sher
GD, Koren G. Hydroxyurea use during pregnancy: a case report in sickle cell disease and review of the
literature. Am J Hematol 1999;60:148–50.

12. Martin J, Ramesh A, Devadasan L, Palaniappan N, Martin JJ. An uneventful pregnancy and delivery, in a
case with chronic myeloid leukemia on imatinib. Indian J Med Paediatr Oncol 2011;32:109–11.

13. Choudhary DR, Mishra P, Kumar R, Mahapatra M, Choudhry VP. Pregnancy on imatinib: fatal outcome
with meningocele. Ann Oncol 2006;17:178–9.

14. Dolai TK, Bhargava R, Mahapatra M, Mishra P, Seth T, Pati HP, Saxena R. Is imatinib safe during
pregnancy? Leuk Res 2009;33:572–3.

15. Cinkotai KI, Wood P, Donnai P, Kendra J. Pregnancy after treatment with hydroxyurea in a patient with
primary thrombocythaemia and a history of recurrent abortion. J Clin Pathol 1994;47:769–70.

16. Fernandez H. Essential thrombocythemia and pregnancy. J Gynecol Obstet Biol Reprod 1994;23:103–4
(article in French). As cited in Diav-Citrin O, Hunniset L, Sher GD, Koren G. Hydroxyurea use during
pregnancy: a case report in sickle cell disease and review of the literature. Am J Hematol 1999;60:148–
50.

17. Dell’Isola A, De Rosa G, Catalano D. Essential thrombocythemia in pregnancy. A case report and
general considerations. Minerva Ginecol 1997;49:165–72 (article in Italian). As cited in Diav-Citrin O,
Hunnisett L, Sher GD, Koren G. Hydroxyurea use during pregnancy: a case report in sickle cell disease
and review of the literature. Am J Hematol 1999;60:148–50.

18. Perez-Encinas M, Bello JL, Perez-Crespo S, De Miguel R, Tome S. Familial myeloproliferative
syndrome. Am J Hematol 1994;46:225–9.

19. Beressi AH, Tefferi A, Silverstein MN. Petitt RM, Hoagland HC. Outcome analysis of 34 pregnancies in
women with essential thrombocythemia. Arch Intern Med 1995;155:1217–22.

20. Wright CA, Tefferi A. A single institutional experience with 43 pregnancies in essential
thrombocythemia. Eur J Haematol 2001;66:152–9.

21. Oskuie AE, Valizadeh N. Successful outcome of pregnancy in a case of essential thrombocytosis
treated with hydroxyurea. Indian J Cancer 2011;48:268–9.

22. Charache S, Terrin ML, Moore RD, Dover GJ, Barton FB, Eckert SV, McMahon RP, Bonds DR, and the
Investigators of the Multicenter Study of Hydroxyurea in Sickle Cell Anemia. Effect of hydroxyurea on the
frequency of painful crises in sickle cell anemia. N Engl J Med 1995;332:1317–22.

23. Diav-Citrin O, Hunnisett L, Sher GD, Koren G. Hydroxyurea use during pregnancy: a case report in
sickle cell disease and review of the literature. Am J Hematol 1999;60:148–50.

24. Byrd DC, Pitts SR, Alexander CK. Hydroxyurea in two pregnant women with sickle cell anemia.
Pharmacotherapy 1999;19:1459–62.

25. Ballas SK, McCarthy WF, Guo N, DeCastro L, Bellevue R, Barton BA, Waclawiw MA, and the
investigators of the Multicenter Study of Hydroxyurea in Sickle Cell Anemia. Exposure to hydroxyurea
and pregnancy outcomes in patients with sickle cell anemia. J Natl Med Assoc 2009;101:1046–51.

26. Italia KY, Jijina FF, Chandrakala S, Nadkami AH, Sawant P, Ghosh K, Colah RB. Exposure to
hydroxyurea during pregnancy in sickle-ß thalassemia: a report of a case. J Clin Pharmacol
2010;30:231–4.

27. Rustin GJS, Booth M, Dent J, Salt S, Rustin F, Bagshawe KD. Pregnancy after cytotoxic chemotherapy
for gestational trophoblastic tumours. Br Med J 1984;288:103–6.

28. Woolas RP, Bower M, Newlands ES, Seckl M, Short D, Holden L. Influence of chemotherapy for
gestational trophoblastic disease on subsequent pregnancy outcome. Br J Obstet Gynaecol
1998;105:1032–5.

29. Pajor A, Zimonyi I, Koos R, Lehoczky D, Ambrus C. Pregnancies and offspring in survivors of acute
lymphoid leukemia and lymphoma. Eur J Obstet Gynecol Reprod Biol 1991;40:1–5.

30. Pata O, Tok CE, Yazici G, Oata C, Oz AU, Aban M, Dilek S. Polycythemia vera and pregnancy: a case



report with the use of hydroxyurea in the first trimester. Am J Perinatol 2004;21:135–7.
31. Sylvester RK, Lobell M, Teresi ME, Brundage D, Dubowy R. Excretion of hydroxyurea into milk. Cancer

1987;60:2177–8.



HYDROXYZINE
Antihistamine
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

In animal studies, high doses of hydroxyzine were associated with
developmental toxicity (structural anomalies and death), but the human data
suggest low risk. Although a surveillance study found an increased risk of
oral clefts, this defect has not been observed in other studies. Withdrawal
or seizures have been reported in two newborns exposed near term.

FETAL RISK SUMMARY
Hydroxyzine belongs to the same class of compounds as buclizine, cyclizine,
and meclizine. The drug is teratogenic in mice and rats, but not in rabbits, at
high doses (1–5). One report suggested that hydroxyzine teratogenicity was
mediated by a metabolite (norchlorcyclizine) that was common to four
antihistamines (hydroxyzine, buclizine, meclizine, and chlorcyclizine) (3). High-
dose hydroxyzine (6–12 mg/kg/day) resulted in abortions in rhesus monkeys
(6). The manufacturer considers hydroxyzine to be contraindicated in early
pregnancy because of the lack of clinical data (1,2).

It is not known if hydroxyzine crosses the human placenta. The molecular
weight of the free base (about 376) suggests that the drug will cross to the
embryo and fetus.

In 100 patients treated in the 1st trimester with oral hydroxyzine (50 mg
daily) for nausea and vomiting, no significant difference from nontreated
controls was found in fetal wastage or anomalies (7). A woman treated with 60
mg/day of hydroxyzine during the 3rd trimester gave birth to a normal infant (8).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 50
of whom had 1st trimester exposure to hydroxyzine (9, pp. 335–337, 341). For
use anytime during pregnancy, 187 exposures were recorded (9, p. 438).
Based on five malformed children, a possible relationship was found between



1st trimester use and congenital defects.
In a surveillance study of Michigan Medicaid recipients involving 229,101

completed pregnancies conducted between 1985 and 1992, 828 newborns had
been exposed to hydroxyzine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 48 (5.8%) major birth defects were
observed (42 expected). Specific data were available for six defect categories,
including (observed/expected) 9/8 cardiovascular defects, 1/0.4 spina bifida,
0/2 polydactyly, 2/1 limb reduction defects, 0/2 hypospadias, and 3/1 oral
clefts. Only with the latter defect is there a suggestion of a possible
association, but other factors, including the mother’s disease, concurrent drug
use, and chance, may be involved.

Withdrawal in a newborn exposed to hydroxyzine 600 mg/day throughout
gestation has been reported (10). The mother, who was being treated for
severe eczema and asthma, was also treated with phenobarbital, 240 mg/day
for 4 days and then 60 mg/day, for mild preeclampsia during the 3-week period
before delivery. Symptoms in the newborn, some beginning 15 minutes after
birth, consisted of a shrill cry, jitteriness with clonic movements of the upper
extremities, irritability, and poor feeding. The presumed drug-induced
withdrawal persisted for approximately 4 weeks and finally resolved completely
after 2 weeks of therapy with phenobarbital and methscopolamine. The infant
was apparently doing well at 9 months of age. Although phenobarbital
withdrawal could not be excluded, and neonatal withdrawal is a well-known
complication of phenobarbital pregnancy use, the author concluded the
symptoms in the infant were primarily caused by hydroxyzine (10).

A 1996 report described the use of hydroxyzine, droperidol,
diphenhydramine, and metoclopramide in 80 women with hyperemesis
gravidarum (11). The mean gestational age at the start of treatment was 10.9
weeks. All women received approximately 200 mg/day of hydroxyzine in divided
dosage for up to a week after discharge from the hospital, and 12 (15%)
required a second course of therapy for recurrence of their symptoms. Three
of the mothers (all treated in the 2nd trimester) delivered offspring with
congenital defects: Poland’s syndrome, fetal alcohol syndrome, and
hydrocephalus and hypoplasia of the right cerebral hemisphere. Only the latter
anomaly is a potential drug effect, but the most likely cause was thought to be
the result of an in utero fetal vascular accident or infection (11).

A 2001 study, using a treatment method similar to the above study,
described the use of droperidol and diphenhydramine in 28 women hospitalized
for hyperemesis gravidarum (12). Pregnancy outcomes in the study group were



compared with a historical control of 54 women who had received conventional
antiemetic therapy. Oral metoclopramide and hydroxyzine were used after
discharge from the hospital. Therapy was started in the study and control
groups at mean gestational ages of 9.9 and 11.1 weeks, respectively. The
study group appeared to have more severe disease than controls as suggested
by a greater mean loss from the prepregnancy weight, 2.07 kg vs. 0.81 kg
(ns), and a slightly lower serum potassium level, 3.4 vs. 3.5 mmol/L (ns).
Compared with controls, the droperidol group had a shorter duration of
hospitalization (3.53 vs. 2.82 days, p = 0.023), fewer readmissions (38.9% vs.
14.3%, p = 0.025), and lower average daily nausea and vomiting scores (both
p <0.001). There were no statistical differences in outcomes (study vs.
controls) in terms of spontaneous abortions (N = 0 vs. N = 2 [3.7%]), elective
abortions (N = 3 [10.7%] vs. N = 3 [5.6%]), Apgar scores at 1, 5, and 10
minutes, age at birth (37.3 vs. 37.9 weeks), and birth weight (3114 vs. 3347 g)
(12). In controls, there was one major malformation of unknown cause, an
acardiac fetus in a set of triplets, and one newborn with a genetic defect
(Turner syndrome). There was also one unexplained major birth defect in the
droperidol group (bilateral hydronephrosis), and there were two genetic defects
(translocation of chromosomes 3 and 7; tyrosinemia) (12).

A prospective controlled study published in 1997 evaluated the teratogenic
risk of hydroxyzine and cetirizine (see also Cetirizine) in human pregnancy (13).
A total of 120 pregnancies (two sets of twins) exposed to either hydroxyzine (N
= 81) or cetirizine (N = 39) during pregnancy were identified and compared with
110 controls. The control group was matched for maternal age, smoking, and
alcohol use. The drugs were taken during the 1st trimester in 53 (65%) of the
hydroxyzine cases and in 37 (95%) of the cetirizine exposures for various
indications (e.g., rhinitis, urticaria, pruritic urticarial papules and plaques of
pregnancy, sedation, and other nonspecified reasons). Fourteen spontaneous
abortions (hydroxyzine 3, cetirizine 6, controls 5) and 11 induced abortions
(hydroxyzine 6, controls 5) occurred in the three groups. Among the live births,
there were no statistical differences between the groups in birth weight,
gestational age at delivery, rate of cesarean section, or neonatal distress. In
the hydroxyzine group, two of the live births had major malformations: one with
a ventricular septal defect and one with a complex congenital heart defect (also
exposed to carbamazepine). A third infant, exposed after organogenesis, also
had a ventricular septal defect. Minor abnormalities were observed in four
hydroxyzine-exposed infants: one case each of hydrocele, inguinal hernia,
hypothyroidism (mother also taking propylthiouracil), and strabismus. Two



minor anomalies were observed in liveborn infants exposed to cetirizine during
organogenesis: one with an ectopic kidney and one with undescended testes.
No major abnormalities were seen in this group. In the control group, no major
malformations were observed, but five infants had minor defects (dislocated
hip, growth hormone deficiency, short lingual frenulum, and two unspecified
defects). Statistically, there were no differences between the groups in
outcome (13).

A 1997 article compared the published pregnancy outcomes, in terms of
congenital malformations, of various first and second generation antihistamines
(14). Based on 995 hydroxyzine-exposed liveborn infants, the relative risk for
any congenital malformation ranged from 1.2 (95% confidence interval [CI] 0.4–
0.9) to 3.4 (95% CI 1.6–17.9). Based on analysis of published reports, the
authors concluded that in pregnancy, chlorpheniramine is the oral antihistamine
of choice and that diphenhydramine should be used if a parenteral antihistamine
is required (14).

A 2005 case report described seizures in a newborn exposed to hydroxyzine
in late pregnancy (15). The 36-year-old mother began taking hydroxyzine 150
mg/day for anxiety at 35 weeks’ gestation. Four weeks later, a scheduled
cesarean section delivered a 4.120-kg male infant with Apgar scores of 9 and
10 at 1 and 5 minutes, respectively. Four hours after birth, the infant developed
clonic movements of the upper extremities that spread to the entire body
followed by a tonic-clonic seizure lasting 4 minutes. No further seizures were
observed and an extensive workup revealed no cause for the seizures. A
hydroxyzine plasma concentration in the mother, 6 hours after birth, was 7.3
ng/mL (therapeutic concentrations 50–90 ng/mL), whereas in the infant, levels
at 6 and 24 hours of age were 7.4 and 2.3 ng/mL, respectively. At 6 months of
age, the infant was well with normal neurodevelopmental testing (15).

During labor, hydroxyzine has been shown to be safe and effective for the
relief of anxiety (16,17). No effect on the progress of labor or on neonatal
Apgar scores was observed. In a study published in 1978, however, a 75-mg
IM dose administered during labor caused a statistically significant decrease in
fetal heart rate (FHR) variability in 10 of 16 cases (18). Maximal effects on the
FHR were observed within 25 minutes after which they returned to normal
values. Administration of hydroxyzine close to delivery reduces newborn platelet
aggregation, but the clinical significance of this is unknown (19).

BREASTFEEDING SUMMARY
No reports describing the use of hydroxyzine during lactation have been



located. The molecular weight (about 448) is low enough that excretion into
breast milk should be expected. The effects, if any, on the nursing infant are
unknown.
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I-HYOSCYAMINE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

l-Hyoscyamine is an anticholinergic agent. No published reports of its use in
pregnancy have been located (see also Belladonna or Atropine).

FETAL RISK SUMMARY
In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 281 newborns had
been exposed to l-hyoscyamine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 12 (4.3%) major birth defects were
observed (11 expected). Specific data were available for six defect categories,
including (observed/expected) 1/3 cardiovascular defects, 0/0.5 oral clefts,
0/0 spina bifida, 0/1 hypospadias, 2/1 polydactyly, and 2/0.5 limb reduction
defects. Only with the latter two defects is there a suggestion of a possible
association, but other factors, including the mother’s disease, concurrent drug
use, and chance, may be involved.

BREASTFEEDING SUMMARY
No reports describing the use of l-hyoscyamine during human lactation have
been located (see also Atropine).



HYPERALIMENTATION, PARENTERAL
Nutrient
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of total parenteral hyperalimentation (TPN) does not pose a
significant risk to the fetus or newborn provided that normal procedures, as
with nonpregnant patients, are followed to prevent maternal complications.

FETAL RISK SUMMARY
TPN is the administration of an IV solution designed to provide complete
nutritional support for a patient unable to maintain adequate nutritional intake.
The solution is normally composed of dextrose (5%–35%), amino acids (3.5%–
5%), vitamins, electrolytes, and trace elements. Lipids (IV fat emulsions) are
often given with TPN to supply essential fatty acids and calories (see Lipids). A
number of studies describing the use of TPN in pregnant women have been
published (1–26). A report of four additional cases with a review of the
literature appeared in 1986 (27), followed by another review in 1990 (28). This
latter review also included an in-depth discussion of indications, fluid, caloric
(including lipids), electrolyte, and vitamin requirements for gestation and
lactation, and monitoring techniques (28).

Maternal indications for TPN have been varied, with duration of therapy
ranging from a few days to the entire pregnancy. Eleven patients were treated
during the 1st trimester (1–5). No fetal complications attributable to TPN,
including newborn hypoglycemia, have been identified in any of the reports.
Intrauterine growth restriction occurred in five infants, and one of them died, but
the restricted growth and neonatal death were most likely caused by the
underlying maternal disease (2–4,6–9,22). In a group of eight women treated
with TPN for severe hyperemesis gravidarum who delivered live babies, the
ratio of birth weight to standard mean weight for gestational age was >1.0 in
each case (5).



Obstetric complications included the worsening of one mother’s renal
hypertension after TPN was initiated, but the relationship between the effect
and the therapy is not known (8). In a second case, resistance to oxytocin-
induced labor was observed, but again, the relationship to TPN is not clear (9).

Maternal and fetal death secondary to cardiac tamponade during central
hyperalimentation has been reported (29). A 22-year-old woman in the 3rd
trimester of pregnancy was treated with TPN for severe hyperemesis
gravidarum. Seven days after commencing central TPN therapy, the patient
experienced acute sharp retrosternal pain and dyspnea (29). Cardiac
tamponade was subsequently diagnosed, but the mother and the fetus expired
before the condition could be corrected. Percutaneous pericardiocentesis
yielded 70 mL of fluid that was a mixture of the TPN and lipid solutions that the
patient had been receiving.

A stillborn male fetus was delivered at 22 weeks’ gestation from a 31-year-
old woman with hyperemesis gravidarum following 8 weeks of parenteral
hyperalimentation with lipid emulsion (fat composed 24% of total calories) (30).
The tan-yellow placenta showed vacuolated syncytial cells and Hofbauer cells
that stained for fat (30).

BREASTFEEDING SUMMARY
No problems should be expected in nursing infants whose mothers are receiving
TPN.
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IBANDRONATE
Bisphosphonate
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ibandronate in human pregnancy have
been located. In one animal species, the drug caused growth restriction at
doses ≤10 times the human dose, but maternal deaths at these doses also
were observed. The lack of human pregnancy experience with ibandronate
and the very limited human data for the bisphosphonate class prevent
further assessment of the risk. The amount of drug retained in bone and
eventually released back into the systemic circulation is directly related to
the dose and duration of treatment. Because ibandronate probably crosses
the placenta, treatment of the mother before conception could result in
continuous exposure of the embryo and fetus to an unknown amount of
drug. Moreover, animal data suggest that fetal bone has a greater uptake
of bisphosphonates than maternal bone. Therefore, the use of ibandronate
is not recommended in women who may become pregnant or during
pregnancy. There is a theoretical risk of fetal harm (e.g., skeletal and other
abnormalities) (1), but the magnitude of this risk cannot be estimated.
Infants exposed in utero to ibandronate should be monitored for
hypocalcemia during the first few days after birth.

FETAL RISK SUMMARY
Ibandronate is a bisphosphonate in the same class as alendronate, etidronate,
pamidronate, risedronate, tiludronate, and zoledronic acid. It is available as IV



and oral formulations. Ibandronate is indicated for the treatment and prevention
of osteoporosis in postmenopausal women. The drug is apparently not
metabolized in humans. After IV or oral administration, ibandronate elimination
is multiphasic, with plasma concentrations declining to 10% of the peak
concentrations within 3 or 8 hours, respectively. The initial decrease in the
plasma concentration results from renal clearance and distribution into bone.
The apparent terminal half-life after a 150-mg oral dose is 37–157 hours (1).

Reproduction studies have been conducted in rats and rabbits. During
organogenesis, giving pregnant rats an IV dose that was ≥47 times the human
exposure at the recommended IV dose of 3 mg every 3 months based on AUC
(HERD-IV) resulted in an increased incidence of renal pelvis ureter syndrome.
Oral doses ≥30 times the human exposure at the recommended daily dose of
2.5 mg (HERD-DD) or ≥9 times the human exposure at the recommended
once-monthly dose of 150 mg (HERD-MD), both based on AUC, also resulted
in an increased incidence of renal pelvis ureter.

In other studies, an IV dose during gestation that was ≥5 times the HERD-IV
was associated with decreased fetal weight and pup growth. Impaired pup
neuromuscular development was noted when female rats were given, from
14 days before mating through lactation, oral doses that were 45 times the
HERD-DD or 13 times the HERD-MD. However, maternal deaths were
observed with doses that were ≥2 times the HERD-IV, ≥3 times the HERD-DD,
or ≥1 times the HERD-MD (1).

In rabbits, an IV dose during organogenesis that was 19 times the
recommended IV dose of 3 mg every 3 months based on BSA was associated
with maternal deaths, reduced maternal body weight gain, increased resorption
rates, and decreased fetal weights. Oral doses during gestation that were ≥8
times the recommended daily dose of 2.5 mg or ≥4 times the recommended
once-monthly dose of 150 mg, both based on BSA, caused maternal death (1).

Ibandronate was not carcinogenic in long-term (104-week) studies in male
and female rats, or in male and female mice studied up to 78 weeks. In a 90-
week study, however, dose-related increases in adrenal subcapsular
adenoma/carcinoma were observed in female mice. The drug was not
mutagenic or clastogenic in a number of assays. Fertility was impaired in both
male and female rats given high IV doses, ≥40 and 117 times the HERD-IV,
respectively, for 2–4 weeks before mating. Fertility also was impaired in female
rats given oral doses that were 45 times the HERD-DD or 13 times the HERD-
MD (1).

It is not known if ibandronate crosses the human placenta. The molecular



weight (about 318 for the free acid), prolonged elimination half-life, and lack of
metabolism suggest that the active drug will cross to the embryo and fetus.

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32) pamidronate (N = 11), etidronate (N =
5), risedronate (N = 2), and zoledronic acid (N = 1) (2). The authors concluded
that although these drugs may affect bone modeling and development in the
fetus, no such toxicity has yet been reported.

BREASTFEEDING SUMMARY
No reports describing the use of ibandronate during lactation have been
located. The molecular weight (about 318 for the free acid), prolonged
elimination half-life (up to 157 hours), and lack of metabolism suggest that
active drug will be excreted into breast milk. Although the oral bioavailability in
infants differs from that of adults, the very low adult oral bioavailability (<1% if
fasting, much less with food) and the binding of ibandronate by the calcium in
milk suggest that the amount absorbed by the infant will be clinically
insignificant. Thus, breastfeeding is probably compatible with ibandronate
treatment.
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IBRITUMOMAB TIUXETAN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ibritumomab tiuxetan in human pregnancy
have been located. Rituximab has limited human pregnancy experience and
immunosuppression has been the only documented developmental toxicity.
However, the ibritumomab tiuxetan therapeutic regimen includes radioactive
components. Because of this, ibritumomab tiuxetan should not be used in
pregnancy. If inadvertent pregnancy does occur, the woman should be
informed of the potential for embryo–fetal harm.

FETAL RISK SUMMARY
Ibritumomab tiuxetan is an immunoconjugate consisting of ibritumomab and the
linker-chelator tiuxetan. Ibritumomab, a murine immunoglobulin G1 (IgG1) K

monoclonal antibody, is directed against the CD20 antigen found on the surface
of normal and malignant B lymphocytes. Tiuxetan provides a high-affinity
chelation site for indium-111 and yttrium-90. The therapeutic regimen includes
indium-111 ibritumomab tiuxetan and yttrium-90 ibritumomab tiuxetan, prepared
immediately before administration, and preceding rituximab (see also
Rituximab). Ibritumomab tiuxetan, as part of the therapeutic regimen, is
indicated for the treatment of patients with relapsed or refractory low-grade,
follicular, or transformed B-cell non-Hodgkin’s lymphoma, including patients with
rituximab refractory follicular non-Hodgkin’s lymphoma. In patients receiving the
therapeutic regimen, the mean effective half-life for yttrium-90 activity in blood
was 39 hours (1).

The ibritumomab tiuxetan therapeutic regimen may cause severe, infusion-
related toxicity, including hypotension and other adverse effects. Premedication
with acetaminophen and an antihistamine (e.g., diphenhydramine) is
recommended before each infusion of rituximab (1). Hypotension in a pregnant



woman could have deleterious effects on placental perfusion resulting in
embryo and fetal harm.

Animal reproduction studies have not been conducted with ibritumomab
tiuxetan. Neither have studies been conducted for carcinogenicity, mutagenicity,
or effects on fertility. However, radiation is a potential carcinogen and mutagen.
Moreover, the ibritumomab tiuxetan therapeutic regimen results in a significant
radiation dose to the testes. The radiation dose to the ovaries has not been
determined. Although it has not been studied, the therapeutic regimen does
have the potential to cause toxic effects on the male and female gonads (1).

It is not known if ibritumomab tiuxetan of the components of the therapeutic
regimen cross the human placenta. The high molecular weight (about 148,000)
of ibritumomab tiuxetan suggests that it will not cross. However, human IG
does cross and, therefore, ibritumomab tiuxetan, with the tightly bound
radioactive components, may also cross. Rituximab, a component of the
therapeutic regimen, does cross the placenta, at least at term (see Rituximab).

BREASTFEEDING SUMMARY
No reports describing the use of ibritumomab tiuxetan or its therapeutic regimen
during human lactation have been located. The high molecular weight (about
148,000) of ibritumomab tiuxetan suggests that it will not be excreted into
breast milk. It also is not known if rituximab, a component of the therapeutic
regimen, is excreted into milk (see Rituximab). However, human IG is excreted
into milk and, therefore, both rituximab and ibritumomab tiuxetan, with the tightly
bound radioactive components, may also be excreted. The effects of this
potential exposure on a nursing infant are unknown, but immunosuppression
and other severe adverse effects, including those from radiation, are potential
complications.

Reference
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IBUPROFEN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1–3). These drugs also have been shown to
inhibit labor and prolong pregnancy, both in humans (4) and in animals (5).
Women attempting to conceive should not use any prostaglandin synthesis
inhibitor, including ibuprofen, because of the findings in a variety of animal
models that indicate these agents block blastocyst implantation (6,7).
Moreover, as noted below, nonsteroidal anti-inflammatory drugs (NSAIDs)
also have been associated with spontaneous abortion (SAB) and with
cardiac defects, oral clefts, and gastroschisis. The risk for these defects,
however, appears to be small.

FETAL RISK SUMMARY
Ibuprofen is an NSAID that is indicated for the reduction of fever and mild-to-
moderate pain. It is the same subclass (propionic acids) as five other NSAIDs
(fenoprofen, flurbiprofen, ketoprofen, naproxen, and oxaprozin). No evidence of
developmental abnormalities was observed in reproduction studies in rats and
rabbits at doses slightly less than the maximum human clinical dose (8).

The manufacturer has received information by a voluntary reporting system
on the use of ibuprofen in 50 pregnancies (9). Seven of these cases were
reported retrospectively and 43 prospectively. The results of the retrospective
cases included one fetal death (cause of death unknown, no abnormalities
observed) after 3rd trimester exposure, and one SAB without abnormality. Five
infants with defects were observed, including an anencephalic infant exposed



during the 1st trimester to ibuprofen and Bendectin (doxylamine succinate and
pyridoxine hydrochloride), petit mal seizures progressing to grand mal
convulsions, cerebral palsy (the fetus had also been exposed to other drugs), a
hearsay report of microphthalmia with nasal cleft and mildly rotated palate, and
tooth staining (M. M. Westland, personal communication, The Upjohn Company,
1981) (9). A cause and effect relationship between the drug and these defects
is doubtful.

Prospectively, 23 of the exposed pregnancies ended in normal outcomes, 1
infant was stillborn, and 1 ended in SAB, both without apparent abnormality (9).
Seven of the pregnancies were electively terminated, 3 had unknown
outcomes, and 8 of the pregnancies were progressing at the time of the report.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 3178 newborns
had been exposed to ibuprofen during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 143 (4.5%) major birth defects were
observed (129 expected). Specific data were available for six defect
categories, including (observed/expected) 33/30 cardiovascular defects, 7/5
oral clefts, 3/2 spina bifida, 11/9 polydactyly, 5/5 limb reduction defects, and
4/8 hypospadias.

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (10). The studies were based on data from the Danish Birth Registry
and the North Jutland County’s hospital discharge registry collected between
1991 and 1998. Only those women who had received a prescription for a
NSAID at doses equivalent to 400 or 600 mg of ibuprofen were classified as
exposed (NSAID doses equivalent to 200 mg of ibuprofen are over-the-counter
drugs in Denmark). The cohort involved 1462 pregnant women who had
received an NSAID prescription in the interval from 30 days before conception
to birth and a reference group of 17,259 pregnant women who had not been
prescribed any drugs during pregnancy. In both groups, only pregnancies
lasting >28 weeks were included. There were 1106 women (76%) who had
received an NSAID prescription between 30 days before conception and the
end of the 1st trimester. The prevalences of congenital malformations in infants
of these women and the reference group were N = 46, 4.2%, 95% confidence
interval [CI] 3.0–5.3% vs. N = 564, 3.3%, 95% CI 3.0–3.5%), respectively;
adjusted odds ratio (aOR) 1.27 (95% CI 0.93–1.75). A total of 997 women
received an NSAID prescription in the 2nd and/or 3rd trimesters. In this group,
the OR for preterm delivery was 1.05 (95% CI 0.80–1.39) and that for low birth



weight (excluding preterm infants) was 0.79 (95% CI 0.45–1.38). Adjusting the
data for the use of indomethacin (the tocolytic of choice in Denmark) did not
affect the results. There was no evidence of a specific grouping of defects or of
a dose–response relationship for adverse birth outcome. Based on the
analysis, the authors concluded that NSAIDs were not associated with adverse
birth outcome (10).

In the case–control portion of the above study, cases were defined as first
recorded SAB in women who had received a prescription for NSAIDs in the 12
weeks before the date of discharge from the hospital after the SAB (63 of
4268 women who had SAB) (10). The controls were 29,750 primiparous
women who had live births, 318 of whom had received a prescription for
NSAIDs in the 1st trimester. The data were analyzed for the time from
receiving an NSAID prescription in the weeks before the SAB (or missed
abortion), adjusted for maternal age. The aOR (95% CI) for 1 week, 2–3
weeks, 4–6 weeks, 7–9 weeks, and 10–12 weeks before the SAB were 6.99
(2.75–17.74), 3.00 (1.21–7.44), 4.38 (2.66–7.20), 2.69 (1.81–4.00), and 1.26
(0.85–1.87), respectively. The results indicated that NSAIDs were associated
with SAB because the OR decreased as the interval from assumed NSAID
exposure to SAB increased (10).

A 2003 population-based cohort study involving 1055 pregnant women
investigated the prenatal use of aspirin, NSAIDs, and acetaminophen (11).
Fifty-three women (5%) reported use of NSAIDs around the time of conception
or during pregnancy, 13 of whom had an SAB. After adjustment, an 80%
increased risk of SAB was found for NSAIDs (adjusted hazard ratio 1.8, 95%
CI 1.0–3.2). Moreover, the association was stronger if the initial use of drugs
was around conception of if they were used for >1 week. A similar association
was found with aspirin, but it was weaker because there were only 22
exposures (5 SABs). No association was observed with acetaminophen (11).

A prospective study of drug use in the 1st trimester examined the relationship
between NSAIDs (N = 2557 infants born to exposed women) and congenital
malformations (12). After adjustment, the aOR for any birth defect was 1.04
(95% CI 0.84–1.29). However, the aOR for cardiac defects (N = 36) and
orofacial clefts (N = 6) were 1.86 (95% CI 1.32–2.62) and 2.61 (95% CI 1.01–
6.78), respectively. There was no drug specificity for cardiac malformations,
but five of the six cases of orofacial clefts had been exposed to naproxen (12).

A 2003 case–control study was conducted to identify drug use in early
pregnancy that was associated with cardiac defects (13). Cases
(cardiovascular defects without known chromosome anomalies) were drawn



from three Swedish health registers (N = 5015) and controls consisting of all
infants born in Sweden (1995–2001) (N = 577,730). Among the NSAIDs, only
naproxen had a positive association with the defects (see Naproxen). For
ibuprofen, there were 4124 pregnant women exposed and 37 cases of cardiac
defects (OR 1.08, 95% CI 0.78–1.50) (13).

A 1996 case–control study of gastroschisis found a significantly elevated risk
for ibuprofen (N = 6; OR 4.0, 95% CI 1.0–16.0) and other medications and
exposures (14). A significant association was also found for aspirin (N = 7; OR
4.67, 95% CI 1.21–18.05). The data supported a vascular hypothesis for the
pathogenesis of gastroschisis (14).

A 2006 case–control study found a significant association between congenital
anomalies, specifically cardiac septal defects, and the use of NSAIDs in the 1st
trimester (15). A population-based pregnancy registry (N = 36,387) was
developed by linking three databases in Quebec (see Naprosyn for other study
details). Case infants were those with any congenital anomaly diagnosed in the
first year of life and were compared with matched controls. There were
93 infants (8.8%) with congenital defects from 1056 mothers who had filled
prescriptions for NSAIDs in the 1st trimester. In controls, there were 2478
infants (7%) with anomalies from 35,331 mothers who had not filled such a
prescription. The aOR was 2.21 (95% CI 1.72–2.85). The aOR for cardiac
septal closure was 3.34 (95% CI 1.87–5.98). There also was a significant
association for anomalies of the respiratory system 9.55 (95% CI 3.08–29.63),
but this association disappeared when cases coded as “unspecified anomaly of
the respiratory system” were excluded. For the cases involving septal closure,
61% were atrial septal defects and 31% were ventricular septal defects
(VSDs). There were no significant associations for oral clefts or defects
involving other major organ systems. The five most common NSAIDs were
naproxen (35%), ibuprofen (26%), rofecoxib (15%), diclofenac (9%), and
celecoxib (9%). Among these agents, the only significant association was for
ibuprofen prescriptions in the 1st trimester and congenital defects (p <0.01)
(15).

In contrast to the above study, a 2004 case–control study involved 168
infants with a nonsyndromic muscular VSD who were compared with 692
infants without birth defects (16). No significant associations were found
between the occurrence of the VSD and maternal use of NSAIDs or
acetaminophen after adjusting for maternal fever nor were they detected
between maternal fever and the defect.

The use of ibuprofen as a tocolytic agent has been associated with reduced



amniotic fluid volume (17–19). Fourteen (82.3%) of 17 women treated with an
NSAID had decreased amniotic fluid volume (17). Of the 17 women, ibuprofen,
1200–2400 mg/day, was used alone in three pregnancies and was combined
with ritodrine in one. The other 13 women were treated with indomethacin (see
also Indomethacin). One woman who was treated with ibuprofen for 44 days
returned to a normal amniotic fluid volume after the drug was stopped (time for
reversal not specified) (17).

Ibuprofen, 600 mg every 6 hours, was used as a tocolytic in a woman with a
triplet pregnancy at approximately 26 weeks’ gestation (18). Terbutaline and
magnesium sulfate were combined with ibuprofen at various times for tocolysis.
Oligohydramnios in each sac (pockets <1 cm) was documented by
ultrasonogram on the 20th day of therapy and ibuprofen therapy was stopped.
Therapy was restarted 5 days later when normal fluid volume for the three
fetuses was observed, but oligohydramnios was again evident after 4 days and
ibuprofen was discontinued. Tocolysis was then maintained with terbutaline and
normal fluid volumes were observed 5 days after the second course of
ibuprofen. The triplets were eventually delivered by elective cesarean section at
35 weeks’ gestation, but no details on the infants were given (18).

A brief 1992 abstract described the results of using ibuprofen, 1200–2400
mg/day, as a tocolytic agent in 52 pregnancies (61 fetuses) up to 32 weeks’
gestation (19). Amniotic fluid volumes were evaluated every 1–2 weeks. No
cases of true oligohydramnios were observed, although 3 cases of low-normal
fluid occurred that resolved after discontinuation of ibuprofen. Periodic Doppler
echocardiography during therapy revealed a non-dose-related mild constriction
of the ductus arteriosus in 4 (6.6%) of the fetuses. Ductal constriction was
observed in three of the fetuses within 1 week of starting ibuprofen. Normal
echocardiograms were obtained in all four cases within 1 week of discontinuing
therapy (19).

Ibuprofen is commonly used by pregnant women, according to a 2003 study
that identified the medications taken by a rural population (20). Among 578
participants, 86 (15%) took ibuprofen during pregnancy, including 20 during the
3rd trimester. Ibuprofen was the fourth most commonly used over-the-counter
medication (after acetaminophen, calcium carbonate, and cough drops) (20).

A 2012 report from the National Birth Defects Prevention Study found
associations between exposures to NSAIDs (aspirin, ibuprofen, and naproxen)
and several birth defects (21). The data for this case–control study came from
approximately 20,470 women with expected due dates in 1997–2004. Among
this group, 3173 women (15.5%) were exposed to NSAIDs in the 1st trimester.



Although the results suggested that NSAIDs are not a major cause of birth
defects, the study did find several small-to-moderate but statistically significant
increases in nine defects. The drug, aOR, and 95% CI for each defect were as
follows: anencephaly/craniorachischisis—aspirin (2.1; 1.1–4.3); spina bifida—
ibuprofen (1.6; 1.2–2.1); encephalocele—naproxen (3.5; 1.2–10);
anophthalmia/microphthalmia—aspirin (3.0; 1.3–7.3), ibuprofen (1.9; 1.1–3.3),
and naproxen (2.8; 1.1–7.3); cleft lip ± cleft palate—ibuprofen (1.3; 1.1–1.6)
and naproxen (1.7; 1.1–2.5); cleft palate—aspirin (1.8; 1.1–2.9); transverse
limb deficiency—naproxen (2.0; 1.0–3.8); amniotic bands/limb body wall—
aspirin (2.5; 1.1–5.6) and ibuprofen (2.2; 1.4–3.5); and a heart defect (isolated
pulmonary valve stenosis)—naproxen (2.4; 1.3–4.5). The analysis of the latter
defect was limited to term births only. The authors acknowledged that further
studies were needed because most of these associations had not been
reported from other databases (21).

A 2013 study evaluated the effect of prolonged use of ibuprofen and
acetaminophen during pregnancy on the neurodevelopment of 3-year-old same-
sex sibling pairs (22). The cases came from the prospective Norwegian Mother
and Child Cohort Study (see Acetaminophen for study details and results with
acetaminophen). Prenatal acetaminophen was associated with significantly
poorer outcomes than nonexposed siblings. In contrast, ibuprofen prenatal
exposure was not associated with adverse neurodevelopment outcomes (22).

BREASTFEEDING SUMMARY
Ibuprofen is excreted into human milk. Two studies were unable to detect the
drug (23–25), but a third using a more sensitive assay (lower limit 2.5 ng/mL)
was able to quantify ibuprofen in milk (26). In 12 patients taking 400 mg every
6 hours for 24 hours, an assay capable of detecting 1 mcg/mL failed to
demonstrate ibuprofen in the milk (23,24). In a second report, a woman was
treated with 400 mg twice daily for 3 weeks (25). Milk levels shortly before and
up to 8 hours after drug administration were all <0.5 mcg/mL.

The third study involved a lactating woman who underwent maxillary surgery
(26). After surgery, she took ibuprofen 400 mg six times over a 42.5-hour
interval for postoperative pain. Ten breast milk samples were collected during
this same period. Ibuprofen was detected (13 ng/mL) 30 minutes after the first
dose. The maximum milk concentration, 181 ng/mL, was found 20.5 hours after
the first dose (about 5 hours after the third dose). Although the infant was not
nursing, the infant’s weight-adjusted dose would have been an estimated
0.0008% of the mother’s dose (26).



The American Academy of Pediatrics classifies ibuprofen as compatible with
breastfeeding (27).

References
1. Levin DL. Effects of inhibition of prostaglandin synthesis on fetal development, oxygenation, and the

fetal circulation. Semin Perinatol 1980;4:35–44.
2. Van Marter LJ, Leviton A, Allred EN, Pagano M, Sullivan KF, Cohen A, Epstein MF. Persistent

pulmonary hypertension of the newborn and smoking and aspirin and nonsteroidal antiinflammatory
drug consumption during pregnancy. Pediatrics 1996;97:658–63.

3. Alano MA, Ngougmna E, Ostrea EM Jr, Konduri GG. Analysis of nonsteroidal antiinflammatory drugs in
meconium and its relation to persistent pulmonary hypertension of the newborn. Pediatrics 2001;
107:519–23.

4. Fuchs F. Prevention of prematurity. Am J Obstet Gynecol 1976;126:809–20.
5. Powell JG, Cochrane RL. The effects of a number of non-steroidal anti-inflammatory compounds on

parturition in the rat. Prostaglandins 1982;23:469–88.
6. Matt DW, Borzelleca JF. Toxic effects on the female reproductive system during pregnancy, parturition,

and lactation. In: Witorsch RJ, ed. Reproductive Toxicology. 2nd ed. New York, NY: Raven Press,
1995:175–93.

7. Dawood MY. Nonsteroidal antiinflammatory drugs and reproduction. Am J Obstet Gynecol
1993;169:1255–65.

8. Product information. Motrin. McNeil Consumer, 2000.
9. Barry WS, Meinzinger MM, Howse CR. Ibuprofen overdose and exposure in utero: results from a

postmarketing voluntary reporting system. Am J Med 1984;77(1A):35–9.
10. Nielsen GL, Sorensen HT, Larsen H, Pedersen L. Risk of adverse birth outcome and miscarriage in

pregnant users of non-steroidal anti-inflammatory drugs: population based observational study and
case-control study. Br Med J 2001;322:266–70.

11. Li DK, Liu L, Odouli R. Exposure to non-steroidal anti-inflammatory drugs during pregnancy and risk of
miscarriage: population based cohort study. Br Med J 2003;327:368–71.

12. Ericson A, Kallen BAJ. Nonsteroidal anti-inflammatory drugs in early pregnancy. Reprod Toxicol
2001;15:371–5.

13. Kallen BAJ, Olausson PO. Maternal drug use in early pregnancy and infant cardiovascular defect.
Reprod Toxicol 2003;17:255–61.

14. Torfs CP, Katz EA, Bateson TF, Lam PK, Curry CJR. Maternal medications and environmental
exposures as risk factors for gastroschisis. Teratology 1996;54:84–92.

15. Ofori B, Oraichi D, Blais L, Rey E, Bérard A. Risk of congenital anomalies in pregnant users of non-
steroidal anti-inflammatory drugs: a nested case-control study. Birth Defects Res B Dev Reprod
Toxicol 2006;77:268–79.

16. Cleves MA, Savell VH Jr, Raj S, Zhao W, Correa A, Werler MM, Hobbs CA, and the National Birth
Defects Prevention Study. Maternal use of acetaminophen and nonsteroidal anti-inflammatory drugs
(NSAIDs), and muscular ventricular septal defects. Birth Defects Res A Clin Mol Teratol 2004;70:107–
13.

17. Hickok DE, Hollenbach KA, Reilley SF, Nyberg DA. The association between decreased amniotic fluid
volume and treatment with nonsteroidal anti-inflammatory agents for preterm labor. Am J Obstet
Gynecol 1989;160:1525–31.

18. Wiggins DA, Elliott JP. Oligohydramnios in each sac of a triplet gestation caused by Motrin—fulfilling
Kock’s postulates. Am J Obstet Gynecol 1990;162:460–1.

19. Hennessy MD, Livingston EC, Papagianos J, Killam AP. The incidence of ductal constriction and
oligohydramnios during tocolytic therapy with ibuprofen (abstract). Am J Obstet Gynecol 1992;166:324.

20. Glover DD, Amonkar M, Rybeck BF, Tracy TS. Prescription, over-the-counter, and herbal medicine use
in a rural, obstetric population. Am J Obstet Gynecol 2003;188:1039–45.

21. Hernandez RK, Werler MM, Romitti P, Sun L, Anderka M, National Birth Defects Prevention Study.
Nonsteroidal antiinflammatory drug use among women and the risk of birth defects. Am J Obstet
Gynecol 2012;206:228.e1–8.



22. Brandlistuen RE, Ystrom E, Nulman I, Koren G, Nordeng H. Prenatal paracetamol exposure and child
neurodevelopment: a sibling-controlled cohort study. Int J Epidemiol 2013;42:1702–13.

23. Townsend RJ, Benedetti T, Erickson S, Gillespie WR, Albert KS. A study to evaluate the passage of
ibuprofen into breast milk (abstract). Drug Intell Clin Pharm 1982;16:482–3.

24. Townsend RJ, Benedetti TJ, Erickson S, Cengiz C, Gillespie WR, Gschwend J, Albert KS. Excretion of
ibuprofen into breast milk. Am J Obstet Gynecol 1984;149:184–6.

25. Weibert RT, Townsend RJ, Kaiser DG, Naylor AJ. Lack of ibuprofen secretion into human milk. Clin
Pharm 1982;1:457–8.

26. Walter K, Dilger C. Ibuprofen in human milk. Br J Clin Pharmacol 1997; 44:209–13.
27. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



IBUTILIDE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Animal data in the one species tested suggest a moderate risk to the
human embryo–fetus. Three women in the second half of pregnancy with
atrial flutter or fibrillation were successfully converted to sinus rhythm and,
although there was no information on the newborns, apparently gave birth
to normal infants at term. The limited human pregnancy experience,
however, prevents a complete assessment of the embryo–fetal risk, but
the benefits of therapy appear to outweigh the unknown risk. This
conclusion is based on two considerations. First, the indication for ibutilide
(i.e., rapid conversion of atrial fibrillation or atrial flutter of recent onset to
sinus rhythm) is indicative of severe maternal disease that would be, in
itself, harmful to the fetus if not treated. Second, treatment with ibutilide
would be short term and occur in a hospital with the fetus under
surveillance.

FETAL RISK SUMMARY
Ibutilide is a cardiac antiarrhythmic agent with predominantly class III (cardiac
action potential prolongation) properties (1). Other available class III
antiarrhythmic agents are amiodarone, sotalol, and bretylium (2). Ibutilide is
administered by IV injection only. It undergoes rapid and extensive hepatic
metabolism to eight metabolites, only one of which is active. Ibutilide has an
average elimination half-life of about 6 hours (range 2–12 hours) (1).

Dose-related teratogenic, embryocidal effects, and fetal toxicity were
observed in rats given ibutilide orally on days 6–15 of gestation (1,3,4). The no-
observed-adverse-effect level (NOAEL), corrected for the 3% oral
bioavailability, was 5 mg/kg/day, approximately the same as the maximum



recommended human dose based on BSA (MRHD). Scoliosis was observed at
a dose double the MRHD, but the incidence was not significantly different from
controls (4). At four and eight times the MRHD, a significant dose–response
effect was observed for adactyly, interventricular septal defects, scoliosis, and
pharynx and palate malformations. A significant increase in embryo resorptions
and fetal toxicity occurred at eight times the MRHD (4).

It is not known if ibutilide crosses the human placenta. The molecular weight
(about 443 for the fumarate salt) and long elimination half-life suggest that the
drug, and possibly its active metabolite, will cross to the embryo–fetus.

Two 2007 reports have described the use of ibutilide during three
pregnancies (5,6). In the first case, a 20-year-old woman at 24 weeks’
gestation presented with atrial flutter (5). Propranolol, esmolol, and sotalol
were ineffective and could not be continued due to hypotension. IV ibutilide 1
mg successfully converted the patient to a sinus rhythm. She was discharged
home on flecainide 50 mg twice daily and metoprolol 25 mg/day. She carried
her pregnancy to term without further complication (5). No information was
provided on the status of the newborn.

In the second case, a 27-year-old woman at 30 weeks’ gestation had atrial
fibrillation attributable to Wolff–Parkinson–White syndrome that was converted
to a sinus rhythm with two doses of IV doses of ibutilide (0.87 mg) given at 30-
minute intervals (6). She was maintained on flecainide 100 mg twice daily and
atenolol 50 mg/day and delivered a healthy baby at term. The third case
involved a 34-year-old woman at 23 weeks’ who presented with atrial
fibrillation. IV ibutilide 0.25 mg converted her to a sinus rhythm. She was
discharged home on atenolol 50 mg/day and delivered a healthy baby at term.
Both women remained asymptomatic throughout the remainder of their
pregnancies (6). No additional information was given for either of the newborns.

BREASTFEEDING SUMMARY
No reports describing the use of ibutilide during lactation have been located.
Because of the indication for this drug, it is doubtful if such reports will occur. In
addition, its low oral bioavailability suggests that a nursing infant would absorb
minimal amounts.
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ICATIBANT
Hematologic (Bradykinin Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of icatibant in human pregnancy have been
located. Although the drug was not teratogenic in rats and rabbits, it did
cause other forms of developmental toxicity. However, the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. Because of the lack of information, if a pregnant woman
has an attack of hereditary angioedema, treatments other than icatibant
should be considered. A 2013 review recommended plasma-derived C1-
INH as the drug of choice for hereditary angioedema in pregnancy and, if
not available, then fresh frozen plasma (1).

FETAL RISK SUMMARY
Icatibant, a bradykinin (a vasodilator) B2 receptor inhibitor that is given SC, is a
synthetic decapeptide with five proteinogenic amino acids. It is indicated for the
treatment of acute attacks of hereditary angioedema in adults 18 years of age
and older. Icatibant is extensively metabolized to inactive metabolites. The
mean elimination half-life is 1.4 hours. The manufacturer did not mention if the
drug binds to plasma proteins (2).

Reproduction studies have been conducted in rats and rabbits. In rats,
delayed parturition and fetal death occurred at exposures that were 0.5 and 2
times, respectively, the maximum recommended human dose (MRHD) based
on AUC (MRHD-AUC) and increased preimplantation loss occurred at 7 times
the MRHD-AUC. Impairment of pup air-righting reflex and decreased pup hair
growth also occurred at 7 times the MRHD-AUC. In rabbits, a dose <1/40th the
MRHD based on BSA resulted in an increase in premature birth and abortion
rates. Also, in rabbits, exposures that were 13 times the MRHD-AUC resulted



in preimplantation loss and increased fetal deaths (2).
Long-term studies for carcinogenic effects have not been conducted. The

drug was not mutagenic in three assays. Daily SC doses in rats and dogs
caused ovarian, uterine, and testicular atrophy/degeneration, as well as
adverse effects on the mammary and prostate glands. These toxicities were
not observed in dogs with less frequent dosing. Daily dosing in male and female
mice had no effects on fertility or reproductive performance (2).

It is not known if icatibant crosses the human placenta. The molecular weight
(about 1305) should limit the amount crossing, but the mean elimination half-life
and, possibly, the lack of plasma protein binding might allow exposure,
especially in the 3rd trimester.

BREASTFEEDING SUMMARY
No reports describing the use of icatibant during human lactation have been
located. The molecular weight (about 1305) should limit excretion into mature
breast milk, but mean elimination half-life (1.4 hours) and, possibly, the lack of
plasma protein binding might allow some excretion. The effect of this exposure
on a nursing infant is unknown, but the drug is a peptide and might be digested
in the infant’s gut. Nevertheless, if a mother is taking this drug and
breastfeeding, her nursing infant must be monitored for the most common
(>1%) adverse reactions: pyrexia, transaminase increase, dizziness, and rash
(2).
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IDARUBICIN
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Limited pregnancy experience, all in the 2nd trimester, suggests that
idarubicin may cause significant fetal toxicity. Exposure during
organogenesis has not been reported.

FETAL RISK SUMMARY
Idarubicin, an anthracycline antineoplastic antibiotic agent, is a DNA-
intercalating analog of daunorubicin. It is used in the treatment of acute myeloid
leukemia. It is in the same antineoplastic subclass of anthracyclines as
daunorubicin, doxorubicin, epirubicin, and valrubicin.

In pregnant rats, a dose 10% of the human dose (HD) produced
embryotoxicity and teratogenicity without causing maternal toxicity.
Embryotoxicity, but not teratogenicity, occurred in rabbits treated with doses up
to about 20% of the HD. However, this dose caused maternal toxicity (1).

Shepard (2) reviewed three reproductive studies in which IV doses up to 0.2
mg/kg were given to rats. When treatment occurred early in pregnancy, fetal
loss, intrauterine growth restriction (IUGR), decreased ossification, and skeletal
defects such as fused ribs were observed at the highest dose. These effects
were not seen when treatment occurred perinatally. Infertility may have
occurred in the second generation.

A 26-year-old woman at 20 weeks’ gestation who presented with acute
myeloblastic leukemia, was treated with an induction course of cytarabine and
daunorubicin that failed to halt the disease progression (3). At approximately 23
weeks’ gestation, a second induction course was started with mitoxantrone and
cytarabine. Complete remission was achieved 60 days from the start of
therapy. Weekly ultrasound examinations documented normal fetal growth.
Because of the long interval required for remission, treatment was changed to



idarubicin (10 mg/m2, days 1 and 2) and cytarabine. She tolerated this therapy
and was discharged home, but returned 2 days later complaining of abdominal
pain and the loss of fetal movements. A stillborn, 2200-g fetus (gestational age
not specified) without evidence of congenital malformations was delivered after
induction. Permission for an autopsy was denied. Although the authors did not
specify a mechanism, they concluded that the cause of the fetal death was due
to idarubicin.

A 1998 case report described a woman with acute myeloid leukemia who
was treated with idarubicin and cytarabine during the 2nd trimester (4).
Treatment was begun at 21 weeks’ gestation with IV idarubicin 10 mg/m2 on
days 1, 3, and 5 and IV cytarabine 100 mg/m2 on days 1–10. A 6-day
consolidation course of IV cytarabine, 1000 mg/m2 every 12 hours, was given 6
weeks later. Complete remission was documented after recovery from this
course. IUGR and decreased fetal movements were diagnosed at 32 weeks’
gestation and a week and half later, a 1408-g female infant was delivered by
cesarean section. Apgar scores were 4, 7, and 10 at 1, 5, and 10 minutes,
respectively. Except for hyperbilirubinemia, the infant was healthy and was
doing well on discharge. An echocardiographic examination revealed no
evidence of cardiac anomalies or signs of cardiomyopathy (4).

A 22-year-old woman at 22 weeks’ gestation with acute lymphoblastic
leukemia type T was treated with idarubicin (9 mg/m2 on days 1, 2, 3, and 8),
cyclophosphamide (750 mg/m2 on days 1 and 8), vincristine (2 mg/day on days
1, 8, 15, and 22), and prednisone (60 mg/m2 on days 1–7 and 15–21) (5). The
patient tolerated the therapy except for agranulocytosis with fever, which was
treated with antibiotics. A complete remission was documented by 27 weeks’
gestation. Before consolidation chemotherapy, a 1024-g male infant was
delivered by cesarean section 1 week later. Apgar scores were 6, 8, and 8 at
1, 5, and 10 minutes, respectively. Neonatal complications, related to
prematurity, were respiratory distress syndrome, necrotizing enterocolitis, and
grade II ventricular hemorrhage (5). In addition, acute heart failure occurred
during the first 3 days after birth (5). Diffuse cardiomyopathy involving both
ventricles and the interventricular septum without anomalies was revealed by
echocardiography. The condition was thought to be related to the
chemotherapy, especially, idarubicin. With supportive care, the cardiac function
returned to normal within 3 days. Except for slight delay in the acquisition of
language, the infant was progressing normally at 18 months of age (5).

In a 2009 case report, a woman with relapse of acute myeloid leukemia at
22 weeks’ gestation was treated with idarubicin, fludarabine, cytarabine,



mitoxantrone, and gemtuzumab ozogamicin (6). The fetus developed signs of
idarubicin-induced cardiomyopathy, transient cerebral ventriculomegaly,
anemia, and intrauterine growth restriction. The newborn, delivered at 33
weeks’ by cesarean section, showed no congenital malformations.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of idarubicin during lactation have been located.
The molecular weight (about 498 for the free base) is low enough that excretion
into breast milk should be expected. Because of the potential toxicity, a woman
treated with this drug should not breastfeed until idarubicin and its cytoxic and
presumed active metabolite, idarubicinol, have been eliminated from her
system. Idarubicin has a mean terminal half-life of 20–22 hours (range 4–46
hours), but the estimated mean terminal half-life of idarubicinol exceeds
45 hours (1). Thus, elimination of the two agents may require 10 days or
longer. The American Academy of Pediatrics classifies similar antineoplastic
agents (e.g., doxorubicin) as contraindicated during breastfeeding because of
the potential for immune suppression and an unknown effect on growth or
association with carcinogenesis (7).
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IDOXURIDINE
Antiviral
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of idoxuridine in human pregnancy have been
located. The drug is teratogenic in some species of animals after injection
and ophthalmic use (1–3).

FETAL RISK SUMMARY
Idoxuridine is a topical ophthalmic preparation that is indicated for the treatment
of keratitis caused by the virus of herpes simplex (1). Systemic exposure after
topical use was not reported by the manufacturer.

Reproduction studies have been conducted in rabbits, rats, and mice. In
pregnant rabbits given the drug topically to the eyes in doses similar to those
used in humans, idoxuridine crossed the placenta and caused fetal
malformations. Fetal malformations also occurred in rats and mice given
intraperitoneal, oral, or SC injections of the drug (1).

Adequate studies for carcinogenicity have not been conducted but is
considered potentially carcinogenic. Idoxuridine has caused chromosome
aberrations in mice and is mutagenic in mammalian cells in culture.

BREASTFEEDING SUMMARY
No reports describing the use idoxuridine during human lactation have been
located. Systemic concentrations after topical use have apparently not been
determined. The manufacturer states that the drug should not be used during
breastfeeding because the drug and metabolites may be excreted into breast
milk (1).
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IFOSFAMIDE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

There is limited human pregnancy experience with ifosfamide. The drug is
carcinogenic and mutagenic in experimental studies. In addition, it is
teratogenic and embryotoxic in three animal species at doses far less than
the recommended human dose. Because of the close relationship of
ifosfamide to cyclophosphamide, a known human teratogen, ifosfamide
should be considered an agent with a high potential for human
teratogenicity and embryo–fetal toxicity.

FETAL RISK SUMMARY
Ifosfamide is chemically related to the nitrogen mustards and is a synthetic
analog of cyclophosphamide (see also Cyclophosphamide). Ifosfamide is a
prodrug that requires metabolic activation by microsomal liver enzymes to
produce biologically active metabolites. It is indicated for the treatment of germ
cell testicular cancer. Combination with a prophylactic agent such as mesna is
recommended to prevent hemorrhagic cystitis (1).

Ifosfamide was carcinogenic in rats (including a significant incidence of
leiomyosarcomas and mammary fibroadenomas in female rats) and mutagenic
in several assays (1). Reproduction studies have been conducted in pregnant
mice, rats, and rabbits. In mice, a single dose of 30 mg/m2 (1/40 the daily
recommended human dose of 1200 mg/m2) administered on gestational day 11
caused an increase in the incidence of resorptions and anomalies (not
specified). Evidence of embryolethality was observed in rats given 54-mg/m2

doses on gestational days 6–15. Embryotoxic effects (not specified) were
observed when a smaller dose (18 mg/m2) was administered over the same
period. Embryotoxicity and teratogenicity were observed in rabbits given 88
mg/m2/day on gestational days 6–18 (1). Maternal toxicity was not mentioned
in any of the above studies.



A 1973 study described the teratogenic and embryotoxic effects of various
single intraperitoneal doses (5, 10, and 20 mg/kg) of ifosfamide given to mice
on gestational day 11 (2). Only the 20-mg/kg dose was embryolethal
(significantly increased resorption rates), but significant fetal toxicity
(decreased body weight and/or crown–rump length) was observed with the 10-
and 20-mg/kg doses. A number of anomalies were observed in the highest
dose group: open eyes, internal and external hydrocephalus, microphakia,
micromelia, adactyly, syndactyly, microcaudate, kinky tails, kidney ectopia, and
hydronephrosis. Both 10- and 20-mg/kg doses increased the number of
skeletal defects and the 5-mg/kg dose was associated with a significant
increase in supernumerary ribs. Finally, a single SC dose of 45 mg/kg
administered to 1-day-old mice resulted in reduced body weight and altered
development (2).

In sexually mature male rabbits, single IV doses of ifosfamide (0, 60, 90,
120, or 240 mg/kg) caused transient and dose-dependent depression of
spermatocytogenesis, spermiogenesis, and sperm maturation in comparison to
controls (3). In the second part of this study, using the same methods, the
investigators combined ifosfamide with mesna (an uroprotectant agent) (4).
Three groups of male rabbits were given different doses of the combination
(ifosfamide 30, 45, or 60 mg/kg plus mesna 6, 9, or 12 mg/kg, followed by a
second equal dose of mesna 4 hours later). Each group received 10 weekly
treatments. Controls were given either mesna alone (three groups) or saline
(one group). Dose-related ifosfamide–mesna suppression of spermatogenesis
and epididymal sperm maturation was observed. In addition, the investigators
noted incomplete recovery of the germinal epithelium (4).

A 1997 review stated that ifosfamide is less toxic for stem cell
spermatogonia (type A spermatogonia) than is cyclophosphamide (5). In 15 of
16 patients who received 15–30 g/m2 of ifosfamide, the median follicle-
stimulating hormone levels returned to normal. In addition, there was no
evidence of an increased risk of malformations or malignancies in offspring
fathered by patients with germ cell cancer after chemotherapy (5). However, a
2003 study confirmed that ifosfamide exposure is a potential cause of male
infertility (6). A significant (p = 0.005) dose-dependent relationship was
observed between increasing doses of ifosfamide and infertility in patients
treated for osteosarcoma.

It is not known if ifosfamide or its active metabolites cross the placenta to the
fetus. The low molecular weight of the parent prodrug (about 261) suggests
that it reaches the fetal circulation.



A 20-year-old woman at 23 weeks’ gestation was treated with ifosfamide (5
g/day on days 1 and 2), vincristine (2 mg/day on days 1 and 14), and
dactinomycin (1 mg/day on days 1 and 2) for advanced rhabdomyosarcoma of
the face (7). In addition to the antineoplastics, the patient also received mesna
and urate oxidase (used for the treatment of hyperuricemia). A second course
of therapy was given 4 weeks later. At initiation of the chemotherapy, the fetal
weight was estimated to be at the 20th percentile with normal amniotic fluid
volume and active movements. At the time of the second course of
chemotherapy, ultrasound revealed a complete absence of amniotic fluid, an
empty fetal bladder, cessation of fetal growth, and absence of fetal
movements. An emergency cesarean section was performed 2 weeks later
after evidence of continued anhydramnios, intrauterine growth arrest, and acute
fetal hypoxia. A 720-g female was delivered with Apgar scores of 3, 7, and 7 at
1, 5, and 10 minutes, respectively. An ultrasound of the neonate revealed
bilateral intraventricular hemorrhage and left occipital meningeal hematomas.
Anuria persisted, and the girl died at age 7 days. Autopsy noted extensive
cerebral lesions associated with prematurity but no renal lesions or
chromosome abnormalities. The placenta had large areas of ischemic necrosis
without evidence of chorioamnionitis. No cancer cells were found in the fetus or
placenta. The authors speculated that the lack of renal lesions suggested that
causes in addition to ifosfamide-induced toxicity should be considered to explain
the anuria in the fetus and newborn (7).

In contrast to the above study, a 21-year-old woman was treated with three
courses of ifosfamide/mesna (each 5 g/m2 three times weekly) and doxorubicin
(50 mg/m2 three times weekly) for Ewing’s sarcoma of the pelvis (8). The three
courses were given in the 27th, 30th, and 33rd week of pregnancy. Mild
intrauterine growth restriction was detected by ultrasound. A cesarean section
at the beginning of the 36th gestational week delivered a 42-cm-long, 1300-g
female infant. No adverse effects were noted in the infant, who was doing well
at 2 years of age (8).

In a 2004 case report, a 17-year-old woman at 22 weeks’ gestation was
diagnosed with an extraskeletal Ewing’s sarcoma (9). She was treated with
doxorubicin 50 mg/m2 by 48-hour continuous infusion and ifosfamide 2 g/m2 as
a single injection, both given at 25, 28 and 30 weeks’. Mild fetal growth
restriction was noted from the 29th week of gestation. An elective cesarean
section delivered a 1.245-kg male infant with Apgar scores of 7 and 9 at 1 and
5 minutes, respectively. Based on weight and length (38 cm), the infant was
small for gestational age. The infant had no congenital anomalies and no



respiratory distress syndrome, but did have mild hyperbilirubinemia. He was
growing well at 8 months of age (9).

A 2006 case report described the pregnancy outcome of a 21-year-old
woman with Burkitt’s lymphoma who was treated with intensive chemotherapy
(10). Beginning at 26 weeks, she was treated with two cycles of chemotherapy
that included ifosfamide, cyclophosphamide, vincristine, doxorubicin, cytarabine,
etoposide, cytarabine, and mesna. At 32 weeks, a cesarean section delivered
a 1.731-kg male infant with Apgar scores of 8 and 9 at 1 and 5 minutes,
respectively. His weight, length, and head circumference were within normal
limits for gestational age. No anomalies were noted but respiratory distress
was evident. At 9 months of age, his weight was 6.36 kg. He had mild delayed
motor skills that were thought to result from his premature birth. Otherwise he
was healthy (10).

BREASTFEEDING SUMMARY
No reports describing the use of ifosfamide during lactation have been located.
Ifosfamide is excreted into breast milk (1). This is consistent with its low
molecular weight (about 261). Although the amount of ifosfamide in milk was
not stated, severe toxicity in a nursing infant is a potential concern (e.g., bone
marrow depression, urinary system, and CNS toxicity). Therefore, women
receiving ifosfamide should not breastfeed.
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ILOPERIDONE
Antipsychotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of iloperidone in human pregnancy have been
located. Animal reproduction studies observed two types of developmental
toxicity (death and decreased weight) in one animal species. There is no
evidence with other agents in this subclass of embryo or fetal harm.
However, because of the very limited human pregnancy experience with
atypical antipsychotics, the American College of Obstetricians and
Gynecologists does not recommend the routine use of these agents in
pregnancy, but a risk–benefit assessment may indicate that such use is
appropriate (1). Because iloperidone is indicated for severe debilitating
mental disease, the benefits to the mother appear to outweigh the unknown
risk. A 1996 review on the management of psychiatric illness concluded
that patients with histories of chronic psychosis represent a high-risk group
(for both the mother and the fetus) and should be maintained on
pharmacologic therapy before and during pregnancy (2). Folic acid 4
mg/day has been recommended for women taking atypical antipsychotics
because they may have a higher risk of neural tube defects due to
inadequate folate intake and obesity (3).

FETAL RISK SUMMARY
The atypical antipsychotic iloperidone is a benzisoxazole derivative in the same
subclass of antipsychotic agents as paliperidone, risperidone, and ziprasidone.
Iloperidone is indicated for the acute treatment of schizophrenia in adults. It is
extensively metabolized to two predominate metabolites, P88 and P95, one
(P88) of which is active. The parent drug and the two metabolites are highly
bound (about 95%) to serum proteins. The mean elimination half-lives of



iloperidone and the two metabolites (P88 and P95) in extensive metabolizers
were 18, 26, and 23 hours, respectively, whereas in poor metabolizers the half-
lives were 33, 37, and 31 hours, respectively (4).

Reproduction studies have been conducted in rats and rabbits. During
organogenesis, rats were given doses 1.6–26 times the maximum
recommended human dose of 24 mg/day based on BSA (MRHD). The highest
dose caused increased early intrauterine deaths, decreased fetal weight and
length, decreased skeletal ossification, and an increased incidence of minor
fetal skeletal anomalies and variations and also was maternal toxic (decreased
food consumption and weight gain). In separate studies, rats were given doses
1.6–26 times the MRHD either before conception or from gestational day 17
through weaning. Adverse effects included prolonged pregnancy and
parturition, increased stillbirth rates, increased incidence of fetal visceral
variations, decreased fetal and pup weights, and decreased postpartum pup
survival. Maternal toxicity occurred at the higher doses. An increase in stillbirths
occurred at all doses. The no-effect dose for the other effects ranged from 1.6
to about 5 times the MRHD. No drug effects on neurobehavioral or reproductive
development were noted in the surviving pups. In rabbits during organogenesis,
the highest dose tested (20 times the MRHD) was not teratogenic but did
cause increased early intrauterine deaths, decreased fetal viability at term, and
maternal toxicity (4).

Because P95 is not present in significant amounts in rats, a separate study
was conducted in this species with the metabolite. During organogenesis,
doses resulting in plasma levels up to twice those in humans receiving the
MRHD did not cause teratogenicity, but delayed skeletal ossification occurred
at all doses. No significant maternal toxicity was noted (4).

Long-term studies for carcinogenicity have been conducted in mice and rats.
An increased incidence of malignant mammary gland tumors occurred in female
mice that were considered to be prolactin mediated. No drug-related
carcinogenicity was observed in rats. Long-term exposure to the P95
metabolite in rats resulted in proliferative responses in several organs. Neither
iloperidone nor P95 was mutagenic in various assays, but the parent drug did
cause chromosomal aberrations in one in vitro assay that also resulted in
cytotoxicity. Decreased fertility in male and females was observed at doses
>≈5 times the MRHD. The no-effect dose for impaired fertility was 1.6 times
the MRHD (4).

It is not known if iloperidone or the two metabolites cross the human
placenta. The molecular weight of the parent drug (about 426) and the long



elimination half-lives suggest that the parent drug and possibly the metabolites
will cross to the embryo–fetus. The high serum protein binding of iloperidone
might limit some of this exposure.

BREASTFEEDING SUMMARY
No reports describing the use of iloperidone during human lactation have been
located. The molecular weight (about 426) and the long elimination half-lives
(ranging from 18–36 hours) suggest that the drug will be excreted into breast
milk. However, there are two major metabolites, one of which is active, and
these may also be excreted into milk. The amount of iloperidone and
metabolites in milk might be limited by their high (about 95%) serum protein
binding. The effect of this exposure on a nursing infant is unknown.

The manufacturer recommends women receiving iloperidone should not
breastfeed (4). Moreover, the American Academy of Pediatrics classifies other
atypical antipsychotics (e.g., see Ziprasidone) as drugs whose effect on the
nursing infant is unknown but may be of concern (5).

Because of the very limited human experience with atypical antipsychotics,
the American College of Obstetricians and Gynecologists does not recommend
the routine use of these agents during lactation, but a risk–benefit assessment
may indicate that such use is appropriate (1).
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ILOPROST
Vasodilator
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data Not
Relevant
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Pregnancy is not advised in women with pulmonary arterial hypertension
(PAH) because of the high risk of morbidity and death. However,
pregnancy exposures to iloprost have occurred apparently without embryo–
fetal harm. The animal reproduction data are not relevant because the oral
and IV doses were not compared with the human dose. Nevertheless, PAH
is a high-risk condition and, if indicated, the drug should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
Iloprost is a synthetic analog of prostacyclin PGI2 given by inhalation or IV
(outside of the U.S.). Iloprost is indicated for the treatment of PAH. The agent
dilates systemic and pulmonary arterial vascular beds. There are no other
agents in its subclass of prostacyclin analogs. The absolute bioavailability of
inhaled iloprost has not been determined, but it was generally not detectable in
plasma 30–60 minutes after a dose. When given IV, the half-life is 20–30
minutes and the plasma protein binding was about 60%, mainly to albumin. The
main metabolite was inactive in animals (1).

Reproduction studies have been conducted in rats, rabbits, and monkeys. In
Han-Wistar rats, a continuous IV dose (serum levels not specified) caused
shortened digits of the thoracic extremity in fetuses–pups. In comparable
studies giving oral or IV iloprost to Sprague-Dawley rats, rabbits, and monkeys,
these anomalies were not observed. However, a maternal toxic oral dose in
Sprague-Dawley rats significantly increased the number of nonviable fetuses
and an IV dose that was 10 times the teratogenic dose in Han-Wistar rats was
embryolethal (1). None of the studies compared the exposures with the human



exposure from inhalation or IV use.
Iloprost was not carcinogenic, mutagenic, or clastogenic in multiple studies

and assays, and did not cause chromosomal aberrations. The fertility of male
and female rats was not impaired with embryolethal IV doses (1).

It is not known if iloprost crosses the human placenta. The molecular weight
(about 360) is low enough, but the very short plasma half-life suggests that
exposure of the embryo–fetus will be limited.

A 2005 report described three women with PAH who were treated with
inhaled iloprost (2). Treatment was initiated at 8, 19, and 17 weeks’ with doses
titrated to the patient’s condition and administered 7 times daily. The first
woman had been treated with bosentan and warfarin until the therapy was
changed at 8 weeks’. This woman suffered a cardiorespiratory arrest at about
25 weeks but was successfully resuscitated after about 1 minute and was
converted to IV iloprost for 5 days. At that time, a cesarean section delivered a
0.65-kg male infant with Apgar scores of 8 and 9. The child was progressing
well at 16 months of age. Because of premature labor, the second woman
underwent a cesarean section at 36 weeks’ to deliver a 2.8-kg male infant with
Apgar scores of 9 and 9. At 18 months, the mother and her son were doing
well. Placenta previa was diagnosed in the third woman and a cesarean section
at 35 weeks delivered a 2.16-kg female infant with Apgar scores of 9, 9, and
10. At 12 weeks, the mother and her daughter were doing well. No congenital
anomalies were noted in the three infants (2).

A 21-year-old with idiopathic PAH was treated with inhaled iloprost from 24
to 34 weeks’ gestation, at which time she underwent a cesarean section
because of oligohydramnios (3). The mother and infant were clinically well and
were discharged home 8 days after delivery. No other details about the infant
were provided.

Bosentan (250/day), sildenafil (150 mg/day), hydroxychloroquine (200
mg/day), azathioprine (100 mg/day), and phenprocoumon were used up to 5
weeks’ gestation in a 29-year-old woman with systemic lupus erythematosus-
associated PAH (4). At that time, bosentan and phenprocoumon were
discontinued and the other three agents were continued with low-molecular-
weight heparin. At 35 weeks’, inhaled iloprost was added. At 37 weeks, a
planned cesarean section delivered a healthy 2.760-kg female infant with Apgar
scores of 8, 9, and 10. Breastfeeding was declined. At the time of the report,
the child was doing well (4).

A 2013 case report described a 30-year-old pregnant woman who was
diagnosed with PAH at 24 weeks’ (5). She was treated with inhaled iloprost,



oral sildenafil, oxygen, and low-molecular-weight heparin. Five days before
delivery, inhaled iloprost was replaced with IV iloprost. At about 32 weeks’, a
cesarean section gave birth to 1.7-kg male infant with Apgar scores of 8 and 9
at 1 and 5 minutes, respectively. Weight, length, and head circumference were
within normal limits for gestational age. No congenital anomalies were noted,
but the infant had sinusal tachycardia and mild respiratory distress syndrome.
He was apparently doing well at 18 days of age (5).

BREASTFEEDING SUMMARY
No reports describing the use of iloprost during human lactation have been
located. The molecular weight (about 360) is low enough, but the very short
plasma half-life suggests that excretion of the drug into breast milk will be
limited. The effect of exposure on a nursing infant is unknown.
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IMATINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

After use of imatinib in pregnancy, both normal and abnormal outcomes
have been reported.

Because agents in this subclass inhibit angiogenesis, a critical
component of embryonic and fetal development, avoiding the drug in
pregnancy, especially during organogenesis, is the safest course.
However, leukemia is a serious disease that presents a risk to the mother
and the eventual outcome of her pregnancy. Consequently, if indicated,
treatment with imatinib should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Imatinib (formerly ST1571) is an oral tyrosine kinase inhibitor that inhibits tumor
growth, pathologic angiogenesis, and metastatic progression of cancer. There
are several other agents in this subclass (see Appendix). Imatinib is indicated
for the treatment of newly diagnosed adult patients with Philadelphia
chromosome-positive chronic myeloid leukemia in chronic phase. Imatinib is
extensively metabolized in the liver. One metabolite has activity that is
equipotent to imatinib. The plasma AUC for the active metabolite is about 15%
of the AUC for imatinib. The plasma elimination half-lives of imatinib and the
active metabolite are about 18 and 40 hours, respectively. Elimination is
primarily in the feces. Plasma protein binding is about 95%, mostly to albumin
and α-1 glycoprotein (1).

Reproduction studies have been conducted in rats. During organogenesis,
oral doses about equal to or greater than the maximum human clinical dose of
800 mg/day based on BSA (MHCD) caused teratogenic effects that included
exencephaly or encephalocele, and absent/reduced frontal and absent parietal
bones. Doses about half the MHCD during pregnancy were associated with



significant postimplantation loss as evidenced by early fetal resorption or
stillbirths, nonviable pups, and pup mortality within 4 days of birth. When a dose
greater than the MHCD was given, total fetal loss occurred in all animals. Fetal
death was not observed at doses one-third the MHCD (1).

Male and female rats were exposed in utero to daily maternal doses of
imatinib that were about half the MHCD from day 6 of gestation and through
milk during the lactation period. Body weights were reduced from birth. No drug
exposure occurred over the next 2 months. Although fertility was not affected,
fetal loss was observed when these animals were mated (1).

Imatinib was carcinogenic in 2-year studies in rats, causing renal
adenomas/carcinomas, urinary bladder papillomas, and papillomas/carcinomas
of the preputial and clitoral gland. Genotoxic and clastogenic effects were seen
in some tests. Male rats given daily doses about three-fourths the MHCD for 70
days had decreased testicular and epididymal weights and percent motile
sperm. These effects were not seen at one-fourth the MHCD. In female rats,
no effects on mating or the number of pregnant females were observed at
doses one-fourth the MHCD (1).

It is not known if imatinib or its active metabolite crosses the human placenta.
The molecular weight (about 494 for the free base) for the parent compound
and the long elimination half-lives for imatinib and its metabolite suggest that the
drug will cross to the embryo and fetus.

A 2003 report from the manufacturer described the effects of imatinib on
male fertility (2). Although spermatogenesis was impaired in rats, dogs, and
monkeys, clinical experience had not confirmed this in humans. The authors
cited 18 pregnancies in the partners of men under treatment with imatinib, 13
during clinical trials and 5 from voluntary reports. In the clinical trial group, eight
were treated with 400 mg/day for chronic-phase chronic myelogenous
(i.e., myeloid) leukemia (CML), four with 800 mg/day for accelerated-phase
CML, and one with 800 mg/day for gastrointestinal stromal tumors (GISTs).
The outcomes of the pregnancies that occurred during clinical trials were four
normal infants, one SAB, two EAs (normal abortuses), one death in utero at 13
weeks’ gestation, three with no information, and two with ongoing pregnancies.
There was limited information on the five pregnancies in the voluntary reports,
four of which were ongoing (2).

The manufacturer also had reports of 26 pregnancies exposed to imatinib, 15
in clinical trials and 11 from voluntary reports (2). In the first group, pregnancy
was detected between 5 and 22 weeks’ gestation and imatinib therapy was
stopped. However, in one woman who was taking 600 mg/day for blast-crises



CML and whose therapy was stopped at 22 weeks, imatinib was restarted
when the leukemia relapsed. The woman ultimately delivered a normal infant at
term. The remaining 14 women in the clinical trial were treated with 400 mg/day
for chronic-phase CML. The pregnancy outcomes of these patients were one
SAB, nine EAs (no information on abortuses), two pregnancies ongoing, one
term normal infant, and one infant with hypospadias (timing of exposure not
specified). In the voluntary reports group, pregnancy was detected at 5–
23 weeks. Five of the women were being treated for chronic-phase CML (400
mg/day), three for accelerated-phase CML (600 mg/day), one for GIST (200
mg/day), and two unknown. The outcomes of these pregnancies were four
SABs, two EAs (one because of hydrocephalus, congenital heart defect, and a
two-vessel cord), two ongoing pregnancies, and three with no information (2).

In a 2004 case report, a woman with Philadelphia-positive chronic-phase
CML was treated with imatinib 400 mg/day from before conception through the
first 7 weeks of gestation (3). Imatinib was stopped immediately when the
pregnancy was diagnosed and no further treatment was given until hydroxyurea
was started at 29 weeks because of very high white blood cell count. A 2820-g
female infant was delivered at 38 weeks’ gestation. The infant was
morphologically normal but developed pyloric stenosis at 8 weeks of age. She
underwent successful surgical correction and is healthy and developing normally
at 25 months of age (3).

In a 2005 case similar to the one above, the woman also had Philadelphia-
positive chronic-phase CML (4). She had been treated with imatinib for 5
months when a pregnancy was detected at 8 weeks’ gestation. Imatinib was
stopped and the woman eventually delivered a healthy, 3200-g female in the
38th week. The infant was growing normally (4). Another 2005 report
described two women, with the same diagnosis as above, who were treated
with imatinib before and throughout three pregnancies (5). One patient taking
400 mg/day delivered a healthy but small (1870-g) infant that was doing well.
This patient’s second pregnancy ended in an SAB at about 2 months. The
second woman took imatinib 200 mg/day and delivered not only a healthy but
also small 2540-g infant (5).

A 2005 case report described two women with CML who were treated
throughout pregnancy with imatinib 400 mg/day (6). Both women delivered
healthy, term infants. The authors noted that long-term follow-up of the infants
was required to look for late developing toxicity (6). In contrast, a fatal fetal
outcome was reported in 2006 (7). The woman was treated for chronic-phase
CML before and during the first 6 weeks of gestation until her pregnancy was



diagnosed. Therapy was stopped until the completion of the 1st trimester, at
which time hydroxyurea was started. At 30 weeks’, a fetal ultrasound revealed
a meningocele and 4 weeks later the woman delivered a dead fetus (7).

A 36-year-old woman with accelerated-phase CML was treated with imatinib
600 mg/day until pregnancy was diagnosed in the 12th week (8). Imatinib was
discontinued and she was treated with interferon-α for the remainder of the
pregnancy. A healthy baby girl weighing 3280-g was delivered at 38 weeks’
gestation. The infant was growing and developing normally at 44 months (8).

A 2006 retrospective study reported 19 pregnancies involving 18 patients (10
females and 8 males) with CML who were treated with imatinib (9). In the
female patients, receiving 300–800 mg/day, pregnancy was diagnosed
between 4 and 9 weeks’ gestation and imatinib therapy was discontinued. The
pregnancy outcomes (other therapy during remainder of pregnancy) were two
SABs (none), one EA (none), seven (1 set of twins) normal infants
(hydroxyurea three, interferon one, leukapheresis one, none two), and one
infant with hypospadias (hydroxyurea and anagrelide started at 5 weeks’). The
male patients, receiving 400–1000 mg/day, fathered eight infants (one fathered
two) and an SAB occurred in the 9th pregnancy. One of the infants, a female
delivered at 40 weeks’ with a birth weight of about 3.4 kg, had a mild rotation
of the small intestine that was corrected surgically shortly after birth (9).

In a 2009 report, pregnancy was diagnosed at 21 weeks’ in a patient with
CML who had been on imatinib throughout (10). Her therapy was changed to
interferon-α and she delivered a healthy, full-term male infant who was
developing normally (10). A brief 2009 case report described the outcome of a
34-year-old woman with CML who was treated during the first 4 months of an
unplanned pregnancy with imatinib (400 mg/day) (11). When pregnancy was
diagnosed, imatinib was stopped and hydroxyurea was started. At 37 weeks’,
she delivered a healthy 3.12-kg infant with Apgar scores of 9 and 10. The child
was doing well at 26 months of age. Nine months later, she became pregnant
again while on 800 mg/day of imatinib. The therapy was continued throughout
pregnancy. She gave birth to a healthy 2.98-kg baby at 37 weeks’ with Apgar
scores of 10 and 10. The infant was doing well at 9 months of age (11). In a
2011 case report, the therapy of a 24-year-old patient with CML was changed
at 10 weeks’ from imatinib to hydroxyurea and maintained on the agent for the
remainder of her pregnancy (12). A healthy 2.5-kg female baby was born at 37
weeks. At 1-year follow-up, her growth and development were normal (12).

A 27-year-old pregnant woman was diagnosed with Philadelphia
chromosome-positive chronic-phase CML (13). Imatinib 400 mg/day was given



during 21–39 weeks’ gestation, resulting in complete hematological and
cytogenetic remission. Fetal growth was normal and a healthy male infant,
without defects, was born at 39 weeks. Imatinib concentrations in cord blood
and the infant’s peripheral blood, 16 hours after the mother’s last dose, were
338 ng/mL and 478 ng/mL, respectively (13).

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 494 for the free base) of the
parent compound and the long elimination half-lives of imatinib (18 hours) and
its active metabolite (40 hours), both are excreted into breast milk. In a brief
2007 report, a woman taking imatinib 400 mg/day was nursing her 1-month-old
infant (14). Steady-state concentrations of the parent drug and metabolite were
1.1–1.4 mcg/mL and 0.8 mcg/mL, respectively. The milk:plasma ratios were
0.5 and 0.9, respectively. Based on the infant’s weight, the estimated infant
dose from milk was about 10% of the therapeutic dose. No adverse effects in
the nursing infant were mentioned (14).

In a case described in the Fetal Risk Summary, a mother with Philadelphia
chromosome-positive chronic-phase CML was receiving imatinib 400 mg/day
(13). Breast milk concentrations were measured on postpartum days 7, 14, 15,
and 16. The concentrations ng/mL (hours after a maternal dose) were 2385 (12
hours), 1430 (14 hours), 2623 (10 hours), 1921 (16 hours), and 2378 (12
hours). The baby had normal growth and development at 10 months of age
(13).

A 34-year-old woman taking imatinib 400 mg/day for CML became pregnant
and the drug was stopped (15). She delivered a healthy baby at term. Imatinib
was immediately restarted and breastfeeding was not recommended. Plasma
and milk concentrations of the parent drug and active metabolite were
measured at 3, 27, 51, and 171 hours after the start of therapy. Plasma
concentrations of imatinib and metabolite were 1301–2003 ng/mL and 177–301
ng/mL, respectively, whereas the milk concentrations were 751–1153 ng/mL
and 409–1052 ng/mL, respectively (15).
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IMIGLUCERASE
Endocrine/Metabolic Agent (Gaucher’s Disease)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No imiglucerase-related adverse effects in embryos and fetuses have been
reported in the limited data on pregnancies complicated by type I
Gaucher’s disease. Pregnancy may exacerbate existing disease or result in
new disease manifestations, but the data suggest that treatment may
reduce the risk of spontaneous abortion and bleeding complications.
However, systematic human or animal studies have not been conducted.
Nevertheless, a brief 2009 review cited a recommendation from the
European Medicines Agency that in women receiving imiglucerase,
treatment continuation throughout pregnancy should be considered (1).

FETAL RISK SUMMARY
Imiglucerase, an enzyme given by IV infusion, is used in the treatment of
patients with type I Gaucher’s disease. It is in the same pharmacologic
subclass as alglucerase, taliglucerase alfa, and velaglucerase alfa.
Imiglucerase replaces the endogenous enzyme β-glucocerebrosidase.
Imiglucerase is produced by recombinant DNA technology and differs from the
endogenous enzyme by one amino acid substitution. After infusion, the terminal
elimination half-life is 3.6–10.4 minutes (2).

Reproduction studies with imiglucerase have apparently not been conducted.
Moreover, the carcinogenic and mutagenic potential of imiglucerase has not
been studied.

It is not known if imiglucerase crosses the human placenta. The relatively
high molecular weight (about 55,600) and the short terminal half-life suggest
that placental transfer will be limited.

A 2007 case report described the pregnancy outcome of a 23-year-old



woman with Gaucher’s disease who was treated throughout gestation with
imiglucerase 30 U/kg every 2 weeks (3). She gave birth to a healthy female
infant at term (additional details not provided).

Outcomes of exposed pregnancies treated with either imiglucerase or the
similar enzyme, alglucerase, have been summarized from surveys gathered
from international treatment centers, from reports in the literature, as well as
from the manufacturer’s pharmacovigilance database. The total number of
exposed patients is unclear as there could be overlap between the various
sources of reports. However, as reviewed in a 2010 publication, among 43 to
78 treated pregnancies compared with 71 to 388 untreated pregnancies with
the same disease, the risk of spontaneous abortion, disease-related bleeding
complications at delivery, and disease-related complications postpartum were
reduced. No evidence of teratogenic risk was noted (4,5). An additional four
case reports (which may or may not have been included in the larger review)
described successful pregnancy outcome in patients treated with imiglucerase,
including three healthy liveborn singletons and one set of healthy liveborn twins
(6–8).

BREASTFEEDING SUMMARY
Although the relatively high molecular weight (about 55,600) and the short
terminal elimination half-life (3.6–10.4 minutes) suggest that excretion of the
enzyme in milk will be limited, one case report did detect imiglucerase.
Samples were collected from maternal serum and breast milk before and up to
24 hours after an imiglucerase IV infusion (8). Slightly increased enzymatic
activity was observed in the first breast milk sample after the infusion, but
levels were undetectable thereafter.

In a 2007 case report discussed earlier, a 23-year-old woman took
imiglucerase 30 U/kg every 2 weeks throughout pregnancy and during the first
3 months of breastfeeding (3). Because of Gaucher’s disease progression, her
dose was increased to 60 U/kg every 2 weeks. She continued this dose until
breastfeeding was discontinued at 1 year. Apparently, no toxicity was noted in
the infant, but the infant’s condition was not mentioned (3).

The effect, if any, on a nursing infant is unknown. However, the enzyme is
probably digested in the infant’s gut and is unlikely to reach the systemic
circulation (1).
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IMIPENEM-CILASTATIN SODIUM
Antibiotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest LowRisk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of this antibiotic–enzyme inhibitor
combination in the 1st trimester of nonterminated human pregnancies have
been located. Four sources consider imipenem–cilastatin to be a safe and
effective agent during the perinatal period (1–4).

FETAL RISK SUMMARY
Imipenem, a semisynthetic carbapenem related to the β-lactam antibiotics, is
only available in the United States in a 1:1 combination with the enzyme inhibitor
cilastatin sodium. The latter agent is a specific, reversible inhibitor of
dehydropeptidase I, an enzyme that is present in the proximal renal tubular
cells and inactivates imipenem. By inhibiting this enzyme, cilastatin results in
higher urinary concentrations of imipenem (5).

Reproductive studies in pregnant rabbits and rats with imipenem at doses up
to 2 and 30 times, respectively, and with cilastatin sodium at 10 and 33 times,
respectively, the maximum recommended human dose showed no evidence of
adverse fetal effects. Similar negative findings were found with imipenem–
cilastatin sodium in pregnant mice and rats treated with doses up to 11 times
the maximum human dose (5).

Adverse effects observed in pregnant monkeys given either 40 mg/kg/day
(IV) or 160 mg/kg/day (SC) included loss of appetite, weight loss, emesis,
diarrhea, abortion, and death in some animals. No significant toxicity was
observed in nonpregnant monkeys given 180 mg/kg/day SC. An IV infusion of
100 mg/kg/day (approximately three times the maximum daily recommended
human IM dose) in pregnant monkeys did not produce significant maternal
toxicity or teratogenic effects, but it did result in an increase in embryonic loss



(5).
Imipenem–cilastatin crosses the placenta to the fetus (1,6). Seven women at

a mean gestational age of 8.6 weeks’ gestation (immediately before pregnancy
termination) and seven at a mean gestational age of 38.7 weeks were given a
single 20-minute IV infusion of 500 mg of imipenem–cilastatin (6). A third,
nonpregnant group was also studied. Maternal plasma and amniotic fluid
samples were collected at frequent intervals for 8 hours. In comparison with
nonpregnant women, imipenem concentrations in maternal plasma were
significantly lower in both early and late pregnancy. The mean concentrations in
the amniotic fluid in early and late pregnancy were 0.07 and 0.72 mcg/mL,
respectively. At delivery, the mean cord venous and arterial blood
concentrations were 1.72 and 1.64 mcg/mL, respectively, representing a
fetal:maternal mean ratio of 0.33 (venous) and 0.31 (arterial). Transfer of both
imipenem and cilastatin across the placenta at term was observed in two
Japanese studies (1,2). Peak concentrations of both agents were about 30%
of those measured in the maternal blood (2). Both drugs were also transferred
to the amniotic fluid, with the highest concentrations occurring, after a single
dose, at about 5–6 hours. Peak amniotic fluid:maternal blood ratios for
imipenem and cilastatin were approximately 0.30 and 0.45, respectively (2).

In a 2005 study from Japan, the pregnancy outcomes of 100 women who
had preterm premature rupture of membranes (PPROM) at 24–31 weeks’ and
who received imipenem/cilastatin sodium (plus betamethasone) were compared
with a control group of 40 women with PPROM who were treated with other
antibiotics, such as penicillins or cephalosporins, but not betamethasone (4).
The mean time from PPROM to delivery in the study and control groups were
11 and 6 days, respectively. No infants died within 1 year of birth in the study
group compared with five infants in controls (4).

BREASTFEEDING SUMMARY
Small amounts of imipenem–cilastatin are excreted into breast milk. These
amounts are comparable to other β-lactam antibiotics (1). The effects, if any,
on a nursing infant are unknown.
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IMIPRAMINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although structural anomalies have been reported following 1st trimester
exposure to imipramine, no pattern of defects is evident when all reports
are examined. Neonatal withdrawal is a potential complication when the
drug is used near birth.

FETAL RISK SUMMARY
Shepard reviewed six animal reproductive studies involving imipramine in 1989
(1). Some defects were observed in one investigation using rabbits, but other
studies with mice, rats, rabbits, and monkeys revealed no evidence of drug-
induced teratogenicity.

Bilateral amelia was reported in one child whose mother had ingested
imipramine during pregnancy (2). An analysis of 546,505 births, 161 with 1st
trimester exposure to imipramine, however, failed to find an association with
limb reduction defects (3–15). Reported malformations other than limb
reduction included: defective abdominal muscles (1 case); diaphragmatic hernia
(2 cases); exencephaly, cleft palate, adrenal hypoplasia (1 case); cleft palate
(2 cases); and renal cystic degeneration (1 case) (4–6). These reports indicate
that imipramine is not a major cause of congenital limb deformities.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 75 newborns had
been exposed to imipramine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Six (8.0%) major birth defects were observed
(three expected), including (observed/expected) 3/0.8 cardiovascular defects,
1/0.2 spina bifida, and 1/0.2 hypospadias. No anomalies were observed in
three other defect categories (oral clefts, polydactyly, and limb reduction
defects) for which specific data were available. Only with cardiovascular



defects is there a suggestion of an association, but other factors, including the
mother’s disease, concurrent drug use, and chance, may be involved.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (16). Multiple drug therapy occurred in
about two-thirds of the mothers. Imipramine exposure occurred in 30
pregnancies (1 set of twins). The outcomes of these pregnancies were 1
elective abortion, 3 spontaneous abortions, 25 normal newborns, and 2 infants
with congenital defects. The defects (all exposed in the 1st trimester or longer)
were six fingers on right hand, and an omphalocele (16).

Neonatal withdrawal symptoms have been reported with the use of
imipramine during pregnancy (17–19). Symptoms observed in the infants during
the 1st month after birth were colic, cyanosis, rapid breathing, and irritability.
Urinary retention in the neonate has been associated with maternal use of
nortriptyline (chemically related to imipramine) (20).

A 2002 prospective study compared two groups of mother–child pairs
exposed to antidepressants throughout gestation (46 exposed to tricyclics—12
to imipramine; 40 to fluoxetine) with 36 nonexposed, not depressed controls
(21). Offspring between the ages 15 and 71 months were studied for effects of
antidepressant exposure in terms of IQ, language, behavior, and temperament.
Exposure to antidepressants did not adversely affect the measured
parameters, but IQ was significantly and negatively associated with the
duration of depression, and language was negatively associated with the
number of depression episodes after delivery (21).

BREASTFEEDING SUMMARY
Imipramine and its metabolite, desipramine, enter breast milk in low
concentrations (22–24). A milk:plasma ratio of 1 has been suggested (22).
Assuming a therapeutic serum level of 200 ng/mL, an infant consuming 1000
mL of breast milk would ingest a daily dose of about 0.2 mg. Ten nursing
infants of mothers taking antidepressants (four with imipramine 75–150
mg/day) were compared with 15 bottle-fed infants of mothers with depression
who did not breastfeed (24). Concentrations of imipramine in fore- and hindmilk
ranged from 34 to 408 ng/mL and from 48 to 622 ng/mL, respectively. The
milk:maternal plasma ratios were 0.7–1.7 and 1.2–2.3, respectively. In two
infants, plasma levels were 0.6 ng/mL (mother’s dose 75 mg/day) and 3.3–7.4
ng/mL (mother’s dose 75–100 mg/day). No toxic effects or delays in
development were observed in the infants. The estimated daily dose consumed



by the infants was about 1% of the mother’s weight-adjusted dose (24).
The clinical significance of these amounts is unknown. The American

Academy of Pediatrics classifies imipramine as an agent whose effect on the
nursing infant is unknown but may be of concern (25).
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IMIQUIMOD
Immunomodulator
PREGNANCY RECOMMENDATION: Limited Human Data Suggest Low
Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproduction data suggest that the risk of embryo–fetal harm is
low. Moreover, an in vitro study with cultured human placental trophoblasts
found that the systemic imiquimod concentrations obtained clinically should
not alter normal placental function. The human pregnancy experience,
however, is limited. Although the combined data suggest that the potential
for human developmental toxicity is low, the data are too limited for a more
complete assessment. Until such data are available, the safest course is to
avoid imiquimod in pregnancy, but if exposure does occur, the risk to the
embryo and/or fetus appears to be low.

FETAL RISK SUMMARY
The topical immune response modifier imiquimod is indicated for the treatment
of: clinically typical, nonhyperkeratotic, nonhypertrophic actinic keratoses on the
face and scalp of immunocompetent adults; biopsy-confirmed primary
superficial basal cell carcinoma in immunocompetent adults; and external
genital and perianal warts/condyloma acuminata in individuals 12 years of age
or older. Small amounts of imiquimod are absorbed systemically and are
eliminated slowly with a half-life of about 20 hours. An average dose of 4.6 mg,
applied to the affected skin of patients with genital/perianal warts, produced a
mean peak serum drug concentration of 0.4 ng/mL. In patients with actinic
keratoses treated for 16 weeks, peak serum drug concentrations were 0.1–3.5
ng/mL. The amount absorbed systemically appears to be more related to the
surface area treated than to the dose (1).

In vitro studies conducted with imiquimod have shown that it stimulates the
production of the cytokines interferon-α, interleukin-1α, interleukin-1β,



interleukin-6, and interleukin-8 (2). Because placental trophoblasts also express
many of these same cytokines, an in vitro study was conducted to determine if
imiquimod exposure during pregnancy could alter normal placental function. In
1st trimester trophoblasts cultured with imiquimod concentrations up to 5.0
mcg/mL, no increase in any of the above interleukins was detected. The results
suggested that imiquimod would not induce the expression of inflammatory
cytokines in placenta trophoblasts (2).

Reproduction studies have been conducted with oral and IV doses in rats and
rabbits. In rats during organogenesis, oral doses 577 times the maximum
recommended human dose (MRHD) based on AUC (MRHD-AUC) caused
maternal and fetal toxicity. The fetal effects included increased resorptions,
decreased body weight, delays in skeletal ossification, and bent limb bones.
Two fetuses, among 1567, had exencephaly, protruding tongues, and low-set
ears. The no-observed-effect-level for embryo–fetal developmental toxicity was
98 times the MRHD-AUC. In rabbits during organogenesis, no embryo or fetal
developmental toxicity was observed with IV doses up to 1.5 times the MRHD
based on BSA or with a dose that was 407 times the MRHD-AUC (1).

When imiquimod was given to male and female rats before and during
mating, no effects on fertility or mating were noted with oral doses up to 87
times the MRHD-AUC. When these doses were continued throughout
pregnancy, parturition, and lactation, no effects were observed on growth or
postnatal development. However, bent limb bones in the fetuses were noted,
as they were with exposure during organogenesis, in the absence of maternal
toxicity. No treatment-related effects were noted at 41 times the MRHD-AUC.
Multiple tests with imiquimod revealed no evidence of mutagenic or clastogenic
potential (1).

It is not known if imiquimod crosses the human placenta. The low molecular
weight (about 240) and long elimination half-life after systemic absorption
(about 20 hours) suggest that the drug will reach the embryo and/or fetus.
However, because the systemic concentrations are very low, the actual
exposure appears to be clinically insignificant.

A 2004 case report described the use of topical imiquimod for the treatment
of condylomata acuminata in a woman at 16 weeks’ gestation (3). The initial
treatment was 3 nights a week for 4 weeks. Because there was very good
clinical response, she was prescribed additional treatment, but the woman was
lost to follow-up until she delivered vaginally at 41 weeks. The 3.74-kg normal
female infant had Apgar scores of 6 and 10 at 1 and 10 minutes, respectively.
Subsequent development was apparently normal (3).



A 2006 report described the outcomes of seven pregnancies exposed to
topical imiquimod, all ending in live births with a mean birth weight of 3528 g
(4). No major malformations or other adverse effects were noted in the infants.
The drug had been used for genital warts in four cases and for warts of the
hand, face, or foot in three. Doses of the 5% cream ranged from once daily to
four times per week with durations ranging from 1 to 10 weeks (average 5
weeks). Two women used the drug in the 1st trimester, one in the 2nd
trimester, two in the 2nd and 3rd trimesters, and two in the 3rd trimester only
(4).

Two studies reported the use of imiquimod for the treatment of anogenital
warts in a total of 21 pregnant women (5,6). No adverse pregnancy outcomes
or fetal anomalies were observed.

BREASTFEEDING SUMMARY
No reports describing the use of imiquimod during lactation have been located.
The relatively low molecular weight (about 240) and long elimination half-life
(about 20 hours) suggest that the drug will be excreted into breast milk.
However, the amount absorbed systemically and available for excretion into
milk is very low and probably is clinically insignificant. Therefore, although the
risk to a nursing infant is unknown, use of imiquimod by the mother appears to
be compatible with breastfeeding.
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IMMUNE GLOBULIN, HEPATITIS B
Serum
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The American College of Obstetricians and Gynecologists recommends
use of hepatitis B immune globulin in pregnancy for postexposure
prophylaxis (1).

FETAL RISK SUMMARY
Hepatitis B immune globulin is used to provide passive immunity following
exposure to hepatitis B. When hepatitis B occurs during pregnancy, an
increased rate of abortion and prematurity may be observed (1). No risk to the
fetus from the immune globulin has been reported (1–3).

BREASTFEEDING SUMMARY
No reports describing the use of hepatitis B immune globulin during human
lactation have been located.
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IMMUNE GLOBULIN INTRAMUSCULAR
Serum
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The American College of Obstetricians and Gynecologists recommends the
use of immune globulin intramuscular (IGIM) for postexposure prophylaxis
of hepatitis A and measles (rubeola) (1). No risk to the fetus from this
therapy has been reported (2).

FETAL RISK SUMMARY
A solution of immunoglobulin, primarily immunoglobulin G, IGIM is prepared
from pooled plasma that takes 2–5 days to obtain adequate serum levels (3). It
is indicated for postexposure prophylaxis of hepatitis A and measles (rubeola)
and in the prevention of serious infections in patients with immunoglobulin
deficiencies. In cases of rubella exposure of the pregnant woman, IGIM
administered as soon as possible after exposure may prevent or modify
maternal infection, but there is no evidence that it will prevent fetal infection (4).
However, its use in such cases may be of benefit in women who will not
consider therapeutic abortion.

BREASTFEEDING SUMMARY
No reports describing the use of IGIM during human lactation have been
located.
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IMMUNE GLOBULIN INTRAVENOUS
Serum
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No embryo–fetal risk attributable to immune globulin IV has been identified.

FETAL RISK SUMMARY
Immune globulin IV (IGIV) is a solution of immunoglobulin, primarily
immunoglobulin G (IgG), prepared from pooled plasma that, in contrast to the
IM preparation, provides immediate serum concentrations of antibodies (1).

IgG administered IV was shown to cross the human placenta in significant
amounts only if the gestational age was >32 weeks (2). Placental transfer was
also a function of dose, as well as gestational age. Four subclasses of IgG and
two different antibodies in the preparation also crossed to the fetus in a similar
manner (2). Others have found that the placental transfer of exogenous IgG
depends on the dose and duration of treatment and, possibly, on the method of
IgG preparation (3).

A 1988 review of IGIV summarized the clinical indications for the product in
pregnancy (4). The indications included hypogammaglobulinemia such as
common variable immunodeficiency, autoimmune diseases such as chronic
immune thrombocytopenic purpura, and alloimmune disorders such as severe
Rh-immunization disease and alloimmune thrombocytopenia. Recent reports
have described the use of IGIV for the prevention of intracranial hemorrhage in
fetal alloimmune thrombocytopenia (5,6), recurrent abortions caused by
antiphospholipid antibodies (7,8), neonatal congenital heart block caused by
maternal antibodies to Ro (SS-A) and La (SS-B) autoantigens (9), and severe
isoimmunization with either Rh or Kell antibodies (10). No adverse effects were
observed in the fetus or newborns in any of the above reports, but caution has
been advised in its use to prevent spontaneous abortion (11).



BREASTFEEDING SUMMARY
No reports describing the use of immune globulin IV during human lactation
have been located.
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IMMUNE GLOBULIN, RABIES
Serum
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Rabies immune globulin is used to provide passive immunity following
exposure to rabies combined with active immunization with rabies vaccine
(1). Because rabies is nearly 100% fatal if contracted, both the immune
globulin and the vaccine should be given for postexposure prophylaxis (1).
No risk to the fetus from the immune globulin has been reported (see also
Vaccine, Rabies [Human]) (1–3). The American College of Obstetricians
and Gynecologists recommends use of rabies immune globulin in
pregnancy for postexposure prophylaxis (1).

BREASTFEEDING SUMMARY
No reports describing the use of rabies immune globulin during human lactation
have been located.
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IMMUNE GLOBULIN, TETANUS
Serum
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Tetanus immune globulin is used to provide passive immunity following
exposure to tetanus combined with active immunization with tetanus toxoid
(1). Tetanus produces severe morbidity and mortality in both the mother
and the newborn. No risk to the fetus from the immune globulin has been
reported (1–3). The American College of Obstetricians and Gynecologists
recommends the use of tetanus immune globulin in pregnancy for
postexposure prophylaxis (1).

BREASTFEEDING SUMMARY
No reports describing the use of tetanus immune globulin during human lactation
have been located.
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IMMUNE GLOBULIN, VARICELLA-ZOSTER
(HUMAN)
Serum
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The American College of Obstetricians and Gynecologists recommends
that one IM dose of the immune globulin should be given to healthy
pregnant women within 96 hours of exposure to varicella to protect against
maternal, but not congenital, infection (1). There is no known fetal risk from
exposure to immune globulin (2).

FETAL RISK SUMMARY
Varicella-zoster (human) immune globulin (VZIG) is obtained from the plasma of
normal volunteer blood donors. In most of the United States, it is available from
the American Red Cross Blood Services.

Varicella-zoster immune globulin is indicated for susceptible (seronegative)
pregnant women exposed to chickenpox because of the increased severity of
maternal chickenpox, including death, in adults compared with children
(1,3–14). One reference cited the increased risk of complications in adults as
9- to 25-fold greater than in children (6). It is not known whether administration
of VZIG to the mother will protect the fetus from infection or the low risk of
defects associated with the congenital varicella syndrome (3,11,13,14).
Moreover, VZIG may modify the mother’s infection such that she has a
subclinical, asymptomatic infection, but not prevent fetal infection or disease
(3,11,12,14).

Congenital malformations following intrauterine varicella in pregnancy are
relatively uncommon, but case reports have periodically appeared since 1947
(7–9,11,12,15–19). In addition to cicatricial skin lesions, defects associated
with this syndrome involve the brain, eyes, skeleton, and gastrointestinal and
genitourinary tracts, with the highest risk occurring if the mother has varicella



between the 8th and 21st weeks of gestation (7,9,11,19), although one case
occurred when the mother had varicella at 25.5 weeks’ gestation (20). One
review (11) found that the incidence of congenital malformations after 1st
trimester chickenpox infection was 2.3% (3/131; 95% confidence intervals 0.5–
6.5%), but a second review (9) found a lower rate of 1.3% (4/308) if all cases
of intrauterine varicella infection were included.

There is no known fetal risk from passive immunization of pregnant women
with varicella-zoster immune globulin (1–3). Administration of VZIG to newborns
of mothers who develop varicella within a 5-day interval before or 48 hours
after delivery is recommended (1,3,7,13,14).

BREASTFEEDING SUMMARY
No reports describing the use of varicella-zoster immune globulin during human
lactation have been located.
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INDACATEROL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of indacaterol in human pregnancy have been
located. The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. Nevertheless, only small amounts reach the systemic
circulation, so if the drug is indicated, it should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Indacaterol is a long-acting β2-adrenergic agonist that is available as an
inhalation powder. It is indicated for long-term, once-daily maintenance
bronchodilator treatment of airflow obstruction in patients with chronic
obstructive pulmonary disease (COPD), including chronic bronchitis and/or
emphysema. The absolute bioavailability after an inhaled dose was, on
average, 43–45%.

Indacaterol is extensively metabolized to apparently inactive metabolites. The
human serum and plasma protein binding is about 95% and 96%, respectively.
The average terminal half-life ranges from 45.5 to 126 hours (1).

Reproduction studies have been conducted with SC doses in rats and
rabbits. In these species, indacaterol doses that were about 130 and 260
times, respectively, the human 75 mcg dose based on BSA were not
teratogenic (1).

In carcinogenic studies, the drug showed no statistically significant increase
in tumor formation in mice or rats. However, similar to other β2-adrenergic
agonists, lifetime treatment in female rats resulted in an increased incidence of
benign ovarian leiomyomas. Multiple assays for mutagenic or clastogenic



effects were negative. The drug did not impair fertility of rats in reproduction
studies (1).

It is not known if indacaterol crosses the human placenta. The molecular
weight (about 509) and long terminal half-life suggest that exposure of the
embryo–fetus will occur. However, the high serum and plasma protein binding
might limit the exposure. Moreover, a relatively small amount of the drug will
reach the systemic circulation.

BREASTFEEDING SUMMARY
No reports describing the use of indacaterol during human lactation have been
located. The molecular weight (about 509) and long terminal half-life (45.5–126
hours) suggest that the drug will be excreted into breast milk. However, the
high serum and plasma protein binding (about 95% and 96%) might limit the
exposure. Moreover, a relatively small amount of the drug will reach the
systemic circulation. Taken in sum, the drug is probably compatible with
breastfeeding.
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INDAPAMIDE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although not thought to be teratogenic, diuretics are not recommended for
the treatment of gestational hypertension and preeclampsia because of the
maternal hypovolemia characteristic of these conditions.

FETAL RISK SUMMARY
Indapamide is an oral active antihypertensive–diuretic of the indoline class that
is closely related to the thiazide diuretics (see also Chlorothiazide for a
discussion of this class of diuretics). No evidence of impaired fertility, fetal
harm, or effect on postnatal development was observed in mice, rats, or
rabbits given doses up to 6250 times the therapeutic human dose during
pregnancy (1). However, fetal growth restriction has been reported in rats
dosed at 1000 mg/kg/day (2).

In an FDA surveillance study of Michigan Medicaid recipients involving
229,101 completed pregnancies conducted between 1985 and 1992, 46
newborns had been exposed to indapamide during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). Three (6.5%) major birth defects were
observed (two expected). Details on the malformations were not available, but
no anomalies were observed in six defect categories (cardiovascular defects,
oral clefts, spina bifida, polydactyly, limb reduction defects, and hypospadias)
for which specific data were available.

BREASTFEEDING SUMMARY
No reports describing the use of indapamide during lactation have been
located. The closely related thiazide diuretics have been used to suppress
lactation (see Chlorothiazide).
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INDIGO CARMINE
Dye (Diagnostic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Indigo carmine is used as a diagnostic dye. No reports linking its use with
congenital defects have been located. Intra-amniotic injection has been
conducted without apparent effect on the fetus (1–4). Because of its known
toxicities after IV administration, however, the dye should not be
considered totally safe (5).

FETAL RISK SUMMARY
A report of jejunal atresia, possibly secondary to the use of methylene blue
(see Methylene Blue) during genetic amniocentesis in pregnancies with twins
was published in 1992 (6). A portion of this report described 67 newborns
treated for the defect, 20 of whom were one of a set of twins. Of these latter
cases, 2nd trimester amniocentesis had been performed with indigo carmine in
1 case and with methylene blue in 18 cases. An accompanying commentary
noted that indigo carmine, like methylene blue, is a vasoconstrictor and may
also induce small bowel atresia (7).

A brief 1993 report described the use of indigo carmine in women with twins
who underwent amniocentesis between 1977 and 1991 in the United States (8).
A total of 195 women were included, 78 (40%) of whom were administered
indigo carmine during the procedure. Of the 156 fetuses (total data included live
births, stillbirths, intrauterine deaths, and fetuses that were electively
terminated; specific data for indigo carmine were not given), 7 (4.5%) had a
major birth defect. Included in this number were two infants from the same set
of twins who had syndactyly, one clubfoot, one hydrocephaly, one urethral
obstruction sequence, and two multiple congenital defects (8). None of the
exposed infants had small intestinal atresia.



BREASTFEEDING SUMMARY
No reports describing the use of indigo carmine during human lactation have
been located.
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INDINAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited human data do not suggest a major embryo–fetal risk, but the
animal data involving birth defects are a concern. The finding of
anophthalmia in rat pups at a systemic exposure approximately equivalent
to human exposure needs further investigation. The authors of that study
also observed anophthalmia in a rat experiment with ritonavir (1 of 113
offspring, unpublished data), another protease inhibitor (1). An editorial,
accompanying this study, reviewed how the changes in the treatment of
HIV disease (e.g., multiple combinations of drugs and use of agents
throughout gestation) were altering the risk:benefit ratio of antiretroviral
therapy during pregnancy (2). However, if indicated, the drug should not be
withheld because of pregnancy.

FETAL RISK SUMMARY
The antiretroviral agent, indinavir, is an inhibitor of the HIV protease, an enzyme
that is required for the cleavage of viral polyprotein precursors into active
functional proteins found in infectious HIV.

Indinavir was not teratogenic in rats and rabbits at doses comparable to or
slightly higher than those used in humans (3). In rats, however, an increase in
the incidence of supernumerary ribs (at exposures at or less than those in
humans) and cervical ribs (at exposures at or slightly greater than those in
humans) were observed. These changes were not observed in rabbits and no
effects were noted on embryonic and/or fetal survival or on fetal weight in
either rats or rabbits. A study in dogs (because fetal exposure was about 2%
of maternal levels in rabbits) observed no indinavir-related effects on embryo or
fetal survival, fetal weight, or teratogenicity. At the highest dose tested in dogs,
80 mg/kg/day, fetal drug levels were about 50% of the maternal levels (3).



A study of the developmental toxicity of indinavir in rats was reported in 2000
(1). Pregnant rats were given an oral dose of 500 mg/kg once daily during day
6 to 15 of gestation or twice daily from day 9 to 11 of gestation (a dose of 640
mg/kg/day produces systemic exposure in the rat that is comparable to or
slightly greater than human exposure). In both groups, an increased incidence
of supernumerary ribs and variations of the vertebral ossification centers
occurred, but no effects on litter sizes, fetal weight, or viability were observed.
Unilateral anophthalmia was observed in 7 pups (3%) from 2 of the 19 litters.
On examination, the ocular bulbs were noted to be absent and the bulbar cavity
was filled with an enlarged lacrimal gland. No such cases were noted in
controls. Other postnatal abnormalities included delayed fur development, eye
opening, and slightly earlier descent of the testis. In addition, some liver
changes were noted in dams (hepatocellular inclusions of lipids and myelin
figure-like structures) and in offspring (infiltration with granulocytes) (1).

It is not known if indinavir crosses the human placenta. The molecular weight
(about 712 for the sulfate salt) is low enough that transfer to the fetus should
be expected. The drug has been found in fetal plasma of rats, rabbits, dogs,
and monkeys (3). In monkeys, fetal plasma drug levels were 1%–2% of
maternal plasma levels about 1 hour after a dose given in the 3rd trimester (3).

The pharmacokinetics of indinavir during pregnancy has been reported in two
women (800 mg every 8 hours) (4). A marked decrease in maternal drug
concentrations occurred around 33–34 weeks’ gestation, suggesting that
women may be exposed to subtherapeutic levels late in pregnancy.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (5). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimester, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 436 outcomes exposed to indinavir (276 in
the 1st trimester and 160 in the 2nd/3rd trimester) in combination with other
antiretroviral agents. There were nine birth defects (six in the 1st trimester and
three in the 2nd/3rd trimester). In reviewing the birth defects of prospective and
retrospective (pregnancies reported after the outcomes were known)



registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (5) (see Lamivudine for
required statement).

In an unusual case, a woman was exposed to HIV through self-insemination
with fresh semen obtained from a man with a high HIV ribonucleic acid viral
load (>750,000 copies/mL plasma) (6). Ten days later, she was started on a
prophylactic regimen of indinavir (2400 mg/day), zidovudine (600 mg/day), and
lamivudine (300 mg/day). Pregnancy was confirmed 14 days after insemination.
Four weeks after the start of therapy, the indinavir dose was reduced to 1800
mg/day because of the development of renal calculi. The antiretroviral therapy
was stopped after 9 weeks because of negative tests for HIV. She gave birth
at 40 weeks’ gestation to a healthy 3490-g male infant, without evidence of HIV
disease, who was developing normally at 2 years of age (6).

The experience of one perinatal center with the treatment of HIV-infected
pregnant women was summarized in a 1999 abstract (7). Of 55 women
receiving ≥3 antiviral drugs, 39 were treated with a protease inhibitor (5 with
indinavir). The outcomes included 2 spontaneous abortions, 5 elective
abortions, 27 newborns, and 5 ongoing pregnancies. One woman was taken off
indinavir because of ureteral obstruction and another woman (drug therapy not
specified) developed gestational diabetes. None of the newborns tested
positive for HIV or had major congenital anomalies or complications (7).

A study published in 1999 evaluated the safety, efficacy, and perinatal
transmission rates of HIV in 30 pregnant women receiving various combinations
of antiretroviral agents (8). Many of the women were substance abusers.
Protease inhibitors (indinavir N = 6, nelfinavir N = 7, and saquinavir N = 1 in
combination with nelfinavir) were used in 13 of the women. Antiretroviral
therapy was initiated at a median of 14 weeks’ gestation (range preconception
to 32 weeks). In spite of previous histories of extensive antiretroviral
experience and of vertical transmission of HIV, combination therapy was
effective in treating maternal disease and in preventing transmission to the
current newborns. The outcomes of the pregnancies treated with protease
inhibitors appeared to be similar to the 17 cases in which these were not used,
except that the birth weights were lower (8).

Indinavir has frequently produced hyperbilirubinemia in adults, but it is not
known whether treatment of the mother prior to delivery will exacerbate
physiologic hyperbilirubinemia in the neonate (3). No such effects have been
observed in monkey neonates exposed in utero to indinavir during the 3rd



trimester.
A public health advisory was issued by the FDA on the association between

protease inhibitors and diabetes mellitus (9). Because pregnancy is a risk
factor for hyperglycemia, there was concern that these antiviral agents would
exacerbate this risk. An abstract published in 2000 described the results of a
study involving 34 pregnant women treated with protease inhibitors (4 with
indinavir) compared with 41 controls that evaluated the association with
diabetes (10). No relationship between protease inhibitors and an increased
incidence of gestational diabetes was found.

A multicenter, retrospective survey of pregnancies exposed to protease
inhibitors was published in 2000 (11). There were 92 liveborn infants delivered
from 89 women (3 sets of twins) at six health care centers. One nonviable
infant, born at 22 weeks’ gestation, died. The surviving 91 infants were
evaluated in terms of adverse effects, prematurity rate, and frequency of HIV-1
transmission. Most of the infants were exposed in utero to a single protease
inhibitor, but a few were exposed to more than one because of sequential or
double-combined therapy. The number of newborns exposed to each protease
inhibitor was indinavir (N = 23), nelfinavir (N = 39), ritonavir (N = 5), and
saquinavir (N = 34). Protease inhibitors were started before conception in 18,
during the 1st, 2nd, or 3rd trimester in 12, 44, and 14, respectively, and not
reported in one. Other antiretrovirals used with the protease inhibitors included
four nucleoside reverse transcriptase inhibitors (NRTIs) (didanosine, lamivudine,
stavudine, and zidovudine). The most common NRTI regimen was a
combination of zidovudine and lamivudine (65% of women). In addition, seven
women were enrolled in the AIDS Clinical Trials Group Protocol 316 and, at the
start of labor, received either a single dose of the nonnucleoside reverse
transcriptase inhibitor, nevirapine, or placebo. Maternal conditions, thought
possibly or likely to be related to therapy, were mild anemia in eight, severe
anemia in one (probably secondary to zidovudine), and thrombocytopenia in
one. Gestational diabetes mellitus was observed in three women (3.3%), a rate
similar to the expected prevalence of 2.6% in a nonexposed population. One
mother developed postpartum cardiomyopathy and died 2 months after birth of
twins, but the cause of death was not known. For the surviving newborns, there
was no increase in adverse effects over that observed in previous clinical trials
of HIV-positive women, including the prevalence of anemia (12%),
hyperbilirubinemia (6%; none exposed to indinavir), and low birth weight
(20.6%). Premature delivery occurred in 19.1% of the pregnancies (close to
the expected rate). The percentage of infants infected with HIV was 0 (95% CI



0–3%) (11).
Two reviews, one in 1996 and the other in 1997, concluded that all women

receiving antiretroviral therapy should continue to receive therapy during
pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (12,13). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (14). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (15). If indicated, therefore, protease inhibitors, including indinavir,
should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. Updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (16). Women receiving antiretroviral
therapy during pregnancy should continue the therapy but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (16).

BREASTFEEDING SUMMARY
No reports describing the use of indinavir during lactation have been located.
The molecular weight (about 712 for the sulfate salt) is low enough that
excretion into breast milk should be expected.

Reports on the use of indinavir during lactation are unlikely because of the
potential toxicity in the nursing infant, especially hyperbilirubinemia, and
because the drug is indicated in the treatment of patients with HIV. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (12,13,15,17–19). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies have been published that examined the effect
of any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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INDOMETHACIN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Indomethacin use during the latter part of pregnancy may cause severe
fetal toxicity. Short-term use, such as 24–48 hours, lessens the risk. Based
on animal data, prostaglandin synthesis inhibitors, including indomethacin,
might block blastocyst implantation. Nonsteroidal anti-inflammatory agents
(NSAIDs) also have been associated with spontaneous abortions (SABs)
and congenital malformations, but the absolute risk appears to be low.

FETAL RISK SUMMARY
Indomethacin is an NSAID. It is indicated for the relief of the signs and
symptoms of moderate-to-severe rheumatoid arthritis, osteoarthritis, gouty
arthritis, ankylosing spondylitis, and acute painful shoulder (bursitis and/or
tendonitis). Indomethacin is in the same subclass (acetic acids) as three other
NSAIDs (diclofenac, sulindac, and tolmetin).

Shepard (1) reviewed four reproduction studies on the use of indomethacin in
mice and rats. Fused ribs, vertebral abnormalities, and other skeletal defects
were seen in mouse fetuses, but no malformations were observed in rats
except for premature closure of the ductus arteriosus in some fetuses. A 1990
report described an investigation on the effects of several nonsteroidal anti-
inflammatory agents on mouse palatal fusion both in vivo and in vitro (2). All of
the compounds were found to induce some degree of cleft palate, although
indomethacin was associated with the lowest frequency of cleft palate of the
five agents tested (diclofenac, indomethacin, mefenamic acid, naproxen, and
sulindac).

Indomethacin crosses the placenta to the fetus with concentrations in the
fetus equal to those in the mother (3). Twenty-six women, between 23 and 37



weeks’ gestation, who were undergoing cordocentesis for varying indications,
were given a single 50-mg oral dose approximately 6 hours before the
procedure. Mean maternal and fetal indomethacin levels were 218 and 219
ng/mL, respectively, producing a mean ratio of 0.97. The mean amniotic fluid
level, 21 ng/mL, collected during cordocentesis, was significantly lower than the
maternal and fetal concentrations. Neither fetal nor amniotic fluid concentrations
varied with gestational age.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 114 newborns had
been exposed to indomethacin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Seven (6.1%) major birth defects were observed
(five expected), two of which were cardiovascular defects (one expected). No
anomalies were observed in five other defect categories (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available.

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (4). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (5), In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (6) (see Ibuprofen
for details on these three studies).

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater COX-2
affinity, had a lower risk of this toxicity in humans than aspirin (7).

Indomethacin is occasionally used in the treatment of premature labor
(8–40). The drug acts as a prostaglandin synthesis inhibitor and is an effective
tocolytic agent, including in those cases resistant to β-mimetics. Niebyl (33)
reviewed this topic in 1981. Daily doses ranged from 100 to 200 mg usually by
the oral route, but rectal administration was used as well. In most cases,
indomethacin, either alone or in combination with other tocolytics, was
successful in postponing delivery until fetal lung maturation had occurred. More
recent reviews on the use of indomethacin as a tocolytic agent appeared in
1992 (37) and 1993 (38). The latter review concluded that the prostaglandin
synthesis inhibitors, such as indomethacin, might be the only effective tocolytic



drugs (38).
In a 1986 report, 46 infants exposed in utero to indomethacin for maternal

tocolysis were compared with two control groups: (a) 43 infants exposed to
other tocolytics and (b) 46 infants whose mothers were not treated with
tocolytics (34). Indomethacin-treated women received one or two courses of
150 mg orally over 24 hours, all before 34 weeks’ gestation. No significant
differences were observed between the groups in Apgar scores, birth weight,
or gestational age at birth. Similarly, no differences were found in the number
of neonatal complications such as hypocalcemia, hypoglycemia, respiratory
distress syndrome, need for continuous positive airway pressure,
pneumothorax, patent ductus arteriosus, sepsis, exchange transfusion for
hyperbilirubinemia, congenital anomalies, or mortality (34).

A 1989 study compared indomethacin, 100-mg rectal suppository followed
by 25 mg orally every 4 hours for 48 hours, with IV ritodrine in 106 women in
preterm labor with intact membranes who were at a gestational age of ≤32
weeks (39). Fifty-two women received indomethacin and 54 received ritodrine.
Thirteen (24%) of the ritodrine group developed adverse drug reactions severe
enough to require discontinuance of the drug and a change to magnesium
sulfate: cardiac arrhythmia (N = 1), chest pain (N = 2), tachycardia (N = 3), and
hypotension (N = 7). None of the indomethacin-treated women developed drug
intolerance (p <0.01). The outcomes of the pregnancies were similar,
regardless of whether delivery occurred close to the time of therapy or not. Of
those delivered within 48 hours of initiation of therapy, the mean glucose level in
the ritodrine-exposed newborns (N = 9) was significantly higher than the level in
those exposed to indomethacin (N = 8), 198 vs. 80 mg/dL (p <0.05),
respectively. No cases of premature closure of the ductus arteriosus or
pulmonary hypertension were observed. A reduction in amniotic fluid volume
was noted in 3 (5.6%) of the ritodrine group and in 6 (11.5%) of those treated
with indomethacin. With regard to cost, tocolysis with indomethacin was
17 times less costly than tocolysis with ritodrine (39).

The tocolytic effects of indomethacin and magnesium sulfate (MgSO4) were
compared in a study of women in labor at less than 32 weeks’ gestation (40). A
total of 49 women were treated with indomethacin, 100 mg per rectum followed
by 25 mg orally every 4 hours for 48 hours, whereas 52 women were
administered IV MgSO4. Women who had responded to the initial treatment
were then changed to oral terbutaline. All women received betamethasone and
vitamin K and some received IV phenobarbital as prophylaxis against hyaline
membrane disease and neonatal intracranial hemorrhage. Both indomethacin



and MgSO4 were effective in delaying delivery more than 48 hours, 90% vs.
85%, respectively, and combined with terbutaline, in extending the gestation,
22.9 vs. 22.7 days, respectively (40). Renal function of the newborns delivering
at ≤48 hours (indomethacin, N = 5; MgSO4, N = 8) as measured by blood urea
nitrogen, creatinine, and urine output during the first 2 days after birth were
statistically similar between the groups. Other neonatal outcomes, including the
incidence of respiratory distress syndrome, intraventricular hemorrhage (all
grades), and intraventricular hemorrhage (grades 3 and 4), were also similar.
Tocolytic therapy was discontinued in eight (15%) of the women treated with
MgSO4 because of maternal adverse reactions compared with none in the
indomethacin group (p <0.05) (40).

Complications associated with the use of indomethacin during pregnancy may
include premature closure of the ductus arteriosus, which may result in primary
pulmonary hypertension of the newborn and, in severe cases, neonatal death
(8–12,37,38,41–48). Ductal constriction is dependent on the gestational age of
the fetus, starting as early as 27 weeks (49,50), and increasing markedly at
27–32 weeks (50,51), and occur with similar frequencies in singleton and
multiple gestations (51). Further, constriction is independent of fetal serum
indomethacin levels (49,50). Primary pulmonary hypertension of the newborn is
caused by the shunting of the right ventricular outflow into the pulmonary
vessels when the fetal ductus arteriosus narrows. This results in pulmonary
arterial hypertrophy (48). Persistent fetal circulation occurs after birth
secondary to pulmonary hypertension shunting blood through the foramen
ovale, bypassing the lungs and still patent ductus arteriosus, with resultant
difficulty in adequate oxygenation of the neonate (48).

Using fetal echocardiography, researchers described the above effects in a
study of 13 women (14 fetuses, 1 set of twins) between the gestational ages of
26.5 and 31.0 weeks (48). The patients were treated with 100–150 mg of
indomethacin orally per day. Fetal ductal constriction occurred in 7 of 14
fetuses 9.5–25.5 hours after the first dose and was not correlated with either
gestational age or maternal indomethacin serum levels. In two other cases not
included in the present series, ductal constriction did not occur until several
weeks after the start of therapy. Tricuspid regurgitation was observed in three
of the fetuses with ductal constriction. This defect was caused by the
constriction-induced elevated pressure in the right ventricular outflow tract
producing mild endocardial ischemia with papillary muscle dysfunction (48). All
cases of constriction, including two of the three with tricuspid regurgitation,
resolved within 24 hours after indomethacin was discontinued. The third



tricuspid case returned to normal 40 hours after resolution of the ductal
constriction. No cases of persistent fetal circulation were observed in the 11
newborns studied. Some have questioned the methods used in the
aforementioned study and whether the results actually reflected fetal ductal
constriction (52). In response, the authors of the original paper defended their
techniques based on both animal and human experimental findings (53).

A 1987 report described a patient with premature labor who was treated for
29 days between 27 and 32 weeks’ gestation with a total indomethacin dose of
6.2 g (54). The woman delivered a female infant who had patent ductus
arteriosus that persisted for 4 weeks. A macerated twin fetus, delivered at the
same time as the surviving infant, was thought to have died before the initiation
of treatment.

Administration of indomethacin to the mother results in reduced fetal urine
output. Severe oligohydramnios, meconium staining, constriction of the ductus
arteriosus, and death were reported in the offspring of three women treated for
preterm labor at 32–33 weeks’ gestation (55). Indomethacin doses were 100
mg (1 case) and 400 mg (2 cases) during the first 24 hours, followed by 100
mg/day for 2–5 days. Two of the fetuses were stillborn, and the third died
within 3 hours of birth. A second report described a woman with preterm labor
at 24 weeks’ gestation, who was treated with IV ritodrine and indomethacin,
300 mg/day, for 8 weeks (56). A reduction in the amount of amniotic fluid was
noted at 28 weeks’ gestation (after 4 weeks of therapy), and severe
oligohydramnios was present 4 weeks later. Filling of the fetal bladder could
not be visualized at this time. The infant, who died 47 hours after birth, had the
characteristic facies of Potter’s syndrome (i.e., oligohydramnios sequence), but
autopsy revealed a normal urinary tract with normal kidneys. Both cardiac
ventricles were hypertrophic and the lungs showed no evidence of pulmonary
hypertension (56).

In a 1987 study involving eight patients with polyhydramnios and premature
uterine contractions, indomethacin, administered by oral tablets or vaginal
suppositories in a dose of 2.2–3.0 mg/kg/day, resolved the condition in each
case (57). Four of the patients had diabetes mellitus. The gestational age of
the patients at the start of treatment ranged between 21.5 and 34 weeks. The
duration of therapy, which was stopped between 34.5 and 38 weeks’ gestation,
ranged from 2 to 11 weeks. The average gestational age at birth was 38.6
weeks and none was premature. All infants were normal at birth and at follow-
up for 2–6 months. In addition to the reduced urine output, indomethacin was
thought to have minimized the amount of fluid produced by the amnion and



chorion (57).
A case report described a 33-year-old woman with a low serum α-

fetoprotein level at 16 weeks’ gestation and symptomatic polyhydramnios and
preterm labor at 26 weeks’ gestation who was treated with indomethacin, 25
mg orally every 4 hours, after therapeutic decompression had removed 3000
mL of amniotic fluid (58). During the 9 weeks of therapy, periodic fetal
echocardiography was conducted to ensure that the fetal ductus arteriosus
remained patent. Fetal urine output declined significantly (<50%) as determined
by ultrasound examinations during therapy. Therapy was stopped at 35 weeks’
gestation, and a 2280-g female infant was delivered vaginally a week later.
Chromosomal analysis of the amniotic fluid at 26 weeks and of the infant after
birth revealed 46 chromosomes with an additional marker or ring chromosome.
No structural defects were noted in the infant, who was developing normally at
3 months of age (58).

In two women treated for premature labor, indomethacin-induced
oligohydramnios was observed at 1 and 3.5 weeks, respectively, after starting
therapy (59). Treatment was continued for 3 weeks in one patient and for 8
weeks in the other, with therapy discontinued at 31 and 32 weeks’ gestation,
respectively. Within a week of stopping indomethacin, amniotic fluid volume had
returned to normal in both patients. Ultrasonography revealed that both fetuses
had regular filling of their bladders. The newborns, delivered 3–4 weeks after
indomethacin treatment was halted, had normal urine output. Neither premature
closure of the ductus arteriosus nor pulmonary hypertension was
observed (59). Another case of reversible indomethacin-induced
oligohydramnios was reported in 1989 (60). The woman was treated from
20 to 28 weeks’ gestation with indomethacin, 100–200 mg/day, plus various
other tocolytic agents for premature labor. Ten days after indomethacin therapy
was stopped, the volume of amniotic fluid was normal. She was eventually
delivered of a 2905-g female infant at 36 weeks’ gestation. Development was
normal at 1 year of age (60).

The effects of tocolytic therapy on amniotic fluid volume were the subject of a
1989 study (61). Of 27 women meeting the criteria for the study, 13 were
treated either with indomethacin alone (N = 9) or indomethacin combined with
ritodrine (N = 2), terbutaline (N = 1), or magnesium sulfate (N = 1).
Indomethacin dosage varied from 100 to 200 mg/day with a mean duration of
treatment of 15.3 days (range 5–44 days). Four other patients were treated
with ibuprofen, another nonsteroidal anti-inflammatory agent. Fourteen of the
seventeen patients (82.3%) either had a decrease in amniotic fluid volume to



low-normal levels or had oligohydramnios compared with none of the 10 women
treated only with terbutaline, ritodrine, or magnesium sulfate (p <0.001). The
mean time required to reaccumulate amniotic fluid in 7 women after stopping
nonsteroidal anti-inflammatory therapy was 4.4 days. In one other woman who
had an ultrasound examination after therapy was discontinued, amniotic fluid
volume remained in the low-normal range (61).

A study published in 1988 described the treatment with indomethacin, 100–
150 mg/day, for premature labor in eight women at 27–32 weeks’ gestation
(62). Fetal urine output fell from a mean pretreatment value of 11.2 to 2.2
mL/hour at 5 hours, then stabilized at 1.8 mL/hour at 12 and 24 hours. Mean
output 24 hours after stopping indomethacin was 13.5 mL/hour. No correlation
was found between maternal indomethacin serum levels and hourly fetal urine
output. Three of the four fetuses treated with indomethacin every 4 hours had
ductal constriction at 24 hours that apparently resolved after therapy was
halted. All newborns had normal renal function in the neonatal period.

Fetal adverse effects described during treatment of premature labor with
indomethacin in recent studies include primary pulmonary hypertension (four
cases) (35,63), ductal constriction with or without tricuspid regurgitation
(36,64–67), and, in infants less than 30 weeks’ gestation, a significantly
increased incidence compared with controls of intracranial hemorrhage,
necrotizing enterocolitis, and patent ductus arteriosus requiring ligation (68,69).
A possible interaction between cocaine abuse and indomethacin resulting in
fetal anuria, generalized massive edema, and neonatal gastrointestinal
hemorrhage has been reported (70).

A number of reports have described the use of indomethacin for the
treatment of symptomatic polyhydramnios in singleton and multiple pregnancies
(71–82), including a 1991 review of this indication (83). Indomethacin-induced
constriction of the ductus arteriosus and tricuspid regurgitation were observed
in some of the studies (70,72,74,80). In one report, indomethacin was used to
treat polyhydramnios because of feto-fetal transfusion syndrome in two sets of
twins (80). One twin survived from each pregnancy, but one was oliguric (urine
output 0.5 mL/kg/hour) and the other was anuric requiring peritoneal dialysis.
The authors speculated that the renal failure in both infants was secondary to
indomethacin. A unilateral pleural effusion developed in one twin fetus after 28
days of indomethacin therapy for polyhydramnios, possibly because of ductus
arteriosus constriction (82). The condition resolved completely within 48 hours
of stopping the drug.

A probable drug interaction between indomethacin and β-blockers resulting in



severe maternal hypertension was reported in two women in 1989 (84). One
woman, with a history of labile hypertension of 6 years’ duration, was admitted
at 30 weeks’ gestation for control of her blood pressure. She was treated with
propranolol 80 mg/day with good response. Indomethacin was started because
of premature uterine contractions occurring at 32 weeks’ gestation. An initial
200-mg rectal dose was followed by 25 mg orally/day. On the 4th day of
therapy, the patient suffered a marked change in blood pressure, which rose
from 135/85 mmHg to 240/140 mmHg, with cardiotocographic signs of fetal
distress. A cesarean section was performed, but the severely growth-restricted
newborn died 72 hours later. The second patient developed signs and
symptoms of preeclampsia at 31 weeks’ gestation. She was treated with
pindolol 15 mg/day with good blood pressure response. Two weeks later,
indomethacin was started, as in the first case, for preterm labor. On the 5th
day of therapy, blood pressure rose to 230/130 mmHg. Signs of fetal distress
were evident and a cesarean section was performed. The low-weight infant
survived (84). In a brief letter referring to the above study, one author proposed
that the mechanism of nonsteroidal anti-inflammatory-induced hypertension may
be related to the inhibition of prostaglandin synthesis in the renal vasculature
(85). On the basis of this theory, the author recommended that all similar
agents should be avoided in women with preeclampsia. Although the
mechanism is unknown, one source has reviewed several cases of the
interaction and observed that indomethacin may inhibit the effects of β-
blockers, as well as antihypertensives in general (86).

Severe complications after in utero exposure to indomethacin were reported
in three preterm infants (87). The three mothers had been treated with
indomethacin, 200–300 mg/day, for 4 weeks, 3 days, and 2 days, respectively,
immediately before delivery. Complications in the newborns included edema or
hydrops, oliguric renal failure (<0.5 mL/kg/hour) lasting for 1–2 days,
gastrointestinal bleeding occurring on the 4th and 6th days (2 infants),
subcutaneous bruising, intraventricular hemorrhage (1 infant), absent platelet
aggregation (2 infants; not determined in the third infant), and perforation of the
terminal ileum. The authors attributed the problems to maternal indomethacin
therapy because of (a) the absence of predisposing factors, and the lack of
diagnostic evidence, for necrotizing enterocolitis, and (b) the close similarity
and sequential pattern of the signs and symptoms in the three newborns (87).

A single case of phocomelia with agenesis of the penis has been described,
but the relationship between indomethacin and this defect is unknown (88).
Inhibition of platelet aggregation may have contributed to postpartum



hemorrhage in 3 of 16 women given a 100-mg indomethacin suppository during
term labor (19).

The use of indomethacin as a tocolytic agent during the latter half of
pregnancy may cause constriction of the fetal ductus arteriosus, with or without
tricuspid regurgitation. These effects are usually transient and reversible if
therapy is stopped at an adequate time before delivery. Premature closure of
the ductus arteriosus can result in primary pulmonary hypertension of the
newborn that, in severe cases, may be fatal (89). Reduced fetal urine output
should be expected when indomethacin is administered to the mother. This may
be therapeutic in cases of symptomatic polyhydramnios, but the complications
of this therapy may be severe. Oliguric renal failure, hemorrhage, and intestinal
perforation have been reported in premature infants exposed immediately
before delivery. Use of indomethacin with antihypertensive agents, particularly
the β-blockers, has been associated with severe maternal hypertension and
resulting fetal distress. Short courses of indomethacin, such as 24–48 hours
with allowance of at least 24 hours or more between the last dose and delivery,
should prevent complications of this therapy in the newborn. Use of the smallest
effective dose is essential, although maternal serum levels of indomethacin that
are effective for tocolysis have not yet been defined (48) and, at least one
complication, ductal constriction, is independent of fetal drug serum levels
(49,50). Restriction of indomethacin tocolysis to gestational ages between 24
and 32 completed weeks, when therapy for premature labor is most
appropriate, will also lessen the incidence of complications (38), although a
higher rate of newborn complications has been observed when delivery
occurred before 30 weeks’ gestation (68,69). Other uses of indomethacin, such
as for analgesia or inflammation, have not been studied in pregnancy but should
be approached with caution because of the effects described above. Moreover,
women attempting to conceive should not use any prostaglandin synthesis
inhibitor, including indomethacin, because of the findings in a variety of animal
models that indicate these agents block blastocyst implantation (90,91).

BREASTFEEDING SUMMARY
Indomethacin is excreted in breast milk. Although an earlier reference
speculated that milk levels were similar to maternal plasma levels (92), a study
published in 1991 reported a median milk:plasma ratio of 0.37 in 7 of 16
women taking 75–300 mg/day (93). The other nine women did not have
measurable drug levels in both milk and plasma. The investigators calculated
that the total infant dose ingested (assuming 100% absorption) ranged from



0.07% to 0.98% (median 0.18%) of the weight-adjusted maternal dose (93).
A case report of possible indomethacin-induced seizures in a breastfed infant

has been published (92), although the causal link between the two events has
been questioned (94). The mother was taking 200 mg/day (3 mg/kg/day). The
American Academy of Pediatrics noted the above possible adverse reaction but
classified indomethacin as compatible with breastfeeding (95).
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INFLIXIMAB
Antirheumatic Agent/Gastrointestinal Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
(Contraindicated If Combined with Methotrexate)
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The maternal benefits of therapy with infliximab appear to far outweigh
embryo–fetal risks (1,2). In 2011, the World Congress of Gastroenterology
stated “Infliximab in pregnancy is considered to be low risk and compatible
with use during conception in men and women and during pregnancy in at
least the first two trimesters” (3). Animal reproduction studies have not
been conducted with infliximab because the mechanism of action is
different from that in humans. However, the agent should be avoided if it is
combined with methotrexate, a potential teratogen, for the treatment of
rheumatoid arthritis. Because of the long elimination half-life, use before
conception may result in inadvertent exposure of an unplanned pregnancy.
An indirect risk during any stage of gestation may exist because of the
potential for severe maternal toxicity in some patient populations. This
includes increased incidence of mortality in patients with moderate-to-
severe congestive heart failure and an increased risk of severe infections.

FETAL RISK SUMMARY
Infliximab, a chimeric (mouse/human) immune globulin G (IgG1) monoclonal
antibody, is indicated for the treatment of rheumatoid arthritis (in combination
with methotrexate) and for severe Crohn’s disease, including fistulizing Crohn’s
disease. Infliximab binds specifically to human tumor necrosis factor alpha
(TNFα) to inhibit its activity. TNFα is a pro-inflammatory cytokine with a central
role in inflammatory processes. Infliximab is in the same subclass of
immunomodulators (blockers of TNFα activity) as adalimumab, certolizumab
pegol, and golimumab. The agent has an elimination half-life of 8.0–9.5 days
(4).

Animal reproduction studies have not been conducted with infliximab because



it does not cross-react with TNFα in species other than humans and
chimpanzees (4). However, when a reproduction study was conducted in mice
with an analogous antibody that binds specifically to mouse TNFα, no evidence
of maternal toxicity, embryo toxicity, or teratogenicity was observed (4,5).

Although the molecular weight is very high (about 149,100), infliximab
crosses the human placenta to the fetus in late gestation (6). As an IgG1
antibody, the drug would be transported actively across the placenta,
especially in the 3rd trimester, but with minimal transfer in the 1st trimester. In
11 cases at a mean gestational age 40 weeks (range 38–41 weeks), the
median and range of infliximab concentrations in cord blood as a percentage of
maternal concentration were 160% (87%–400%). Moreover, infliximab was
detected in the infants for 2–7 months. No birth defects nor neonatal intensive
care unit stays occurred in any infant (6).

A 2001 case report described the pregnancy outcome of a 26-year-old
woman with Crohn’s disease who had received infliximab early in gestation (7).
The woman had a 6-year history of Crohn’s disease and was symptomatic with
a rectovaginal fistula while receiving azathioprine, metronidazole, and
mesalamine. She was given two infusions of infliximab (dose not specified); the
first occurred at about 1–2 weeks’ gestation and the second at about 2–3
weeks. A planned third infusion was canceled when her pregnancy was
diagnosed. She eventually delivered a premature 681-g infant at 24 weeks of
conception who died 3 days later (7).

The author of the above report also cited data received from the
manufacturer on 27 women who had been treated with infliximab immediately
before or during the 1st trimester (7). Of the 27 women, 3 aborted
spontaneously (SAB), 1 had an elective abortion (EAB) (for personal reasons),
and 6 delivered term infants. (No information was given on the condition of the
infants.) Another woman had received infliximab during the 1st trimester and
delivered an infant with tetralogy of Fallot. No data were provided on the
remaining 16 pregnancies. The author noted the close relationship between
infliximab’s mechanism of action and that of thalidomide, a known human
teratogen that decreases the production of TNFα (7). This relationship has
been noted by others (8).

In an extension of the above report (some of the same data are reported), a
2001 abstract evaluated data from 59 women who had received infliximab
before or during pregnancy for the treatment of Crohn’s disease (N = 45),
rheumatoid arthritis (N = 5; not specified if these cases also received
methotrexate), or unknown disease (N = 9) (9). The cases were retrieved from



the infliximab postmarketing safety database. Treating physicians were
contacted to document pregnancy outcomes. The timing of exposures were 27
before pregnancy, 11 before pregnancy and during the 1st trimester, 5 during
the 1st trimester, and 16 unknown. Pregnancy outcomes were known for 36
cases (time of exposure not specified): 26 live births, 5 SABs, and 5 EABs.
Among the live births, two had complications: 681-g infant delivered at
23 weeks’ and died at age 3 weeks; and an infant with tetralogy of Fallot
(corrected surgically) that is otherwise currently healthy. The investigators
concluded the outcomes were consistent with those expected in healthy women
(9).

In a 2003 case report, a 29-year-old woman with chronic, severe Crohn’s
disease received three infusions of infliximab (600 mg/dose) over a 6-week
period (10). Three months later, she received a fourth infusion of 500 mg. This
dose was given approximately 3 days after conception. She eventually
delivered a healthy infant at 36 weeks’ gestation (birth weight and other details
not specified). The child has normal growth and development at 20 months of
age (10).

A survey of 600 members of the American College of Rheumatology, partially
conducted to determine the outcomes of pregnancies exposed to disease-
modifying antirheumatic drugs (DMARD) (etanercept, infliximab, leflunomide,
and methotrexate), was published in 2003 (11). From the 175 responders, the
outcomes of two pregnancies exposed to infliximab were one full-term, healthy
infant and one unknown outcome (11).

The similarity between the mechanism of action of infliximab and thalidomide
is of interest. However, decreased production of TNFα may not be a primary
cause of the teratogenicity of thalidomide (see Thalidomide). Theoretically,
TNFα antagonists could interfere with implantation and ovulation, but this has
not been shown clinically (12).

The preliminary results of an ongoing prospective collaborative study of
rheumatoid arthritis medicines in pregnancy conducted by the Organization of
Teratology Information Specialists (OTIS) have been reported (13,14). The
study covered the period 1999–2004. There were 33 women exposed in the
1st trimester to either etanercept (N = 29) or infliximab (N = 4). The outcomes
of these pregnancies were compared with 77 prospectively ascertained
disease-matched controls (did not use anti-TNF α agents) and 50 prospectively
ascertained healthy controls. Three controls were lost to follow-up. There was
no difference between the groups in the number of SABs and EABs. One
malformation (1/33; 3.0%) was reported in the subject group (a chromosomal



anomaly, trisomy 18; spontaneously aborted by a woman exposed to
etanercept). Major malformations in the other groups were 4.0% (3/75) in
disease-matched controls and 4.1% (2/49) in healthy controls. However,
women exposed to etanercept or infliximab and disease-matched controls were
significantly more likely to give birth to infants <37 weeks’ gestation and to have
lower-birth-weight full-term infants than healthy controls. These results
suggested that the disease itself was the causal factor (13,14).

A 2004 study reported data from the manufacturer’s database of
pregnancies exposed to infliximab (15). Among 146 pregnancies, 131 were
direct exposures (drug given to women) and 15 were indirect (drug given to
male partners). Among the direct exposures, there were outcome data for 96
(73%); 82 involving mothers with Crohn’s disease and 14 with rheumatoid
arthritis. The timing of the direct exposures were 53 exposed within 3 months of
conception with 28 of these also exposed during the 1st trimester; 30 exposed
during the 1st trimester; 7 exposed more than 3 months before conception; and
6 exposed at an unknown time. The outcomes for the 96 direct exposures were
64 (67%) pregnancies with live births (68 infants—4 sets of twins), 14 (15%)
SABs, and 18 (19%) EABs. For the 82 women with Crohn’s disease, the
outcomes were 55 (67%) pregnancies with live births (58 infants—3 sets of
twins), 11 (13%) SABs, and 18 (22%) EABs. There were five fetal
complications, including two structural anomalies, among the 96 live births: (a)
birth at 24 weeks of a 681-g infant, died shortly thereafter of intracerebral and
intrapulmonary hemorrhage; (b) neonate with respiratory distress, jaundice, and
a seizure, reported to be doing well at 9 months of age; (c) twin with delayed
development and hypothyroidism; (d) infant with tetralogy of Fallot, defect
corrected surgically and infant doing well at 1 year of age, mother was treated
with infliximab about 1 year before conception and during the 1st trimester; and
(e) infant with intestinal malrotation, mother received infliximab and leflunomide
before conception and in pregnancy. Taken in sum, the outcomes did not differ
significantly from pregnancy outcomes in the U.S. population or from pregnant
women with Crohn’s disease not exposed to infliximab (15).

A 2006 communication from England described the pregnancy outcomes of
23 women directly exposed to TNFα agents at the time of conception (17
etanercept, 3 adalimumab, and 3 infliximab) (16). Additional therapy included
methotrexate in nine women and leflunomide in two. There also were nine
patients (4 etanercept, 5 infliximab) that discontinued therapy before
conception. The outcomes for the 32 pregnancies were 7 SABs, 3 EABs, and
22 live births. No major anomalies were observed in the live births, including



one infant exposed to adalimumab and methotrexate early in gestation (16).
A 32-year-old woman with Crohn’s disease was treated throughout

pregnancy with five infusions of infliximab 10 mg/kg (17). The last dose was
given 2 weeks for the birth at term of a healthy 3.29-kg female infant. Apgar
scores were 9 and 9. At 6 months of age, the infant’s immune development
was normal, including an appropriate immune response to routine childhood
immunizations (17).

A 2008 case report described a 22-year-old woman with Crohn’s disease
who was treated with infliximab (10 mg/kg every 4 weeks) and daily
mesalamine before and during pregnancy and during breastfeeding (18). She
received six doses of infliximab in pregnancy with the last dose given about
2 weeks before birth of a term, healthy 3.35-kg male infant. At 27 months of
age, no developmental abnormalities were noted in the child (18).

A report using data from the FDA database described 61 congenital
anomalies in 41 children born to mothers taking a TNF antagonist (22
etanercept and 19 infliximab) (19). The authors concluded that 24 of the
children had one or more of the congenital anomalies that are part of VACTERL
association (vertebral anomalies, anal atresia, cardiac defects,
tracheoesophageal, renal, and limb abnormalities) and the rate was higher than
historical controls (19). An accompanying editorial, however, concluded that the
evidence for teratogenicity or with the VACTERL association was
insufficient (20). Many of the anomalies reported occur commonly, such as
ventricular septal defects. In addition, such databases have selection bias (only
cases with adverse outcomes are reported and emphasis placed on exposures
to new drugs) (20).

A 2009 study from France reported the outcomes of 15 women who took
anti-TNF drugs during pregnancy (10 etanercept, 3 infliximab, and 2
adalimumab) (21). The drugs were given in the 1st, 2nd, and 3rd trimesters in
12, 3, and 2 cases, respectively. The outcomes were 2 SABs, 1 EAB, and 12
healthy babies without malformation or neonatal illness. They also reviewed the
literature regarding the use of anti-TNF agents in pregnancy and found more
than 300 cases. They concluded that, although only 29 were treated throughout
gestation, the malformation rate was similar to the general population (21).

Three women with Crohn’s disease were treated with infliximab 5 mg/kg
before and during pregnancy (22). Two patients received infliximab every 8
weeks (4 doses) through gestational week 31 and 32, respectively,
whereas the third patient received the drug at gestational weeks 19, 21,
and 25. The first two patients gave birth at 38 and 39 weeks’ gestation to



healthy infants with birth weights of about 2.84 and 2.70 kg, respectively. The
third patient gave birth at 36 weeks’ to a healthy infant with birth weight of
about 2.78 kg. All Apgar scores were in the normal range. At follow-up, all of
the children were developing normally and had not developed atypical infections
or more typical infections than expected for their age group. Moreover, all had
sero-converted after childhood immunizations, suggesting normal immune
responses (22).

BREASTFEEDING SUMMARY
In a case discussed above, a mother with Crohn’s disease breastfed her infant
while receiving infliximab (17). The mother’s last dose during pregnancy was 2
weeks before birth of her female infant and her postpartum 10 mg/kg doses
were at 2 and 10 weeks. Maternal serum infliximab concentrations at 6, 10,
and 13 weeks were 40, 9.3, and 84 mcg/mL, respectively. In contrast, breast
milk concentrations were not detectable. A serum sample obtained from the
infant at 6 weeks had a concentration of 39.5 mcg/mL, identical to the mother’s
level. Although the drug was not detected in milk, breastfeeding was halted for
3 weeks and resumed when the mother received her second postpartum dose
at 10 weeks. Infant serum infliximab levels continued to decline in spite of the
mother’s second dose, leading the investigators to conclude that breast milk
was not the source (17).

In a second case, a mother with Crohn’s disease was treated during
pregnancy with infliximab (10 mg/kg every 4 weeks) (18). She decided to
continue treatment while breastfeeding her infant. Breast milk samples were
collected immediately before her first postpartum dose and daily postdose for
30 days. Infliximab was not detected in any of the samples (18).

Three mothers breastfed their infants while resuming treatment with infliximab
on postpartum days 3, 10, and 14, respectively (22). Maternal serum samples
were collected 6–43 days postdose and breast milk samples 7–43 days
postdose. Infant serum samples were collected at 5 and 43 days postdose in
two infants. Serum was not available in the third infant. The maternal serum
concentrations ranged from about 60 to 74 mcg/mL, but all milk and infant
serum concentrations were below the level of detection (0.10 mcg/mL) (22).

In the above reports, infliximab was not detected in any milk samples. It also
was not detected in the serum of two nursing infants, but was in the serum of a
third infant. The reason for this difference is unknown. Moreover, no adverse
effects were observed on the immune function of four infants (17,22). Although
the data are limited, these results suggest that the risk of toxicity for a nursing



infant is low, if it exists at all. In 2011, the World Congress of Gastroenterology
stated that infliximab was compatible with breastfeeding (3).
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INGENOL MEBUTATE
Dermatological Agent
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ingenol mebutate in human pregnancy
have been located. Animal reproduction studies have been conducted with
IV formulations and are not relevant. Moreover, systemic exposure to the
drug and two metabolites was not detected in subjects with actinic
keratosis. Consequently, the drug appears to be compatible for use in
pregnancy.

FETAL RISK SUMMARY
Ingenol mebutate, an inducer of cell death, is a clear colorless gel (0.015% or
0.05%) for topical administration. It is indicated for the topical treatment of
actinic keratosis. Blood levels of ingenol mebutate and two of its metabolites
were below the lower limit of quantification (0.1 ng/mL) in 16 subjects with
actinic keratosis when 1 g of the 0.05% gel was applied to an area of 100 cm2

on the dorsal forearm once daily for 2 consecutive days (1).
Reproduction studies have been conducted in rats and rabbits given IV

doses. During organogenesis in rats, no treatment-related effects on embryo–
fetal toxicity or teratogenicity were observed. In rabbits during organogenesis,
increases in embryo–fetal mortality were noted at the highest dose. When two
lower doses were given, all 3 doses caused an increase in the incidence of
fetal visceral and skeletal variations. However, the clinical relevance of these
results is questionable since, as noted earlier, systemic exposure was not
observed in human subjects (1).

Long-term animal studies for carcinogenic potential have not been conducted.
Three assays for mutagenicity were negative but one assay was positive.
Effects on fertility in animals have not been evaluated (1).



It is not known if ingenol mebutate or its metabolites cross the human
placenta. The molecular weight (about 431) is low enough, but the absence of
quantifiable levels suggest that clinically significant amounts of the drug and
metabolites will not cross the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ingenol mebutate during human lactation have
been located. The molecular weight (about 431) is low enough, but the absence
of quantifiable levels of the parent drug and two metabolites suggest that
clinically significant amounts will not be excreted into breast milk.

Reference
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INSULIN
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Insulin, a naturally occurring polypeptide hormone, is the drug of choice for
the control of diabetes mellitus in pregnancy.

FETAL RISK SUMMARY
Because it is a very large molecule, it has been believed that insulin does not
cross the human placenta. Research published in 1990, however, found that
animal (bovine or porcine) insulin does cross the human placenta as an insulin–
antibody complex, and that the amount of transfer directly correlated with the
amount of anti-insulin antibody in the mother (1). Moreover, high concentrations
of animal insulin in cord blood were significantly associated with the
development of fetal macrosomia, suggesting that the transferred insulin had
biologic activity and that the fetal condition was determined by factors other
than the mother’s glycemic control (1). This latter conclusion has been
challenged (2,3) and defended (4) and it requires additional study. The results
of the study do underscore the argument that immunogenic insulin should not be
used in women who may become pregnant (1,2).

Human insulin does not cross the placenta in clinically significant amounts,
probably because of its high molecular weight (5808) (5). However, there may
be endogenous carrier proteins that allow passage of insulin to the embryo
early in gestation. After that period, the fetus produces its own insulin as
insulin-secreting cells in the fetal pancreas become differentiated near the end
of the 1st trimester (6).

Infants of diabetic mothers are at risk for an increased incidence of
congenital anomalies, 3 to 5 times that of normal controls (7–14). The rate of
malformations appears to be related to maternal glycemic control in the 1st
trimester of pregnancy, but the exact mechanisms causing structural defects
are unknown. A 1996 review examined this issue and concluded that



uncontrolled diabetes, occurring very early in gestation (i.e., <8 weeks of
gestation), causes an abnormal metabolic fuel state and that this condition
leads to a number of processes, operating via a common pathway, that results
in cell injury (13).

Congenital malformations are now the most common cause of perinatal
death in infants of diabetic mothers (7,8). Not only is the frequency of major
defects increased, but so is the frequency of multiple malformations (affecting
more than one organ system) (7). Malformations observed in infants of diabetic
mothers include the following (11,12,14–16):

Caudal regression syndrome (includes anomalies of the lower neural tube
resulting in sacral agenesis and defects of lumbar vertebrae; defects of
lower extremities, and gastrointestinal and genitourinary tracts [17])

Femoral hypoplasia and unusual facies syndrome
Spina bifida, hydrocephalus, and other CNS defects
Anencephalus
Cardiovascular: transposition of great vessels; ventricular septal defect; atrial

septal defect
Anal and rectal atresia
Renal: agenesis, multicystic dysplasia, ureter duplex
Gastrointestinal: situs inversus, tracheoesophageal fistula, bowel atresias,

imperforate anus, small left colon

Infants of diabetic mothers may have significant perinatal morbidity, even when
the mothers have been under close diabetic control (14). Perinatal morbidity in
one series affected 65% (169/260) of the infants and included hypoglycemia,
hyperbilirubinemia, hypocalcemia, and polycythemia (18).

In contrast to the data relating to the adverse fetal effects of poor maternal
hyperglycemia control, animal studies have documented that short periods of
hypoglycemia during early organogenesis are associated with malformations of
the skeleton and heart (19–21), and reduced growth, including some major
organs (22). Although hypoglycemia in humans has not been shown to be
teratogenic (23,24), at least one author has concluded that this has not been
adequately studied (25).

BREASTFEEDING SUMMARY
Insulin is a naturally occurring constituent of the blood and is excreted into
breast milk. In a 2012 study, milk samples were obtained from breastfeeding
mothers, five without diabetes, four with type 1 diabetes, and five with type 2



diabetes (26). Samples were analyzed for total and endogenous insulin and for
c-peptide. The type 1 diabetics were treated with artificial insulin (aspart plus
glargine), whereas the type 2 diabetics received a diabetic diet either with (N =
3) or without (N = 2) metformin. Insulin was present in all of the samples, but
only artificial insulin was detected in the milk of type 1 diabetics. The results
showed that insulin, both endogenous and exogenous, is actively transported
from the blood into milk and is protected from degradation and, presumably,
has a functional or developmental role in the infant. If so, the authors
suggested, it might be beneficial for formula-fed infants if insulin was added to
formula milk (26).
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INSULIN ASPART
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

There are no reasons to believe that insulin aspart would pose a risk to the
embryo or fetus different from that of other insulins. Older forms of insulin,
whether of human or of porcine origin, are considered compatible with
pregnancy. Insulin aspart can be classified similarly. As with all insulins, the
primary concern is severe maternal hypoglycemia.

FETAL RISK SUMMARY
Insulin aspart is a rapid-acting human insulin analog that differs from regular
human insulin by a single substitution of the amino acid praline by aspartic acid
at position B28. It is produced by recombinant DNA technology. Insulin aspart
is indicated for the treatment of patients with diabetes mellitus, for the control
of hyperglycemia. It may be given by SC injection, as an SC infusion by an
external insulin pump, or IV. The mechanism of action of insulin aspart is similar
to human insulin in that it binds to receptors in muscle and fat cells to facilitate
the cellular uptake of glucose and, at the same time, inhibits glucose release
from the liver. Because the substitution at position B28 reduces the tendency to
form hexamers, as observed with regular human insulin, insulin aspart is
absorbed more rapidly after SC injection and has a shorter duration of action.
Similar to regular insulin, plasma protein binding of insulin aspart is low (0%–
9%) (1).

The median times to maximum serum concentrations for insulin aspart and
regular insulin after SC administration are 40–50 minutes and 80–120 minutes,
respectively. The elimination half-life of insulin aspart also is shorter than
regular insulin, 81 vs. 141 minutes, respectively (1).

Reproduction studies of SC insulin aspart have been conducted in rats and
rabbits. In female rats, insulin aspart was given before and during mating, and



throughout gestation. The embryo–fetal effects observed with insulin aspart did
not differ from human insulin. These effects were pre- and postimplantation
losses and visceral/skeletal malformations at a daily dose about 32 times the
human dose based on BSA (HD). Similar results were obtained in rabbits given
daily doses that were about three times the HD during organogenesis. The
effects in both species probably were due to maternal hypoglycemia. No
significant effects were observed in rats and rabbits at doses that were about
eight times and equal to the HD, respectively (1).

In rats, insulin aspart given over a 52-week period resulted in an increased
incidence of mammary gland tumors in females at the highest SC dose tested
(about 32 times the HD). Similar effects have been observed with human
regular insulin. Insulin aspart was not genotoxic in multiple tests, nor did it have
any effect on fertility or reproductive performance in male and female rats, at
SC doses up to 32 times the HD (1).

It is not known if insulin aspart crosses the human placenta. Human insulin
does not cross the placenta in clinically significant amounts (2). Because of the
very close similarity between insulin aspart and human insulin, and its high
molecular weight (about 5826), insulin aspart probably does not cross either.
However, there may be endogenous carrier proteins that allow passage of
insulin, including insulin aspart, to the embryo early in gestation. After that
period, the fetus produces its own insulin as insulin-secreting cells in the fetal
pancreas become differentiated near the end of the 1st trimester (3).

A 2003 report compared the effects of single doses of insulin aspart and
human regular insulin on alternate days in 15 women with gestational diabetes
(4). Pregnancy outcomes were not discussed.

In 2007, the FDA approved a change in the risk factor for insulin aspart from
C to B (Novo Nordisk, press release, January 30, 2007). Insulin aspart was
compared with human regular insulin in a randomized controlled trial at 63 sites
in 18 countries involving 322 pregnant women with type 1 diabetes. The rates
of maternal hypoglycemia and changes in hemoglobin A1c (HbA1c) were
comparable between the two groups. However, insulin aspart showed
improved, though not statistically significant outcomes in terms of fewer
preterm deliveries (p <0.053), reduced risk of neonatal hypoglycemia requiring
treatment, and consistently low rates of major hypoglycemia. The study was
too small to evaluate the risk of congenital malformations (Novo Nordisk, data
on file, January 30, 2007).

A 2008 study compared insulin aspart with human insulin, both combined with
NPH insulin, in a randomized study involving 322 pregnant women (5). There



was no difference between the groups with respect to fetal loss, perinatal
mortality, congenital anomalies, and neonatal short-term complications,

One review concluded that rapid-acting insulin analogs (aspart and lispro)
could be considered the insulin of choice in pregnancy (6).

BREASTFEEDING SUMMARY
Insulin is a naturally occurring constituent of the blood and is excreted into
breast milk. In a 2012 study, milk samples were obtained from breastfeeding
mothers, five without diabetes, four with type 1 diabetes, and five with type 2
diabetes (7). Samples were analyzed for total and endogenous insulin and for
c-peptide. The type 1 diabetics were treated with artificial insulin (aspart plus
lantis), whereas the type 2 diabetics received a diabetic diet either with (N = 3)
or without (N = 2) metformin. Insulin was present in all of the samples at
comparable concentration to serum, but only artificial insulin was detected in
the milk of type 1 diabetics. The results showed that insulin, both endogenous
and exogenous, is actively transported from the blood into milk and is protected
from degradation and, presumably, has a functional or developmental role in
the infant. If so, the authors suggested, it might be beneficial for formula-fed
infants if insulin was added to formula milk (7).
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INSULIN DETEMIR
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The human data presented by the manufacturer and other sources indicate
that the effects of insulin detemir on the embryo and/or the fetus are similar
to human insulin. The animal data suggest risk, but the embryotoxicity and
teratogenicity was thought to be secondary to maternal hypoglycemia.
Moreover, there was no difference in developmental toxicity between insulin
detemir and human insulin (1). Older forms of insulin, whether of human or
of porcine origin, are considered compatible with pregnancy. As with all
insulins, the primary concern is severe maternal hypoglycemia.

FETAL RISK SUMMARY
Insulin detemir is a long-acting basal insulin analog that differs from regular
human insulin by the omission of the amino acid threonine in position B30 and
the attachment of a C14 fatty-acid chain to amino acid B29. It is produced by
recombinant DNA technology. Insulin detemir is indicated for once- or twice-
daily SC administration for the treatment of adult and pediatric patients with
type 1 diabetes mellitus or adult patients with type 2 diabetes mellitus who
require basal (long-acting) insulin for the control of hyperglycemia.

The mechanism of action of insulin detemir is similar to human insulin in that it
binds to receptors in muscle and fat cells to facilitate the cellular uptake of
glucose and, at the same time, inhibits glucose release from the liver. The
duration of action ranges from 5.7 hours at the lowest dose to 23.2 hours at
the highest dose. The long duration results from the slow systemic absorption
of insulin detemir from the injection site caused by the strong self-association of
the insulin molecules and the high binding to albumin in the blood. In contrast to
human insulin, more than 98% of insulin detemir in the blood is bound to albumin
(1).

Reproduction studies have been conducted in rats and rabbits. When female



rats were given daily doses about 1.5 and 3 times the recommended human
dose based on AUC (RHD) before and during mating and throughout
pregnancy, an increased number of fetuses with visceral anomalies were
observed at both doses. No effect on fertility was observed. In pregnant
rabbits, a dose that was 135 times the RHD was associated with gall bladder
abnormalities described as small, bilobed, bifurcated, and missing. When
human insulin was used in control groups, the effects of insulin detemir and
human insulin were similar in terms of embryotoxicity and teratogenicity.
Carcinogenicity studies have not been conducted with insulin detemir, but no
mutagenic or clastogenic effects were observed in tests (1).

It is not known if insulin detemir crosses the human placenta. Human insulin
does not cross the placenta in clinically significant amounts (2). Because of the
close similarity between insulin detemir and human insulin, and its high
molecular weight (about 5917), insulin detemir probably does not cross either.
However, there may be endogenous carrier proteins that allow passage of
insulin, including insulin detemir, to the embryo early in gestation. After that
period, the fetus produces its own insulin as insulin-secreting cells in the fetal
pancreas become differentiated near the end of the 1st trimester (3).

The manufacturer reported an open-label, clinical study in 310 pregnant
women with type 1 diabetes (1). The women, between 8 and 12 weeks’
gestation, were divided into two groups, insulin detemir N = 152 and NPH N =
158. The pregnancy outcomes in the two groups were similar (1).

Several reports have described the use of insulin detemir in human
pregnancy (4–8). These reports concluded that the insulin analog had maternal
efficacy and safety similar to other insulins. No embryo–fetal adverse effects
related to the drug were observed (4–8).

BREASTFEEDING SUMMARY
No reports describing the use of insulin detemir during human lactation have
been located. Insulin is a natural component of the blood and is excreted into
breast milk. Insulin detemir probably also is present in milk.
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INSULIN GLARGINE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The human pregnancy experience with insulin glargine demonstrates that
the risk of embryo or fetal harm is low, if it exists at all. The use of insulin
glargine during organogenesis at a dose close to that used in humans was
associated with developmental toxicity in one animal species but not in
another. Although it was not stated, the observed toxicity in rabbits may
have been related to maternal hypoglycemia. Older forms of insulin,
whether of human or of porcine origin, are considered compatible with
pregnancy and, most likely, insulin glargine can be classified similarly. As
with all insulins, the primary concern is severe maternal hypoglycemia.

FETAL RISK SUMMARY
Insulin glargine is a long-acting basal insulin analog that differs from regular
human insulin by the replacement of the amino acid asparagine at A21 with
glycine and two arginines are added to the C-terminus of the B-chain. It is
produced by recombinant DNA technology. Insulin glargine is indicated for
once-daily SC administration for the treatment of adult and pediatric patients
with type 1 diabetes mellitus or adult patients with type 2 diabetes mellitus who
require basal (long-acting) insulin for the control of hyperglycemia. The
mechanism of action of insulin glargine is similar to human insulin in that it binds
to receptors in muscle and fat cells to facilitate the cellular uptake of glucose
and, at the same time, inhibits glucose release from the liver. Insulin glargine is
an acidic solution (pH of about 4) that is neutralized in SC tissues, leading to
the formation of micro-precipitates. The precipitates are slowly and
continuously released over a 24-hour period with no pronounced peak (1).

Reproduction studies have been conducted in rats and rabbits. Female rats
were given daily doses about seven times the recommended human SC starting
dose based on BSA (RHD) before and during mating, and throughout



pregnancy. Pregnant rabbits were given daily doses during organogenesis that
were about twice the RHD. In both species, the effects of insulin glargine did
not generally differ from those resulting from human insulin. However, in rabbits,
five fetuses from two litters had dilation of the cerebral ventricles. In female
rats and rabbits, no effects on fertility were observed (1).

In mice and rats, 2-year carcinogenicity studies were conducted with doses
up to 5 and 10 times the RHD, respectively. Excessive mortality in female mice
prevented conclusive evaluation in that group. Histiocytomas were found at the
injection sites in male rats (statistically significant) and male mice (not
significant) receiving insulin glargine. The tumors were not found in groups
receiving saline or comparative human insulin in a non-acid-containing vehicle.
Insulin glargine was not mutagenic or clastogenic in tests (1).

It is not known if insulin glargine crosses the human placenta. Human insulin
does not cross the placenta in clinically significant amounts (2). Because of the
close similarity between insulin glargine and human insulin, and its high
molecular weight (6063), insulin glargine probably does not cross either.
However, there may be endogenous carrier proteins that allow passage of
insulin, including insulin glargine, to the embryo early in gestation. After that
period, the fetus produces its own insulin as insulin-secreting cells in the fetal
pancreas become differentiated near the end of the 1st trimester (3).

Several reports have described the use of insulin glargine in human
pregnancy (4–14). These reports concluded that the insulin analog had
maternal efficacy and safety similar to other insulins. No embryo–fetal adverse
effects related to the drug were observed (4–14).

BREASTFEEDING SUMMARY
Insulin is a naturally occurring constituent of the blood and is excreted into
breast milk. In a 2012 study, milk samples were obtained from breastfeeding
mothers, five without diabetes, four with type 1 diabetes, and five with type 2
diabetes (15). Samples were analyzed for total and endogenous insulin and for
c-peptide. The type 1 diabetics were treated with artificial insulin (aspart plus
glargine), whereas the type 2 diabetics received a diabetic diet either with (N =
3) or without (N = 2) metformin. Insulin was present in all of the samples at
comparable concentration to serum, but only artificial insulin was detected in
the milk of type 1 diabetics. The results showed that insulin, both endogenous
and exogenous, is actively transported from the blood into milk and is protected
from degradation and, presumably, has a functional or developmental role in
the infant. If so, the authors suggested, it might be beneficial for formula-fed



infants if insulin was added to formula milk (15).
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INSULIN GLULISINE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports describing the use of insulin glulisine in human pregnancy have
been located. The animal data suggest that the risk to the embryo or fetus
is low. Although there are no human data, there are no reasons to believe
that insulin glulisine would pose a risk to the embryo or fetus different from
that of other insulins. Older forms of insulin, whether of human or of porcine
origin, are considered compatible with pregnancy. Insulin glulisine probably
can be classified similarly. As with all insulins, the primary concern is
severe maternal hypoglycemia.

FETAL RISK SUMMARY
Insulin glulisine is a rapid-acting human insulin analog that differs from regular
human insulin by a single substitution of the amino acid asparagine by lysine at
position B3. It is produced by recombinant DNA technology. Insulin glulisine is
indicated for the treatment of adult patients with diabetes mellitus for the
control of hyperglycemia. It may be given by SC injection or as an SC infusion
by an external insulin pump. The mechanism of action of insulin glulisine is
similar to human insulin, in that it binds to receptors in muscle and fat cells to
facilitate the cellular uptake of glucose and, at the same time, inhibits glucose
release from the liver. The apparent elimination half-life of insulin glulisine is 42
minutes, compared with 86 minutes for human regular insulin (1).

Reproduction studies have been conducted in rats and rabbits using regular
human insulin as a comparator. In pregnant rats given daily SC doses up to
twice the average human dose based on BSA (HD) throughout gestation, no
embryo or fetal toxicity different from that observed with human insulin was
noted. In pregnant rabbits, daily SC doses up to 0.5 times the HD were
associated with developmental toxicity, but only at doses that induced maternal



toxicity (hypoglycemia). At the highest dose, increased postimplantation losses
and skeletal defects were observed, as was maternal mortality. The no-effect
SC dose in rabbits was 0.1 times the HD. The embryo–fetal toxicity in rabbits
did not differ from that observed with human insulin at the same dose (1).

In a 12-month carcinogenicity study, rats were given daily SC doses of 1–20
times the HD. A non-dose-dependent increased incidence of mammary gland
tumors was observed in female rats compared with untreated controls.
However, the incidence of mammary gland tumors was similar to that noted in
female rats given human regular insulin. Insulin glulisine was not mutagenic or
clastogenic in tests. In male and female rats given daily SC doses up to twice
the HD, no clear evidence of impaired fertility or reproductive performance was
observed (1).

It is not known if insulin glulisine crosses the human placenta. Human insulin
does not cross the placenta in clinically significant amounts (2). Because of the
close similarity between insulin glulisine and human insulin, and its high
molecular weight (5823), insulin glulisine probably does not cross either.
However, there may be endogenous carrier proteins that allow passage of
insulin, including insulin glargine, to the embryo early in gestation. After that
period, the fetus produces its own insulin as insulin-secreting cells in the fetal
pancreas become differentiated near the end of the 1st trimester (3).

BREASTFEEDING SUMMARY
No reports describing the use of insulin glulisine during human lactation have
been located. Insulin is a natural component of the blood and is excreted into
breast milk (1). Insulin glulisine probably also is present in milk.
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INSULIN LISPRO
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The animal and human data suggest that the use of insulin lispro during
pregnancy can be considered low risk for the embryo–fetus. Insulin lispro is
very closely related to human insulin, differing only in the reversal of two
amino acids in the B chain. There is no reason to believe that insulin lispro
would pose a risk to the embryo or fetus different from that of other
insulins. Older forms of insulin, whether of human or of porcine origin, are
considered compatible with pregnancy and insulin lispro can be classified
similarly. As with all insulins, the primary concern is severe maternal
hypoglycemia.

FETAL RISK SUMMARY
Insulin lispro is a rapid-acting human insulin analog that differs from regular
human insulin by the reversal of the amino acids at positions B28 and B29. It is
produced by recombinant DNA technology. Insulin lispro is indicated for the
treatment of adult patients with diabetes mellitus for the control of
hyperglycemia. It may be given by SC injection or as an SC infusion by an
external insulin pump. The mechanism of action of insulin lispro is similar to
human insulin, in that it binds to receptors in muscle and fat cells to facilitate the
cellular uptake of glucose and, at the same time, inhibits glucose release from
the liver. The elimination half-life of SC insulin lispro is 1 hour, compared with
1.5 hours for human regular insulin (1).

Reproduction studies have been conducted in pregnant rats and rabbits. In
these species, SC doses up to 4 and 0.3 times the average human dose (40
U/day) based on BSA revealed no evidence of impaired fertility or fetal harm
due to insulin lispro. Long-term studies of carcinogenicity have not been
conducted. The drug was not mutagenic or clastogenic in tests (1).

A 2001 study briefly described the use of normal, term human placentas to



determine if insulin lispro crossed to the fetal circulation (2). Two
concentrations, 0.1 and 0.5 U/mL, were studied in the dual-perfused isolated
cotyledon system. Time-dependent transfer of insulin lispro to the fetal side
was observed, but the concentrations used were >50 times the normal human
therapeutic doses (2).

A 2003 study used a similar system to determine the amount of insulin lispro
crossing the placenta (3). Placental transfer was not observed during
perfusions with 100 and 200 micro-U/mL, but did occur at concentrations
≥580 micro-U/mL. To determine clinically relevant levels, serum concentrations
were measured in 11 women at 31–40 years of age (9 pregnant; 1 in 1st
trimester, 8 in 2nd or 3rd trimester) receiving insulin lispro. Concentrations
ranged from 2 to 576 micro-U/mL. There was an apparent linear relationship
between dose and serum levels. Ten women had levels <200 micro-U/mL
(single doses less than 50 U), whereas one woman, who received a 52-U dose,
had a serum level of 576 micro-U/mL (3). Using a human-perfused placental
cotyledon, a 2004 study found no detectable insulin lispro on the fetal side with
the highest maternal steady-state concentration of 48 micro-U in the maternal
artery (4). However, very high concentrations of insulin lispro (1836 micro-U
without specifying a denominator) were found in placental tissue.

Based on the above studies, insulin lispro, depending on the dose, could
cross to the embryo–fetus. Moreover, there may be endogenous carrier
proteins that allow passage of insulin, including insulin lispro (molecular weight
5808; identical to human insulin), to the embryo early in gestation. After that
period, the fetus produces its own insulin as insulin-secreting cells in the fetal
pancreas become differentiated near the end of the 1st trimester (5).

A 1997 case report described the pregnancy outcomes of two women with
type 1 diabetes who were treated with insulin lispro and NPH insulin during
pregnancy (6). In the first case, insulin lispro was started before conception.
The pregnancy was terminated at 20 weeks’ gestation because of intrauterine
growth restriction and severe fetal embryopathy but a normal karyotype. The
female fetus had left-sided pulmonary and atrial isomerism, a right-sided aortic
arch, a single atrium with one atrioventricular valve, a large ventricular septal
defect, a double-outlet right ventricle, polysplenia, and abdominal situs inversus.
In the second mother, insulin lispro was started in the third week of gestation.
An elective cesarean section at 37 weeks delivered a 2.82-kg male infant with
normal Apgar scores. No neonatal complications were noted, but the infant died
suddenly at 3 weeks of age. At autopsy, a congenital diaphragmatic hernia with
herniation of the stomach and intestine into the chest and bilateral undescended



testes were found. The cause of the defects in the two cases was unknown,
but the authors did not believe they were due to suboptimal glycemic control.
They also mentioned four other cases involving insulin lispro during pregnancy.
Three of the women were still in the 1st trimester. The fourth woman was
started at 26 weeks and she gave birth to a normal infant at 38 weeks (6).

In reply to the above cases, representatives of the manufacturer noted that
the risk of congenital defects was known to be increased in infants of women
with diabetes, especially cardiac defects (7). During clinical trials with insulin
lispro, pregnancy was an exclusion, but 19 women gave birth to live infants.
Only one infant had a birth defect (a right dysplastic kidney). The
representatives cautioned that although case reports were important to raise
hypotheses, they could not be used to infer a causal relationship (7).

Eight studies that included fetal outcomes have described the use of insulin
lispro during 836 pregnancies (8–16). Diabetic types included 735
pregestational (types 1 and 2) and 101 gestational (type 3). No embryo, fetal,
or neonatal complications attributable to insulin lispro were reported in 303 of
the pregnancies (8–15).

The remaining pregnancies came from a multinational, multicenter study (16).
The medical charts of 533 pregnancies (496 women) complicated by
pregestational diabetes were examined and anomalies were assessed by two
independent dysmorphologists. There were 542 outcomes involving 500 live
births, 31 spontaneous abortions, 7 elective abortions, and 4 stillbirths. The
mothers had a mean age of 29.9 years, 85.6% were white, and 97.2% had
type 1 diabetes. All of the women had used insulin lispro for at least 1 month
before conception and during at least the 1st trimester. More than 96%
continued insulin lispro during the 2nd and 3rd trimesters. Twenty-seven (5.4%)
of the offspring, including two that were electively aborted, had major
congenital defects and two (0.4%) had minor anomalies. The anomaly rate
among pregnancies that resulted in a live or stillbirth was 5.2%. Comparing
these rates with the current published rates of 2.1%–10.9% for major defects
in infants of diabetic mothers treated with insulin, the investigators concluded
that their results suggested no difference in the anomaly rates between insulin
lispro and regular insulin (16).

The cases of congenital defects in infants of two women using insulin lispro
cited above were most likely due to diabetes or unknown causes. Four reviews
concluded that the use of insulin lispro in pregnancy was appropriate and often
gave better glycemic control than regular human insulin (17–20). However, a
fifth review, published in 2006, cautioned that more comparative data were



needed before insulin lispro could be recommended in pregnancy or
alternatively avoided (21).

A 2003 study compared the progression of retinopathy in pregnant women
with type 1 diabetes who were treated with insulin lispro (N = 36) or human
insulin (N = 33) (22). Patients treated with insulin lispro had improved glycemic
control with no adverse impact on progression of diabetic retinopathy.

BREASTFEEDING SUMMARY
No reports describing the use of insulin lispro during human lactation have been
located. Insulin is a natural component of the blood and is excreted into breast
milk (1). Insulin lispro probably also is present in milk.
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INTERFERON, ALFA
Antineoplastic/Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Based on a limited number of human cases, the maternal administration of
interferon alfa does not appear to pose a significant risk to the developing
embryo and fetus. There does not seem to be a difference in risk among
the subtypes but, in many cases, the actual product used was not
specified. Although very high doses are abortifacient in rhesus monkeys,
doses used clinically apparently do not have this effect. No teratogenic or
other reproductive toxicity, other than that noted above, has been observed
in animals, and no toxicity of any type attributable to interferon alfa has
been observed in humans. However, because of the antiproliferative activity
of these agents, they should be used cautiously during gestation until more
data are available to assess their risk.

FETAL RISK SUMMARY
Interferon alfa is a family of at least 23 structurally similar subtypes of human
proteins and glycoproteins that have antiviral, antineoplastic, and
immunomodulating properties (1). Five preparations are available in the United
States: interferon alfa-n3, interferon alfa-N1 (orphan drug status), interferon
alfa-2a, interferon alfa-2b, and peginterferon alfa-2B. Interferon alfa-2c has
been used in pregnancy, but this product is not available in the United States.
No reports describing the placental transfer of interferon alfa have been
located.

Shepard reviewed four studies in which human interferon alfa (subtype not
specified) was administered by various parenteral routes to rats and rabbits
during pregnancy (2–5). No teratogenicity or adverse developmental changes
were observed in the offspring.



Interferon alfa-2a produced a statistically significant increase in abortions in
rhesus monkeys given 20–500 times the human dose (HD) (6). No teratogenic
effects, however, were observed in this species when doses of 1–25 million
IU/kg/day were administered during the early to mid-fetal period (days 22–70
of gestation) (6). Interferon alfa-2b also had abortifacient effects in rhesus
monkeys treated with doses that were 90–360 times the human dose (7).
Reproduction studies have not been conducted with interferon alfa-n3 (8).

Administration of interferon alfa to female sheep before conception resulted
in an increased number of pregnant ewes and embryonic survival (9). This
effect may have been the result of enhanced biochemical communication
between the mother and conceptus (9). A study published in 1986
demonstrated that human fetal blood and organs, placenta, membranes,
amniotic fluid, and decidua contain significant concentrations of interferon alfa
(10). In contrast, maternal blood and blood and tissues from nonpregnant
adults contained little or none of these proteins. The investigators concluded
that one of the effects of interferon alfa may involve the preservation of the
fetus as a homograft (10). Other effects and actions of endogenous interferons
(alfa, beta, and gamma) in relation to animal and human pregnancies and the
presence of these proteins in various maternal and fetal tissues have been
summarized in two reviews (11,12).

A number of reports have described the use of interferon alfa in all phases of
pregnancy for the treatment of leukemia (13–20). The first reported case
involved a woman with chronic myelogenous leukemia (CML) who was treated
before conception and throughout a normal pregnancy with 4 million U/m2 (6.4
million U) of interferon alfa-2a every other day (13). She delivered a term,
healthy, 3487-g female infant whose growth and development continued to be
normal at 15 months of age. The newborn had an elevated white blood cell
count (40,000/mm3) that normalized at 48 hours of age with no signs or
symptoms of infection. Since this report, 10 other pregnancies have been
described in which interferon alfa was used for CML or hairy cell leukemia
(14–20).

In one case, a woman was treated with interferon alfa-2c (not available in the
United States) (16). In two of the pregnancies, the concentrations of interferon
alfa in the newborns were <0.6 and <1 U/mL, respectively, while those in the
mothers were 20.8 and 58 U/mL, respectively (18). Normal pregnancy
outcomes were observed in all of the above cases and there were no fetal or
newborn toxic effects attributable to interferon alfa (13–20). In addition, four
infants have been followed for periods ranging from 6 to 44 months and all had



normal growth and development (14).
A 1995 reference reported the use of interferon alfa-2a for the treatment of

multiple myeloma before and during approximately the first 6 weeks of
pregnancy (21). The woman delivered a normal male infant at 38 weeks’
gestation.

As noted above, interferon alfa does not appear to cross the placenta to the
fetus. A study published in 1995 specifically evaluated this in two HIV-
seropositive women who were undergoing abortions at 19 and 24 weeks (22).
Both women were given a single IM injection of 5 million U interferon alfa-2a.
Peak blood concentrations of the drug were reached at 3 hours in both women,
100 U and 400 U, respectively. Fetal blood and amniotic fluid samples were
drawn at 1 hour from one fetus and at 4 hours from the other. Concentrations in
the four samples were all below the detection limit of the assay (<2 U).

A number of pregnant women have been treated with interferon alfa (usually
interferon alfa-2a) for essential thrombocythemia (23–34), although not without
controversy (35–37). In some of these cases, the women were receiving
interferon therapy at the time of conception (23,24,26,28,29) and, in most, the
treatment was continued throughout pregnancy (26,28,29). No adverse effects
in the fetuses or in the newborns attributable to the drug therapy were
reported.

An HIV-infected pregnant woman was treated with IM interferon alfa, 2
million units twice weekly, and oral and IV glycyrrhizin during the 3rd trimester
(38). Two weeks after interferon alfa was started, an elective cesarean section
was performed at 37 weeks’ gestation. The healthy, 2320-g female was alive
and well at 4 years of age without evidence of HIV infection.

Two reports have described the use of interferon alfa for the treatment of
chronic hepatitis C (39,40). In both cases, treatment was started before
conception and continued into the 2nd trimester. Interferon alfa treatment
throughout the 1st trimester also occurred in a woman with advanced Hodgkin’s
disease (41). Normal newborns resulted in all three of these pregnancies.

BREASTFEEDING SUMMARY
Interferon alfa is excreted into breast milk. A study published in 1996 measured
interferon alfa milk concentrations in two women who had been treated with the
drug throughout the 2nd and 3rd trimesters for CML (18). Both women were
receiving 8 million units SC 3 times a week at the time of delivery. Immediately
postpartum, milk concentrations in the two patients were 1.4 and 6 U/mL (time
of the last dose in relationship to milk sampling not specified), while the serum



levels in the mothers were 20.8 and 58 U/mL, respectively. The authors did not
specify if the infants were allowed to breastfeed.

Breastfeeding was allowed in a second reference (25). The woman was
being treated with interferon alfa-2a, 3 million units SC 3 times weekly, for
essential thrombocythemia. Nursing was halted 2 weeks postpartum because
of the onset of bilateral mastitis. In a 2000 case report, a woman with
malignant melanoma received 30 million IU IV over 30 minutes (42). Breast milk
samples were collected before (to measure endogenous interferon alfa) and
after the infusion. Only small amounts of interferon alfa were transferred into
milk (peak level 1551 IU/mL vs. 1249 IU/mL before infusion). The infant did not
breastfeed during the therapy.

The American Academy of Pediatrics classifies interferon alfa as compatible
with breastfeeding (43).
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INTERFERON BETA-1B
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no published reports of its use in human pregnancy have been
located, the manufacturer states that spontaneous abortions occurred in
four patients who were participating in the Betaseron Multiple Sclerosis
clinical trial (1). The relationship between interferon beta-1b and the
abortions cannot be determined, at least partially because of the lack of
details involving this clinical trial, such as the timing of abortion to drug
administration, the dose used, the clinical condition of the women, and the
number of pregnant women in the trial. Also unknown is the effect of
multiple sclerosis on early pregnancy, although it appears that the
physiologic immunomodulation that occurs in pregnancy offers some
protection from relapses of the disease during gestation (2,3).

FETAL RISK SUMMARY
Interferon beta-1b, prepared by recombinant DNA technology, is used for the
symptomatic treatment of multiple sclerosis and investigationally in the therapy
of AIDS, some neoplasms, and acute non-A/non-B hepatitis. No teratogenic
effects were observed in rhesus monkeys given doses up to 40 times the
recommended human dose based on BSA (RHD) on gestation days 20–70 (1).
However, dose-related abortifacient activity occurred in these monkeys with
doses that were 2.8–40 times the RHD.

BREASTFEEDING SUMMARY
No reports describing the use of interferon beta-1b during human lactation have
been reported.
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INTERFERON GAMMA-1B
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of interferon gamma-1b in human pregnancy
have been located. Interferon gamma-1b, produced by recombinant DNA
technology, is used to reduce the frequency and severity of serious
infections in patients who have chronic granulomatous disease (1).
Because of this indication, the opportunities for its use in human pregnancy
should be rare.

FETAL RISK SUMMARY
Interferon gamma-1b has abortifacient activity in nonhuman primates treated
with a dose approximately 100 times the human dose (HD) (1). Similar activity
was observed in mice treated with maternally toxic doses. Other effects noted
in mice were an increased incidence of uterine bleeding and decreased
neonatal viability (1). However, no evidence of teratogenicity was found in
primates with doses of 2–100 times the HD (1).

Treatment of pregnant mice with 5000 U/day for 6 days produced maternal
and fetal hematologic toxicity (2). In addition to an increase in aborted fetuses
and decreased fetal weight, severe anomalies, consisting of inhibition or
retardation of eye formation and brain hematomas, were observed in surviving
fetuses (2).

Two reviews have summarized the effects and actions of endogenous
interferons (alfa, beta, and gamma) in animal and human pregnancies and the
presence of these proteins in various maternal and fetal tissues (3,4).

BREASTFEEDING SUMMARY
No reports describing the use of interferon gamma-1b during human lactation



have been located.
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IOCETAMIC ACID
Diagnostic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Iocetamic acid contains a high concentration of organically bound iodine.
See Diatrizoate for possible effects on the fetus and newborn.

BREASTFEEDING SUMMARY
See Diatrizoate.



IODAMID

[Withdrawn from the market. See 9th edition.]



IODINATED GLYCEROL
Respiratory Drug (Expectorant)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Iodinated glycerol is a stable complex containing 50% organically bound
iodine (see Potassium Iodide).

FETAL RISK SUMMARY
In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1453 newborns
had been exposed to iodinated glycerol during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). A total of 65 (4.5%) major birth defects
were observed (61 expected). Specific data were available for six defect
categories, including (observed/expected) 11/15 cardiovascular defects, 0/2
oral clefts, 1/1 spina bifida, 8/4 polydactyly, 1/2 limb reduction defects, and 1/3
hypospadias. An additional 1338 newborns were exposed to the general class
of expectorants during the 1st trimester with 63 (4.7%) major birth defects
observed (57 expected). Specific malformations were (observed/expected)
9/13 cardiovascular defects, 0/2 oral clefts, 1/1 spina bifida, 7/4 polydactyly,
1/2 limb reduction defects, and 3/3 hypospadias. These data do not support an
association between 1st trimester use of either iodinated glycerol or the
general class of expectorants and congenital defects.

BREASTFEEDING SUMMARY
See Potassium Iodide.



IODINE
Anti-infective

See Potassium Iodide.



IODIPAMIDE
Diagnostic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The various preparations of iodipamide contain a high concentration of
organically bound iodine. See Diatrizoate for possible effects on the fetus
and newborn.

BREASTFEEDING SUMMARY
See Diatrizoate.



IODOQUINOL
Amebicide
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Iodoquinol (di-iodohydroxyquinoline; diiodohydroxyquin) is used in the
treatment of intestinal amebiasis. It has been used in pregnancy apparently
without causing fetal harm.

FETAL RISK SUMMARY
Two case reports described the use of iodoquinol in pregnancy for the
treatment of a rare skin disease. The first case involved a woman with chronic
acrodermatitis enteropathica, who was treated with the amebicide in the 2nd
and 3rd trimesters of her first pregnancy (1). She delivered a typical
achondroplastic dwarf who died in 30 minutes. The second case also involved a
woman with the same disorder who took iodoquinol throughout gestation (2).
Dose during the 1st trimester, 1.3 g/day, was systematically increased during
pregnancy in an attempt to control the cutaneous lesions, eventually reaching
6.5 g/day during the last 4 weeks. A normal male infant was delivered at term.
Physical examinations of the infant, including ophthalmic examinations, were
normal at birth and at 6 weeks follow-up.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 169
of whom had 1st trimester exposure to iodoquinol (3, pp. 299, 302). Ten of the
infants were born with a congenital malformation, corresponding to a hospital
standardized relative risk (SRR) of 0.88. Based on three infants, an SRR of 6.6
for congenital dislocation of the hip was calculated, but this association is
uninterpretable without confirming evidence (3, pp. 467, 473). For use anytime
during pregnancy, 172 exposures were recorded (3, pp. 434, 435). With the
same caution as noted earlier, an SRR of 1.68 (95% confidence interval 0.62–
3.58) was estimated based on malformations in 6 infants. The SRR for



congenital dislocation of the hip after use anytime during pregnancy was 6.5 (3,
p. 486).

BREASTFEEDING SUMMARY
No reports describing the use of iodoquinol during lactation have been located.
Although the oral bioavailability is low, the molecular weight (397) should allow
transfer of some drug from the plasma into the milk. In addition, protein-bound
serum iodine levels may be increased with the administration of iodoquinol and
may persist for as long as 6 months after discontinuation of therapy (4). The
effects on a nursing infant from this exposure are unknown, but because iodide
is concentrated in breast milk, serum and urinary iodide levels in the infant may
be elevated (see Potassium Iodide).
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IODOTHYRIN

[Withdrawn from the market. See 8th edition.]



IODOXAMATE
Diagnostic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The various preparations of iodoxamate contain a high concentration of
organically bound iodine. See Diatrizoate for possible effects on the fetus
and newborn.

BREASTFEEDING SUMMARY
See Diatrizoate.



IOFLUPANE IODINE123

Diagnostic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use ioflupane iodine123 in human pregnancy have
been located. Reproduction studies in animals have not been performed. In
2012, the Society of Nuclear Medicine stated that the drug was
contraindicated in pregnancy (1).

FETAL RISK SUMMARY
Ioflupane iodine123 is a radiopharmaceutical for IV injection. It is indicated for
striatal dopamine transporter visualization using single photon emission
computed tomography brain imaging to assist in the evaluation of adult patients
with suspected parkinsonian syndromes. The recommended dose is 111–185
MBq (3–5 mCi). Only about 5% of the administered radioactivity remained in
whole blood 5 minutes after injection. By 48 hours, about 60% of the
radioactivity had been excreted in the urine and about 14% in the feces. The
physical half-life of iodine123 is 13.2 hours (2).

Reproduction studies in animals have not been conducted. Studies for
carcinogenic potential and reproductive toxicity of ioflupane have not been
conducted, but there was no evidence of mutagenesis in multiple assays (2).

In humans, a dose of 185 MBq results in an absorbed radiation dose to the
uterus of 0.3 rad, Radiation doses >15 rad have been associated with
congenital anomalies but doses <5 rad generally have not. However,
radioactive iodine products cross the placenta and, depending on the stage of
fetal development, can permanently impair fetal thyroid function (2).

BREASTFEEDING SUMMARY
Although no specific reports describing the use of ioflupane iodine123 during
lactation have been located, it is known that iodine123 is excreted into breast



milk. The manufacturer recommends that breastfeeding should not be started
before the radiopharmaceutical is administered, or if breastfeeding is already
underway, it should be interrupted. Based on the physical half-life of iodine123

(13.2 hours), nursing women should pump and discard breast milk for 6 days to
minimize risks to a nursing infant (2). The breasts should be emptied regularly
and completely. Milk that has been pumped during this period should either be
discarded or stored in a refrigerator. The stored milk can be given to infant
after 10 physical half-lifes, or about 5.5 days have elapsed since pumping (3).
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IOHEXOL
Diagnostic
PREGNANCY RECOMMENDATION: Compatible (Intravenous Use)
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The various preparations of iohexol contain a high concentration of
organically bound iodine. In the two reports below, the authors concluded
that IV iodinated contrast material did not harm the thyroid function of
newborns.

FETAL RISK SUMMARY
Iohexol, a nonionic radiopaque agent, contains a high concentration of
organically bound iodine (140–350 mg iodine/mL). Iohexol was not detected in
the fetuses or amniotic fluid of mid-term rabbits (1).

A study published in 2010 described the thyroxine (T4) and/or thyroid
stimulating hormone (TSH) concentrations in newborns whose mothers received
IV iohexol during pregnancy (2). The data for the study came from 344
maternal and 343 newborn records. The mothers had undergone multidetector
pulmonary computed tomographic angiography because of suspected
pulmonary embolism between 2004 and 2008. The mean gestational age of the
test was 27.8 weeks and the mean dose of total iodine administered was
45,000 mg/L. All newborns had a normal T4 concentration at birth. One
newborn had a transiently abnormal TSH, which normalized at day 6 of life (2).

A 2012 study evaluated the thyroid function of 64 neonates who been
exposed in utero when 61 mothers had received IV iodinated contrast material
(not further identified) for computed tomographic scans (3). One neonate had a
low T4 concentration but a normal TSH level. That infant was born at 25 weeks’
and developed respiratory distress syndrome and sepsis (3).

BREASTFEEDING SUMMARY
Iohexol is excreted into breast milk (3). Four lactating women received the IV



contrast media (1 mL/kg) (1 mL contained 350 mg iodine) in the postpartum
period (1 week to 14 months) (4). Breastfeeding was stopped for 48 hours.
The amount excreted over a 24-hour period was 0.5% of the maternal weight-
adjusted dose. This amount did not appear to be clinically significant (4). The
American Academy of Pediatrics classifies iohexol as compatible with
breastfeeding (5).
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IOPAMIDOL
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

There is limited information on the use of iopamidol during human
pregnancy. The animal data suggest low risk but the results were based on
body weight and may not be interpretable. The iodine in this agent is
organically bound, but the formulations may contain some free iodine either
from contamination or from deiodination. Even though iopamidol crosses
the placenta, at least in the 3rd trimester, none of the four newborns
exposed in utero had hypothyroidism or goiter. The guidelines of the
Contrast Media Safety Committee of the European Society of Urogenital
Radiology recommend that iodinated contrast media may be used in
pregnancy if such use is essential (1). This is consistent with a 2008
reference that concluded that intravascular use of nonionic iodinated
contrast media was probably safe in pregnancy (2). However, there was a
potential for neonatal hypothyroidism if ionic iodinated contrast media was
instilled into the amniotic cavity during amniofetography (2). Therefore, with
any use of iodinated contrast media, the thyroid function of the newborn
should be monitored in the 1st week (1).

FETAL RISK SUMMARY
Iopamidol is an aqueous, nonionic, radiopaque diagnostic agent that, depending
on the formulation used, contains about 200–370 mg of organically bound
iodine per mL. It is indicated for angiography throughout the cardiovascular
system, including cerebral and peripheral arteriography, coronary arteriography
and ventriculography, pediatric angiocardiography, selective visceral
arteriography and aortography, peripheral venography (phlebography), and
adult and pediatric intravenous excretory urography and intravenous adult and



pediatric contrast enhancement of computed tomographic (CT) head and body
imaging. There appears to be no significant deposition of iopamidol in tissues.
The agent undergoes no significant metabolism or deiodination and the
elimination serum or plasma half-life is about 2 hours (3).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses up to 2.7 and 1.4 times the maximum recommended human
dose based on body weight, respectively, revealed no evidence of impaired
fertility or harm to the fetus (3).

Long-term studies for carcinogenic effects have not been conducted. No
evidence of genetic toxicity was obtained with in vitro assays (3).

Consistent with its molecular weight (about 777) and elimination half-life,
iopamidol crosses the human placenta. A 2011 case report described the use
of the agent in a woman in the 3rd trimester (specific date not given) for
evaluation of chest pain (4). The woman received two doses of the 370-mg/mL
formulation because the first dose was given through an infiltrated IV catheter.
The second dose was given 24 hours later. The chest CT resulted in the
diagnosis of pericardial effusion. Premature dizygotic twin males, 1490 g and
1150 g, were delivered at 29 weeks’ gestation by cesarean section because of
the mother’s severe preeclampsia. Apgar scores of twin A were 7 and 8 at 1
and 5 minutes, respectively, whereas in twin B, the scores were 1, 3, and 7 at
1, 5, and 10 minutes, respectively. Both infants had abdominal radiopaque
densities that made exclusion of necrotizing entercolitis difficult. Serial images
showed the opacities progressing through multiple loops of intestine and made
the bowel wall appear thickened. When twin A passed meconium, the presence
of intraluminal radiopaque material was confirmed. Thyroid function tests in
both infants during this period were normal (4).

In a 2008 retrospective report, two pregnant women received iopamidol (5).
The first woman, at 33 weeks’ gestation, received the formulation with 370
mg/mL of organically bound iodine for imaging of her chest and abdomen,
whereas the second woman, at 23 weeks, received the formulation with 300
mg/mL for imaging of the chest. Both infants, born at 38 and 24 weeks’,
respectively, had normal TSH levels. Thirty-three months after birth, neither
mother reported known thyroid illness in the children (5).

A 2009 retrospective study compared pulmonary CT angiography (CTA)
using iopamidol (370 mg/mL) with lung scintigraphy using low-dose (90 MBq)
technetium Tc-99m to diagnose pulmonary embolism in pregnancy (6). There
were 25 pregnant patients in each group. The authors concluded that lung
scintigraphy was more reliable than pulmonary CTA in pregnant patients. The



mean gestational ages in the two groups were not statistically different (30.6 ±
6.4 weeks vs. 26.5 ± 8.9 weeks). No information was provided on newborn
outcomes (6).

A 22-year-old woman at 33 2/7 weeks’ gestation with a history of asthma
and migraine headaches and documented allergies to penicillin and codeine
was admitted for chest pain, shortness of breath, and tachycardia (7). She was
evaluated for pulmonary embolism with a CT angiogram conducted with an
infusion of iopamidol (300 mg/mL formulation). During the infusion, she
developed facial flushing, throat tightness, and worsening dyspnea. The infusion
was stopped and she was treated for an allergic reaction with complete
resolution of her symptoms. The imaging was negative for pulmonary embolism
and she was discharged home. Several hours later, she returned with bleeding
from the IV site and numerous ecchymoses and petechiae. Her platelet count,
which had been 172,000/microliter the night before, was now 4000. She was
transferred to another hospital and treated with dexamethasone 40 mg IV for 4
days. Her platelet count rose to 33,000 24 hours after transfer and was 99,000
when discharged on day 5. Ten days later, her thrombocytopenia had resolved
with count of 220,000. She had an uncomplicated repeat cesarean section at
39 weeks’ (no information on the newborn was given) (7).

BREASTFEEDING SUMMARY
No reports describing the use of iopamidol during human lactation have been
located. The molecular weight (about 777) and elimination half-life (about 2
hours) suggest that limited amounts of the agent will be excreted into breast
milk. Although the iodine in the agent is organically bound and significant
deiodination does not occur, ingestion of the agent by the infant might release
iodine that would be absorbed systemically. However, it is doubtful if clinically
significant amounts of either iopamidol or iodine would be absorbed by a
nursing infant. A 2005 review concluded that breastfeeding may be continued
normally when iodinated agents are given to the mother (1).
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IOPANOIC ACID
Diagnostic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Iopanoic acid contains a high concentration of organically bound iodine. See
Diatrizoate.

BREASTFEEDING SUMMARY
Iopanoic acid is excreted into breast milk. Cholecystography was performed in
11 lactating patients with iopanoic acid (1). The mean amount of iodine
administered to five patients was 2.77 g (range 1.98–3.96 g) and the mean
amount excreted in breast milk during the next 19–29 hours was 20.8 mg
(0.08%) (range 6.72–29.9 mg). The nursing infants showed no reaction to the
contrast media. The American Academy of Pediatrics classifies iopanoic acid
as compatible with breastfeeding (2). See Diatrizoate.
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IOTHALAMATE
Diagnostic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Iothalamate contains a high concentration organically bound iodine. See
Diatrizoate for possible effects on the fetus and newborn.

FETAL RISK SUMMARY
Iothalamate has been used for diagnostic procedures during pregnancy.
Amniography was performed in one patient to diagnose monoamniotic twinning
shortly before an elective cesarean section (1). No effect on the two newborns
was mentioned. In a second study, 17 women were given either iothalamate or
metrizoate for ascending phlebography during various stages of pregnancy (2).
Two patients, one exposed in the 1st trimester and the other in the 2nd
trimester, were diagnosed as having deep vein thrombosis and were treated
with heparin. The baby from the 2nd trimester patient was normal, but the other
newborn had hyperbilirubinemia and undescended testis (2). The relationship
between the diagnostic agents (or other drugs) and the defects is not known.

BREASTFEEDING SUMMARY
See Diatrizoate.
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IPILIMUMAB
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ipilimumab in human pregnancy have been
located. Although the absence of human pregnancy experience prevents a
better assessment of the risk, severe fetal toxicity was observed in
pregnant monkeys. The drug should be considered contraindicated in
pregnancy. However, melanoma is a potentially fatal disease. If a pregnant
woman requires ipilimumab, she should be informed of the possible risk to
her embryo and/or fetus.

FETAL RISK SUMMARY
Ipilimumab, an IgG1 kappa immunoglobulin, is a recombinant, human
monoclonal antibody that binds to the cytotoxic T-lymphocyte–associated
antigen 4 (CTLA-4). It is produced in mammalian (Chinese hamster ovary) cell
culture. Ipilimumab is indicated for the treatment of unresectable or metastatic
melanoma. Neither the metabolism nor plasma protein binding was reported by
the manufacturer, but the terminal half-life was 14.7 days (1).

Cynomolgus monkeys were given IV ipilimumab every 21 days from the
onset of organogenesis through parturition at doses that were 2.6 and 7.2
times the recommended human dose based on AUC. Severe toxicities including
increased incidences of 3rd trimester abortion, stillbirth, premature delivery, low
birth weight, and infant death were observed. In mice in which the gene for
CTLA-4 had been deleted, offspring lacking CTLA-4 were born healthy, but
died within 3–4 weeks due to multiorgan infiltration and damage by
lymphocytes (1).

Studies evaluating carcinogenesis, mutagenesis, and impairment of fertility
have not been conducted (1).

It is not known if ipilimumab crosses the human placenta. The molecular
weight (about 148,000) suggests that it will not cross, at least early in



pregnancy. However, human IgG1 is known to cross, and ipilimumab is an IgG1
(1). Moreover, the prolonged terminal half-life (14.5 days) will increase the
opportunity for transfer. Thus, fetal exposure should be expected, especially in
the latter part of pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of ipilimumab during human lactation have been
located. The molecular weight (about 148,000) suggests that it will not be
excreted into mature breast milk, However, human IgG1 is known to be
excreted into colostrum, and ipilimumab is an IgG1 (1). Moreover, the
prolonged terminal half-life (14.5 days) will increase the opportunity for
excretion. The effect of this exposure on a nursing infant is unknown, but the
best course is to not breastfeed if the mother requires ipilimumab.

Reference
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IPODATE
Diagnostic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ipodate contains a high concentration of organically bound iodine. See
Diatrizoate for possible effects on the fetus and newborn.

BREASTFEEDING SUMMARY
See Diatrizoate.



IPRATROPIUM
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

A number of sources recommend the use of inhaled ipratropium for severe
asthma, especially in patients not responding adequately to other therapy
(1–4). The consensus appears to be that although human data are rare,
there is no evidence that the drug is hazardous to the fetus. Moreover, it
produces fewer systemic effects than atropine (1), and may have an
additive bronchodilatory effect to β2 agonists (2).

FETAL RISK SUMMARY
Ipratropium, an anticholinergic compound chemically related to atropine, is a
quaternary ammonium bromide used as a bronchodilator for the treatment of
bronchospasm. Its use during pregnancy is primarily confined to patients with
severe asthma (1).

Ipratropium was not teratogenic in mice, rats, and rabbits when administered
either orally or by inhalation (5). Oral doses used in the reproductive toxicity
studies were 2000, 200,000, and 26,000 times the maximum recommended
human daily dose (MRHDD), respectively. Doses used by inhalation in rats and
rabbits were, respectively, 312 and 375 times the MRHDD. Schardein cited a
German study that found no evidence of teratogenicity in mice, rats, and
rabbits (6). A Japanese study involving rats and rabbits that found no adverse
fetal effects except a slight weight reduction was described by Shepard (7).

Data from a surveillance study of Medicaid patients between 1982 and 1994
indicated that 37 women took this drug during the 1st trimester (F. Rosa,
personal communication, FDA, 1996). One malformation, a renal obstruction,
was observed. Preliminary analysis found no brain defects among 80 recipients
following exposure anytime during pregnancy.

A brief 1991 report described the use of nebulized ipratropium, among other



drugs, in the treatment of life-threatening status asthmaticus in a pregnant
patient at 12.5 weeks’ gestation (8). She eventually delivered a term 3440-g
male infant (information on the condition of the newborn was not provided).

BREASTFEEDING SUMMARY
No reports describing the excretion of ipratropium into human milk have been
located. A chemically related drug, atropine, is considered compatible with
breastfeeding by the American Academy of Pediatrics (9), although definitive
data on the appearance of atropine in milk have not been published.
Ipratropium is lipid-insoluble and, similar to other quaternary ammonium bases,
may appear in milk. The amounts, although unknown, are probably clinically
insignificant, however, especially after inhalation.
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IPRONIAZID

[Withdrawn from the market. See 9th edition.]



IRBESARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with irbesartan is limited. However, the
antihypertensive mechanisms of action of irbesartan and angiotensin-
converting enzyme (ACE) inhibitors are very close. That is, the former
selectively blocks the binding of angiotensin II to AT1 receptors, whereas
the latter prevents the formation of angiotensin II itself. Therefore, use of
this drug during the 2nd and 3rd trimesters may cause teratogenicity and
severe fetal and neonatal toxicity that is identical to that seen with ACE
inhibitors (e.g., see Captopril or Enalapril). Fetal toxic effects may include
anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
premature birth, and patent ductus arteriosus. Anuria-associated
oligohydramnios may produce fetal limb contractures, craniofacial
deformation, and pulmonary hypoplasia. Severe anuria and hypotension,
that is resistant to both pressor agents and volume expansion, may occur in
the newborn following in utero exposure to irbesartan. Newborn renal
function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Irbesartan is a selective angiotensin II receptor blocker (ARB) that is used
either alone, or in combination with other antihypertensive agents, for the
treatment of hypertension. Irbesartan blocks the vasoconstrictor and
aldosterone-secreting effects of angiotensin II by preventing angiotensin II from
binding to AT1 receptors.

Reproduction studies have been conducted in pregnant rats and rabbits (1).
In the pregnant rat, doses approximately equal to or higher than the maximum
recommended human dose of 300 mg/day based on BSA (MRHD) were



associated with increased incidences of renal pelvic cavitation, hydroureter,
and/or absence of renal papilla. At four times the MRHD, subcutaneous edema
was observed in the fetuses. The anomalies appeared to be related to late,
rather than early, gestational exposure (1). Doses approximately 1.5 times the
MRHD in pregnant rabbits produced maternal mortality and abortion. Surviving
rabbits had a slight increase in early resorptions (1). No adverse effects on
fertility or reproductive performance were seen in male and female rats at an
oral dose about 5 times the MRHD (1).

It is not known if irbesartan crosses the human placenta to the fetus. The
molecular weight (about 429) is low enough that transfer to the fetus should be
expected. The drug does cross the placentas of rats and rabbits in late
gestation (1).

A 24-year-old woman with type 1 diabetes, hypothyroidism, and hypertension
was being treated with irbesartan 300 mg/day, hydrochlorothiazide 12.5
mg/day, insulin (glargine and regular), levothyroxine 0.125 mg/day, and epoetin
alfa (2). An unplanned pregnancy occurred that was diagnosed at 8 weeks and
irbesartan and hydrochlorothiazide were replaced with methyldopa. The
patient’s HbA1c was 7%. Ultrasonography at 13 weeks’ detected an
exencephaly and the pregnancy was terminated. Autopsy revealed a partial
exencephaly and unilateral renal agenesis. The cause of the defects could not
be determined, but the authors suspected irbesartan (2). However, unilateral
renal agenesis is possibly autosomal dominant inheritance with variable
expressivity and penetrance (3).

A 35-year-old woman with hypertension was exposed to irbesartan,
atorvastatin, and sibutramine from 6 weeks to 8 days before conception (4).
She had a 1st trimester miscarriage. Examination of the embryo revealed
delayed development of the upper extremities. The karyotype was 45,XO
(Turner syndrome), a chromosomal abnormality.

A 2009 report described three cases of irbesartan exposure before and
during pregnancy (5). In each case, the drug was used to treat hypertension
and was stopped at 5, 9, and 18 weeks’ gestation, respectively. The three
pregnancy (gestational age at birth) outcomes were small-for-gestational-age
(39 weeks), polydactyly (40 weeks), and complications of prematurity (29
weeks), respectively. In the latter case, oligohydramnios was observed at 18
weeks. Other than the polydactyly, no structural malformations were reported
(5).

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared



to be related to other factors (6). The factors, which typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use irbesartan during human lactation have been
located. Because of the relatively low molecular weight (about 429), excretion
into human breast milk should be expected. The effect of this exposure on a
nursing infant is unknown. The American Academy of Pediatrics, however,
classifies ACE inhibitors, a closely related group of antihypertensive agents, as
compatible with breastfeeding (see Captopril or Enalapril).

References
1. Product information. Avapro. Bristol-Myers Squibb, 2000.
2. Boix E, Zapater P, Pico A, Moreno O. Teratogenicity with angiotensin II receptor antagonists in

pregnancy. J Endocrinol Invest 2005;28:1029–31.
3. Moel DI. Renal agenesis, unilateral. In: Buyse ML, Editor-in-Chief. Birth Defects Encyclopedia. Dover,

MA: Blackwell Scientific Publications, 1990:1461.
4. Velazquez-Armenta EY, Han JY, Choi JS, Yang KM, Nava-Ocampo AA. Angiotensin II receptor blockers

in pregnancy: a case report and systematic review of the literature. Hypertens Pregnancy 2007;26:51–
66.

5. Gersak K, Cvijic M, Cerar LK. Angiotensin II receptor blockers in pregnancy: a report of 5 cases.
Reprod Toxicol 2009;28:109–12.

6. Polifka JE. Is there an embryopathy associated with first-trimester exposure to angiotensin-converting
enzyme inhibitors and angiotensin receptor antagonists? A critical review of the evidence. Birth Defects
Res (Part A) 2012;94:576–98.



IRINOTECAN
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

One report described the use of irinotecan, combined with 5-fluorouracil
and folinic acid, in the 2nd and 3rd trimesters that ended with a healthy
infant. The animal reproduction data suggest risk, but the near absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. Because of the potential for embryo and fetal harm,
women of childbearing potential should employ adequate contraceptive
methods to prevent pregnancy. Moreover, the recommended regimen for
irinotecan sometimes includes the antineoplastic fluorouracil; the combined
therapy might increase the embryo–fetal risk, especially in the 1st
trimester. However, the indications for irinotecan involve potentially fatal
cancers, so if informed consent is obtained, treatment should not be
withheld because of pregnancy. If an inadvertent pregnancy occurs during
therapy, the woman should be advised of the unknown, but potentially
severe risk for her embryo–fetus.

FETAL RISK SUMMARY
The DNA topoisomerase I-inhibitor, irinotecan, is a semisynthetic derivative of
camptothecin, an alkaloid extract from plants such as Camptotheca acuminata.
It is given as an IV infusion. Irinotecan is in the same antineoplastic subclass as
topotecan. It is indicated, either as a single agent or in combination with 5-
fluoruracil and leucovorin, for the treatment of metastatic carcinoma of the
colon or rectum. The cytotoxicity of irinotecan and its active metabolite, SN-38,
is thought to involve the inhibition of the enzyme responsible for the repair of
normally occurring single-strand breaks in DNA. However, the plasma AUC
values for the active metabolite are only 2%–8% of irinotecan, so the precise
contribution of SN-38 to the cytotoxicity activity of irinotecan is unknown.



Irinotecan is metabolized primarily in the liver. Binding of irinotecan and SN-38
to plasma proteins is about 50% and 95%, respectively. The mean terminal
elimination half-lives are 6–12 hours and 10–20 hours, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, an IV dose during organogenesis that produced an AUC that was about
0.2 times the AUC obtained with a human dose of 125 mg/m2 (HD) caused
increased postimplantation loss and decreased numbers of live fetuses. Doses
producing AUC values that were greater than about 0.025 times the HD caused
structural defects, including a variety of external, visceral, and skeletal
abnormalities. In pregnant rabbits, an IV dose during organogenesis that was
about 0.5 times the weekly starting dose based on BSA (WSD) caused similar
embryolethality and structural defects. In rats, when a dose producing an AUC
that was about 0.2 times the HD was given after organogenesis through
weaning, decreased learning ability and decreased female body weights in
offspring were observed (1).

Standard tests for carcinogenicity have not been conducted with irinotecan.
When rats were given an IV dose that produced an AUC that was about 1.3
times the HD or a lower dose that was 8% (based on body weight) of the
higher dose once weekly for 13 weeks and then allowed to recover for 91
weeks, there was a significant linear trend with dose for the incidence of
combined uterine horn endometrial stromal polyps and endometrial stromal
sarcomas. Neither irinotecan nor SN-38 was mutagenic, but irinotecan was
clastogenic. Irinotecan did not cause significant adverse effects on fertility or
reproductive performance in rats and rabbits given IV doses up to 0.2 times the
HD or 0.5 times the WSD, respectively. However, multiple daily doses in
rodents and dogs that produced an AUC that was about 1 and 0.07 times the
HD, respectively, were associated with atrophy of male reproductive organs
(1).

It is not known if irinotecan crosses the human placenta. The molecular
weight (about 587 for the nonhydrated free base), moderate plasma protein
binding, and long elimination half-life suggest that the drug will cross to the
embryo–fetus.

A 2009 case report described a 34-year-old woman who was diagnosed with
an ovarian adenocarcinoma tumor metastatic from a colon cancer that had
been previously treated with surgery (2). After left salpingooophorectomy,
treatment was begun at 18 weeks’ gestation with irinotecan, 5-fluorouracil, and
folinic acid every 2 weeks until the 36th week of pregnancy (total 10 courses).
At 37 5/7 weeks, 13 days after the final chemotherapy course, her membranes



ruptured and she gave birth to 5 lb 14 oz (about 2667 g) female infant with
Apgar scores of 9 and 9 at 1 and 5 minutes, respectively. The infant was
developing normally at 4 months of age with no teratogenic effects (2).

BREASTFEEDING SUMMARY
No reports describing the use of irinotecan during human lactation have been
located. The molecular weight (about 587 for the nonhydrated free base),
moderate plasma protein binding, and long elimination half-life suggest that the
drug will be excreted into breast milk. The potential effect of this exposure on a
nursing infant is unknown, but may be severe. It is best that a woman receiving
this agent does not breastfeed. However, if she chooses to do so, the infant
should be closely monitored for the most common or serious adverse effects
observed in adults treated with the drug, such as gastrointestinal tract effects
(nausea, vomiting, diarrhea, anorexia), bone marrow suppression (leukopenia,
neutropenia, anemia), headache, abdominal pain, alopecia, and hepatic toxicity.
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ISOCARBOXAZID
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Isocarboxazid is a monoamine oxidase inhibitor. Other agents in this
subclass are iproniazid, nialamide, phenelzine, and tranylcypromine. The
human pregnancy experience is limited. There are no animal reproduction
data (see also Tranylcypromine).

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 21 mother–child pairs exposed to
these drugs during the 1st trimester, 1 of which was exposed to isocarboxazid
(1). Three of the 21 infants had malformations (relative risk 2.26). Details of the
single case with exposure to isocarboxazid were not given.

It is not known if isocarboxazid crosses the human placenta. The molecular
weight (about 231) is low enough that exposure of the embryo–fetus should be
expected.

BREASTFEEDING SUMMARY
No reports describing the use of isocarboxazid during human lactation have
been located. The molecular weight (about 231) is low enough that excretion
into breast milk should be expected.
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ISOETHARINE

[Withdrawn from the market. See 9th edition.]



ISOFLURANE
General Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Isoflurane was not teratogenic in three animal species at doses that did not
cause maternal toxicity. No reports of its use early in human gestation have
been located. The absence of human experience during organogenesis
prevents a complete assessment of the risk for structural anomalies. In
addition, general anesthesia usually involves the use of multiple
pharmacological agents. Although no teratogenicity has been observed with
two other halogenated general anesthetic agents (halothane and
methoxyflurane), only halothane has 1st trimester human exposure data.
Isoflurane has been used immediately prior to delivery for analgesia and
anesthesia. This use does not appear to affect the newborn any differently
from other general anesthetic agents. The uterine effects of isoflurane
(relaxation and increased blood loss) also appear to be similar to other
agents in this class. All anesthetic agents can cause depression in the
newborn that may last for 24 hours or more. The potential reproductive
toxicity (spontaneous abortion [SAB] and infertility) of occupational
exposure to isoflurane has not been studied but is a concern based on the
exposure concentration found in one study. Further, occupational exposure
to nitrous oxide was also measured in that study, and indicated that the
nurses were exposed to both nitrous oxide and volatile anesthetic agents at
the same time.

FETAL RISK SUMMARY
The nonflammable general anesthetic isoflurane is in the same class of volatile
liquid halogenated agents such as desflurane, enflurane, halothane,
methoxyflurane, and sevoflurane. It is closely related to desflurane and



enflurane. The only difference between isoflurane and desflurane is the
presence of a chlorine atom in isoflurane instead of a fluorine atom. This small
difference, however, produces marked pharmacokinetic and clinical effects.
The potency of isoflurane is five times that of desflurane, the blood–gas
partition coefficient is increased (i.e., increased solubility in blood) (1.46 vs.
0.42), tissue solubility is increased (brain–blood partition coefficient 1.6 vs.
1.3), and recovery from anesthesia is slower (1).

In an animal reproductive study, mean anesthetic concentrations (about
1.6%) of isoflurane were administered to male and female rats for 5-day
intervals up to 15 days before pairing (2). No adverse effects on mating and
fertility indices were observed. Studies for structural anomalies were conducted
in pregnant rats and rabbits in the same way. Three groups of rats received
mean anesthetic doses of 1.6%–1.7% for 5-day intervals between day 1 and
day 15 of gestation, whereas three groups of rabbits received mean doses of
2.3% for 4- or 5-day intervals between day 6 and 18 of gestation. No
congenital malformations related to the exposures were found in either animal
species (2). In the third segment of this study, pregnant rats were exposed to
isoflurane 1.74% for 1 hour/day on gestation days 15–20. Maternal weight gain
was significantly less in the exposed group, and fetal survival was also
decreased (2).

Three dose-levels of isoflurane were administered in a reproduction study
with pregnant mice: trace (0.006%), subanesthetic (0.06%), and light
anesthetic (0.6%) (3). No adverse maternal or fetal effects were observed
when the two smaller concentrations were administered for 4 hours daily on
days 6–15 of pregnancy. When given the same way, the light anesthetic dose,
however, resulted in significantly lower maternal weight gain. Fetal toxicity
included a significant decrease in fetal weight, decreased skeletal ossification,
minor hydronephrosis, and increased pelvic cavitation (3). In addition, an
increased incidence of cleft palate was observed (12.1% vs. 0.75% for
controls). The incidence of cleft palate also was higher than that observed in
previous experiments with halothane (1.2%) or enflurane (1.9%) (3).

In a second study by the authors of the above report, the effects of four
general anesthetic agents were compared in pregnant rats (4). The doses and
agents used were nitrous oxide (75%; 0.55 minimum alveolar anesthetic
concentration [MAC]), enflurane (1.65%; 0.75 MAC), halothane (0.8%; 0.75
MAC), and isoflurane (1.05%; 0.75 MAC). (Note: The MAC is the concentration
that causes immobility in 50% of patients exposed to a noxious stimulus such
as a surgical incision; it represents the ED50 [5] ). Each agent was



administered for 6 hours on each of three consecutive days in one of three
gestational periods: pregnancy days 8–10, 11–13, or 14–16. Compared with
controls, significantly decreased maternal weight gain was observed in three of
the groups (nitrous oxide, isoflurane, and enflurane) after exposure on days 14–
16. Exposure on those days resulted in significantly decreased fetal weight in
all four groups and, when exposure occurred on days 8–10, in three groups (all
except nitrous oxide). Nitrous oxide exposure during days 14–16 resulted in
significant increases (three-fold) in total fetal wastage and resorptions.
However, no major or minor teratogenic effects were observed in any of the
groups (4).

The teratogenic potential of isoflurane, enflurane, and sevoflurane was
studied by evaluating the effect of each agent on the proliferation and
differentiation of cells exiting from the G1-phase of the cell cycle (6). The
theory behind the study was that normal development during embryogenesis,
organogenesis, and histogenesis depended on the proliferation and
differentiative processes of cell migration (6). For example, valproate, a known
human teratogen, is a potent G1-phase inhibitor of the in vitro proliferation rate
at concentrations <2 times the therapeutic plasma concentration. At anesthetic
concentrations <2 times the MAC, the antiproliferative potency of the three
agents was isoflurane=enflurane>>sevoflurane. However, in the growth-
arrested cell population, there was no specific accumulation of any cell-cycle
phase and no specific effect on the G1 phase. The investigators concluded that
the three agents lacked the specific in vitro characteristics of valproate (6).

Three anesthetic agents, isoflurane, halothane, and methoxyflurane, were
administered to pregnant (near term) and nonpregnant ewes in a study
designed to determine the requirement for inhaled anesthetic agents (7). The
MAC was decreased in the pregnant animals in each case, 40%, 25%, and
32% less, respectively. In a 1994 study, women at 8–12 weeks’ gestation (all
undergoing termination of pregnancy) were matched with women undergoing
gynecologic surgery (8). The MAC was reduced by 28% in comparison with the
nonpregnant controls (median end-tidal concentration 0.775% vs. 1.075%,
respectively).

Two reviews concluded that, in general, inhalational anesthetics are freely
transferred to fetal tissues (9,10) and, in most cases, the maternal and fetal
concentrations are equivalent (10). The low molecular weight (about 185) and
the presence of isoflurane in the maternal brain support this assertion. In
agreement, research has demonstrated the rapid uptake of isoflurane by the
fetus (11).



A 1991 case report described two liver transplant procedures, 3 days apart,
in a pregnant woman at approximately 21 weeks’ gestation (12). Isoflurane
was the only inhaled anesthetic agent used, although a number of other drugs
were administered during the combined 24.4 hours of anesthesia. The woman
eventually delivered a healthy infant by cesarean section (12).

Subanesthetic doses of isoflurane have been used for labor analgesia
(13–15). A study published in 1985 compared the self-administration of
isoflurane (0.75% in oxygen) or 50% nitrous oxide in oxygen given in a random
sequence in 32 women (13). Isoflurane use resulted in better analgesia but
increased drowsiness. The condition of the newborns was not mentioned. A
1989 study used isoflurane (0.2%–0.7%) or 30%–60% nitrous oxide (30 in
each group) for labor analgesia (14). Seven percent of the newborns in both
groups were depressed (1-minute Apgar scores 5–7), but all had Apgar scores
of 8–10 at 5 minutes. There was also no difference in neonatal neurobehavior
as measured by the Neurologic and Adaptive Capacity Scores (NACS) at 15
minutes, 2 hours, and 24 hours of age. Although specific percentages were not
given, it was stated that there was no significant difference between the groups
in the percentage of infants who scored 35–40 on the NACS. Mothers in the
isoflurane group had higher concentrations of fluoride in their urine at 12–24
hours postpartum than those who had received nitrous oxide (36.5 vs. 23.6
µmol/L), but the fluoride blood levels were similar (<5.6 µmol/L). The fluoride
urine levels in the newborns (first void) also were similar (<5.6 µmol/L) (14). In
a 1993 report, 17 laboring women received alternating doses of 0.2%
isoflurane plus 50% nitrous oxide/oxygen or nitrous oxide/oxygen alone, each
over 1-hour intervals, for a total of 3 hours (15). Analgesia was significantly
better when the women were receiving isoflurane. Progressive drowsiness was
noted over the 3-hour period, but it was not considered clinically significant. The
newborns were delivered vaginally and all had 1- and 5-minute Apgar scores of
8 to 10. Neurobehavior assessment was not conducted (15).

Isoflurane has been used for anesthesia during cesarean section (11,16–19).
As with vaginal delivery, some degree of neonatal depression may occur as
indicated by Apgar scores <7 at 1 minute (11,16–18) or an NACS <35 at 2 and
24 hours of age (16). A small 1983 study compared the neonatal outcomes in
four groups (10 patients each) of women receiving general anesthesia for
cesarean section: 50% nitrous oxide and 50% oxygen either alone, or
combined with 0.5% halothane, 1.0% enflurane, or 0.75% isoflurane (19). One
newborn had an Apgar score <7 at 1 minute (enflurane group), but all
newborns in all groups had scores of ≥7 at 5 minutes. There were no significant



differences between the groups in neonatal neurobehavior assessment 2–4
hours after delivery or in maternal or umbilical blood gas analysis at delivery.

In a 1977 in vitro study, isoflurane was shown to have a statistically
significant depressive effect on myometrial strips from nongravid and gravid
uteri (20). Three anesthetic agents, isoflurane, enflurane, and halothane, were
studied at three concentrations (0.5, 1.0, and 1.5 MAC). The amount of
depression was dose-related for each agent and was similar with all agents
(20). Another study also demonstrated a dose-related relaxing effect of
isoflurane (0.5%, 1.0%, and 1.5%) on isolated gravid human uterine muscle
(21). All doses caused a significant decrease in uterine activity, but oxytocin, in
a dose similar to that used clinically, reversed the effects of the anesthetic (21).
In another study, the subjective assessment of maternal blood loss and uterine
relaxation was less for isoflurane than for halothane (16).

A study published in 1998 evaluated the exposure of nine nurses in a
postanesthesia care unit (PACU) to exhaled isoflurane and desflurane and
compared these exposures with the National Institute of Occupational Safety
and Health (NIOSH)-recommended exposure limits (22). The NIOSH
recommendation for volatile anesthetics (without concomitant nitrous oxide
exposure) is a maximum of 2 parts per million, but has not been adopted by the
Occupational Safety and Health Administration. Moreover, the recommended
limit is controversial and is thought by some to be inappropriately low (22).
However, a potential for reproductive risk (SAB and infertility) is thought to exist
for some anesthetic agents. The study involved exposure in the PACU to
exhaled anesthetic gases from 50 adult patients (isoflurane N = 19, desflurane
N = 31) over an approximately 1-hour recovery time. About one-half of the
patients were extubated in the PACU. Exposure was continuously measured
from the shoulders (i.e., breathing-zone) of the nurses. Breathing-zone
anesthetic concentrations of isoflurane and desflurane exceeded the NIOSH
limits in 37% and 87% of the cases, respectively. These exposures were above
the limit 12% of the time for isoflurane and 49% of the time for desflurane. The
investigators listed several limitations to their study and concluded that the
results might represent a “worst-case analysis” (22).

A 2004 study found a significant association between maternal occupational
exposure to waste anesthetic gases during pregnancy and developmental
deficits in their children, including gross and fine motor ability,
inattention/hyperactivity, and IQ performance (see Nitrous Oxide).

BREASTFEEDING SUMMARY



Although isoflurane has been administered during labor and delivery, the effects
of this exposure on the infant that begins nursing immediately after birth have
not been described. Isoflurane is probably excreted into colostrum and milk as
suggested by its presence in the maternal blood and its low molecular weight
(about 185), but the toxic potential of this exposure for the infant is unknown.
However, the risk to a nursing infant from exposure to isoflurane via milk is
probably very low (24,25). Another halogenated inhalation anesthetic,
halothane, is classified as compatible with breastfeeding by the American
Academy of Pediatrics (see Halothane).
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ISOFLUROPHATE

[Withdrawn from the market. See 9th edition.]



ISOMETHEPTENE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports of human developmental toxicity or animal reproductive studies
have been located.

FETAL RISK SUMMARY
The sympathomimetic drug, isometheptene, is commercially available in
combination with dichloralphenazone and acetaminophen (e.g., Isocom, Isopap,
Midchlor, Midrin, and Migratine) for the treatment of tension and vascular
(migraine) headaches (see also Dichloralphenazone and Acetaminophen).

The Collaborative Perinatal Project, conducted between 1958 and 1965,
recorded eight 1st trimester exposures to isometheptene among 96 mothers
who had consumed a miscellaneous group of sympathomimetics (1). From
these 96 mothers, 7 children had congenital malformations giving a
standardized relative risk (SRR) of 0.96. When only malformations showing
uniform rates by hospital were analyzed, the number of children with defects
decreased to 4 (SRR 0.81). The authors of this study concluded there was no
association between these agents and congenital anomalies.

A 1984 source briefly reviewed isometheptene (2). Although citing no primary
references, the authors concluded that the agent was not contraindicated in
pregnancy because of the lack of reports of harmful effects on the fetus, the
mother, and the pregnancy (2).

BREASTFEEDING SUMMARY
No reports describing the use of isometheptene during human lactation have
been located.
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ISONIAZID
Antituberculosis Agent
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Isoniazid does not appear to be a human teratogen. The American
Thoracic Society recommends use of the drug for tuberculosis occurring
during pregnancy because, “Untreated tuberculosis represents a far
greater hazard to a pregnant woman and her fetus than does treatment of
the disease” (1).

FETAL RISK SUMMARY
Isoniazid is used in the prevention and treatment of pulmonary tuberculosis.
Reproduction studies in mice, rats, and rabbits have not revealed teratogenic
effects, but embryocidal effects were observed in rats and rabbits (2).

An official statement of the American Thoracic Society published in 1986
recommends isoniazid as part of the treatment regimen for women who have
tuberculosis during pregnancy (1). Other reviewers also consider isoniazid as
part of the treatment of choice for tuberculosis occurring during pregnancy (3).

Isoniazid crosses the placenta to the fetus (4–6). In a 1955 study, 19 women
in labor were given a single 100-mg dose of isoniazid 0.25–4.25 hours before
delivery (4). The mean maternal serum concentration at birth was 0.32 mcg/mL
compared with a cord blood level of 0.22 mcg/mL. The mean cord:maternal
ratio was 0.73, but in seven of the patients, cord blood concentrations
exceeded those in the maternal plasma. Another study examined the placental
transfer of isoniazid in two women who had been treated with 300 mg/day
during the 3rd trimester (5). One hour before delivery, the women were given a
single 300-mg IM dose. Mean cord blood and maternal serum concentrations
were 4 and 6.5 mcg/mL, respectively, a ratio of 0.62. These studies and the
elimination kinetics of intrauterine-acquired isoniazid in the newborn were



reviewed in 1987 (6).
Reports discussing fetal effects of isoniazid during pregnancy reflect multiple

drug therapies. Early reports identified slow psychomotor activity, psychic
retardation, convulsions, myoclonia, myelomeningocele with spina bifida and
talipes, and hypospadias as possible effects related to isoniazid therapy during
pregnancy (7,8). The Collaborative Perinatal Project monitored 85 patients who
received isoniazid during the 1st trimester (9, pp. 299, 313). They observed
10 malformations, an incidence almost twice the expected rate, but they
cautioned that their findings required independent confirmation. For use anytime
during pregnancy, 146 mother–child pairs were exposed to isoniazid, with
malformations that may have been produced after the 1st trimester observed in
4 infants (9, p. 435). This was close to the expected frequency. Adverse
outcomes in the fetus and newborn after intrauterine exposure to isoniazid have
not been confirmed by other studies (10–15). Retrospective analysis of >4900
pregnancies in which isoniazid was administered demonstrated rates of
malformations similar to those in control populations (0.7%–2.3%). A 1980
review also found no association between isoniazid and fetal anomalies (16).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 11 newborns had
been exposed to isoniazid during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (9.1%) major birth defect was observed (0.5
expected), a case of polydactyly.

A case report of a malignant mesothelioma in a 9-year-old child who was
exposed to isoniazid in utero was published in 1980 (17). The authors
suggested a possible carcinogenic effect of isoniazid because of the rarity of
malignant mesotheliomas during the first decade and supportive animal data.
However, an earlier study examined 660 children up to 16 years of age and
found no association with carcinogenic effects (18).

An association between isoniazid and hemorrhagic disease of the newborn
has been suspected in two infants (19). The mothers were also treated with
rifampin and ethambutol, and in a third case, only with these latter two drugs.
Although other reports of this potentially serious reaction have not been found,
prophylactic vitamin K1 is recommended at birth (see Phytonadione).

BREASTFEEDING SUMMARY
No reports of isoniazid-induced effects in the nursing infant have been located,
but the potential for interference with nucleic acid function and for hepatotoxicity
may exist (20,21). Both isoniazid and its metabolite, acetylisoniazid, are



excreted in breast milk (21–23). A woman was given a single oral dose of 300
mg after complete weaning of her infant (21). Both isoniazid and the metabolite
were present in her milk within 1 hour, with peak levels of isoniazid (16.6
mcg/mL) occurring at 3 hours and those of the metabolite (3.76 mcg/mL) at
5 hours. At 5 and 12 hours after the dose, isoniazid levels in the milk were
twice the levels in simultaneously obtained plasma. Levels of acetylisoniazid
were similar in plasma and milk at 5 and 12 hours. The elimination half-life for
milk isoniazid was calculated to be 5.9 hours, whereas that of the metabolite
was 13.5 hours. Both were detectable in milk 24 hours after the dose. The 24-
hour excretion of isoniazid was estimated to be 7 mg. Two other studies also
reported substantial excretion of isoniazid into human milk (22,23).
A milk:plasma ratio of 1.0 was reported in one of these studies (22). In
another, milk levels 3 hours after a maternal dose of 5 mg/kg were 6 mcg/mL
(23). Doubling the maternal dose doubled the milk concentration.

Based on the above information, at least one review concluded that women
can safely breastfeed their infants while taking isoniazid if, among other
precautions, the infant is periodically examined for signs and symptoms of
peripheral neuritis or hepatitis (20). Moreover, the American Academy of
Pediatrics classifies isoniazid as compatible with breastfeeding (24).

References
1. American Thoracic Society. Treatment of tuberculosis and tuberculosis infection in adults and children.

Am Rev Respir Dis 1986;134:355–63.
2. Product information. Rifamate. Hoechst Marion Roussel, 2000.
3. Medchill MT, Gillum M. Diagnosis and management of tuberculosis during pregnancy. Obstet Gynecol

Surv 1989;44:81–4.
4. Bromberg YM, Salzberger M, Bruderman I. Placental transmission of isonicotinic acid hydrazide.

Gynaecologia 1955;140:141–4.
5. Miceli JN, Olson WA, Cohen SN. Elimination kinetics of isoniazid in the newborn infant. Dev Pharmacol

Ther 1981;2:235–9.
6. Holdiness MR. Transplacental pharmacokinetics of the antituberculosis drugs. Clin Pharmacokinet

1987;13:125–9.
7. Weinstein L, Dalton AC. Host determinants of response to antimicrobial agents. N Engl J Med

1968;279:524–31.
8. Lowe CR. Congenital defects among children born to women under supervision or treatment for

pulmonary tuberculosis. Br J Prev Soc Med 1964;18:14–6.
9. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing

Sciences Group, 1977.
10. Marynowski A, Sianozecka E. Comparison of the incidence of congenital malformations in neonates

from healthy mothers and from patients treated because of tuberculosis. Ginekol Pol 1972;43:713.
11. Jentgens H. Antituberkulose Chimotherapie und Schwangerschaft sabbruch. Prax Klin Pneumol

1973;27:479.
12. Ludford J, Doster B, Woolpert SF. Effect of isoniazid on reproduction. Am Rev Respir Dis

1973;108:1170–4.
13. Scheinhorn DJ, Angelillo VA. Antituberculosis therapy in pregnancy; risks to the fetus. West J Med

1977;127:195–8.



14. Good JT, Iseman MD, Davidson PT, Lakshminarayan S, Sahn SA. Tuberculosis in association with
pregnancy. Am J Obstet Gynecol 1981;140:492–8.

15. Kingdom JCP, Kennedy DH. Tuberculous meningitis in pregnancy. Br J Obstet Gynaecol 1989;96:233–
5.

16. Snider DE Jr, Layde PM, Johnson MW, Lyle MA. Treatment of tuberculosis during pregnancy. Am Rev
Respir Dis 1980;122:65–79.

17. Tuman KJ, Chilcote RR, Gerkow RI, Moohr JW. Mesothelioma in child with prenatal exposure to
isoniazid. Lancet 1980;2:362.

18. Hammond DC, Silidoff IJ, Robitzek EH. Isoniazid therapy in relation to later occurrence of cancer in
adults and in infants. Br Med J 1967;2:792–5.

19. Eggermont E, Logghe N, Van De Casseye W, Casteels-Van Daele M, Jaeken J, Cosemans J,
Verstraete M, Renaer M. Haemorrhagic disease of the newborn in the offspring of rifampicin and
isoniazid treated mothers. Acta Paediatr Belg 1976;29:87–90.

20. Snider DE Jr, Powell KE. Should women taking antituberculosis drugs breast-feed? Arch Intern Med
1984;144:589–90.

21. Berlin CM Jr, Lee C. Isoniazid and acetylisoniazid disposition in human milk, saliva and plasma. Fed
Proc 1979;38:426.

22. Vorherr H. Drugs excretion in breast milk. Postgrad Med 1974;56:97–104.
23. Ricci G, Copaitich T. Modalta di eliminazione dili’isoniazide somministrata per via orale attraverso il latte

di donna. Rass Clin Ter 1954–5;209:53–4.
24. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



ISOPROPAMIDE

[Withdrawn from the market. See 9th edition.]



ISOPROTERENOL
Sympathomimetic/Bronchodilator
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the human use of isoproterenol with congenital defects
have been located. Isoproterenol was not teratogenic in rats and rabbits,
but was in hamsters (1,2). Sympathomimetics are often administered in
combination with other drugs to alleviate the symptoms of upper respiratory
infections. Thus, the fetal effects of sympathomimetics, other drugs, and
viruses cannot be totally separated.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 31 of
whom had 1st trimester exposure to isoproterenol (3, pp. 346–347). No
evidence was found to suggest a relationship between large categories of
major or minor malformations or to individual defects. However, an association
in the 1st trimester was found between the sympathomimetic class of drugs as
a whole and minor malformations (not life-threatening or major cosmetic
defects), inguinal hernia, and clubfoot (3, pp. 345–356).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 16 newborns had
been exposed to isoproterenol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (6.3%) major birth defect was observed (0.7
expected), an oral cleft.

Isoproterenol has been used during pregnancy to accelerate heart rhythm
when high-grade atrioventricular block is present and to treat ventricular
arrhythmias associated with prolonged QT intervals (4). Because of its β-
adrenergic effect, the agent will inhibit contractions of the pregnant uterus (4).
Of incidental interest, five-term, nonlaboring pregnant women were discovered



to have an increased resistance to the chronotropic effect of isoproterenol in
comparison to nonpregnant women (5). One fetus had an isolated 5-
beats/minute late deceleration 2 minutes after the mother received 0.25 mcg of
the drug (5).

BREASTFEEDING SUMMARY
No reports describing the use of isoproterenol during human lactation have
been located.
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ISOSORBIDE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Isosorbide is an osmotic diuretic used for the short-term reduction of
intraocular pressure in acute glaucoma before and after intraocular
surgery. No published reports describing the use of isosorbide in pregnancy
have been located.

FETAL RISK SUMMARY
In an FDA surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 13 newborns had
been exposed to isosorbide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (0.6
expected).

BREASTFEEDING SUMMARY
No reports describing the use of isosorbide during human lactation have been
located.



ISOSORBIDE DINITRATE
Vasodilator
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Isosorbide is a nitric oxide donor, similar to nitroglycerin that is used in the
management of angina pectoris and of heart failure. No reports have
described pregnancy outcomes following therapeutic use of this agent.

FETAL RISK SUMMARY
Isosorbide is administered sublingually, as chewable tablets, and as oral
tablets. An oral spray is also available outside of the United States. The
molecular weight (about 236) is low enough that passage to the fetus should be
expected.

The drug produces dose-related embryotoxicity in rabbits at doses 35 and
150 times the maximum recommended human dose (1) (see also Nitroglycerin
and Amyl Nitrite).

Two full reports and one abstract have described the use of isosorbide
dinitrate during human pregnancy (2–4). However, all of the pregnancies in
these reports had prescheduled elective terminations for nonmedical reasons
shortly after the drug exposure. In a 1996 study (first published as an abstract
in 1995), 18 women in the 2nd trimester received a single 5-mg sublingual dose
of isosorbide dinitrate (2,3). Statistically significant decreases in the maternal
systolic and diastolic blood pressures were observed 6 minutes after the dose.
The blood pressures gradually returned to control levels over the ensuing 30
minutes. The mean maternal heart rate significantly increased from about
85 beats/minute to 96 beats/minute at 6 minutes, but declined to near control
levels at 8 minutes. The mean systolic–diastolic flow velocity ratios in the
umbilical and uterine arteries declined significantly, reaching nadirs at 6 and
10 minutes, respectively, before gradually returning to predose levels. These



findings suggested that isosorbide dinitrate may be beneficial in reversing the
effects of endothelial cell dysfunction–induced generalized vasoconstriction and
increased vascular resistance to flow in the uteroplacental circulation, such as
that occurs in preeclampsia (2,3).

In a similar investigation by these same researchers, 11 women at a mean
gestational age of 10.0 weeks (range 8.2–11.6 weeks) were given a single 5-
mg sublingual dose of the drug (4). The results of this study were comparable
to the researchers previous work and led them to a similar conclusion that
isosorbide dinitrate may be effective in reversing the effects of the endothelial
cell dysfunction that is observed in preeclampsia (4).

BREASTFEEDING SUMMARY
No reports describing the use of isosorbide dinitrate during lactation have been
located. The molecular weight (about 236) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown.

References
1. Product information. Isordil. Wyeth-Ayerst Laboratories, 1993.
2. Thaler I, Amit A, Itskovitz J. The effect of isosorbide dinitrate, a nitric oxide donor, on human uterine and

placental vascular resistance in patients with preeclampsia (abstract). Am J Obstet Gynecol
1995;172:387.

3. Thaler I, Amit A, Jakobi P, Itskovitz-Eldor J. The effect of isosorbide dinitrate on uterine artery and
umbilical artery flow velocity waveforms at mid-pregnancy. Obstet Gynecol 1996;88:838–43.

4. Amit A, Thaler I, Paz Y, Itskovity-Eldor J. The effect of a nitric oxide donor on Doppler flow velocity
waveforms in the uterine artery during the first trimester of pregnancy. Ultrasound Obstet Gynecol
1998;11:94–8.



ISOSORBIDE MONONITRATE
Vasodilator
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The vasodilator isosorbide mononitrate is the major active metabolite of
isosorbide dinitrate. The drug has been used for cervical ripening.

FETAL RISK SUMMARY
In rats and rabbits administered doses up to 250 mg/kg/day, no adverse
effects on reproduction and development were observed, but doses of 500
mg/kg/day in rats caused significant increases in prolonged gestation,
prolonged parturition, stillbirth, and neonatal death (1).

A number of reports have described the use of vaginal isosorbide
mononitrate for cervical ripening at term (2–11). No adverse fetal effects were
observed.

BREASTFEEDING SUMMARY
No reports describing the use of isosorbide mononitrate during human lactation
have been located.
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ISOTRETINOIN
Vitamin
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Isotretinoin is a potent human teratogen. Critically important is the fact that
a high percentage of the recipients of this drug are women with
childbearing potential. Estimates have indicated that 38% of isotretinoin
users are women aged 13–19 years (1). Pregnancy must be excluded and
prevented in these and other female patients before isotretinoin is
prescribed.

FETAL RISK SUMMARY
Isotretinoin (Accutane) is a vitamin A isomer used for the treatment of severe,
recalcitrant cystic acne. The animal teratogenicity of this drug was well
documented before its approval for human use in 1982 (2,3). The mechanism
of isotretinoin teratogenicity in animals may involve cytotoxic peroxyl free
radical generation by metabolism with prostaglandin synthase (4). Newborn
mice exposed in utero to isotretinoin at a critical point in gestation had
characteristic craniofacial and limb malformations, but concurrent treatment
with aspirin, a prostaglandin synthase inhibitor, resulted in a dose-dependent
decrease in the overall incidence of abnormalities, the number of anomalies per
fetus, and the incidence of specific craniofacial and limb defects (4).

Shortly after its approval, several publications appeared warning of the
human teratogenic potential if isotretinoin was administered to women who
were pregnant or who may become pregnant (5–10). In the 22 months
following its introduction (September 1982 through July 5, 1984), the
manufacturer, the FDA, and the CDC received reports on 154 isotretinoin-
exposed pregnancies (11). Some of these cases had been described in earlier
reports (1,12–20). Of the 154 pregnancies, 95 were electively aborted, 12
aborted spontaneously, 26 infants were born without major defects (some may



not have been exposed during the critical gestational period), and 21 had major
malformations (11). Three of the 21 infants were stillborn and 9 died after birth.
A characteristic pattern of defects was observed in the 21 infants that closely
resembled that seen in animal experiments (11). The syndrome of defects
observed in these infants and in other reported cases (21–34) consists of all or
part of the following:

Central nervous system
Hydrocephalus
Facial (VII nerve) palsy
Posterior fossa structure defects
Cortical and cerebellar defects
Cortical blindness
Optic nerve hypoplasia
Retinal defects
Microphthalmia

Craniofacial
Microtia or anotia
Low-set ears
Agenesis or marked stenosis of external ear canals
Micrognathia
Small mouth
Microcephaly
Triangular skull
Facial dysmorphism
Depressed nasal bridge
Cleft palate
Hypertelorism

Cardiovascular
Conotruncal malformations
Transposition of great vessels
Tetralogy of Fallot
Double-outlet right ventricle
Truncus arteriosus communis
Ventricular septal defect
Atrial septal defect
Branchial-arch mesenchymal-tissue defects
Interrupted or hypoplastic aortic arch
Retroesophageal right subclavian artery



Thymic defects
Ectopia, hypoplasia, or aplasia

Miscellaneous defects (sporadic occurrence)
Spina bifida
Nystagmus
Hepatic abnormality
Hydroureter
Decreased muscle tone
Large scrotal sac
Simian crease
Limb reduction

Other defects have been reported with isotretinoin, but in these cases exposure
had either been terminated before conception or was outside the critical period
for the defect (33). These defects are thought to be nonteratogenic or have
occurred by chance (33). Similarly, three reports of anomalies in children in
which only the father was exposed (biliary atresia and ventricular septal defect;
four-limb ectromelia and hydrocephalus; anencephaly) also probably occurred
by chance (33).

A 1985 case report proposed that reduction deformities observed in all four
limbs of a male infant were induced by isotretinoin (35,36). Other evidence
suggested that these defects may have been secondary to amniotic bands
(37). However, a 1991 reference described an infant and a fetus with limb
reduction deformities after 1st trimester exposure to isotretinoin (38). A 17-
year-old mother took 50 mg/day of isotretinoin for 10 days during the 2nd
month of gestation. Abnormalities present in the infant were absence of the
right clavicle and nearly absent right scapula, a short humerus, and a short,
broad, completely synostotic right radius and ulna (38). Other defects present
were asymmetrical ventriculomegaly, minor dysmorphic facial features, a short
sternum with a sterno-umbilical raphe, and developmental delay (38). The
second case involved an 18-year-old woman who took 60 mg/day of
isotretinoin during the first 62 days of gestation (38). The pregnancy was
terminated at 22 weeks’ gestation because of fetal hydrocephalus and cystic
kidney. Multiple defects were noted in the fetus, including an absent left thumb
but with normal proximal bony structures, a single umbilical artery, anal and
vaginal atresia, urethral agenesis with dysplastic, multicystic kidneys, and other
malformations consistent with isotretinoin exposure (38).

Because isotretinoin causes CNS abnormalities, concern has been raised
over the potential for adverse behavioral effects in infants who seemingly are



normal at birth (39). Long-term studies are in progress to evaluate behavioral
toxicities, such as mental retardation and learning disabilities, but have not been
concluded because the exposed children are still too young for tests to produce
meaningful results (40).

The teratogenic mechanism of isotretinoin and its main metabolite, 4-oxo-
isotretinoin, is thought to result from an adverse effect on the initial
differentiation and migration of cephalic neural crest cells (11,41). Daily doses
in the range of 0.5–1.5 mg/kg were usually ingested in cases with adverse
outcome (11), but doses as low as 0.2 mg/kg or lower may also have caused
teratogenicity (34,42). The critical period of exposure is believed to be 2–5
weeks after conception, but clinically it is difficult to establish the exact dating in
many cases (33). Because of the high proportion of spontaneous abortions in
prospectively identified exposed women, the CDC commented that fetotoxicity
may be a more common adverse outcome than liveborn infants with
abnormalities (12).

The lack of reports of isotretinoin-induced abnormalities from areas other
than the United States and Canada caused speculation that this was caused by
the use of lower doses, more restricted use in women, or later marketing of the
drug (43). Several groups of investigators have responded to this, and although
under diagnosis and underreporting may contribute, the reasons are still unclear
(44–47).

An autosomal or X-linked recessive syndrome with features of isotretinoin-
induced defects has been described in three male siblings (48). Although the
mother had no history of isotretinoin or vitamin A use, the authors did not rule
out a defect in vitamin A metabolism.

In a follow-up to a previous report involving 36 pregnancies, investigators
noted the outcome of an additional 21 pregnancies exposed in the 1st trimester
to isotretinoin (49). The outcomes of the 57 pregnancies were 9 spontaneous
abortions, 1 malformed stillborn, 10 malformed live births, and 37 normal live
births. In this population, the absolute risk for a major defect in pregnancies
extending to 20 weeks’ gestation or longer was 23% (11 of 48) (49).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 6 newborns had
been exposed to isotretinoin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (16.7%) major birth defect was observed
(0.3 expected). Specific data were not available for the anomaly, but it was not
one of six defect categories (cardiovascular defects, oral clefts, spina bifida,
polydactyly, limb reduction defects, and hypospadias) for which specific data



were available.
The outcome of pregnancies occurring after the discontinuation of isotretinoin

was described in a 1989 article (50). Of 88 prospectively ascertained
pregnancies, conception occurred in 77 within 60 days of the last dose of the
drug. In 10 cases, the date of conception (defined as 14 days after the last
menstrual period) occurred within 2–5 days after the last dose of isotretinoin.
These 10 pregnancies ended in 2 spontaneous abortions and 8 normal infants.
Three women who had taken their last dose within 2 days of the estimated
date of conception delivered normal infants. The outcomes of all 88
pregnancies were as follows: 8 (9.1%) spontaneous abortions, 1 abnormal
birth (details not provided), 75 (85.3%) normal infants, and 4 (4.5%) infants
with congenital malformations. The defects observed were small anterior
fontanelle (1 case), congenital cataract with premature hypertrophic vitreous
membrane (1 case), congenital cataract (1 case), and hypospadias (1 case).
The mothers had taken their last dose of isotretinoin 33, 22, 17, and 55 days
before conception, respectively. These anomalies are not characteristic of
those reported with in utero exposure to isotretinoin. In an additional 13 cases
obtained retrospectively, 5 ended in spontaneous abortions, 4 normal infants
were delivered, and 4 infants had congenital defects: syndactyly (1 case),
Down’s syndrome (1 case), hypoplasia of left side of heart (1 case), and
unknown defects (1 case). In the cases of known defects, the mothers had
stopped isotretinoin at least 9 months before conception. As with the
prospective cases, the defects described in the three infants were not those
typical of isotretinoin-induced anomalies. Moreover, retrospective reports are
probably more likely to report abnormal outcomes and to underreport normal
infants (50).

In one study the drug did not interfere with the action of oral contraceptive
steroids (51). Initially, recommendations included stopping therapy at least 1
month before conception (1), but others indicated that shorter intervals
between the last dose of isotretinoin and conception were apparently safe (50).
Labeling by the manufacturer states that a negative serum pregnancy 2 weeks
before beginning therapy is required (52,53). A recent statement by the
Teratology Society supplemented the manufacturer’s recommendations, for
treatment of women of childbearing potential with isotretinoin, with additional
recommendations and reviewed the animal and human teratogenicity of this
agent (53).

BREASTFEEDING SUMMARY



It is not known whether isotretinoin or its metabolite, 4-oxo-isotretinoin, is
excreted into human milk. The closely related retinoid, vitamin A, is excreted
(see Vitamin A), and the presence of isotretinoin in breast milk should be
expected.
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ISOXSUPRINE
Sympathomimetic (Vasodilator)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of isoxsuprine with congenital defects have been
located.

FETAL RISK SUMMARY
Isoxsuprine, a β-sympathomimetic, is indicated for vasodilation, but it has been
used to prevent premature labor (1–6). Uterine inhibitory effects usually require
high IV doses, which increase the risk for serious adverse effects (7,8).
Maternal heart rate increases and blood pressure decreases are usually mild at
lower doses (2,4,6). A decrease in the incidence of neonatal respiratory
distress syndrome has been observed (9). However, in one study, neonatal
respiratory depression was increased if cord serum levels exceeded 10 ng/mL
(10). The depression was always associated with hypotension, so the
mechanism of the defect may have been related to pulmonary hypoperfusion.

Neonatal toxicity is generally rare if cord levels of isoxsuprine are <2 ng/mL
(corresponding to a drug-free interval of >5 hours), but levels >10 ng/mL (drug-
free interval of 2 hours of less) were associated with severe neonatal problems
(10). These problems include hypocalcemia, hypoglycemia, ileus, hypotension,
and death (10–12). Hypotension and neonatal death occurred primarily in
infants of 26–31 weeks’ gestation, especially if cord levels exceeded 10 ng/mL,
and in infants whose mothers developed hypotension or tachycardia during
isoxsuprine infusion (10,11). Neonatal ileus, up to 33% in some series, was not
related to cord isoxsuprine concentrations, but hypotension and hypocalcemia
were directly related, reaching 89% and 100%, respectively, when cord levels
exceeded 10 ng/mL (10,12). Fetal tachycardia is a common side effect. As
compared with controls, no increase in late or variable decelerations was seen



(10). In contrast to the above, infusion of isoxsuprine 30 minutes before
cesarean section under general anesthesia was not observed to produce
adverse effects in the mother, fetus, or newborn (13). Cord concentrations
were not measured.

Long-term evaluation of infants exposed to β-mimetics in utero has been
reported but not specifically for isoxsuprine (14). No harmful effects in the
infants resulting from this exposure were observed.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 54
of whom were exposed to isoxsuprine during the 1st trimester (15, pp. 346–
347). For use anytime during pregnancy, 858 exposures were recorded (15, p.
439). In neither case was evidence found for an association with
malformations.

BREASTFEEDING SUMMARY
No reports describing the use of isoxsuprine during human lactation have been
located.
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ISRADIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Several studies have described the use of isradipine in pregnant women
(1–8). No adverse fetal effects attributable to the drug were observed.
Isradipine crosses the placenta to the fetus at term (3).

FETAL RISK SUMMARY
Isradipine is a calcium channel-blocking agent used in the treatment of
hypertension. The drug is not teratogenic in rats or rabbits at doses 150 and 25
times the maximum recommended human dose, respectively. Embryotoxicity
was not observed in either species at doses that were not maternally toxic (9).

In a study to determine the effects of isradipine on maternal and fetal
hemodynamics, 27 women with pregnancy-induced hypertension in the 3rd
trimester were treated with the drug, 2.5 mg twice daily for 4 days and then 5
mg twice daily (1). Hemodynamic measurements, conducted before and after 1
week of therapy, demonstrated a significant reduction in mean arterial pressure
without a significant change in uteroplacental or fetal blood flows. The lack of
change in uteroplacental blood flow suggested that there was uterine
vasodilation with decreased uterine vascular resistance. No fetal adverse
effects were observed (1).

A 1992 study examined the effect of isradipine on three standardized
physical stress tests in 14 women under treatment for hypertension (3 with
essential hypertension, 11 with preeclampsia) (2). Treatment with isradipine, 5
mg once daily for 4 days and then 5 mg twice daily, was begun at a mean 33
weeks’ gestation with delivery occurring at a mean of 38 weeks. The
pregnancy outcomes were normal except for one newborn whose birth weight
was below the 10th percentile and transient hyperbilirubinemia in two neonates



(2).
A study reported in 1999 compared antihypertensive effect of isradipine (N =

20) with hydralazine and methyldopa (N = 19) in women with severe
preeclampsia (8). There were no differences in the outcomes in terms of
gestational age at birth, Apgar scores, and birth weight.

BREASTFEEDING SUMMARY
No reports describing the use of isradipine during human lactation have been
located. The relatively low molecular weight (about 371), however, suggests
that the drug is excreted into breast milk. The potential effects of this exposure
on a nursing infant are unknown.
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ITRACONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience suggests that the risk of itraconazole-
induced structural anomalies is low. However, another triazole antifungal
agent, fluconazole, has demonstrated a possible dose-related relationship
with major malformations (see Fluconazole). For itraconazole, the animal
data cannot be adequately interpreted because maternal toxicity was
evident and comparisons with the human dose appeared to be based on
body weight. Therefore, the safest course is to avoid itraconazole, if
possible, during organogenesis. If inadvertent exposure does occur during
the 1st trimester, or if itraconazole must be used during early pregnancy,
the woman can be reassured that the risk to her embryo or fetus is low, if it
exists at all.

FETAL RISK SUMMARY
Itraconazole is a triazole antifungal agent that is structurally related to a number
of other antifungal agents, including the imidazole derivatives butoconazole,
clotrimazole, and ketoconazole, and to the triazoles, fluconazole and
terconazole (1). Other triazole antifungals are posaconazole and voriconazole.

A dose-related increase in toxicity and teratogenicity was found in both rats
and mice (2). In pregnant rats treated with a dose 5–20 times the maximum
recommended human dose (MRHD), maternal and embryo toxicity was
observed, as were major skeletal malformations. In mice given 10 times the
MRHD, maternal toxicity, embryo toxicity, and malformations consisting of
encephaloceles or macroglossia occurred.

It is not known if itraconazole crosses the human placenta. The molecular
weight (about 706) is low enough that passage to the fetus should be
expected.



Cohort data presented at a 1996 meeting on single-dose fluconazole or
itraconazole exposures during organogenesis did not demonstrate adverse
outcomes in approximately 70 exposed pregnancies (3). However, the FDA has
received 14 case reports of malformations following use of itraconazole, 4 of
which involved limb defects (includes 1 case of agenesis of the fingers and toes
(3).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (4). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester, with
birth defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets
of twins). In addition, two birth defects were observed in aborted fetuses.
However, few of the aborted fetuses were examined. Itraconazole was taken
during the 1st trimester in 41 pregnancies. The outcomes of these pregnancies
included 1 ectopic pregnancy, 2 spontaneous abortions (SABs), 6 elective
abortions (EABs), 2 cases lost to follow-up, and 30 normal newborns (1
premature) (4). One of the normal, full-term newborns, however, had a minor
congenital anomaly consisting of a thin, prominent, protruding left ear. Although
no major congenital malformations were observed, the study lacked the
sensitivity to identify minor anomalies because of the absence of standardized
examinations. Late-appearing major defects may also have been missed due to
the timing of the questionnaires.

A prospective cohort study published in 2000 evaluated the pregnancy
outcomes of 198 women exposed to itraconazole in the 1st trimester (5). The
pregnancy exposures had been reported to the manufacturer, before the
outcomes were known, between April 1989 and June 1998. The median
itraconazole dose was 200 mg (range 50–800 mg) with mean therapy duration
of 8.5 days (range 1–90 days). A matched control group (N = 198) was formed
from pregnant women who had contacted the Motherisk Program, a teratogen
information service in Toronto, Canada. The control group had not been
exposed to any known teratogens (acceptable exposures were acetaminophen,
penicillins, prenatal vitamins, dental radiography, or no exposures). There were
no statistical differences between the groups in gravidity, parity, alcohol use, or
cigarette smoking, but the maternal age in the study group was significantly
less than controls (30.1 vs. 31.0 years, p = 0.02). Among pregnancy outcomes,
there were no statistical differences between the groups in delivery method,



rates of term, preterm, and postterm deliveries, 1- and 5-minute Apgar scores,
sex ratios, and rates of neonatal complications. Significantly more pregnancy
losses occurred in the exposed group than in controls (relative risk 1.75, 95%
confidence interval 1.47–2.09), including SABs (12.6% vs. 4.0%), EABs (7.5%
vs 0.5%), and fetal deaths (1.5% vs. 1.0%). The authors attributed these
differences to group differences, rather than to effects of itraconazole
exposure (5). In addition, the birth weight of exposed newborns was
significantly lower than controls (3.33 vs. 3.46 kg. p = 0.048), but this finding
was probably not clinically significant (5). There was no statistical difference
between the groups in major congenital malformations. Among the 156 live
births in the study group, there were five infants (3.2%) with major anomalies
(microphthalmia, dysplasia of the right hand, pyloric stenosis, hip joint
dysplasia, and congenital heart disease [type not specified]). There were nine
newborns (4.8%) with major defects among the 187 controls with live births
(congenital heart disease [three cases—two with ventricular septal defect and
one not specified], hypospadias requiring surgery [two cases], and one each of
oversized tongue, congenital hip dislocation, cleft palate, and Down’s syndrome
with atrioventricular canal). The study had 80% power to detect a threefold
increased risk of major defects (5), but no evaluation was conducted for minor
defects.

The authors of the above study, in a letter correspondence that predated that
study, demonstrated that retrospective reports to the manufacturer, at least for
itraconazole, involved reporting bias (6). The rates for retrospective vs.
prospective outcomes, all of which were significant, were live births (64% vs.
79%), EABs (15% vs. 8%), SABs (18% vs. 13%), major anomalies (13% vs.
3%), and major anomalies including EABs (15% vs. 3%). The authors
concluded that women with poor outcomes were more likely to report the event
than those with good outcomes (6).

A prospective cohort study involving itraconazole pregnancy exposure was
published in 2009 (7). The data were collected by two teratology information
services in Italy. During the period 2002–2006, 206 women called the services
because of 1st trimester exposure to the drug and their pregnancy outcomes
were compared with 207 controls. The rates of major congenital anomalies in
the two groups were not significant (1.8% vs. 2.1%, respectively). The three
anomalies in the exposed group and the maternal daily dose were cerebral
calcification and hepatomegaly (200 mg), unilateral hydronephrosis (100 mg),
and interatrial defect (100 mg). There were no significant differences in the
rates of vaginal delivery, premature births, low birth weight, and high birth



weight. However, significant differences were found for live births (79.1% vs.
91.8%), SABs (11.2% vs. 4.8%), and EABs (9.2% vs. 3.4%). The lower live
birth rate was obviously due to the higher rates of abortion (7).

BREASTFEEDING SUMMARY
Itraconazole is excreted into breast milk. Two healthy lactating women each
took two oral doses of 200 mg 12 hours apart (total dose 400 mg) (personal
communication, EK Cazzaniga and A Chanlam, Janssen Pharmaceuticals,
1996). Neither infant was allowed to nurse during the study. At 4, 24, and 48
hours after the second dose, the average milk concentrations of itraconazole
were 70, 28, and 16 ng/mL, respectively. At 72 hours, the milk level was 20
ng/mL in one woman and not detectable (<5 ng/mL) in the other. The average
milk:plasma ratios at 4, 24, and 48 hours were 0.51, 1.61, and 1.77,
respectively. Based on the 4-hour concentration (the approximate time of the
peak plasma level), and assuming that the infants consumed 500 mL of
milk/day, the maximum 24-hour average dose the infants would have received
was 35 mcg.

Although the above amount seems small, peak plasma concentrations in
healthy male volunteers taking itraconazole 200 mg twice daily were not
reached until about 15 days (2). The mean peak concentration of the parent
compound in these volunteers was 2282 ng/mL, or about 15 times the average
peak concentration measured in the two women above. Moreover, the mean
plasma concentration of one of the metabolites (hydroxyitraconazole) exceeded
that of the parent compound. Continuous daily dosing, even with lower doses,
should result in milk levels of the drug much higher than those found above and
could result in widespread tissue accumulation in nursing infants. Because the
potential effects of this exposure have not been studied, women taking
itraconazole should probably not breastfeed.
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IVACAFTOR
Endocrine/Metabolic Agent (Miscellaneous)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ivacaftor in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of embryo–
fetal risk. However, cystic fibrosis can be a debilitating chronic disease. If
the drug is indicated it should not be withheld because of pregnancy, but
the woman should be informed of the lack of human data.

FETAL RISK SUMMARY
Ivacaftor is an orally administered potentiator of the cystic fibrosis
transmembrane conductance regulator (CFTR) protein. It is indicated for the
treatment of cystic fibrosis in patients 6 years and older who have a G551D
mutation in the CFTR gene. Ivacaftor is extensively metabolized to a partially
active metabolite (1/6th the potency of the parent drug) and to inactive
metabolites. Plasma protein binding (about 99%) is primarily to α-1-acid
glycoprotein and albumin. The apparent terminal half-life is about 12 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, ivacaftor was not teratogenic at exposures that were about 6 and 12
times, respectively, the maximum recommended human dose based on
summed AUCs (MRHD) for ivacaftor and its metabolites. Placental transfer of
ivacaftor was observed in rats and rabbits (1).

Two-year studies in mice and rats for carcinogenicity were negative, as were
multiple assays for genotoxicity. Ivacaftor impaired fertility and reproductive
performance indices in male and female rats at exposures that were about 5
and 6 times, respectively, the MRHD. In rats dosed before and during
pregnancy, increases in prolonged dietrus and the number with all nonviable



embryos were observed. Decreased corpora lutea, implantations, and viable
embryos were also noted. The effects on the male and female indices were
attributed to severe toxicity. No effects were observed on the indices at
exposures that were about 3 times the MRHD (1).

It is not known if ivacaftor or its metabolites crosses the human placenta.
The molecular weight of the parent drug (about 392) and the long terminal half-
life suggest that the parent drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ivacaftor during human lactation have been
located. The molecular weight of the parent drug (about 392) and the long
terminal half-life (about 12 hours) suggest that the parent drug will be excreted
into breast milk. The effect of this exposure on a nursing infant is not known.
The most common (≥8%) adverse effects in patients were headache,
oropharyngeal pain, upper respiratory tract infection, nasal congestion,
abdominal pain, nasopharyngitis, diarrhea, rash, nausea, and dizziness (1). If a
woman taking this drug and breastfeeding, her infant should be monitored for
these effects.
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IVERMECTIN
Anthelmintic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ivermectin was teratogenic in three animal species, but only at doses at or
near those producing maternal toxicity. No teratogenicity or toxicity
attributable to ivermectin has been observed in limited human pregnancy
experience. A 1997 review, citing a World Health Organization reference,
stated that because of the high risk of blindness from onchocerciasis, and
the lack of reported adverse outcomes, the use of ivermectin after the 1st
trimester was probably acceptable (1).

FETAL RISK SUMMARY
Ivermectin is a semisynthetic anthelmintic. It is a mixture of two components
derived from the avermectins, a class of antiparasitic agents isolated from the
fermentation of Steptomyces avermitilis. Ivermectin is indicated for the
treatment of intestinal strongyloidiasis infections due to the nematode
Strongyloides stercoralis and onchocerciasis due to the nematode Onchocerca
volvulus (2).

In reproduction studies with mice, rats, and rabbits, ivermectin was
teratogenic when given in repeated doses of 0.2, 8.1, and 4.5 times,
respectively, the maximum recommended human dose based on BSA. The
malformations observed, cleft palate (in all three species) and clubbed
forepaws in rabbits, however, were only observed at or near doses producing
maternal toxicity. The results were thought to indicate that ivermectin was not
selectively toxic to the developing fetus (2).

It is not known if ivermectin crosses the human placenta. The molecular
weights of the two components in the product, approximately 875 and 861, are
low enough that some exposure of the embryo or fetus probably occurs.

A well-conducted study published in 1990 described the pregnancy outcomes



of women who were inadvertently exposed to ivermectin during community-
based ivermectin distribution programs (1987–1989) for onchocerciasis on a
Liberian rubber plantation (14,000 people) (3). The average oral ivermectin
dose was 150 mcg/kg as a single dose. Because the women did not recall the
date of their last menstrual period before delivery, pregnancy exposure was
defined as a delivery occurring within 40 weeks of treatment. During the
distribution programs, 2884 women received treatment, including 200 (7%) that
were inadvertently treated during pregnancy. Of those treated during
pregnancy, 85% were treated in the first 12 weeks of pregnancy and 36%
occurred within the first 4 weeks. The outcomes of all pregnancies were
followed up by a field census team, systematic examination of all babies born
at the hospital, and a year-round plantation-wide surveillance system of all
births and deaths. All children under 12 months of age were examined by a
physician and children aged 12–24 months were examined by a pediatrician.
Among the 203 pregnancy outcomes from exposed pregnancies, there were 10
(4.9%) abnormal events—5 stillbirths and 5 congenital malformations (single-
dose exposure in weeks before delivery shown in parentheses): anal atresia
(34 weeks); cleft palate and lip (33 weeks); Pierre–Robin syndrome,
micrognathia, glossoptosis, low-slung ears, and shortening of limbs in a stillborn
infant (32 weeks); Turner’s syndrome (24 weeks); and deafness plus probable
ventricular septal defect (VSD) (33 weeks). Among the 1767 pregnancy
outcomes not exposed to ivermectin, there were 76 (4.3%) abnormal events:
55 stillbirths or miscarriages and 21 congenital anomalies. The congenital
anomalies were: polydactyly (N = 6), convergent strabismus (N = 3), talipes
equinovarus (N = 2), unspecified (N = 2), and 1 each deafness, facial
malformations, hypopigmented skin, hypospadias, microcephaly, Down’s
syndrome, syndactyly, and VSD. There were no significant differences between
the treated and untreated groups in the rates of congenital malformations,
stillbirths, or all abnormalities (congenital malformations, stillbirths, and
miscarriages). Also, no statistical differences were found in terms of health
status and malformations between infants (aged 2–7 months) and children
(aged 12–24 months) whose mothers had been treated in comparison with
untreated controls, matched for age, sex, and distance from the hospital (3).

A brief 1993 communication from Cameroon described the outcomes of
pregnancies in 110 women who had inadvertently received ivermectin treatment
during a mass treatment campaign for onchocerciasis (4). During the 2-year
campaign, 401 of 2710 women were excluded from treatment because of
pregnancy. Of the remaining 2309 women who were treated, 110 were



discovered to be pregnant during regularly scheduled follow-up. Treatment was
considered to have been given during pregnancy if delivery occurred within 40
weeks of ivermectin distribution. A comparison of the 110 women treated
during gestation with the 401 pregnant women who did not receive treatment
revealed no statistical differences in early abortion (<4 months) (3.6% vs.
2.2%), late abnormal events (abortion, miscarriage, stillbirth) (15.5% vs. 11%),
children lost to follow-up (7.3% vs. 11.2%), infants with malformations (0 vs
0.5%), or normal infants (74.5% vs. 75.8%). The prevalence of all abnormal
obstetric events of treated women was similar to that of those not treated
(p >0.37). Only two newborns with congenital malformations were observed,
both in the untreated group. In a second analysis, pregnancy outcomes of 97
women treated in the 1st trimester were compared with the outcomes of 142
untreated women. As before, no statistical differences were observed. The
authors concluded that ivermectin did not present a major risk to the fetus (4).

BREASTFEEDING SUMMARY
Ivermectin is excreted into breast milk, but its use during breastfeeding has not
been reported. Four healthy women, who had lost their babies at birth, were
given a single 150 mcg/kg oral ivermectin dose after an overnight fast (5).
Ivermectin was detected in the plasma and breast milk within 1 hour. The mean
peak concentration in plasma was 37.9 ng/mL and in milk was14.1 ng/mL. The
mean milk:plasma ratio was 0.51 (range 0.39–0.57). The steady-state
ivermectin concentration in milk over a 24-hour period was approximately 10
ng/mL. The investigators estimated that the dose a 1-month-old African infant
would receive from breast milk was 2.75 mcg/kg. This dose is much lower than
an estimated dose of 21.8 mcg/kg they calculated for a 1-month-old infant (5).
(Note: In the United States, because the safety and effectiveness have not
been established, ivermectin is not recommended for children weighing <15 kg
[1]). In Nigeria, where the study was conducted, lactating women within the first
week of breastfeeding were excluded from community-wide ivermectin
distribution because of the concerns for infant safety (5). The investigators
concluded, however, that the benefits of treatment for the lactating woman,
combined with the impracticality of withholding nursing for a week, the low drug
levels in milk, and the lack of reported adverse effects in nursing infants in their
population, suggested that the drug should be given to the mother regardless of
her lactation status (5). The American Academy of Pediatrics classifies
ivermectin as compatible with breastfeeding (6).
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IXABEPILONE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ixabepilone in human pregnancy have been
located. Teratogenicity was not observed in two animal species. However,
embryo death (in the absence of maternal toxicity) was noted in one
species. Because of maternal toxicity, the highest doses that could be
given were about 10% of the human exposure or dose. The absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk, but the drug should be avoided in pregnancy. If it must
be administered for the mother’s benefit, avoiding the 1st trimester should
be considered.

FETAL RISK SUMMARY
Ixabepilone is a semisynthetic analog of epothilone B, a polypeptide macrolide
isolated from the myxobacterium Sorangium cellulosum. There are no other
agents in this antineoplastic subclass. Ixabepilone is a microtubule inhibitor that
is given as an IV infusion every 3 weeks. It is indicated in combination with
capecitabine (see Capecitabine) for the treatment of metastatic or locally
advanced breast cancer resistant to an anthracycline and a taxane, or in
patients whose cancer is taxane resistant and for whom further anthracycline
therapy is contraindicated. It also is indicated as monotherapy for the treatment
of metastatic or locally advanced breast cancer resistant to anthracyclines,
taxanes, and capecitabine. The drug is extensively metabolized in the liver to
inactive compounds. Binding to human serum proteins ranges between 67%
and 77%, and the terminal elimination half-life is about 52 hours (1).

Reproductive studies have been conducted in rats and rabbits. No
teratogenic effects were observed in rats with doses producing exposures up
to about 0.1 times the human clinical exposure based on AUC (HCE). The



highest dose was maternal toxic and resulted in fetal death and decreased fetal
weight. In rabbits, no teratogenicity was observed at doses up to about 0.1
times the human clinical dose based on BSA, but maternal and fetal toxicity
(death in both) was noted at the highest dose (1).

Carcinogenicity studies with ixabepilone have not been conducted. The drug
was not mutagenic in one assay but was clastogenic in one of two tests. No
effect on the fertility of male and female rats was observed with doses
producing exposures that were about 0.07 times the HCE. However, when
female rats were given an IV infusion at this dose during breeding and through
the first 7 days of gestation, a significant increase in resorptions and pre- and
postimplantation loss, and a decrease in the number of corpora lutea were
observed. Testicular atrophy or degeneration was observed in male rats when
IV doses that were 2.1 times the HCE were given every 21 days for 6 months.
Similar toxicity was observed in male dogs when IV doses that were ≥0.2 times
the HCE were given every 21 days for 9 months (1).

It is not known if ixabepilone crosses the human placenta. The molecular
weight (about 507), the moderate serum protein binding, and the very long
elimination half-life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ixabepilone during human lactation have been
located. The molecular weight (about 507), the moderate serum protein binding
(67%–77%), and the very long elimination half-life (about 52 hours) suggest
that the drug will be excreted into breast milk. The effects of this exposure on a
nursing infant are unknown, but there is potential for severe toxicity. The most
common adverse reactions in adults were peripheral sensory neuropathy,
fatigue/asthenia, myalgia/arthralgia, alopecia, nausea, vomiting,
stomatitis/mucositis, diarrhea, and musculoskeletal pain (1). Because of the
risk, women receiving ixabepilone should not breastfeed.
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KANAMYCIN
Antibiotic (Aminoglycoside)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for ototoxicity, no reports of congenital defects due to kanamycin
have been located. Embryos were examined from five patients who
aborted during the 11th and 12th weeks of pregnancy and who had been
treated with kanamycin during the 6th and 8th weeks (1). No abnormalities
in the embryos were found.

FETAL RISK SUMMARY
Kanamycin is an aminoglycoside antibiotic. At term, the drug was detectable in
cord serum 15 minutes after a 500-mg IM maternal dose (2). Mean cord serum
levels at 3–6 hours were 6 mcg/mL. Amniotic fluid levels were undetectable
during the first hour, and then rose during the next 6 hours to a mean value of
5.5 mcg/mL. No effects on the infants were mentioned.

Eighth cranial nerve damage has been reported following in utero exposure
to kanamycin (1,3). In a retrospective survey of 391 mothers who received
kanamycin, 50 mg/kg, for prolonged periods during pregnancy, 9 (2.3%)
children were found to have hearing loss (1). Complete hearing loss in a mother
and her infant was reported after the mother had been treated during
pregnancy with IM kanamycin, 1 g/day for 4.5 days (3). Ethacrynic acid, an
ototoxic diuretic, was also given to the mother during pregnancy.

BREASTFEEDING SUMMARY



Kanamycin is excreted into breast milk. Milk:plasma ratios of 0.05–0.40 have
been reported (4). A 1-g IM dose produced peak milk levels of 18.4 mcg/mL
(5). No effects were reported in the nursing infants. Because oral absorption of
kanamycin is poor, ototoxicity would not be expected. However, three potential
problems exist for the nursing infant: modification of bowel flora, direct effects
on the infant, and interference with the interpretation of culture results if a fever
workup is required. The American Academy of Pediatrics classifies kanamycin
as compatible with breastfeeding (6).
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KAOLIN/PECTIN
Antidiarrheal
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports have related the use of the kaolin/pectin mixture in pregnancy
with adverse fetal outcome. There have been reports of iron-deficiency
anemia and hypokalemia secondary to the eating of clays (i.e., geophagia)
containing kaolin (1–3).

FETAL RISK SUMMARY
Kaolin is hydrated aluminum silicate clay used for its adsorbent properties in
diarrhea, and pectin is a polysaccharide obtained from plant tissues that is
used as a solidifying agent. Neither agent is absorbed into the systemic
circulation.

The mechanism for iron deficiency anemia is thought to be either a reduction
in the intake of foods containing absorbable iron or an interference with the
absorption of iron. In humans, iron-deficiency anemia may significantly enhance
the chance for a low-birth-weight infant and preterm delivery (4,5).

Rats fed a diet containing 20% kaolin became anemic and delivered pups
with a significant decrease in birth weight (6). When an iron supplement was
added to the kaolin-fortified diet, no anemia or reduced birth weight was
observed.

BREASTFEEDING SUMMARY
Other than producing anemia in the mother after prolonged, chronic use, the
kaolin/pectin mixture should have no effect on lactation or the nursing infant.
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KETAMINE
General Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although ketamine anesthesia close to delivery may induce dose-related,
transient toxicity in the newborn, these effects are usually avoided with the
use of lower maternal doses. No reports of malformations in humans (1) or
in animals attributable to ketamine have been located, although experience
with the anesthetic agent during human organogenesis apparently has not
been published.

FETAL RISK SUMMARY
Ketamine is a rapid-acting IV general anesthetic agent related in structure and
action to phencyclidine. No teratogenic or other adverse fetal effects have been
observed in reproduction studies during organogenesis and near delivery with
rats, mice, rabbits, and dogs (2–6). In one study with pregnant rats, a dose of
120 mg/kg/day for 5 days during organogenesis resulted in no malformations or
effect on fetal weight (5).

Ketamine rapidly crosses the placenta to the fetus in animals and humans
(7,8). Pregnant ewes were given 0.7 mg/kg IV, and 1 minute later the maternal
and fetal concentrations of ketamine were 1230 ng/mL and 470 ng/mL (ratio
0.38), respectively (7). Maternal effects were slight, transitory increases in
mean arterial pressure and cardiac output; respiratory acidosis; and an
increase in uterine tone without changes in uterine blood flow. In humans, the
placental transfer of ketamine was documented in a study in which a dose of
250 mg IM was administered when the fetal head reached the perineum (8).
The ketamine concentration in cord venous plasma at the 0- to 10-minute dose-
to-delivery interval was 0.61 mcg/mL, compared with 1.03 mcg/mL at the 10-
to 30-minute interval, reflecting absorption following the IM route.



Pregnant monkeys were administered ketamine in IV doses of 2 mg/kg (N =
3) or 1 mg/kg (N = 2) in an investigation of the anesthetic’s effects on the fetus
and newborn (9). No fetal effects were observed from either dose. The
newborns from the mothers given 2 mg/kg, but not those exposed to lower
doses, had profound respiratory depression.

The use of ketamine (C-581) for obstetric anesthesia was first described in
1966 (10). Since then, a large number of references have documented its use
for this purpose (11–39). Among the maternal and newborn complications
reported with ketamine are oxytocic properties, an increase in maternal blood
pressure, newborn depression, and an increased tone of newborn skeletal
musculature. These adverse effects were usually related to higher IV doses
(1.5–2.2 mg/kg) administered during early studies rather than to the lower IV
doses (0.2–0.5 mg/kg) now commonly used.

Ketamine usually demonstrates a dose-related oxytocic effect with an
increase in uterine tone, and in frequency and intensity of uterine contractions
(10–13,23,38), but one investigator reported weakened uterine contractions
following a 250-mg IM dose administered when the fetal head reached the
perineum (8). Uterine tetany was observed in one case (13). Low IV doses
(0.275–1.1 mg/kg) of ketamine increased only uterine contractions, whereas a
higher IV dose (2.2 mg/kg) resulted in a marked increase in uterine tone (23).
Maximum effects were observed within 2–4 minutes of the dose. In one study,
however, the effect on uterine contractions from an IV dose of 1 mg/kg,
followed by succinylcholine 1 mg/kg, was no different from thiopental (15). No
effect on intrauterine pressure was measured in 12 term patients treated with
IV ketamine 2 mg/kg, in contrast to a marked uterine pressure increase in
patients in early pregnancy undergoing termination (40). Similarly, in 12 women
given IV ketamine 2.2 mg/kg for termination of pregnancy at 8–19 weeks,
uterine pressure and the intensity and frequency of contractions were increased
(41).

Several investigators noted a marked increase in maternal blood pressure,
up to 30%–40% in systolic and diastolic in some series, during ketamine
induction (8,11,13,14,16,24,25). An increased maternal heart rate was usually
observed. These effects are dose-related, with the greatest increases
occurring when 2–2.2 mg/kg IV was administered, but smaller elevations of
pressure and pulse were noted with lower IV doses.

Maternal ketamine anesthesia may cause depression of the newborn
(8,13,16–19,22,24,27,33). As with the other complications, the use of higher IV
doses (1.5–2.2 mg/kg) resulted in the highest incidence of low neonatal Apgar



scores and requirements for newborn resuscitation. The induction-to-delivery
(ID) interval is an important determinant for neonatal depression (8,22,33,35).
In two studies, neonatal depression was markedly lower or absent if the ID
interval was <10 minutes (8,33). In a third study, significant depression
occurred with an ID interval of 9.2 minutes, but an IV dose of 2.1 mg/kg had
been used (22).

The use of ketamine in low doses apparently has little effect on fetal
cardiovascular status or acid–base balance as evidenced by neonatal blood
gases (8,25,27,30,32–34). In one study, a ketamine dose of 25 mg IV
administered with nitrous oxide and oxygen within 4 minutes of delivery did not
adversely affect neonatal blood pressure (39).

Ketamine doses of 2 mg/kg IV have been associated with excessive neonatal
muscle tone, sometimes with apnea (11,12,18). In some cases, the increased
muscle tone made endotracheal intubation difficult. In contrast, lower doses
(e.g., 0.25–1 mg/kg) have not been associated with this complication (25).

Neonatal neurobehavior, as measured by the Scanlon Group of Early
Neonatal Neurobehavioral Tests during the first 2 days, is depressed following
maternal ketamine (1 mg/kg IV) anesthesia but less than the effect measured
after thiopental anesthesia (4 mg/kg IV) (42,43). In these studies, spinal
anesthesia with 6–8 mg of tetracaine was associated with the best
performance, general anesthesia with ketamine was intermediate, and that with
thiopental was the poorest in performance.

BREASTFEEDING SUMMARY
Because ketamine is a general anesthetic agent, breastfeeding would not be
possible during use of the drug, and no reports have been located that
measured the amount of the agent in milk. The elimination half-life of ketamine
has been reported to be 2.17 hours in unpremedicated patients (32). Thus, the
drug should be undetectable in the mother’s plasma approximately 11 hours
after a dose. Nursing after this time should not expose the infant to
pharmacologically significant amounts of ketamine.
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KETOCONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk (Oral) No Human Data—Probably Compatible (Topical)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ketoconazole is a synthetic, broad-spectrum antifungal agent. It has been
used, apparently without fetal harm, for the treatment of vaginal candidiasis
occurring during pregnancy (1).

FETAL RISK SUMMARY
Ketoconazole is in the same antifungal class of imidazole derivatives as
butoconazole, clotrimazole, econazole, miconazole, oxiconazole, sertaconazole,
sulconazole, and tioconazole.

Ketoconazole is embryotoxic and teratogenic in rats, producing syndactyly
and oligodactyly at a dose 10 times the maximum recommended human dose
(weight basis) (2,3). However, the dose caused maternal toxicity.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 20 newborns had
been exposed to oral ketoconazole during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (one
expected). Since this study, the FDA has received six reports of limb defects
(F. Rosa, personal communication, FDA, 1996).

Limb malformations were reported in a 1985 abstract (4). A Turkish woman
had used ketoconazole, 200 mg daily, during the first 7 weeks of gestation.
Hydrops fetalis was diagnosed at 29 weeks’ gestation and she delivered a
female infant at 30.5 weeks’. The infant, with a normal karyotype (46,XX), had
multiple anomalies of the limbs (further details not specified).

Women infected with HIV frequently have vaginal candidiasis. Maternal
symptoms, such as pruritus, may require treatment; in these cases, therapeutic
and prophylactic ketoconazole regimens are recommended, even though the



fungal infection has little perinatal significance (5).
Ketoconazole inhibits steroidogenesis in fungal cells. In humans, high doses,

such as those >400 mg/day, impair testosterone and cortisol synthesis (6–9).
Because of this effect, ketoconazole has been used in the treatment of
hypercortisolism (10). A review summarizing the treatment of 67 cases of
Cushing’s syndrome occurring during pregnancy did not find any cases treated
with ketoconazole (10). A 1990 report, however, described a ketoconazole-
treated 36-year-old pregnant woman with Cushing’s syndrome (11). The
pregnancy, in addition to Cushing’s syndrome, was complicated by
hypertension, diabetes mellitus diagnosed at 9 weeks’ gestation, and
intrauterine growth restriction. Ketoconazole, 200 mg every 8 hours, was
started at 32 weeks’ gestation and continued for 5 weeks because of maternal
clinical deterioration resulting from the sustained hypercortisolism. Rapid clinical
improvement was noted in the mother after therapy was begun. A growth-
restricted, 2080-g, but otherwise normal, female infant was delivered by
elective cesarean section at 37 weeks. The Apgar scores were 9 and 9 at 1
and 5 minutes, respectively. No clinical or biochemical evidence of adrenal
insufficiency was found in the newborn. The infant’s basal cortisol and
adrenocorticotropic hormone levels, 306 nmol/L and 8.1 pmol/L, respectively,
were normal. The child was growing normally at 18 months of age.

BREASTFEEDING SUMMARY
Ketoconazole is excreted into breast milk (12). A 41-year-old, 82-kg woman
took 200 mg/day for 10 days while nursing her 1-month-old infant. Five
manually expressed milk samples were collected over a 24-hour interval (1.75–
24 hours postdose) on day 10. The maximum milk concentration (0.22 mcg/mL)
was measured at 3.25 hours postdose. Ketoconazole was undetectable
(detection limit 0.005 mcg/mL) at 24 hours postdose. The mean milk
concentration, based on AUC for 0–24 hours, was 0.068 mcg/mL. The level
corresponded to an estimated infant dose (based on 150 mL/kg/day) of
0.01 mg/kg/day (maximum estimated dose 0.033 mg/kg/day). The dose was
about 0.4% of the mother’s weight-adjusted dose. No adverse effects were
observed in the infant (12).

The effects on the nursing infant from exposure to drug in the milk are
unknown, but the exposure in the above case does not appear to be clinically
significant. The American Academy of Pediatrics classifies ketoconazole as
compatible with breastfeeding (13).
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KETOPROFEN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1,2). These drugs also have been shown to
inhibit labor and prolong pregnancy, in both humans (3) (see also
Indomethacin) and animals (4). Women attempting to conceive should not
use any prostaglandin synthesis inhibitor, including ketoprofen, because of
the findings in a variety of animal models indicating that these agents block
blastocyst implantation (5,6). As noted below, nonsteroidal anti-
inflammatory drugs (NSAIDs) have been associated with spontaneous
abortions (SABs) and congenital malformations (see also Ibuprofen), but
the risk for these defects appears to be low.

FETAL RISK SUMMARY
Ketoprofen is an NSAID that is indicated for the management of the signs and
symptoms of rheumatoid arthritis and osteoarthritis. It is in the same subclass
(propionic acids) as five other NSAIDs (fenoprofen, flurbiprofen, ibuprofen,
naproxen, and oxaprozin). The drug undergoes metabolism to an inactive
metabolite but can be converted back to the parent compound. Plasma protein
binding, mainly to albumin, is high (>99%) and the elimination half-life is about 2
hours (7).

Reproductive studies in mice and rats at about 0.2 times the maximum
recommended human dose based on BSA revealed no teratogenic or
embryotoxic effects (7). In rabbits, maternally toxic doses were embryotoxic



but not teratogenic (7). Shepard (8) reviewed four animal studies that used
mice, rats, and monkeys and found no adverse fetal effects or congenital
malformations.

Consistent with the low molecular weight (about 254), ketoprofen crosses
the human placenta. A 1998 study, using a human isolated perfused placenta,
demonstrated transfer of the drug (9). The investigators had previously shown
that the drug crosses to the fetus and is detectable in the newborn (10).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 112 newborns had
been exposed to ketoprofen during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (2.7%) major birth defects were observed
(five expected), including (expected/observed) 1/1 cardiovascular defect and
1/0.3 polydactyly. No anomalies were observed in four other categories of
defects (oral clefts, spina bifida, limb reduction defects, and hypospadias) for
which specific data were available.

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (11). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study with NSAIDs found a
significant association with cardiac defects and orofacial clefts (12). In addition,
a 2003 study found a significant association between exposure to NSAIDs in
early pregnancy and SABs (13). (See Ibuprofen for details on these three
studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (14).

In a 2007 study, atosiban (an oxytocin inhibitor not available in the United
States) was compared with ritodrine for the prevention of preterm labor (15).
Ketoprofen was added to 51.1% of the atosiban group and 47.7% of the
ritodrine group because the response to the single drug was unsatisfactory.
The ketoprofen dose was 100 mg IV followed by 100–150 mg IV every 12
hours for a total duration up to 48 hours. Neonatal mortality and morbidity were
unrelated to ketoprofen exposure (15).

BREASTFEEDING SUMMARY
No reports describing the use of ketoprofen during breastfeeding have been



located. However, in a 2007 report, 18 non-breastfeeding women immediately
after delivery were given IV ketoprofen (100 mg every 12 hours) and
nalbuphine (0.2 mg/kg every 4 hours) for postpartum pain (16). The mean and
maximum ketoprofen milk concentrations were 57 and 91 ng/mL, respectively.
Assuming a milk volume of 150 mL/kg/day, the estimated mean and maximum
infant doses were 8.5 and 13.6 mcg/kg/day, respectively. The relative infant
dose as a percentage of the weight-adjusted maternal dose was 0.31% (16).
(See Nalbuphine for additional data.)

The above data are consistent with the low molecular weight (about 254) of
ketoprofen as well as the relatively short elimination half-life (about 2 hours)
and the high plasma protein binding (>99%). Although the amounts measured in
the above are low, an abstract from France reported that ketoprofen use
during breastfeeding was associated with adverse renal and gastrointestinal
effects (17). Based on this information, maternal use of other agents should be
considered, such as ibuprofen, which is classified as compatible with
breastfeeding by the American Academy of Pediatrics (see Ibuprofen).
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KETOROLAC
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Because ketorolac is a prostaglandin synthesis inhibitor, constriction of the
ductus arteriosus in utero and fetal renal impairment are potential
complications when multiple doses of the drug are administered during the
latter half of pregnancy (1) (see also Indomethacin). Premature closure of
the ductus can result in primary pulmonary hypertension of the newborn
that, in severe cases, may be fatal (1,2). Other complications that have
been associated with nonsteroidal anti-inflammatory drugs (NSAIDs) are
inhibition of labor and prolongation of pregnancy. Women attempting to
conceive should not use any prostaglandin synthesis inhibitor, including
ketorolac, because of the findings in a variety of animal models indicating
that these agents block blastocyst implantation (3,4). Moreover, as noted
above, NSAIDs have been associated with spontaneous abortions (SABs)
and congenital malformations (see also Ibuprofen). The risk for these
defects, however, appears to be low.

In a “black box” warning, the FDA stated that ketorolac was
contraindicated in labor and delivery because its prostaglandin synthesis
inhibitory effect may adversely affect fetal circulation and inhibit uterine
contractions.

FETAL RISK SUMMARY
Ketorolac is an NSAID indicated for the short-term (≤5 days) treatment of pain.
The drug is also available as a solution for ocular pain. Ketorolac is in an
NSAID subclass (pyrrolizine carboxylic acid) with no other members.

Ketorolac was not teratogenic in rats (1.0 times the human AUC) and rabbits
(0.37 times the human AUC) treated with daily oral doses of the drug during
organogenesis. Oral dosing in rats at 0.14 times the human AUC after day 17



of gestation caused dystocia and decreased pup survivability (5).
In a study using chronically catheterized pregnant sheep, an infusion of

ketorolac completely blocked the ritodrine-induced increase of prostaglandin
F2α, a potent uterine stimulant, in the uterine venous plasma (6,7). The
researchers speculated that ritodrine stimulation of prostaglandin synthesis in
pregnant uterine tissue might contribute to the tachyphylaxis sometimes
observed with the tocolytic agent.

It is not known if ketorolac crosses the human placenta. The molecular
weight (about 376) is low enough that passage to the embryo and fetus should
be expected.

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (8). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (9), In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (10). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (11).

A randomized, double-blind study published in 1992 compared single IM
doses of ketorolac 10 mg, meperidine 50 mg, and meperidine 100 mg in
multiparous women in labor (12). All patients also received a single dose of
prochlorperazine (for nausea and vomiting) and ranitidine for acid reflux.
Ineffective pain relief was observed in all three treatment groups, but both
doses of meperidine were superior to ketorolac. Duration of labor was similar
among the three groups, as was the occurrence of adverse effects, including
maternal blood loss. One-minute Apgar scores were significantly greater in the
ketorolac group compared with the meperidine groups, most likely because of
the lack of respiratory depressant effects of ketorolac, but this difference was
not observed at 5 minutes (12).

A 1997 abstract and later full report described the use of ketorolac for acute
tocolysis in preterm labor (13,14). Women, at ≤32 weeks’ gestation, were
randomized to receive either ketorolac (N = 45), 60 mg IM and then 30 mg IM



every 4–6 hours, or magnesium sulfate (N = 43), 6 g IV and then 3–6 g/hour IV.
Therapy was stopped if 48 hours lapsed, labor progressed (>4 cm), severe
side effects occurred, or uterine quiescence was achieved. Ketorolac was
significantly better than magnesium sulfate in the time required to stop uterine
contractions (2.7 vs. 6.2 hours), but no difference was found between the two
regimens for the other parameters (failed tocolysis, birth weight, gestational
age at delivery, and neonatal morbidity). There was no difference in the
incidence of maternal and neonatal adverse effects between the groups
(13,14).

BREASTFEEDING SUMMARY
Ketorolac is excreted into breast milk (15). Ten women, 2–6 days postpartum,
were given oral ketorolac, 10 mg four times daily for 2 days. Their infants were
not allowed to breastfeed during the study. Four of the women had milk
concentrations of the drug below the detection limit of the assay (<5 ng/mL)
and were excluded from analysis. In the remaining six women, the mean
milk:plasma ratios 2 hours after doses 1, 3, 5, and 7 ranged from 0.016 to
0.027, corresponding to mean milk concentrations ranging from 5.2 to 7.9
ng/mL. Based on a milk production of 400–1000 mL/day, the investigators
estimated that the maximum amount of drug available to a nursing infant would
range from 3.16 to 7.9 mcg/day (Note: The cited reference indicated 3.16–7.9
mg/day, but this appears to be an error), equivalent to 0.16%–0.40% of the
mother’s dose on a weight-adjusted basis. These amounts were considered
clinically insignificant (15).

The FDA has placed a “Black Box” warning on ketorolac, stating that drug is
contraindicated during breastfeeding because of the potential adverse effects
of prostaglandin-inhibiting drugs on neonates.
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KUDZU
Herb
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No studies describing the use of kudzu during animal or human pregnancy
have been located. Because the herb has been used as a medicine for
more than 2500 years, it is doubtful that it causes developmental toxicity.
Moreover, many chemical constituents of kudzu can also be found in foods.
Nevertheless, the safest course is to avoid high, frequent doses of the herb
or its individual constituents during pregnancy.

FETAL RISK SUMMARY
Kudzu, a fast-growing vine native to Japan, China, and Fiji, was introduced to
the United States in the late 1800s to control soil erosion. It is well established
in moist southern regions and is now considered an invasive pest. In China,
kudzu has been used as a medicine since the 6th century BC as therapy for
alcoholism, muscular pain, and treatment of measles. Treatment of alcohol
hangover, drunkenness, and alcoholism is its primary indications. It also has
been used for numerous other indications, none of which have been adequately
studied. Kudzu also has been investigated for its antiproliferative activity in
some cancers (breast, ovarian, and cervical), its cardiovascular activity for
arrhythmia, ischemia, and angina pectoris, and for hepatic protection,
hyperlipidemia, and osteogenic activity. Some constituents of kudzu are
phytoestrogens and antioxidants (1,2).

The chemical constituents identified from the root, flowers, and leaves
include flavonoids, isoflavonoids, and isoflavones. Specific constituents that
have been identified include kudzu saponins, robinin, tectoridin, kakkalide,
formononetin, biochanin A, plant sterols, and the isoflavones daidzein, daidzin,
genistein, genistin, and puerarin. Many of these agents are found in food, such



as daidzein and genistein from soybeans (1,2).
A long-term study in mice evaluated the fertility and reproductive toxicity of

kudzu (3). Toxicity with high daily doses (100 mg/kg) included prolonged
estrous cycles, hyperplasia of the uterine endothelium, and a decrease in the
number of growing ovarian follicles. This dose also resulted in a decrease in
mating efficiency. The effects were attributed to decreases in the serum
concentrations of luteinizing hormone (LH) and follicle-stimulating hormone
(FSH). In contrast, a 10-mg/kg/day dose induced no changes in the
hypothalamic–pituitary–ovarian–uterine axis (3).

BREASTFEEDING SUMMARY
No reports describing the use of kudzu during lactation have been located.
Because the herb has been used as a medicine for more than 2500 years, it is
doubtful that it causes harm during breastfeeding. Moreover, many chemical
constituents of kudzu can also be found in foods. Nevertheless, nursing women
should avoid high, frequent doses of the herb or its individual constituents.
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KUNECATECHINS
Dermatologic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of kunecatechins ointment in human
pregnancy have been located. The animal reproductive data suggest low
risk, but the absence of human pregnancy experience prevents a complete
assessment of the embryo–fetal risk. Kunecatechins is a water extract of
green tea leaves. Moderate consumption of green tea during pregnancy is
thought to be safe (1). If the recommended dose and directions are
followed, the risk for an embryo or fetus appears to be low, if it exists at
all.

FETAL RISK SUMMARY
Kunecatechins is a partially purified fraction of the water extract of green tea
leaves [Camellia sinensis (L.) O Kuntze]. It is a mixture of eight catechins
(85%–95% of the total weight) and other green tea components (about 2.5% of
the total weight) including gallic acid, caffeine, and theobromine. It is available
as a 15% ointment that is applied three times daily for a maximum of 16
weeks. The systemic absorption of repeated topical administration of
kunecatechins has not been adequately studied but is thought to be less than
that obtained after a single oral intake of 400 mL of green tea. Kunecatechins
is indicated for the topical treatment of external genital and perianal warts
(Condylomata acuminata) in immunocompetent patients 18 years and older.
Treatment of urethral, intravaginal, cervical, rectal or intra-anal human
papilloma viral disease has not been evaluated and the ointment should not be
used for these conditions (2).

Reproductive studies have been conducted in rats and rabbits. Comparisons,
based on body weight, were made based on the maximum recommended



human dose of the ointment (250 mg three times daily; 750 mg of the ointment
or 125.5 mg kunecatechins per day) (MRHD). During organogenesis, daily oral
doses in rats and rabbits of ≤86 and ≤173 times, respectively, the MRHD
revealed no effects on embryo or fetal development or teratogenicity. In rabbits
during organogenesis, daily SC doses that were about 2.1 and 6.3 times the
MRHD caused maternal toxicity (marked local irritation at the injection site and
decreased body weight and food consumption) and fetal toxicity (reduced body
weights and delayed skeletal ossification). The no-effect dose for fetal toxicity
was 0.7 times the MRHD. In a combined fertility/embryo–fetal development
test, female rats were given daily vaginal doses of the ointment that were ≤8
times the MRHD from day 4 before mating through day 17 of gestation. No
adverse effects on mating performance or fertility or on the embryo–fetus were
observed (2).

Carcinogenicity studies were conducted in mice with daily doses ≤22 times
the MRHD for 26 weeks. There was an increased incidence of either neoplastic
or non-neoplastic lesions in the organs and tissues examined. In mutagenicity
tests, four assays were negative and one was positive (2).

It is not known if the major components (i.e., catechins) of kunecatechins
cross the human placenta. The molecular weights of the eight catechins are
varied but are <500 and would be expected to cross the placenta. However,
systemic concentration of kunecatechins is thought to be low.

BREASTFEEDING SUMMARY
No reports describing the use of kunecatechins ointment during lactation have
been located. It is not known if the major components (i.e., catechins) of
kunecatechins are excreted into breast milk. The molecular weights of the eight
catechins are varied but are <500 and would be expected to pass into milk.
However, systemic concentrations of kunecatechins are thought to be low.
Moreover, kunecatechins is a water extract of green tea leaves. Moderate
consumption of green tea during breastfeeding is thought to be safe (1). If the
recommended dose and directions are followed, the risk for a nursing infant
appears to be low, if it exists at all.
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LABETALOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of labetalol for the treatment of maternal hypertension does not
appear to pose a risk to the fetus, except possibly in the 1st trimester, and
may offer advantages over the use of agents with only β-blocker activity.
Most studies have found no effect on fetal growth, but one did find fetal
growth restriction when used for the treatment of mild preeclampsia. Some
β-blockers may cause intrauterine growth restriction (IUGR) and reduced
placental weight, especially those lacking intrinsic sympathomimetic activity
(ISA) (i.e., partial agonist). Labetalol does not possess ISA. IUGR and
reduced placental weight may potential occur with all agents within this
class and can be a consequence of maternal hypertension. Although IUGR
is a serious concern, the benefits of maternal therapy with labetalol
outweigh the risks to the fetus. If used near delivery, the newborn infant
should be closely observed for 24–48 hours for signs and symptoms of β-
blockade. Long-term effects of in utero exposure to labetalol have not been
studied but warrant evaluation.

FETAL RISK SUMMARY
Labetalol, a combined α/β-adrenergic blocking agent, has been used for the
treatment of hypertension occurring during pregnancy (1–29). No teratogenicity
was observed in rats and rabbits at oral doses 6 and 4 times the maximum
recommended human dose (MRHD), respectively (30). However, increased
fetal resorptions occurred in both species at doses approximately equivalent to



the MRHD. In rabbits, IV doses ≤1.7 times the MRHD revealed no drug-related
fetal harm (30).

Labetalol crosses the human placenta to produce cord serum concentrations
averaging 40%–80% of peak maternal levels (1–5). Maternal serum and
amniotic fluid concentrations are approximately equivalent 1–3 hours after a
single IV dose (4). After oral dosing (1–42 days) in eight women, amniotic fluid
concentrations of labetalol were in the same range as, but lower than, the
plasma concentrations in six of the women (6). The pharmacokinetics of
labetalol in pregnant patients has been reported (7,8).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 29 newborns had
been exposed to labetalol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (13.8%) major birth defects were observed
(one expected). Details on the malformations were not available, but no
anomalies were observed in six defect categories (cardiovascular defects, oral
clefts, spina bifida, polydactyly, limb reduction defects, and hypospadias) for
which specific data were available. Although the number of exposures is small,
the incidence of malformations is suggestive of an association, but other
factors, including the mother’s disease, concurrent drug use, and chance, may
be involved.

No published reports of fetal malformations attributable to labetalol have
been located, but experience during the 1st trimester, except for the
surveillance study described above, is lacking. Most reports have found no
adverse effects on birth weight, head circumference, Apgar scores, or blood
glucose control after in utero exposure to labetalol (9–13). One case of
neonatal hypoglycemia has been mentioned, but the mother was also taking a
thiazide diuretic (2). Offspring of mothers treated with labetalol had a
significantly higher birth weight than infants of atenolol-treated mothers, 3280
vs. 2750 g, respectively (14). However, in a study comparing labetalol plus
hospitalization with hospitalization alone for the treatment of mild preeclampsia
presenting at 26–35 weeks’ gestation, labetalol treatment did not improve
perinatal outcome, and a significantly higher number of labetalol-exposed
infants were growth restricted, 19.1% (18 of 94) vs. 9.3% (9 of 97),
respectively (15).

Fetal heart rate is apparently unaffected by labetalol treatment of
hypertensive pregnant women. However, two studies have observed newborn
bradycardia in five infants (16,17). In one of these infants, bradycardia was
marked (<100 beats/minute) and persistent (17). All five infants survived.



Hypotension was noted in another infant delivered by cesarean section at 28
weeks’ gestation (1). In a study examining the effects of labetalol exposure on
term (≥37 weeks) newborns, mild transient hypotension, which resolved within
24 hours, was observed in 11 infants compared with 11 matched controls (18).
Maternal dosage varied from 100 to 300 mg 3 times daily with the last dose
given within 12 hours of birth. The mean systolic blood pressures at 2 hours of
age in exposed and nonexposed infants were 58.8 and 63.3 mmHg (p <0.05),
respectively. Other measures of β-blockade, such as heart and respiratory
rates, palmar sweating, blood glucose control, and metabolic and vasomotor
responses to cold stress, did not differ between the groups. The investigators
concluded that labetalol did not cause clinically significant β-blockade in mature
newborn infants (18).

Several investigations have shown a lack of effect of labetalol treatment on
uterine contractions (1–3,16,19–21). One study did report a higher incidence of
spontaneous labor in labetalol-treated mothers (6 of 10) than in a similar group
treated with methyldopa (2 of 9) (22). In another report, 3 of 31 patients
treated with labetalol experienced spontaneous labor, one of whom delivered
prematurely (23). The authors attributed the uterine activity to the drug because
no other causes were found. However, because most trials with labetalol in
hypertensive women have not shown this effect, it is questionable whether the
drug has any direct effect on uterine contractility.

Labetalol does not change uteroplacental blood flow despite a drop in blood
pressure (2,4,5,24,25). The lack of effect on blood flow was probably caused
by reduced peripheral resistance.

Labetalol apparently reduces the incidence of hyaline membrane disease in
premature infants by increasing the production of pulmonary surfactant
(1,2,4,16,26). The mechanism for this effect may be mediated through β2-
adrenoceptor agonist activity that the drug partially possesses (1,2,4,16,26).

Follow-up studies have been completed at 6 months of age on 10 infants
exposed in utero to labetalol (27). All infants demonstrated normal growth and
development. In addition, no ocular toxicity was observed in newborns, even
though labetalol has an affinity for ocular melanin (1,2,26).

The experience with labetalol in pregnancy was briefly reviewed in a 1988
article (31). A 2000 meta-analysis concluded that IV labetalol for late-onset
hypertension in pregnancy was safer than IV hydralazine or diazoxide in terms
of drug-induced maternal hypotension and fewer cesarean sections (32).

BREASTFEEDING SUMMARY



Labetalol is excreted into breast milk (1,6). In 24 lactating women at 3 days
postpartum, administration of 330–800 mg/day produced a mean milk level of
33 ng/mL. No adverse effects were observed in the nursing infants. One
patient, consuming 1200 mg/day, had a mean milk concentration of 600 ng/mL,
but this woman did not breastfeed. Three women at 6–9 days postpartum
consumed daily doses of labetalol of 600, 600, and 1200 mg and produced
peak milk concentrations of the drug of 129, 223, and 662 ng/mL, respectively
(6). Peak concentrations of labetalol in the milk occurred between 2 and 3
hours after a dose. Measurable plasma concentrations of labetalol were found
in only one infant: 18 ng/mL at 4 hours and 21 ng/mL at 8 hours. Although no
adverse effects have been reported, nursing infants should be closely observed
for bradycardia, hypotension, and other symptoms of α/β-blockade. Long-term
effects of exposure to labetalol from milk have not been studied but warrant
evaluation. The American Academy of Pediatrics classifies labetalol as
compatible with breastfeeding (33).
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LACOSAMIDE
Anticonvulsant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports of human pregnancy experience have been located.
Lacosamide was not teratogenic in two animal species but, in one, was
associated with developmental neurobehavioral toxicity at plasma
exposures close to those obtained in humans. Moreover, in vitro studies
have shown that lacosamide interferes with the activity of collapsin
response mediator protein-2 (CRMP-2), which is involved in neuronal
differentiation and control of axonal outgrowth (1). Thus, lacosamide could
cause adverse effects on CNS development if used in pregnancy. Until
human data are available, the safest course is to avoid this drug in
pregnancy.

FETAL RISK SUMMARY
Chemically, lacosamide is a functionalized amino acid that was approved by the
FDA in 2008 as an anticonvulsant. It is available in both oral and IV
formulations. The oral tablets are indicated as adjunctive therapy in the
treatment of partial-onset seizures in patients with epilepsy aged ≥17 years. IV
injection is indicated in the same population when oral administration is
temporarily not feasible. It is partially metabolized before elimination into an
inactive metabolite. Plasma protein binding is minimal (about 15%), but the
elimination half-life (about 13 hours) is prolonged (1).

Reproduction studies have been conducted in rats and rabbits. In rats, oral
doses given during organogenesis that resulted in plasma exposures that were
about twice the human exposure (AUC) from the maximum recommended dose
of 400 mg/day (MRHD) caused maternal toxicity and embryo–fetal death. No
teratogenic effects were observed. This dose, when given throughout



gestation, parturition, and lactation, increased perinatal mortality and
decreased body weights in the offspring. The no-effect dose for prenatal and
postnatal developmental toxicity produced plasma concentrations approximately
equal to the MRHD. In rabbits, oral doses that produced plasma exposures
about equal to the MRHD caused maternal toxicity but no teratogenicity (1).

Oral lacosamide also was given to rats during the neonatal and juvenile
periods because the early postnatal period is thought to correspond to the 3rd
trimester in humans in terms of brain development (1). This exposure resulted
in decreased brain weights and long-term neurobehavioral changes (altered
open field performance and deficits in learning and memory). The no-effect
dose for developmental neurotoxicity was plasma concentrations about 0.5
times the MRHD (1).

Lacosamide was not carcinogenic in 2-year studies in mice and rats at doses
producing plasma exposures up to about one and three times, respectively, the
MRHD. Two of three mutagenicity studies were negative. In fertility studies, no
adverse effects were observed on fertility or reproduction in male or female
rats (1).

It is not known if lacosamide crosses the human placenta. The molecular
weight (about 250), low plasma protein binding, and long elimination half-life
suggest that it will cross to the embryo–fetus.

The manufacturer has established the UCB AED Pregnancy Registry in which
either the healthcare provider or the patient can initiate enrollment by calling 1-
888-537-7734. The manufacturer also recommends that patients enroll in the
North American Antiepileptic Drug Pregnancy Registry by calling 1-888-233-
2334. (This must be done by the patients themselves.) (1).

BREASTFEEDING SUMMARY
No reports describing the use of lacosamide during human lactation have been
located. The molecular weight (about 250), low plasma protein binding (about
15%), and long elimination half-life (about 13 hours) suggest that the drug will
be excreted into breast milk. The effects of this exposure on a nursing infant
are unknown. However, consideration should be given to the neurobehavioral
toxicity observed in neonatal rats at clinically relevant plasma exposures. Until
human data are available, the safest course is for women taking this drug to
not breastfeed.
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LACTULOSE
Laxative
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Lactulose is a synthetic disaccharide that is biodegraded only by bacteria in
the colon to the low-molecular-weight acids, lactic acid, formic acid, and
acetic acid. Small amounts of lactulose, about 3% of a dose, are absorbed
following oral administration (1).

FETAL RISK SUMMARY
No impairment of fertility or fetal harm has been observed in pregnant mice,
rats, and rabbits at doses up to three or six times the usual human oral dose
(2). No reports on the use of this product in human pregnancy or lactation have
been located, but the risk to the fetus and the newborn appears to be
negligible.

BREASTFEEDING SUMMARY
No reports describing the use of lactulose during human lactation have been
located.
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LAMIVUDINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The animal and human data suggest that lamivudine is a low risk to the
developing fetus for structural malformations. Theoretically, exposure to
agents in this class at the time of implantation could result in impaired
fertility as a result of embryonic cytotoxicity, but this has not been studied
in humans. The risk of mitochondrial dysfunction with nucleoside analog
reverse transcriptase inhibitors (NRTIs) needs confirmation. However, even
if an association is proven, the risk of mortality and morbidity from HIV
infection outweighs the risk (1). If indicated, the drug should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
Lamivudine (2′,3′-dideoxy-3′-thiacytidine, 3TC), an antiviral agent structurally
similar to zalcitabine, inhibits viral reverse transcription via viral DNA chain
termination. It is classified as an NRTI that is used for the treatment of HIV
infection. Lamivudine is believed to be converted by intracellular enzymes to the
active metabolite, lamivudine-5′-triphosphate (3TC-TP) (2).

No teratogenic effects were observed in rats and rabbits administered
lamivudine up to approximately 130 and 60 times, respectively, the usual human
adult dose. Early embryo lethality was observed in rabbits at doses close to
those used in humans and above. This effect was not observed in rats given
≥130 times the usual human dose. Lamivudine crossed the placenta to the fetus
in both animal types (2).

Adverse effects on neurobehavior development in mice offspring resulting
from a combination of lamivudine and zidovudine were described in a 2001
study (3). Pregnant mice received both drugs from day 10 of gestation to
delivery. The effects on somatic and sensorimotor development were minor but



more marked in exposed offspring than when either drug was given alone (2).
Both developmental endpoints were delayed with respect to control animals.
Further, alterations of social behavior were observed in both sexes of exposed
offspring (3).

The low molecular weight (about 229) of lamivudine suggests that it will cross
the placenta. A study published in 1997 described the human placental transfer
of lamivudine using an ex vivo single cotyledon perfusion system (4).
Lamivudine crossed the placenta to the fetal side by simple diffusion. Transfer
did not appear to be affected by the presence of zidovudine. Confirming this, a
1998 study found that combination therapy with zidovudine did not affect the
pharmacokinetics of lamivudine (5). Lamivudine freely crossed the placenta
when given near term with nearly equivalent drug levels in the mother, cord
blood, and newborn.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (6). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 8331 outcomes exposed to lamivudine
(3314 in the 1st trimester and 5017 in the 2nd/3rd trimesters) in combination
with other antiretroviral agents. There were 222 birth defects (96 in the 1st
trimester and 126 in the 2nd/3rd trimesters). In reviewing the birth defects of
prospective and retrospective (pregnancies reported after the outcomes were
known) registered cases, the Registry concluded that, except for isolated
cases of neural tube defects with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (6). (See
required statement below.)

A study published in 1999 evaluated the safety, efficacy, and perinatal
transmission rates of HIV in 30 pregnant women receiving various combinations
of antiretroviral agents (7). Many of the women were substance abusers.
Lamivudine was taken by 29 women in various combinations that included
zidovudine, nelfinavir, indinavir, stavudine, nevirapine, and saquinavir.
Antiretroviral therapy was initiated at a median of 14 weeks’ gestation (range



preconception to 32 weeks). In spite of previous histories of extensive
antiretroviral experience and of vertical transmission of HIV, combination
therapy was effective in treating maternal disease and in preventing
transmission to the current newborns. The outcomes of the pregnancies
included one stillbirth, one case of microcephaly, and five infants with birth
weights <2500 g, two of whom were premature (7).

In an unusual case, a woman was exposed to HIV through self-insemination
with fresh semen obtained from a man with a high HIV ribonucleic acid viral
load (>750,000 copies/mL plasma) (8). Ten days later, she was started on a
prophylactic regimen of lamivudine (300 mg/day), zidovudine (600 mg/day), and
indinavir (2400 mg/day). Pregnancy was confirmed 14 days after insemination.
The indinavir dose was reduced to 1800 mg/day, 4 weeks after the start of
therapy because of the development of renal calculi. All antiretroviral therapy
was stopped after 9 weeks because of negative tests for HIV. She gave birth
at 40 weeks’ gestation to a healthy 3490-g male infant, without evidence of HIV
disease, who was developing normally at 2 years of age (8).

Several reports have described the apparent safe use of lamivudine, usually
in combination with other agents, during human pregnancy (9–12). Occasional
mild adverse effects were observed in the newborns (e.g., anemia), but no
birth defects attributable to drug therapy. In one report, lamivudine
concentrations in the newborn were similar to those in the mother (11).

A 1999 report from France described the possible association of zidovudine
and lamivudine (NRTIs) use in pregnancy with mitochondrial dysfunction in the
offspring (13). Mitochondrial disease is relatively rare in France (estimated
prevalence 1 in 5000–20,000 children). From an ongoing epidemiological survey
of 1754 mother–child pairs exposed to zidovudine and other agents during
pregnancy, however, 8 children with possible mitochondrial dysfunction were
identified. None of the eight infants was infected with HIV, but all received
prophylaxis for up to 6 weeks after birth with the same antiretroviral regimen as
given during pregnancy. Four of the cases were exposed to zidovudine alone
and four to a combination of zidovudine and lamivudine. Two from the
combination group died at about 1 year of age. All eight cases had abnormally
low respiratory-chain enzyme activities. The authors concluded that their results
supported the hypothesis of a causative association between mitochondrial
respiratory-chain dysfunction and NRTIs. Moreover, the toxicity may have been
potentiated by combination of these agents (13).

In a paper following the above study, investigators noted that NRTIs inhibit
DNA polymerase γ, the enzyme responsible for mitochondrial DNA replication



(14). They then hypothesized that this inhibition would induce depletion of
mitochondrial DNA and mitochondrial DNA-encoded mitochondrial enzymes,
thus resulting in mitochondrial dysfunction. Moreover, they stated that support
for their hypothesis was suggested by the closeness of the clinical
manifestations of inherited mitochondrial diseases with the adverse effects
attributed to NRTIs. These adverse effects included polyneuropathy, myopathy,
cardiomyopathy, pancreatitis, bone marrow suppression, and lactic acidosis.
They also postulated this mechanism was involved in the development of a
lipodystrophy syndrome of peripheral fat wasting and central adiposity, a
condition that has been thought to be related to protease inhibitors (14).

A commentary on the above two studies concluded that the evidence for
NRTI-induced mitochondrial dysfunction was equivocal (1). First, the clinical
presentations in the infants were varied and not suggestive of a single cause;
indeed, three of infants were symptom-free and one had Leigh’s syndrome, a
classic mitochondrial disease. Second, the clinical features, in some cases,
were not suggestive of mitochondrial dysfunction. Although three had
neurological symptoms, none had raised levels of lactate in the cerebrospinal
fluid. Moreover, histological or histochemical features of mitochondrial disease
were found in only two cases. Finally, low mitochondrial DNA, which would have
been direct evidence of NRTI toxicity, was not found in the three cases in which
it was measured (1).

A case of combined transient mitochondrial and peroxisomal β-oxidation
dysfunction after exposure to NRTIs (lamivudine and zidovudine) combined with
protease inhibitors (ritonavir and saquinavir) throughout gestation was reported
in 2000 (15). A male infant was delivered at 38 weeks’ gestation. He received
postnatal prophylaxis with lamivudine and zidovudine for 4 weeks until the
agents were discontinued because of anemia. Other adverse effects that were
observed in the infant (age at onset) were hypocalcemia (shortly after birth),
Group B streptococcal sepsis, ventricular extrasystoles, prolonged metabolic
acidosis, and lactic acidemia (8 weeks), a mild elevation of long chain fatty
acids (9 weeks), and neutropenia (3 months). The metabolic acidosis required
treatment until 7 months of age, whereas the elevated plasma lactate resolved
over 4 weeks. Cerebrospinal fluid lactate was not determined nor was a
muscle biopsy conducted. Both the neutropenia and the cardiac dysfunction had
resolved by 1 year of age. The elevated plasma fatty acid level was confirmed
in cultured fibroblasts, but other peroxisomal functions (plasmalogen
biosynthesis and catalase staining) were normal. Although mitochondrial
dysfunction has been linked to NRTIs, the authors were unable to identify the



cause of the combined abnormalities in the infant. The child was reported to be
healthy and developing normally at 26 months of age (15).

A case of life-threatening anemia following in utero exposure to antiretroviral
agents was described in 1998 (16). A 30-year-old woman with HIV infection
was treated with zidovudine, didanosine, and trimethoprim/sulfamethoxazole
(three times weekly) during the 1st trimester. Vitamin supplementation was also
given. Because of an inadequate response, didanosine was discontinued and
lamivudine and zalcitabine were started in the 3rd trimester. Two weeks before
delivery the HIV viral load was undetectable. At term, a pale, male infant was
delivered who developed respiratory distress shortly after birth. Examination
revealed a hyperactive precordium and hepatomegaly without evidence of
hydrops. The hematocrit was 11% with a reticulocyte count of zero. An
extensive work-up of the mother and infant failed to determine the cause of the
anemia. Bacterial and viral infections, including HIV, parvovirus B19,
cytomegalovirus, and others, were excluded. The infant received a transfusion
and was apparently doing well at 10 weeks of age. Because no other cause of
the anemia could be found, the authors attributed the condition to bone morrow
suppression, most likely to zidovudine. A contribution of the other agents to the
condition, however, could not be excluded (16).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (17,18). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (19). In 2009, the updated United
States Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV type 1 (HIV-1) infected patients continued the
recommendation that therapy, with the exception of efavirenz, should be
continued during pregnancy (20). If indicated, lamivudine should not be withheld
in pregnancy because the expected benefit to the HIV-positive mother
outweighs the unknown risk to the fetus.

A review published in 2000 described seven clinical trials that have been
effective in reducing perinatal transmission, five with zidovudine alone, one with
zidovudine plus lamivudine, and one with nevirapine (22). Six of the trials were
in less-developed countries. Prolonged use of zidovudine in the mother and
infant was the most effective for preventing vertical transmission, but also was
the most expensive. The combination of lamivudine and zidovudine, consisting
of antepartum, intrapartum, and postpartum maternal therapy with continued



therapy in the infant for 1 week, may have been as effective as prolonged
zidovudine (22). The updated guidelines for the use of antiretroviral drugs to
reduce perinatal HIV-1 transmission were released in 2010 (21). Women
receiving antiretroviral therapy during pregnancy should continue the therapy
but, regardless of the regimen, zidovudine administration is recommended
during the intrapartum period to prevent vertical transmission of HIV to the
newborn (21).

Required Statement: “The Registry’s analytic approach is to evaluate specific classes of antiretroviral
drugs (FIs [fusion inhibitor(s)], NRTIs [nucleoside analog reverse transcriptase inhibitor(s)], NNRTIs
[nonnucleoside reverse transcriptase inhibitor(s)], NtRTIs [nucleotide reverse transcriptase inhibitors],
and PIs [protease inhibitor(s)]). The following specific drugs have large enough groups of exposed
women to warrant a separate analysis: abacavir, didanosine, efavirenz, lamivudine, lopinavir, nelfinavir,
nevirapine, ritonavir, stavudine, tenofovir, and zidovudine.

No increases in risk of overall birth defects or specific defects have been detected to date. For
lamivudine and zidovudine sufficient numbers of 1st trimester exposures have been monitored to
detect at least a 1.5-fold increase in risk of overall birth defects and a twofold increase in risk of birth
defects in the more common classes, cardiovascular and genitourinary systems. No such increases
have been detected to date. For abacavir, efavirenz, nelfinavir, nevirapine, ritonavir, and stavudine
sufficient numbers of 1st trimester exposures have been monitored to detect at least a twofold
increase in risk of overall birth defects. No such increases have been detected to date. Although no
pattern of birth defects has been detected with didanosine, the Committee continues to monitor the
apparent increased frequency of defects among infants exposed to didanosine in the 1st trimester of
gestation.

To date, the Registry has not demonstrated an increased prevalence of birth defects overall, or in the
specific classes studied, or among women exposed to abacavir, efavirenz, lamivudine, nelfinavir,
nevirapine, ritonavir, stavudine, or zidovudine individually or in combination during the 1st trimester
when compared with observed rates for “early diagnoses” in population-based birth defects
surveillance systems. While the Registry to date has not detected a major teratogenic signal overall or
within classes of drugs or the individual drugs analyzed separately, the population exposed and
monitored to date is not sufficient to detect an increase in the risk of relatively rare defects. These
findings should provide some assurance when counseling patients.”

BREASTFEEDING SUMMARY
Lamivudine is excreted into breast milk. In 10 women on lamivudine
monotherapy (300 mg/day), the mean drug concentrations in maternal serum
and breast milk were 0.55 and 1.22 mcg/mL, respectively (5). The infants were
not allowed to breastfeed.

Reports on the use of lamivudine during breastfeeding are unlikely because
the antiviral agent is used in the treatment of HIV infection. HIV-1 is transmitted
in milk, and in developed countries, breastfeeding is not recommended
(17,18,20,23–25). In developing countries, breastfeeding is undertaken, despite
the risk, because there are no affordable milk substitutes available. Until 1999,
no studies had been published that examined the effect of any antiretroviral
therapy on HIV-1 transmission in milk. In that year, a study involving zidovudine



was published that measured a 38% reduction in vertical transmission of HIV-1
infection despite breastfeeding when compared with controls (see Zidovudine).

References
1. Morris AAM, Carr A. HIV nucleoside analogues: new adverse effects on mitochondria? Lancet

1999;354:1046–7.
2. Product information. Epivir. Glaxo Wellcome, 2001.
3. Venerosi A, Valanzano A, Alleva E, Calamandrei G. Prenatal exposure to anti-HIV drugs:

neurobehavioral effects of zidovudine (AZT) + lamivudine (3TC) treatment in mice. Teratology
2001;63:26–37.

4. Bloom SL, Dias KM, Bawdon RE, Gilstrap LC III. The maternal-fetal transfer of lamivudine in the ex vivo
human placenta. Am J Obstet Gynecol 1997;176:291–3.

5. Moodley J, Moodley D, Pillay K, Coovadia H, Saba J, van Leeuwen R, Goodwin C, Harrigan PR, Moore
KHP, Stone C, Plumb R, Johnson MA. Pharmacokinetics and antiretroviral activity of lamivudine alone
or when coadministered with zidovudine in human immunodeficiency virus type 1-infected pregnant
women and their offspring. J Infect Dis 1998;178:1327–33.

6. Antiretroviral Pregnancy Registry Steering Committee. Antiretroviral Pregnancy Registry International
Interim Report for 1 January 1989 through 31 July 2009. Wilmington, NC: Registry Coordinating Center,
2009. Available at www.apregistry.com. Accessed May 29, 2010.

7. McGowan JP, Crane M, Wiznia AA, Blum S. Combination antiretroviral therapy in human
immunodeficiency virus-infected pregnant women. Obstet Gynecol 1999;94:641–6.

8. Bloch M, Carr A, Vasak E, Cunningham P, Smith D. The use of human immunodeficiency virus
postexposure prophylaxis after successful artificial insemination. Am J Obstet Gynecol 1999;181:760–
1.

9. Scott GB, Tuomala R. Combination antiretroviral therapy during pregnancy. AIDS 1998;12:2495–7.
10. Lorenzi P, Spicher VM, Laubereau B, Hirschel B, Kind C, Rudin C, Irion O, Kaiser L. Antiretroviral

therapies in pregnancy: maternal, fetal and neonatal effects. Swiss HIV Cohort Study, the Swiss
Collaborative HIV and Pregnancy Study, and the Swiss Neonatal HIV Study. AIDS 1998;12:F241–7.

11. Grubert TA, Wintergerst U, Lutz-Friedrich R, Belohradsky BH, Rolinski B. Long-term antiretroviral
combination therapy including lamivudine in HIV-1 infected women during pregnancy. AIDS
1999;13:1430–1.

12. Ristola M, Salo E, Ammala P, Suni J. Combined stavudine and lamivudine during pregnancy. AIDS
1999;13:285.

13. Blanche S, Tardieu M, Rustin P, Slama A, Barret B, Firtion G, Ciraru-Vigneron N, Lacroix C, Rouzioux
C, Mandelbrot L, Desguerre I, Rotig A, Mayaux MJ, Delfraissy JF. Persistent mitochondrial dysfunction
and perinatal exposure to antiretroviral nucleoside analogues. Lancet 1999;354:1084–9.

14. Brinkman K, Smeitink JA, Romijn JA, Reiss P. Mitochondrial toxicity induced by nucleoside-analogue
reverse-transcriptase inhibitors is a key factor in the pathogenesis of antiretroviral-therapy-related
lipodystrophy. Lancet 1999;354:1112–5.

15. Stojanov S, Wintergerst U, Belohradsky BH. Mitochondrial and peroxisomal dysfunction following
perinatal exposure to antiretroviral drugs. AIDS 2000;14:1669.

16. Watson WJ, Stevens TP, Weinberg GA. Profound anemia in a newborn infant of a mother receiving
antiretroviral therapy. Pediatr Infect Dis J 1998;17:435–6.

17. Carpenter CCJ, Fischi MA, Hammer SM, Hirsch MS, Jacobsen DM, Katzenstein DA, Montaner JSG,
Richman DD, Saag MS, Schooley RT, Thompson MA, Vella S, Yeni PG, Volberding PA. Antiretroviral
therapy for HIV infection in 1996. JAMA 1996;276;146–54.

18. Minkoff H, Augenbraun M. Antiretroviral therapy for pregnant women. Am J Obstet Gynecol
1997;176:478–89.

19. Minkoff H. Human immunodeficiency virus infection in pregnancy. Obstet Gynecol 2003;101:797–810.
20. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral

Agents in HIV-1-infected Adults and Adolescents . Department of Health and Human Services.
December 1, 2009;1–161. Available at
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. Accessed September 17, 2010:60,

http://www.apregistry.com
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf


96–8.
21. Panel on Treatment of HIV-Infected Pregnant Women and Prevention of Perinatal Transmission.

Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-1-Infected Women for Maternal
Health and Interventions to Reduce Perinatal HIV Transmission in the United States. May 24, 2010:1–
117. Available at http://aidsinfo.nih.gov/ContentFiles/PerinatalGL.pdf. Accessed September 17, 2010:30
(Table 5).

22. Mofenson LM, McIntrye JA. Advances and research directions in the prevention of mother-to-child HIV-1
transmission. Lancet 2000;355:2237–44.

23. Brown ZA, Watts DH. Antiviral therapy in pregnancy. Clin Obstet Gynecol 1990;33:276–89.
24. de Martino M, Tovo P-A, Tozzi AE, Pezzotti P, Galli L, Livadiotti S, Caselli D, Massironi E, Ruga E,

Fioredda F, Plebani A, Gabiano C, Zuccotti GV. HIV-1 transmission through breast-milk: appraisal of risk
according to duration of feeding. AIDS 1992;6:991–7.

25. Van de Perre P. Postnatal transmission of human immunodeficiency virus type 1: the breast feeding
dilemma. Am J Obstet Gynecol 1995;173:483–7.

http://aidsinfo.nih.gov/ContentFiles/PerinatalGL.pdf


LAMOTRIGINE
Anticonvulsant
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Women with epilepsy may have a higher risk of delivering an infant with a
malformation than those who do not have this condition. Reproduction
studies with lamotrigine in two animal species showed evidence, in the
presence of maternal toxicity, of developmental toxicity (growth restriction,
behavioral deficits, and death) but not structural anomalies. Moreover, at
least two reviews have concluded that this anticonvulsant may be
associated with a lower risk of teratogenicity (1,2). However, a recent
report has shown a significant risk for oral clefts following 1st trimester
exposure (3). A 2012 review concluded that the absolute risk of
lamotrigine-induced cleft lip and palate or cleft palate alone was between
0.1% and 0.4% (4). In addition, a significant increase in the risk for major
defects has been reported when lamotrigine was combined with valproate
(5).

FETAL RISK SUMMARY
Lamotrigine is an anticonvulsant, chemically unrelated to existing antiepileptic
drugs, that is used as adjunctive therapy for the treatment of partial seizures in
patients with epilepsy. It is also indicated for the maintenance treatment of
bipolar disorder to delay the time to occurrence of mood episodes. Protein
binding is moderate (about 55%) and the agent is metabolized to inactive
metabolites (6).

Lamotrigine was not teratogenic in animal reproductive studies involving mice,
rats, and rabbits using oral doses that were 1.2, 0.5, and 1.1 times,
respectively, the highest usual human maintenance dose (500 mg/day) based
on BSA (HUHMD). However, maternal toxicity and secondary fetal toxicity



consisting of reduced fetal weight and/or delayed ossification were observed at
these doses in mice and rats but not in rabbits. Behavioral deficits were
observed in the offspring of rats dosed with 0.1 and 0.5 times the HUHMD
during organogenesis. No structural defects were observed after IV bolus
doses in rats and rabbits, but an increased incidence of intrauterine fetal death
occurred in rats dosed at 0.6 times the HUHMD. Similarly, an increase in fetal
deaths occurred in rats dosed orally at 0.1, 0.14, or 0.3 times the HUHMD
during the latter part of gestation. These doses were maternally toxic
(decreased food consumption and weight). Postnatal deaths also were
observed with the two highest doses (6).

No evidence of carcinogenicity was observed in 2-year studies in mice and
rats. In multiple other tests, there was no evidence of mutagenicity or
clastogenicity, and no impairment of fertility in rats (6).

Lamotrigine reduces fetal folate levels in rats, an effect known to be
associated with malformations in animals and humans (6). Human fetal folate
levels have apparently not been investigated, but in studies with nonpregnant
humans, the drug’s inhibitory action of dihydrofolate reductase did not
significantly reduce folate levels (7). Serum folate and red blood cell folate
concentrations were within the 95% confidence interval (CI) of the baseline
values.

Lamotrigine crosses the human placenta (8–10). A 24-year-old woman had
been treated before and throughout gestation with the anticonvulsant (300
mg/day) in combination with valproic acid (8). The latter drug was discontinued
during the 3rd week of pregnancy. Her lamotrigine serum levels decreased
from 17.8 mcg/mL (2 weeks after her last dose of valproic acid) to 2.52
mcg/mL at week 34, but she remained seizure-free throughout pregnancy. She
delivered a healthy, 3620-g male infant at 39 weeks’ gestation. The umbilical
cord blood lamotrigine concentration was 3.26 mcg/mL, indicating a probable
cord:maternal serum ratio of 1 (maternal serum level at delivery not reported).
On the second day after delivery and a few hours after commencing suckling,
the serum concentrations in the infant and mother were 2.79 and 3.88 mcg/mL,
respectively, a ratio of 0.7. A 1997 case report found that maternal lamotrigine
plasma levels decreased during pregnancy (9). The woman in that case
delivered a healthy infant (weight and sex not given) at term. At delivery, the
umbilical cord:maternal plasma ratio was 1.2.

In a 2000 report, maternal and cord plasma concentrations of lamotrigine
were determined at term delivery in nine women (10 pregnancies; 1 woman
with 2 pregnancies also reported in reference 3) (10). Maternal and cord



plasma levels were similar. At 72 hours postpartum, median lamotrigine plasma
levels in the infants were 75% of the cord plasma levels (range 50%–100%).
The placental transfer is consistent with the low molecular weight (about 256).
Moreover, during the first 2 weeks after delivery, the median increase in
maternal plasma concentration/dose ratio was 170%, a significant increase
(10).

A 2004 report described 12 pregnancies in which women were treated with
lamotrigine monotherapy for epilepsy (11). An increase in seizure frequency
and/or severity occurred in nine pregnancies, attributed to a gradual decrease
in the serum-to-dose ratio to 40% of baseline. Consequently, the doses were
increased in seven pregnancies. Three to ten days after delivery, toxic
symptoms (dizziness, diplopia, or ataxia) occurred in three of the women with
dose increases. Lamotrigine serum levels were 12–14 mcg/mL, a high normal
range. The symptoms resolved when the dose was decreased (11).

A 2005 abstract reported 62 pregnancy outcomes after exposure to
gabapentin, lamotrigine, or topiramate (12). The study included a blinded
dysmorphology examination. Nineteen women used lamotrigine, one of whom
had a major malformation: coarctation of the aorta with anomalous left
coronary artery, frontal hair upsweep, and a long philtrum (monotherapy for
seizures). Of the nine infants examined by a dysmorphologist, none had more
than one feature consistent with anticonvulsant embryopathy (12).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was closed to new enrollments in June 2009 and the final report
was issued in July 2010 (5). The final report covers pregnancy exposures from
September 1992 through March 2010. There were 3416 pregnancies
registered prospectively (reported to the Registry before the pregnancy
outcome was known), 2444 were closed with known outcomes, and 972
(28.5%) were lost to follow-up. In the 2444 known pregnancy outcomes, there
were 43 sets of twins, 1 set of triplets and 1 set of quadruplets, for a total of
2492 fetal outcomes. Among the 1817 fetal outcomes involving lamotrigine
monotherapy, there were 1636 live births (defects not reported but cannot be
ruled out), 98 spontaneous abortions (SABs), 33 elective abortions (EABs), and
10 fetal deaths without defects. Major birth defects were observed in 36 live
births, 3 EABs, and 1 fetal death. Excluding SABs, EABs, and fetal deaths
without defects, the earliest exposure by trimester was 1554 (1st), 95 (2nd),
18 (3rd), and 5 not specified. Major birth defects were observed in 35 1st
trimester exposures (31 live births, 1 fetal death, and 3 EABs), 4 live births in
the 2nd trimester, and 1 live birth in the 3rd trimester. The rate of major birth



defects in the 1st trimester exposures was 2.2% (35/1558 excluding fetal
deaths and EABs without defects). The sample size of 1558 was sufficient to
detect, with 80% power, at least a 1.39- to 1.48-fold increase over baseline in
the overall rate of major birth defects (5).

Polytherapy (lamotrigine plus at least one other AED) with valproate involved
173 outcomes: 159 live births, 6 SABs, 6 EABs, and 2 fetal deaths. Among 161
1st trimester exposures, there were 14 live births and 2 EABs with birth
defects, 6 SABs, and 139 outcomes without defects (134 live births, 4 EABs,
and 1 fetal death). Excluding the 6 SABs, and the 4 EABs and 1 fetal death
without defects, the rate of birth defects in the 1st trimester exposures was
10.7% (16/150). Polytherapy without valproate involved 502 outcomes: 457 live
births, 22 SABs, 20 EABs, and 3 fetal deaths. Among 474 1st trimester
exposures, there were 11 live births and 1 EAB with birth defects, 22 SABs,
and 440 outcomes without defects (418 live births, 19 EABs, and 3 fetal
deaths). Excluding the 22 SABs, and the 10 EABs and 3 fetal deaths without
defects, the rate of birth defects in the 1st trimester exposures was 2.8%
(12/430) (5).

The Registry listed the major birth defects observed in the monotherapy and
polytherapy groups and concluded that there was no consistent pattern among
the defects. Although the data were insufficient to reach a definite conclusion,
the Registry found no evidence of a dose–response effect with daily doses of
lamotrigine up to 1200 mg/day (5).

Retrospective cases (reported to the Registry after the pregnancy outcome
was known) are often biased (only adverse outcomes are reported), but they
are useful in identifying specific patterns of anomalies suggestive of a common
cause. There were 164 pregnancies with birth defects reported retrospectively
to the Registry, 142 involving earliest exposure to lamotrigine in the 1st
trimester, 4 with earliest exposure in the 2nd trimester, and 18 with an
unspecified trimester of exposure. Lamotrigine monotherapy was used in 94
pregnancies, while 70 involved polytherapy (5).

As of 1996, the FDA had received three disparate reports of birth defects, in
which lamotrigine was used in combination with other anticonvulsants during the
affected pregnancy (F. Rosa, personal communication, FDA, 1996).

A 1998 noninterventional, observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (13). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 of the pregnancies (78%), a newly



marketed drug was thought to have taken during the 1st trimester with birth
defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of
twins). In addition, two birth defects were observed in aborted fetuses.
However, few of the aborted fetuses were examined. Lamotrigine was taken
during the 1st trimester in 59 pregnancies. The outcomes of these pregnancies
included 10 SABs, 1 missed abortion, 9 EABs, 35 normal newborns
(4 premature), and 4 newborns with congenital malformations. The
malformations observed were ventricular septal defect; congenital respiratory
stridor; palatal cleft (soft palate only), hypospadias, and undescended testes
(mother had convulsions early in gestation); and abdominal distension with
possible congenital intestinal obstruction. In three of these cases, lamotrigine
was given in various combinations with other anticonvulsants (e.g.,
carbamazepine, phenytoin, phenobarbital, and/or sodium valproate). In addition,
the study lacked the sensitivity to identify minor anomalies because of the
absence of standardized examinations. Late-appearing major defects may also
have been missed due to the timing of the questionnaires (13).

A significant association between lamotrigine and isolated, nonsyndromic oral
clefts has been reported (3). The findings were published in May 2006 and
presented at the June 2006 annual meeting of the Teratology Society in
Tucson, Arizona. The cases were collected between 1997 and 2006 by the
North American Antiepileptic Drug Pregnancy Registry (North American AED
Pregnancy Registry). Among 564 infants (including live births, stillbirths, and
elective terminations for anomalies) exposed to lamotrigine monotherapy in the
1st trimester, 15 had major malformations. The prevalence was 2.7% (95% CI
1.5%–4.3%) compared with 1.62% in an unexposed comparison group (N =
221,746 births) (relative risk [RR] 1.7; 95% CI 1.0–2.7). Five infants in the
lamotrigine-exposed group had oral clefts (8.9/1000 births): three isolated cleft
palate and two isolated cleft lip. None had a recognized syndrome (3).

In the comparison group, the prevalence of the two defects was 1:6160
(0.16/1000) and 1:4820 (0.21/1000), respectively. The RRs attributed to
lamotrigine for cleft palate and cleft lip were 32.8 (95% CI 10.6–101.3) and
17.1 (95% CI 4.3–68.2), respectively. The authors thought that the low rates of
oral clefts in the comparison group reflected the limited identification of
syndromes associated with cleft lip and/or palate. In five other registries that
reported 1623 lamotrigine-exposed infants, four infants had oral clefts for a
frequency of 2.5/1000 compared with 0.37/1000 in the comparison group. The
combined findings showed a significant risk of oral clefts following 1st trimester
exposure to lamotrigine monotherapy (3).



An update to the North American AED Pregnancy Registry was published in
2008 (14). Among 684 infants exposed in utero to lamotrigine monotherapy, 16
(2.3%) had major malformations identified at birth, well within the normal
background rate. However, five infants (7.3/1000) had oral clefts: three with
isolated cleft palate and one each with isolated cleft lip or cleft lip and palate.
The rate was 10.4 times the rate among a comparison group of 206,224
unexposed infants (0.7/1000). A comparison also was made with 1623 infants
exposed to lamotrigine monotherapy who had enrolled in five other registries. In
that group there were four infants with oral clefts (2.5/1000) (RR 3.8, 95% CI
1.4–10.0) (14).

In a population-based case–control study, the EUROCAT Antiepileptic Drug
Working Group evaluated data for 3.9 million births from 19 registries covering
the period 1995–2005 (15). The data included congenital anomalies among live
births, stillbirths, and terminations of pregnancy after prenatal diagnosis. Cases
were 5511 nonsyndromic oral clefts, 4571 of whom were isolated oral clefts. In
these, there were 1969 cases of cleft palate, 1532 of whom were isolated cleft
palate. Controls were 80,052 nonchromosomal, nonepileptic, non-AED-use
pregnancies. In the cases, there were 40 pregnancies exposed to lamotrigine
monotherapy. Comparisons were made between the monotherapy and the
control group for oral clefts relative to other malformations, for isolated oral
clefts, cleft palate, and isolated cleft palate. None of the comparisons reached
statistical significance. However, when the same comparisons were made
between any AED use and no AED use, significant results were found for oral
clefts relative to other malformations, cleft palate, and isolated cleft palate
(15).

An editorial discussed the results from the above two studies, noting the
small number of oral cleft cases in the two reports (five in the North American
Registry and three in the EUROCAT) study (16). The editorial also listed the
limitations in both. The conclusion was that although the overall risk for oral
clefts from lamotrigine monotherapy was low, there was a specific signal that
required clarification by additional studies.

A 2013 study reported dose-dependent associations with reduced cognitive
abilities across a range of domains at 6 years of age after fetal valproate
exposure (17). Analysis showed that IQ was significantly lower for valproate
(mean 97, 95% CI 94–101) than for carbamazepine (mean 105, 95% CI 102–
108; p = 0.0015), lamotrigine (mean 108, 95% CI 105–110; p = 0.0003), or
phenytoin (mean 108, 95% CI 104–112; p = 0.0006). Mean IQs were higher in
children whose mothers had taken folic acid (mean 108, 95% CI 106–111)



compared with children whose mothers had not taken the vitamin (mean 101,
95% CI 98–104; p = 0.0009) (17).

In a 2009 case report, a 38-year-old woman took lamotrigine during the
latter portion of one pregnancy and throughout another pregnancy (18). Both
infants appeared to be normal, although a benign peripheral pulmonary stenosis
was discovered at 16 days of age in the second infant. This infant also had an
apneic episode and became cyanotic (see Breastfeeding Summary).

A 2006 review of prophylactic therapy of bipolar disorder briefly described
the effects in pregnancy and breastfeeding of a number of drugs, including
lamotrigine (19). Untreated pregnant and nursing women with the disorder are
at an increased risk of poor obstetrical outcomes and relapse of affective
symptoms. Although the limited data prevented conclusions on the relative
safety of the drugs, the author did state that each case needed to be
considered separately (19).

A study published in 2009 examined the effect of AEDs on the head
circumference in newborns (20). Significant reductions in mean birth-weight-
adjusted mean head circumference (bw-adj-HC) was noted for monotherapy
with carbamazepine and valproic acid. No effect on bw-adj-HC was observed
with gabapentin, phenytoin, clonazepam, and lamotrigine. A significant increase
in the occurrence of microcephaly (bw-adj-HC smaller than 2 standard
deviations below the mean) was noted after any AED polytherapy but not after
any monotherapy, including carbamazepine and valproic acid. The potential
effects of these findings on child development warrant study (20).

The pharmacokinetics of lamotrigine were described in 2002 (21). The
clearance of the drug increases by >50% starting early in pregnancy and
reverts to the nonpregnant state quickly after delivery. Lamotrigine blood levels
should be checked before, during, and after pregnancy.

BREASTFEEDING SUMMARY
Lamotrigine is excreted into breast milk (6,8–10,18,22–25). A 24-year-old
mother who had been treated throughout gestation with lamotrigine (see details
above) began nursing her infant on the 2nd day after delivery (8). At this time,
she was taking 300 mg/day, decreased to 200 mg/day approximately 6 weeks
postpartum to lessen the drug exposure of the infant. From day 2 to day 145
after delivery, 11 maternal serum and 9 milk samples (about 2–3 hours after
the morning dose) were drawn, with lamotrigine serum concentrations ranging
from 3.59 to 9.61 mcg/mL and milk levels ranging from 1.26 to 6.51 mcg/mL.
The mean milk:serum ratio was 0.56 with a high correlation (r = 0.959, p



<0.01) between the serum and milk. The infant’s serum levels (about 1–2 hours
after breastfeeding), determined at the same times as the mother’s, ranged
from <0.2 mcg/mL (during weaning) to 2.79 mcg/mL. No adverse effects were
observed in the nursing infant either during breastfeeding or during weaning (8).

A 60-kg woman took lamotrigine 200 mg/day throughout gestation and during
nursing (9). Two weeks after delivery, the milk:maternal plasma ratio was 0.6.
The infant’s plasma level, which had been similar to the mother’s at birth, was
now 25% of the maternal levels. No adverse effects were observed in the
nursing infant (9).

In a 2000 report, nine women (10 pregnancies, one woman with two
pregnancies also reported in reference 3) received lamotrigine throughout
gestation (see Fetal Risk Summary above) and continued the drug during
breastfeeding (10). The median milk:maternal plasma ratio 2–3 weeks after
delivery was 0.61 (range 0.47–0.77). The lamotrigine plasma concentrations in
the infants were approximately 30% (range 23%–50%) of the corresponding
maternal plasma levels. The estimated infant lamotrigine dose was ≥0.2–1
mg/kg/day, assuming a milk intake of 150 mL/kg/day, about 9% of the weight-
adjusted maternal daily dose. Because of the slow elimination in the infant
(most likely due to reduced hepatic glucuronidation capacity), the marked
increase in maternal plasma lamotrigine concentrations that occurred after birth
(see Fetal Risk Summary above), and the fact that infant drug levels may not
have reached steady-state concentrations, the infant exposure could eventually
result in therapeutic plasma lamotrigine levels. No adverse effect in the nursing
infants was observed (10).

A 38-year-old woman took lamotrigine throughout her third pregnancy for a
seizure disorder caused by a pilocytic astrocytoma 6 years earlier (18).
Although the brain tumor had been removed surgically, she had residual
epilepsy that was treated with lamotrigine. In her second pregnancy, she
started daily lamotrigine 550 mg toward the end of the pregnancy, and then
gradually reduced the dose while breastfeeding to 425 mg. The highest serum
concentration, measured at 45 days postpartum, was 8.96 mcg/mL. No
adverse effects were observed in the fully breastfed infant. In her third
pregnancy, the mother’s daily dose was increased from 450 mg (pregestation)
to 875 mg (term). The dose at term was 10.9 mg/kg/day. Serum
concentrations during this interval were 5.12 mcg/mL (pregestation), 3.30
mcg/mL (3rd trimester), and 4.53 mcg/mL (day of birth). She had a focal
epileptic seizure during the 5th gestational month and a generalized tonic–clonic
seizure shortly after delivery. She took her last 875-mg dose 20.5 hours before



giving birth to a full-term, 4200-g male infant with Apgar scores of 9 and 9.
Because of the latest seizure, a dose reduction was not started until the 2nd
week. The infant was exclusively breastfed. His lamotrigine concentration
approximately 12.5 hours after birth was 7.71 mcg/mL (proposed pediatric
therapeutic range 1–5 mcg/mL). At age 3 days, his serum concentration was
5.81 mcg/mL. At 16 days of age, his breathing became irregular and strenuous
and he had a brief episode of apnea. Three hours after the first apneic
episode, he became cyanotic while nursing. The mother, a physician,
successfully resuscitated him and took him to the hospital. On admission, his
lamotrigine serum concentration was 4.87 mcg/mL (4 hours after the mother’s
850-mg dose and 3 hours after nursing). Except for periodic sinus tachycardia
(170–180 beats/minute) and a benign peripheral pulmonary stenosis, his
examination and laboratory tests were normal. Breastfeeding was discontinued
on postpartum day 17. The mother’s lamotrigine serum concentration at this
time was 14.93 mcg/mL. Her dose was decreased to 600 mg on postpartum
day 22, and then gradually reduced to 525 mg by day 64. Using a milk
concentration of 7.68 mcg/mL obtained on day 22, the theoretical infant dose
(1.15 mg/kg/day) as a percentage of the mother’s weight-adjusted dose was
13%. The milk:plasma ratio determined 4 times during postpartum days 22–64
was 0.79–0.96. Based on blood samples obtained 22 and 25 days after birth,
the estimated lamotrigine half-life in the infant was 56 hours, about twice that
seen in adults. The infant had no further apneic or cyanotic episodes and was
developing normally at 7 months of age. The authors could not determine why
the infant developed apnea but concluded that lamotrigine was the probable
cause (18).

A 2004 study reported lamotrigine serum concentrations in four nursing
infants, all of whom had been exposed throughout pregnancy (22). All the
women had full-term deliveries of healthy babies. The doses on day 10
postpartum, the sampling day, were 200–800 mg/day. The infant: maternal
plasma concentration ratios were 0.2, 0.2, 0.43, and ≤0.17 (infant <1 mcg/mL
and maternal 5.2 mcg/mL), respectively. For the first two cases, sampling was
repeated at 2 months of age with nearly identical ratios of 0.22 and 0.23,
respectively, but both nursing infants were being supplemented with formula 2–
3 times per day. No adverse effects were observed in the infants, but the
authors were concerned because of the drug concentrations reaching
“therapeutic ranges” (22).

A 2005 case report described a woman treated for epilepsy with partial
seizures with 300 mg/day lamotrigine throughout pregnancy and during



breastfeeding (23). The healthy, 3.3-kg male infant was spontaneous delivered
at term with Apgar scores of 8 and 9. Development of the infant was normal
during the first 4 breastfed months and no toxicity was observed (23).

A 2006 report quantified the amount of lamotrigine in the breast milk of six
mothers and in the plasma of their breast-fed infants (mean age 4.1 months;
range 0.4–5.1 months) (24). The mothers, who obtained the milk samples by
hand expression, were taking a mean dose of 400 mg/day (range 75–800 mg)
for epilepsy (N = 5) or bipolar disorder (N = 1). The duration of treatment
before the study was not stated. The mean maternal dose based on body
weight was 6.3 mg/kg/day, whereas the mean absolute infant dose was 0.45
mg/kg/day. The daily infant dose relative to the mother’s weight-adjusted dose
was 7.6%. The mean infant plasma concentration of lamotrigine was 0.60
mg/L, a level that was a mean of 18% of the maternal plasma concentration.
The mothers and physicians observed no adverse effects in the infants (24).

A 2008 report described steady-state lamotrigine concentrations in 26
women who were breastfeeding while taking the drug (25). The mean age of
the infants was 13.0 weeks and the mean maternal dose was 5.93 mg/kg/day.
The mean breast milk concentration was 3.38 mcg/mL (based on sampling
from one breast every 4 hours for 24 hours) and the milk:plasma ratio was
0.413. The mean theoretical infant dose was 0.51 mg/kg/day and the relative
infant dose was 9.2%. No adverse events were noted among the mothers or
their nursing infants, but seven infants had elevated platelet counts without
adverse clinical consequences (25).

As with any drug, a mother who must take lamotrigine to control her disease
and who chooses to nurse her infant should carefully monitor the infant for
adverse effects. Some anticonvulsants have produced adverse effects in
nursing infants (see Phenobarbital and Primidone); whereas others are
considered compatible with breastfeeding. (See Carbamazepine, Phenytoin,
and Valproic Acid.) No adverse effects have been seen in nursing infants of
mothers taking lamotrigine. Monitoring infant lamotrigine concentrations should
be considered, as well as close monitoring for sedation and rash (26).

In a 2010 study, 199 children who had been breastfed while their mothers
were taking a single antiepileptic drug (carbamazepine, lamotrigine, phenytoin,
or valproate) were evaluated at 3 years of age cognitive outcome (27). Mean
adjusted IQ scores for exposed children were 99 (95% CI 96–103), whereas
the mean adjusted IQ scores of nonbreastfed infants were 98 (95% CI 95–
101).

Because of the potential for therapeutic serum concentrations in the infant,



the American Academy of Pediatrics classifies lamotrigine as a drug for which
the effect on a nursing infant is unknown but may be of concern (28).
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LANSOPRAZOLE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human and animal data for proton pump inhibitors (PPIs) suggest that
this class of drugs can be considered low risk in pregnancy, but the human
pregnancy experience for lansoprazole alone is still limited. A study
showing an association between in utero exposure to gastric acid-
suppressing drugs and childhood allergy and asthma requires confirmation.
Birth defects, including cardiac defects, have been reported in pregnancies
exposed to a PPI (see also Omeprazole), but there is no evidence of a
causal association. Most likely, the observed defects were the result of
many factors, including possibly the severity of the disease and concurrent
use of other drugs. The data do warrant continued investigation. In
addition, the studies lacked the sensitivity to detect minor anomalies
because of the absence of standardized examinations. Late-appearing
major defects may also have been missed due to the timing of some data
collection. If lansoprazole is required or if inadvertent exposure does occur
early in gestation, the known risk to the embryo–fetus appears to be low.
Long-term follow-up of offspring exposed during gestation is warranted.

FETAL RISK SUMMARY
Lansoprazole is a PPI that blocks gastric acid secretion by a direct inhibitory
effect on the gastric parietal cell (1). It is used for the treatment of gastric and
duodenal ulcer, erosive esophagitis, gastroesophageal reflux disease (GERD),
and pathologic hypersecretory conditions, such as Zollinger-Ellison syndrome. It
is also used in combination with amoxicillin and/or clarithromycin for
Helicobacter pylori eradication to reduce the risk of duodenal ulcer recurrence.
Lansoprazole is in the same class of PPIs as dexlansoprazole, esomeprazole,
omeprazole, pantoprazole, and rabeprazole.



Reproductive studies have been conducted in pregnant rats and rabbits at
oral doses ≤40 and 16 times, respectively, the recommended human dose
based on BSA (1). No evidence was found that these doses impaired fertility or
caused fetal harm. Similar to other PPIs, lansoprazole is carcinogenic in mice
and rats, producing dose-related gastric, testicular, and liver tumors (1). In
addition, positive results were seen with lansoprazole in the in vitro human
lymphocyte chromosomal aberration assays, but the Ames mutation assay and
other genotoxic animal tests were negative (1).

In a study published in 1990, lansoprazole at a dose of 50 or 300 mg/kg was
not teratogenic in pregnant rats, but a decrease in fetal weight occurred (2).
Schardein also cited a 1990 study, which appears to be similar to the one cited
above, that found no evidence of teratogenicity in rats and rabbits (3).

It is not known if lansoprazole crosses the human placenta. The molecular
weight (about 369) is low enough that passage to the fetus should be
expected. Another PPI, omeprazole, has a molecular weight (about 345) and
chemical structure that are very similar to lansoprazole, and it is known to cross
the human placenta (see Omeprazole).

A 1998 noninterventional, observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (4). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester, with
birth defects noted in 14 (2.5%) singleton births of the 557 live newborns
(10 sets of twins). In addition, two birth defects were observed in aborted
fetuses. However, few of the aborted fetuses were examined. Lansoprazole
was taken during the 1st trimester in six pregnancies. Seven healthy newborns
(one premature; one set of twins) were delivered (4).

Data from the Swedish Medical Birth Registry were presented in 1998 (5). A
total of 553 infants (6 sets of twins) were delivered from 547 women who had
used acid-suppressing drugs early in pregnancy. The odds ratio (OR) for
malformations after PPI exposure was 0.91, 95% confidence interval (CI)
0.45–1.84. Of the 19 infants with birth defects, 10 had been exposed to PPIs
alone and 1 was also exposed to ranitidine. Lansoprazole was the only acid-
suppressing drug exposure in 13 infants. Two of these infants had birth defects:
an atrial septum defect and an undescended testicle (see Omeprazole for
additional details of this study (5).

In a study published in 1999, investigators linked data from a Danish



prescription database to a birth registry to evaluate the risks of PPIs for
congenital malformations, low birth weight, and preterm delivery (<37 weeks’)
(6). From a total of 51 women who had filled a prescription for these drugs
sometime during pregnancy, 38 (omeprazole N = 35, lansoprazole N = 3) had
done so during the interval of 30 days before conception to the end of the 1st
trimester. A control group, consisting of 13,327 pregnancies in which the
mother had not obtained a prescription for reimbursed medication from 30 days
before conception to the end of her pregnancy, was used for comparison. The
prevalence of major congenital anomalies in controls was 5.2%. Three major
birth defects (7.9%), two of which were cardiovascular anomalies, were
observed from the 38 pregnancies possibly exposed in the 1st trimester
(specific drug exposure not given): ventricular septum defect; pyloric stenosis;
and one case of patent ductus arteriosus, atrial septum defect, hydronephrosis,
and agenesis of the iris. In comparison with controls, the adjusted (for maternal
age, birth order, gestational age, and smoking, but not for alcohol abuse)
relative risks for the three outcomes were congenital malformations 1.6 (95%
CI 0.5–5.2), low birth weight 1.8 (95% CI 0.2–13.1), and preterm delivery (not
adjusted for gestational age) 2.3 (95% CI 0.9–6.0). Although the study found
no elevated risks for the three outcomes, the investigators cautioned that more
data were needed to assess the possible association between PPIs and
cardiac malformations or preterm delivery (6).

A 2002 study conducted a meta-analysis involving the use of PPIs in
pregnancy (7). In the five cohort studies analyzed, there were 593 infants,
mostly exposed to omeprazole, but also including lansoprazole and
pantoprazole. The relative risk (RR) for major malformations was 1.18, 95% CI
0.72–1.94 (7).

A 2005 study by the European Network of Teratology Information Services
reported the outcomes of pregnancies exposed to omeprazole (N = 295),
lansoprazole (N = 62), or pantoprazole (N = 53) (8). In the pantoprazole group,
the median duration of treatment was 14 days (range 7–23 days) and the dose
used was 40 mg/day. The outcomes consisted of one spontaneous abortion
(SAB), three elective abortions (EABs) (none for congenital anomalies), one
stillbirth, and 48 live births. One infant exposed early in gestation (week 2 for 8
days) had congenital toxoplasmosis. Compared with a nonexposed control
group, there was no difference in the rate of major malformations between the
lansoprazole and control groups (RR 1.04, 95% CI 0.25–4.21). Similar results
were observed for omeprazole and pantoprazole (8).

A 2007 case report described the use of lansoprazole in a woman with



Zollinger-Ellison syndrome (9). In the 1st trimester, she underwent a left
lobectomy of the liver to remove a gastrin-secreting neuroendocrine tumor.
Lansoprazole (30 mg three times a day) was taken throughout gestation.
Ultrasound scans revealed a single umbilical artery and bilateral choroid plexus
cysts with no other malformations. In the 38th week, she gave birth to a 3.370-
kg male infant with Apgar scores of 8 and 10. A routine physical examination of
the infant was normal. At the time of the report, the woman was in her second
pregnancy and receiving the same oral treatment (9).

A population-based observational cohort study formed by linking data from
three Swedish national healthcare registers over a 10-year period (1995–2004)
was reported in 2009 (10). The main outcome measures were a diagnosis of
allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-receptor
antagonists, prostaglandins, PPIs, combinations for eradication of Helicobacter
pylori, and drugs for peptic ulcer and GERD. Of 585,716 children, 29,490
(5.0%) met the diagnosis and 5645 (1%) had been exposed to gastric acid
suppression therapy in pregnancy. Of these children, 405 (0.07%) were treated
for allergic disease. For developing allergy, the odds ratio (OR) was 1.43, 98%
CI 1.29–1.59, irrespective of the drug, time of exposure during pregnancy, and
maternal history of allergy. For developing childhood asthma, but not other
allergic diseases, the OR was 1.51, 95% CI 1.35–1.69, irrespective of the type
of acid-suppressive drug and the time of exposure in pregnancy. The authors
proposed three possible mechanisms for their findings: (a) exposure to
increased amounts of allergens could cause sensitization to digestion-labile
antigens in the fetus; (b) maternal Th2 cytokine pattern could promote an
allergy-prone phenotype in the fetus; and (c) maternal allergen-specific IgE
could cross the placenta and sensitize fetal immune cells to food- and airborne
allergens. Several limitations of the study that might have affected their findings
were identified, including a general increase in childhood asthma but not
necessarily an increase in allergic asthma (10). The study requires
confirmation.

A second meta-analysis of PPIs in pregnancy was reported in 2009 (11).
Based on 1530 exposed compared with 133,410 not exposed pregnancies, the
OR for major malformations was 1.12, 95% CI 0.86–1.45. There also was no
increased risk for SABs (OR 1.29, 95% CI 0.84–1.97) or preterm birth (OR
1.13, 95% CI 0.96–1.33) (11).

In a 2010 study from Denmark, covering the period 1996–2008, there were
840,968 live births among whom 5082 were exposed to PPIs between 4 weeks



before conception to the end of the 1st trimester (12). In the exposed group,
there were 174 (3.4%) major malformations compared with 21,811 (2.6%) not
exposed to PPIs (adjusted prevalence odds ratio [aPOR] 1.23, 95 CI 1.05–
1.44). When the analysis was limited to exposure in the 1st trimester, there
were 118 (3.2%) major malformations among 3651 exposed infants (aPOR
1.10, 95% CI 0.91–1.34). For exposure to lansoprazole in the 1st trimester,
there were 28 (3.5%) major birth defects among 794 live births (aPOR 1.13,
95% CI 0.77–1.67) (see Esomeprazole, Omeprazole, Pantoprazole, and
Rabeprazole for their data). The data showed that exposure to PPIs in the 1st
trimester was not associated with a significantly increased risk of major birth
defects (12). An accompanying editorial discussed the strengths and
weaknesses of the study (13).

In a 2012 publication, the National Birth Defects Prevention study, a multi-site
population-based case–control study, examined whether nausea/vomiting of
pregnancy (NVP) or its treatment were associated with the most common
noncardiac defects (nonsyndromic cleft lip with or without cleft palate [CL/P],
cleft palate alone [CP], neural tube defects [NTDs], and hypospadias) (14). PPI
exposure included esomeprazole, lansoprazole, and omeprazole. There were
4524 cases and 5859 controls. NVP was not associated with cleft palate or
NTDs, but modest risk reductions were observed for CL/P and hypospadias.
Increased risks were found for PPIs (N = 7) and hypospadias (adjusted OR
[aOR) 4.36, 95% CI 1.21–15.81), steroids (N = 10) and hypospadias (aOR
2.87, 95% CI 1.03–7.97), and ondansetron (N = 11) and CP (aOR 2.37, 95%
CI 1.18–4.76) (14).

Another 2012 reference, using the Danish nationwide registries, evaluated
the risk of hypospadias after exposure to PPIs during the 1st trimester and
throughout gestation (15). The study period, 1997 through 2009, included all
liveborn boys that totaled 430,569, of whom 2926 were exposed to maternal
PPI use. Hypospadias was diagnosed in 20 (0.7%) exposed boys, whereas
2683 (0.6%) of the nonexposed had hypospadias (adjusted prevalence ratio
[aPR] 1.1, 95% CI 0.7–1.7). For the 5227 boys exposed throughout pregnancy,
32 (0.6%) had hypospadias (PR 1.0, 95% CI 0.7–1.4). When the analysis was
restricted to mothers with 2 or more PPI prescriptions, the aPR of overall
hypospadias was 1.7, 95% CI 0.9–3.3) and 1.6, 95% CI 0.7–3.9 for
omeprazole. The authors concluded that PPIs were not associated with
hypospadias (15).

A large retrospective cohort study from Israel covering 1998–2009 was
published in 2012 (16). Among 114,960 live births, there were 110,783



singletons and 1239 EABs. Major malformations were observed in 6037 (5.5%)
singletons and in 468 abortuses. Exposure to a PPI (lansoprazole, omeprazole,
or pantoprazole) during the 1st trimester occurred in 1186 (1159 infants and 27
abortuses). In the exposed infants and abortuses, 80 (6.7%) had a major
malformation compared with 6425 (5.9%) not exposed (adjusted OR [aOR]
1.06, 95% CI 0.84–1.33). In the 233 infants–abortuses exposed to
lansoprazole, 13 (5.6%) had a major malformation compared with 6753 (6.1%)
not exposed (aOR 0.83, 95% CI 0.48–1.46). The data showed that exposure
to PPIs during the 1st trimester was not associated with an increased risk of
major defects. Moreover, additional analysis revealed that exposure during the
3rd trimester was not associated with increased risk of perinatal mortality,
premature delivery, low birth weight, or low Apgar scores (16).

Five reviews on the treatment of GERD have concluded that PPIs can be
used in pregnancy with relative safety (17–21). Because there is either very
limited or no human pregnancy data for the three newest agents in this class
(dexlansoprazole, esomeprazole, and rabeprazole), other drugs in the class are
preferred.

BREASTFEEDING SUMMARY
No reports describing the use of lansoprazole during human lactation have been
located. The molecular weight (about 369) is low enough that excretion into
breast milk should be expected. Because of the carcinogenicity observed in
animals, and the potential for suppression of gastric acid secretion in the
nursing infant, the use of lansoprazole during lactation is best avoided.

References
1. Product information. Prevacid. Tap Pharmaceuticals, 2001.
2. Schardein JL, Furuhashi T, Ooshima Y. Reproductive and developmental toxicity studies of

lansoprazole (ag-1749) in rats and rabbits. Yakuri to Rinsho 1990;18:S2773–83. As cited in Shepard
TH. Catalog of Teratogenic Agents. 8th ed. Baltimore, MD: Johns Hopkins University Press, 1995:245.

3. Schardein JL, Furuhashi T, Ooshima Y. Reproductive and developmental toxicity studies of
lansoprazole (AG-1749) in rats and rabbits. Jpn Pharmacol Ther 1990;18(Suppl 10):119–29. As cited in
Schardein JL. Chemically Induced Birth Defects. 2nd ed. New York, NY: Marcel Dekker, 1993:447.

4. Wilton LV, Pearce GL, Martin RM, Mackay FJ, Mann RD. The outcomes of pregnancy in women
exposed to newly marketed drugs in general practice in England. Br J Obstet Gynaecol 1998;105:882–
9.

5. Kallen B. Delivery outcome after the use of acid-suppressing drugs in early pregnancy with special
reference to omeprazole. Br J Obstet Gynaecol 1998;105:877–81.

6. Nielsen GL, Sorensen HT, Thulstrup AM, Tage-Jensen U, Olesen C, Ekbom A. The safety of proton
pump inhibitors in pregnancy. Aliment Pharmacol Ther 1999;13:1085–9.

7. Nikfar S, Abdollahi M, Moretti ME, Magee LA, Koren G. Use of proton pump inhibitors during pregnancy
and rates of major malformations: a meta-analysis. Dig Dis Sci 2002;47:1526–9.

8. Diav-Citrin O, Arnon J, Shechtman S, Schaefer C, Van Tonningen MR, Clementi M, De Santis M,



Robert-Gnansia E, Valti E, Malm H, Ornoy A. The safety of proton pump inhibitors in pregnancy: a
multicentre prospective controlled trial. Aliment Pharmacol Ther 2005;21:269–75.

9. Mayer A, Sheiner E, Holcherg G. Zollinger Ellison syndrome, treated with lansoprazole, during
pregnancy. Arch Gynecol Obstet 2007;276:171–3.

10. Dehlink E, Yen E, Leichtner AM, Hait EJ, Fiebiger E. First evidence of a possible association between
gastric acid suppression during pregnancy and childhood asthma: a population-based register study.
Clin Exp Allergy 2009;39:246–53.

11. Gill SK, O’Brien L, Einarson TR, Koren G. The safety of proton pump inhibitors (PPIs) in pregnancy: a
meta-analysis. Am J Gastroenterol 2009;104:1541–5.

12. Pasternak B, Hviid A. Use of proton-pump inhibitors in early pregnancy and the risk of birth defects. N
Engl J Med 2010;363:2114–23.

13. Mitchell AA. Proton-pump inhibitors and birth defects—some reassurance, but more needed. N Engl J
Med 2010;363:2161–3.

14. Anderka M, Mitchell AA, Louik C, Werler MM, Hernandez-Diaz S, Rasmussen SA, and the National Birth
Defects Prevention Study. Medications used to treat nausea and vomiting of pregnancy and the risk of
selected birth defects. Birth Defects Res A Clin Mol Teratol 2012;94:22–30.

15. Erichsen R, Mikkelsen E, Pedersen L, Sorensen HT. Maternal use of proton pump inhibitors during early
pregnancy and the prevalence of hypospadias in male offspring. Am J Ther 2012 (Feb 3) [Epub ahead
of print].

16. Matok I, Levy A, Wiznitzer A, Uziel E, Koren G, Gorodischer R. The safety of fetal exposure to proton-
pump inhibitors during pregnancy. Dig Dis Sci 2012;57:699–705.

17. Broussard CN, Richter JE. Treating gastro-oesophageal reflux disease during pregnancy and lactation.
What are the safest therapy options? Drug Saf 1998;19:325–37.

18. Katz PO, Castell DO. Gastroesophageal reflux disease during pregnancy. Gastroenterol Clin N Am
1998;27:153–67.

19. Ramakrishnan A, Katz PO. Pharmacologic management of gastroesophageal reflux disease. Curr
Treat Options Gastroenterol 2002;5:301–10.

20. Richter JE. Gastroesophageal reflux disease during pregnancy. Gastroenterol Clin N Am 2003;32:235–
61.

21. Richter JE. Review article: the management of heartburn in pregnancy. Aliment Pharmacol Ther
2005;22:749–57.



LANTHANUM CARBONATE
Antidote (Phosphate Binder)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of lanthanum carbonate in human pregnancy
have been located. The indication for the drug suggests that human
pregnancy experience will be very limited. The systemic bioavailability is
minimal and should have no effect on the embryo or fetus.

FETAL RISK SUMMARY
Lanthanum carbonate, an oral phosphate binder, is indicated to reduce serum
phosphate in patients with end-stage renal disease. In the acid environment of
the upper gastrointestinal tract, lanthanum ions are released to bind dietary
phosphate from food during digestion. The resulting lanthanum phosphate
complexes are highly insoluble. The systemic bioavailability of lanthanum
carbonate is very low (<0.002%) with a mean plasma concentration of 0.6
ng/mL. The drug is practically insoluble in water. Lanthanum carbonate is not
metabolized. Plasma protein binding is >99% and the plasma elimination half-
life is 53 hours. However, lanthanum is bound to bone and is slowly released
with an estimated half-life of 2.0–3.6 years (1).

Reproduction studies have been conducted in rats and rabbits. In rats, oral
doses up to 3.4 times the maximum recommended daily human dose (MRDHD)
resulted in no evidence of fetal harm. When the highest dose was given from
implantation through lactation, offspring had delayed eye opening, reduction in
body weight gain, and delayed sexual development (preputial separation and
vaginal opening). In rabbits, doses up to 5 times the MRDHD were maternal
toxic (reduced body weight gain and food consumption) and were associated
with increased postimplantation loss, reduced fetal weights, and delayed fetal
ossification (1).



In long-term studies, lanthanum carbonate was not carcinogenic in rats but
was associated with an increased incidence of glandular stomach adenomas in
male mice. The drug did not cause mutagenicity or chromosomal aberrations in
multiple tests. Fertility of male and female rats was not affected by doses up to
3.4 times the MRDHD (1).

It is not known if lanthanum carbonate crosses the human placenta. The
molecular weight (about 458 for anhydrous form) is low enough, but the very
low systemic bioavailability and high plasma protein binding suggest that
exposure of the embryo–fetus will not be clinically significant.

BREASTFEEDING SUMMARY
No reports describing the use of lanthanum carbonate during human lactation
have been located. The very low systemic bioavailability (<0.002%) and high
plasma protein binding (>99%) suggest that insignificant amounts of the drug
will be excreted into breast milk. Moreover, even the minimal amounts that
might be excreted would bind with milk phosphate, resulting in a nonabsorbable
complex. The effect of this binding on infant bone growth is unknown but is
probably not clinically significant.
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LAPATINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The human pregnancy experience with lapatinib is very limited. The animal
reproduction studies suggest moderate risk. The no-observed-effect-level
(NOEL) in animals was ≤1 times the human clinical exposure based on AUC
(HCE). Although the near absence of human pregnancy experience
prevents a complete assessment of the embryo–fetal risk, the drug should
be avoided in pregnancy. If it must be administered for the mother’s
benefit, avoiding the period of organogenesis should be considered.

FETAL RISK SUMMARY
Lapatinib is an intracellular tyrosine kinase inhibitor that is indicated, in
combination with capecitabine (see Capecitabine), for the treatment of patients
with advanced or metastatic breast cancer whose tumors overexpress human
epidermal receptor type 2 (HER2) and who have received prior therapy,
including an anthracycline, a taxane, and trastuzumab. There are no other
agents in this subclass (see Appendix). Lapatinib is extensively metabolized to
inactive metabolites. Plasma protein binding to albumin and α-1 acid
glycoprotein is >99%. The terminal phase half-life following repeated dosing is
24 hours (1).

Reproduction studies have been conducted in rats and rabbits. Pregnant rats
were given doses during organogenesis and through lactation that produced
systemic exposures that were about 6.4 times the HCE. At this exposure, 91%
of the pups died by the 4th day after birth, but this dose also caused maternal
toxicity. When half of the dose was used (about 3.3 times the HCE), 34% of
the pups died. The NOEL was about equal to the HCE. There were no
teratogenic effects at the highest exposure, but minor anomalies observed
were left-sided umbilical artery, cervical rib, and precocious ossification. In
rabbits, maternal toxicity was observed at doses resulting in exposures that



were about 0.07 and 0.2 times the HCE. Decreased fetal body weights and
minor skeletal variations were noted at both doses, and abortions were
observed at the higher dose (1).

Carcinogenicity studies have not been completed. Lapatinib was not
clastogenic or mutagenic in a variety of assays. There were no effects on
mating or fertility in female and male rats given doses producing exposures that
were 6.4 and 2.6 times the HCE, respectively. However, in female rats, this
exposure during breeding and through the first 6 days of gestation was
associated with a significant decrease in the number of live fetuses. At about
3.3 times the HCE, there was a significant decrease in fetal body weights (1).

It is not known if lapatinib crosses the human placenta. Although the high
plasma protein binding will inhibit transfer, the molecular weight (about 926 for
the nonhydrated form) and the prolonged half-life suggest that embryo–fetus
exposure will occur.

A 44-year-old woman with breast cancer conceived while being treated in a
phase I clinical trial with lapatinib (2). During the previous 10 years, she had
been treated with a number of antineoplastic agents, including
cyclophosphamide, doxorubicin, fluorouracil, paclitaxel, trastuzumab, and
vinorelbine. She also had undergone a left modified radical mastectomy,
regional radiation, and 10 years of tamoxifen. When cancer was discovered in
her right breast, she was enrolled in the clinical trial. She was initially treated
with lapatinib 1500 mg/day, but the dose was reduced by 50% because of
diarrhea and rash. Pregnancy was diagnosed at about 14 weeks’ gestation;
conception was thought to have occurred in the 3rd or 4th week of study drug.
A modified radical mastectomy was conducted to avoid further antineoplastic
treatment. Because of disease progression, labor was induced, and the woman
gave birth to a healthy, 2.6-kg female infant with Apgar scores of 8 and 9 at 1
and 5 minutes, respectively. At 18 months of age, the infant was doing well,
having reached all developmental milestones on schedule (2).

BREASTFEEDING SUMMARY
No reports describing the use of lapatinib during lactation have been located.
Although the high plasma protein binding (>99%) should inhibit excretion, the
molecular weight (about 926 for the nonhydrated form) and the prolonged half-
life (24 hours) suggest that the drug will be excreted into breast milk. Women
receiving lapatinib should not breastfeed because of the potential for toxicity in
a nursing infant. The most common toxicities in adults were severe diarrhea,
nausea and vomiting, and rash.
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LARONIDASE
Endocrine/Metabolic Agent (Enzyme)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (≤7 Days after Birth) Probably Compatible (>7 Days after Birth)

PREGNANCY SUMMARY

One report of laronidase in human pregnancy has been located, and that
case involved exposure before the onset of organogenesis. The animal
reproduction data, although based on body weight, suggest low risk.
However, the absence of human pregnancy experience during
organogenesis and later prevents a more complete assessment.
Nevertheless, the benefits (improved pulmonary function and walking
capacity) of treatment with laronidase to a pregnant woman with
mucopolysaccharidosis I (MPS I) appear to outweigh the unknown risks to
the embryo and/or fetus. Therefore, if a woman requires this therapy, it
should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Laronidase, a polymorphic variant of the human enzyme, α-L-iduronidase, is a
glycoprotein prepared by recombinant DNA technology. It is indicated for
patients with the Hurler and Hurler-Scheie forms of MPS I and for patients with
the Scheie form who have moderate-to-severe symptoms. The predicted amino
acid sequence of laronidase is identical to the polymorphic form of human α-L-
iduronidase. Laronidase is given as a once-weekly 3–4 hour IV infusion. The
mean elimination half-life ranges from 1.5 to 3.6 hours (1).

Hypersensitivity reactions, including anaphylaxis, may occur during laronidase
IV infusions. Patients should receive antipyretics and/or antihistamines 60
minutes before the infusion. Hypotension was observed in 9% (2/22) of the
patients receiving an infusion of laronidase in a placebo-controlled study (1).
This adverse effect in a pregnant woman could have deleterious effects on
placental perfusion, resulting in embryo and fetal harm.



Reproduction studies have been conducted in rats. No evidence of fetal harm
was observed with a dose that was 6.2 times the human dose (assumed to be
based on body weight). In addition, the same dose had no effect on male and
female rat fertility (1).

It is not known if laronidase crosses the human placenta. The molecular
weight is high (about 83,000), suggesting that the glycoprotein will not cross to
the embryo or fetus.

A 2006 case report described a 21-year-old woman with MPS I, who
became pregnant while receiving weekly infusions (100 U/kg) of laronidase (2).
Exposure appears to have been no longer than 4 weeks. Further laronidase
treatment was stopped. The woman went into spontaneous premature labor at
29 weeks’ gestation and delivered a healthy, normal 1250-g female infant.
Although the cause of the preterm labor was unknown, the authors speculated
that it might have been secondary to the disease (2).

BREASTFEEDING SUMMARY
No reports describing the use of laronidase during human lactation have been
located.

The high molecular weight (about 83,000) suggests that the glycoprotein will
not be excreted into breast milk. However, many proteins (e.g.,
immunoglobulins) are excreted into milk and absorbed by the infant in the first
few days after birth. Thus, laronidase could potentially be excreted and
absorbed.

If laronidase is excreted into milk, one strategy to reduce the exposure of a
nursing infant, especially during the first week after birth, involves using the
pharmacokinetics and dosing schedule of the drug. Laronidase has a short
elimination half-life (1.5–3.6 hours) and is infused once weekly over 3–4 hours.
The woman could nurse immediately before the start of the infusion, and then
pump and dump her milk for about 8–12 hours after the end of the infusion.
During this period, the infant could be fed breast milk stored earlier. This
strategy should markedly reduce laronidase exposure of the nursing infant.
Nevertheless, if a woman receiving laronidase therapy chooses to nurse,
especially during the first week after birth, her infant should be closely
monitored for the adverse effects most commonly observed in adults (skin
rash, upper respiratory tract infection, hyperreflexia, paresthesia, chest pain,
edema, and hypotension).
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LATANOPROST
Ophthalmic (Prostaglandin Agonist)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Neither the limited human pregnancy experience nor the animal
reproduction data suggest that latanoprost is a clinically significant risk to
the embryo–fetus. The amount of drug in the systemic circulation after
ophthalmic use of the recommended dose is likely minimal. The limited data
suggest that, if indicated, latanoprost should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Latanoprost, a prostaglandin F2α analog, is a topical ophthalmic solution
indicated for the reduction of elevated intraocular pressure in patients with
open-angle glaucoma or ocular hypertension. It is in the same class as
bimatoprost, tafluprost, and travoprost. Latanoprost is a prostanoid selective
FP receptor agonist, which is believed to reduce the intraocular pressure by
increasing the outflow of aqueous humor. Latanoprost is a prodrug that is
hydrolyzed by esterases in the cornea to the biologically active acid.
Metabolites of the active acid are inactive. The elimination half-life of the active
acid form is 17 minutes (1,2).

Reproduction studies have been performed in rats and rabbits. In rabbits, 4
of 16 dams had no viable fetuses at a dose that was about 80 times the
maximum human dose (MHD) (assumed to be based on body weight). The no-
effect dose for embryo death in rabbits was about 15 times the MHD (1,2). No
information on studies conducted in pregnant rats was provided.

Latanoprost was not carcinogenic in mice and rats at doses up to 2800 times
the MHD. Mutagenicity studies were also negative in multiple assays, but the
drug did cause chromosome aberrations in an in vitro assay with human



lymphocytes. The drug had no effect on male or female fertility in animal
studies (1,2).

It is not known if latanoprost or its active acid crosses the human placenta.
The molecular weight of the prodrug (about 433) is low enough, but plasma
concentrations are probably very low and have a very short elimination half-life.
These properties suggest that clinically significant exposure of the embryo–
fetus is unlikely.

Prostaglandin F2α has been used for pregnancy termination in humans via
intrauterine extra-amniotic infusion to treat missed abortion or intrauterine
death. However, there is no evidence that at doses given to reduce elevated
ophthalmic pressure, an increased risk for uterine contractions would be seen
(3,4).

Eleven 1st trimester latanoprost-exposed pregnancies were identified by a
teratology information service in Italy (5). Exposure in the 1st trimester
occurred for 4–70 days. Three women continued therapy throughout gestation
and one discontinued the drug in the 3rd trimester. One pregnancy was lost to
follow-up, one ended in a spontaneous abortion 2 weeks after therapy was
discontinued (in a 46-year-old woman), and nine women gave birth at term to
normal, healthy infants (5).

BREASTFEEDING SUMMARY
No reports describing the use of latanoprost during human lactation have been
located. The molecular weight of the prodrug (about 433) is low enough, but
plasma concentrations are probably very low and have a very short elimination
half-life (17 minutes). These properties suggest that clinically significant
amounts will not be excreted into breast milk.
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LEFLUNOMIDE
Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Leflunomide is an animal teratogen and its use in pregnancy is
contraindicated. The drug and its active metabolite are eliminated from the
body very slowly and may take up to 2 years to reach nondetectable
plasma metabolite levels. Nevertheless, the limited human pregnancy
experience has not shown an increased risk of major or minor anomalies.
Moreover, the risk of preterm delivery and lower birth weight of full-term
infants appears to be related to the disease (rheumatoid arthritis) or
concurrent drug therapy other than leflunomide. In women of childbearing
age, pregnancy should be excluded and the woman should be on a reliable
contraceptive before starting therapy. In the event of inadvertent
conceptions, a drug elimination procedure using cholestyramine has been
developed and is included in the product information. However, the
procedure for preventing embryo exposure to therapeutic levels in
unplanned pregnancies might be clinically ineffective. In inadvertent
pregnancies, the procedure, to be at least partially effective, should be
initiated no later than the time of the first missed menstrual period (1).
Pregnancy loss and anomalies occurring early in organogenesis would still
be a risk, but drug-induced microcephaly and mental retardation would be
prevented (2). A pregnancy registry and cohort study has been established
to monitor fetal outcomes of pregnant women exposed to leflunomide for
the treatment of rheumatoid arthritis (RA) (3). Healthcare providers are
encouraged to register their patients by calling the toll-free number (877-
311-8972) (1).

FETAL RISK SUMMARY
Leflunomide, a pyrimidine synthesis inhibitor, is indicated for the treatment of



active RA to reduce signs and symptoms and retard structural damage. The
drug is metabolized to an active metabolite that has an elimination half-life of
about 2 weeks (1).

Leflunomide is contraindicated in pregnancy because it has exhibited dose-
related teratogenicity and embryo–fetal toxicity in animals at doses that
resulted in systemic exposures at or below those obtained in humans.
Therefore, in women of childbearing age, leflunomide should not be started until
pregnancy has been excluded and the use of reliable contraception has been
confirmed (1).

In reproduction studies with pregnant rats during organogenesis, an oral
dose that produced systemic exposure approximately 10% of the human
exposure level based on AUC (HE) was teratogenic (anophthalmia or
microphthalmia and internal hydrocephalus). This dose also resulted in an
increase in embryo death and a decrease in maternal and surviving fetuses’
body weight. In rabbits, an oral dose equivalent to the maximum HE during
organogenesis resulted in fused, dysplastic sternebrae. No teratogenic effects
were noted at lower doses in either species. In rats treated with doses 1% of
the HE for 14 days before mating and continued until the end of lactation, >90%
of the offspring failed to survive the postnatal period (1).

Leflunomide was not carcinogenic in rats, but mice exhibited dose-related
increases in lymphoma (males) and bronchoalveolar adenomas and carcinomas
combined (females). The incidence of the lung tumors, however, was within the
spontaneous range for the mouse strain. The drug was not mutagenic or
clastogenic in various assays, although a minor metabolite (4-
trifluoromethylaniline) was in some tests. Because of the very low amounts of
this metabolite, the results were not thought to be clinically significant (1).

It is not known if leflunomide crosses the human placenta. The molecular
weight (about 270) is low enough that passage to the fetus should be
expected. It also is not known if the active metabolite can cross the placenta or
if the fetus can metabolize the parent compound to the active metabolite.

Because it may take ≤2 years to reach nondetectable plasma levels (<0.02
mcg/mL) of the active metabolite, the manufacturer has developed a drug
elimination procedure in the event that a woman taking leflunomide becomes
pregnant: (a) administer cholestyramine 8 g 3 times daily for 11 days (not
necessarily consecutive unless there is a need to lower the plasma level
rapidly); (b) verify plasma levels <0.02 mcg/mL by two tests = 14 days apart. If
plasma levels are >0.02 mcg/mL, additional cholestyramine treatment should
be considered (1).



Information relating to the risks of leflunomide use in human pregnancy has
been published. A 2000 review on the treatment of rheumatic diseases briefly
mentioned the agent, stating that it was contraindicated in pregnancy (4). It
also reviewed the drug elimination procedure in the manufacturer’s product
literature. A 2001 reference thoroughly reviewed the reproductive risks of
leflunomide and provided detailed information on counseling of men and women
who might have been exposed to the agent and were either contemplating
fathering a child, were pregnant, or were planning a pregnancy (2). The drug
blood level considered safe was 0.03 mcg/mL, which was 123 and 136 times
lower than the no-effect blood levels in rats and rabbits, respectively. The safe
concentration was about 0.1% of the average steady-state plasma level of the
active metabolite. The author mentioned that approximately 30 women had
become pregnant on leflunomide, 29 of whom were exposed to therapeutic
levels of the drug during early organogenesis despite initiating the drug
elimination protocol as soon as pregnancy was diagnosed. Only three
pregnancies were continuing (no outcome data available), however, as 27
women had elected to undergo termination (2).

A survey of 600 members of the American College of Rheumatology,
conducted partially to determine the outcomes of pregnancies exposed to
disease-modifying antirheumatic drugs (DMARDs) (etanercept, infliximab,
leflunomide, and methotrexate), was published in 2003 (5). From the 175
responders, the outcomes of 10 pregnancies exposed to leflunomide were two
full-term healthy infants, one preterm delivery, one spontaneous abortion, two
elective abortions, two unknown outcomes, and two women still pregnant.
Cholestyramine was definitely used in two pregnancies and may have been
used in all (5).

A 2004 study reported data from the manufacturer’s database of
pregnancies exposed to infliximab (see Infliximab for details of this study) (6).
One woman had received infliximab and leflunomide before conception and in
pregnancy and delivered an infant with intestinal malrotation (6).

An Italian teratogen information service described the outcomes of five
pregnancies in women exposed to leflunomide and one case of paternal
exposure (7). Exposures in three women who had elective abortions were until
1.5 months before conception, and until 5 weeks’ and 9 weeks’ gestation,
respectively. A woman exposed until 6.5 months before conception gave birth
to a normal 2600-g male infant at 39 weeks’ and another woman exposed until
the 9th week of gestation had a normal 2200-g male infant at 36 weeks’. The
paternal exposure started 6 months before conception and continued



throughout pregnancy without a condom being worn during intercourse. A
normal 3350-g male infant was born at 38 weeks’. All three births were by
cesarean section. None of six cases had a washout procedure (7).

In a 2007 case report from England, a 43-year-old woman with RA became
pregnant about 8 months after starting leflunomide 20 mg/day (8). At 21
weeks’, the drug was discontinued and cholestyramine treatment was started.
A male infant was born 9 weeks prematurely and was found to be blind in the
right eye, and to have cerebral palsy with left-sided spasticity. The mother’s
three previous pregnancies had involved a neonatal death within 24 hours of
birth due to a congenital heart defect, a healthy daughter, and a son diagnosed
with autism (8).

In a 2004 abstract, preliminary results of the on-going Organization of
Teratology Information Specialists (OTIS) Rheumatoid Arthritis in Pregnancy
study were reported (9). As of January, 2004, 168 infant outcomes were
known: 43 exposed to leflunomide, 78 RA controls without leflunomide
exposure, and 47 nondiseased controls. The proportion of major and minor
malformations was similar between the groups. However, both RA groups were
significantly more likely to deliver preterm infants than nondiseased controls:
leflunomide group, adjusted odds ratio (OR) 12.0, 95% confidence interval (CI)
2.5–59.2; and RA group, OR 10.1, 95% CI 2.2–47.3. The mean birth weight of
full-term infants also was significantly lower in both RA groups than in
nondiseased controls: 3158, 3336, and 3487 g, respectively. The results
suggested that RA itself, with a possible contribution from other medications,
such as corticosteroids, was responsible for the increased rate of preterm
delivery and lower birth weight of full-term infants (9).

In a continuation of the above prospective cohort study, 250 pregnancy
outcomes were known: 64 exposed to leflunomide (61 [95.3%] of who received
cholestyramine), 108 RA controls, and 78 healthy pregnant women (10).
Women exposed to methotrexate or cyclophosphamide at any time during
pregnancy were excluded. The number of live births in the three groups was
56, 95, and 72, respectively. Of these, 51 (91.1%), 90 (94.7%), and 65
(90.3%) were examined by a pediatric dysmorphologist blinded to the groups.
There was no significant difference in the number of major defects in all
pregnancies (live births plus losses): 4.8%, 6.6%, and 4.0%, respectively. The
three major anomalies in the leflunomide-exposed infants were occult spinal
dysraphism, unilateral uretero pelvic junction obstruction and multicystic kidney
disease, and microcephaly. There also was no difference between the groups
in terms of functional problems, but significantly more exposed infants had



minor defects (p = 0.05) and a higher proportion of three or more minor defects
(47.1% vs. 32.2% vs. 29.2%, p = 0.10). There was no specific pattern of major
or minor anomalies. Infants in both RA groups were born smaller and earlier
than infants from healthy mothers, but there were no significant differences
between the RA groups. In addition, among 19 infants from leflunomide-treated
mothers who were not eligible for the cohort study for various reasons, 2 had
major anomalies: aplasia cutis congenita in a surviving twin; and multiple
defects including the Pierre-Robin sequence, cleft of the soft palate, and
chondrodysplasia punctata (mother treated for systemic lupus erythematosus).
The data indicated that there was no substantial risk of adverse pregnancy
outcome among leflunomide-treated women who undergo the cholestyramine
elimination procedure early in pregnancy (10).

A 2010 report described a 22-year-old woman with Takayasu’s arteritis who
conceived while taking leflunomide 10 mg/day, adalimumab 40 mg SC every 4
weeks, prednisolone 5 mg/day, and dalteparin 500 IU/day (11). Leflunomide
was discontinued by the patient at 8 weeks’ gestation but the other agents
were continued throughout pregnancy. At 37 weeks’, a cesarean section was
performed to deliver a healthy 2550-g male infant with Apgar scores of 9, 9,
and 10 at 1, 5, and 10 minutes, respectively (11).

BREASTFEEDING SUMMARY
No reports describing the use of leflunomide during lactation have been located.
The molecular weight (about 270) is low enough that excretion into breast milk
should be expected. The effects of this exposure on a nursing infant are
unknown. Because of the potential for serious adverse effects and without
information on the amount of drug in milk, nursing mothers receiving this drug
should probably not breastfeed (2).
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LENALIDOMIDE
Immunomodulator
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of lenalidomide in human pregnancy have
been located. Thalidomide is a well-known potent human teratogen (see
Thalidomide). As an analog of thalidomide, lenalidomide is contraindicated
in human pregnancy and in women capable of becoming pregnant. It is
available only under a restricted distribution program (RevAssist) (1).

FETAL RISK SUMMARY
Lenalidomide is an analog of thalidomide that is used for its immunomodulatory
and antiangiogenic properties. It is indicated for the treatment of transfusion-
dependent anemia due to low- or intermediate-1-risk myelodysplastic syndrome
(MDS) associated with a deletion 5q cytogenetic abnormality with or without
additional cytogenetic abnormalities. It also is indicated, in combination with
dexamethasone, for the treatment of multiple myeloma patients who have
received at least prior therapy. The only other immunomodulator with a similar
indication is thalidomide. Lenalidomide is partly metabolized (about one-third),
but the metabolites have not been characterized. Plasma protein binding also is
low (about 30%) and the elimination half-life is about 3 hours. The
pharmacokinetics in MDS patients has not been studied, but in multiple
myeloma patients the exposure (AUC) was 57% higher than in healthy male
volunteers (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, no evidence of teratogenicity was observed with daily doses up to about
600 times the human dose of 10 mg based on BSA (HD). Minimal maternal
toxicity (slight, transient decrease in mean body weight gain and food intake)
was observed at doses that were about 120–600 times the HD. Male offspring
of pregnant rats given daily doses ≤600 times the HD exhibited slightly delayed



sexual maturation. Female offspring had slightly lower body weight gains during
gestation when bred with male offspring. In pregnant rabbits, a dose that was
about 120 times the HD had an embryocidal effect (1).

Carcinogenicity studies have not been conducted with lenalidomide. The drug
was not mutagenic in several assays. In studies in rats, doses up to about 600
times the HD had no effect on fertility (1).

It is not known if lenalidomide crosses the human placenta. The molecular
weight (about 259), moderate metabolism and plasma protein binding, and the
elimination half-life suggest that the drug will cross to the embryo and/or fetus.

Lenalidomide is contraindicated in pregnancy and in women who might
become pregnant. However, when there is no other alternative, the drug can be
used in women of reproductive age if specific conditions to avoid pregnancy are
met. These conditions include abstention from heterosexual intercourse, or the
use of two methods of reliable birth control. One of the birth control methods
should be considered highly effective (e.g., intrauterine device, hormonal
contraception, tubal ligation, or partner’s vasectomy), whereas the second
method should be considered effective (e.g., latex condom, diaphragm, or
cervical cap). The birth control methods should be used continuously for 4
weeks before starting therapy, during therapy, during therapy delay, and for 4
weeks after the end of therapy. Pregnancy testing should be conducted within
10–14 days and a second test within 24 hours of starting therapy and then
weekly during the 1st month. After the first month, pregnancy testing should be
conducted monthly in women with regular menstrual cycles or every 2 weeks in
women with irregular menstrual cycles.

BREASTFEEDING SUMMARY
No reports describing the use of lenalidomide during human lactation have been
located.

The molecular weight (about 259), moderate metabolism (about one-third)
and plasma protein binding (about 30%), and the elimination half-life (about 3
hours) suggest that the drug will be excreted into breast milk. The effects of
this exposure on a nursing infant are unknown. However, serious toxicity has
been observed in adult patients with del 5q MDS who were treated with
lenalidomide. The most serious toxicities were neutropenia, thrombocytopenia,
deep venous thrombosis, and pulmonary embolism, but other commonly
observed (≥20%) adverse effects included pruritus, rash, diarrhea,
constipation, nausea, nasopharyngitis, fatigue, pyrexia, peripheral edema,
arthralgia, and back pain. Because of the uncertainty regarding the amount of



drug in milk and the potential for severe toxicity, women being treated with
lenalidomide should not breastfeed.
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LEPIRUDIN
Hematologic Agent (Thrombin Inhibitor)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal data suggest low risk, but the near absence of human
pregnancy experience prevents a more complete assessment of
embryo/fetal risk. The passage of lepirudin across the rat placenta
suggests that the agent might also cross the human placenta. The effects
of this potential exposure on a human embryo or fetus, including
hemorrhage, are unknown. However, if a pregnant woman requires
lepirudin therapy for heparin-induced thrombocytopenia (HIT), the benefits
to her appear to outweigh the theoretical risks to her embryo–fetus.

FETAL RISK SUMMARY
The polypeptide lepirudin (rDNA) is a recombinant hirudin derived from yeast
cells that is indicated for anticoagulation in patients with HIT and associated
thromboembolic disease. It is composed of 65 amino acids and is administered
as a continuous IV infusion. Lepirudin binds to thrombin to directly block the
thrombogenic activity of thrombin (1).

Reproduction studies with lepirudin have been conducted in rats and rabbits.
In pregnant rats, IV doses up to 1.2 times the maximum recommended daily
human dose based on BSA (MRHD) during organogenesis and the perinatal–
postnatal period revealed no evidence of fetal harm. However, increased rat
maternal mortality from undetermined causes was noted. Studies with pregnant
rabbits at IV doses up to 2.4 times the MRHD also found no evidence of
embryo or fetal harm (1).

Despite the high molecular weight of lepirudin (about 6970), the drug crosses
the placenta of pregnant rats (1). Because of the similarities between rat and
human placentas, exposure of the human embryo–fetus might occur.



Several case reports (2–6) and a review (7) have described the successful
use of lepirudin for the treatment of HIT in pregnancy. In another case report,
lepirudin was used in the 3rd trimester when heparin-induced thrombosis
occurred (8). Developmental toxicity was not observed in any of these cases.

BREASTFEEDING SUMMARY
One report has described the use of lepirudin (recombinant hirudin) during
lactation. A 34-year-old woman, breastfeeding a 7-week-old infant, developed
a deep vein thrombosis in her calf and was treated with low-molecular-weight
heparin (9). She developed HIT on day 20 of treatment. Therapy was changed
to lepirudin 50 mg twice daily. Although therapeutic levels of hirudin were
measured in her plasma (0.5–1.0 mg/L), it was not detected in her milk
(detection level 0.1 mg/L). The woman continued breastfeeding for the next 6
months while being treated with lepirudin. No adverse effects were observed in
the mother or infant (9).

The above report is consistent with the high molecular weight (about 6970) of
lepirudin that suggests excretion into milk does not occur. Even if small amounts
are excreted, the polypeptide probably would be digested in the stomach of the
infant.

References
1. Product information. Refludan. Aventis Pharmaceuticals, 2002.
2. Huhle G, Geberth M, Hoffmann U, Heene DL, Harenberg J. Management of heparin-associated

thrombocytopenia in pregnancy with subcutaneous r-hirudin. Gynecol Obstet Invest 2000;49:67–9.
3. Mehta R, Golichowski A. Treatment of heparin-induced thrombocytopenia and thrombosis during the

first trimester of pregnancy. J Thromb Haemost 2004;2:1665–6.
4. Harenberg J, Jorg I, Bayer C, Fiehn C. Treatment of a woman with lupus pernio, thrombosis and

cutaneous intolerance to heparins using lepirudin during pregnancy. Lupus 2005;14:411–2.
5. Furlan A, Vianello F, Clementi M, Prandoni P. Heparin-induced thrombocytopenia occurring in the first

trimester of pregnancy: successful treatment with lepirudin. A case report. Haematologica 2006;91(8
Suppl):ECR40.

6. Plesinac S, Babovic I, Plesinac Karapandzic V. Successful pregnancy after pulmonary embolism and
heparin-induced thrombocytopenia—case report. Clin Exp Obstet Gynecol 2013;40:307–8.

7. Lindhoff-Last E, Bauersachs R. Heparin-induced thrombocytopenia—alternative anticoagulation in
pregnancy and lactation. Semin Thromb Hemost 2002;28:439–46.

8. Chapman ML, Martinez-Borges AR, Mertz HL. Lepirudin for treatment of acute thrombosis during
pregnancy. Obstet Gynecol 2008;112:432–3.

9. Lindhoff-Last E, Willeke A, Thalhammer C, Nowak G, Bauersachs R. Hirudin treatment in a
breastfeeding woman. Lancet 2000;355:467–8.



LETROZOLE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No published reports describing the use of letrozole in human pregnancy
have been located.

The animal data suggest risk. However, several reports and reviews
have described the use of letrozole for ovulation stimulation, an off-label
indication. In a 2005 letter from Novartis to healthcare professionals, the
manufacturer warned that the drug should not be used for pregnancy
induction because it was teratogenic (Novartis issues breast cancer drug
warning. December 1, 2005). Novartis was aware of 13 women exposed to
the drug during pregnancy resulting in two spontaneous abortions and two
infants with birth defects (no additional details are available). Because the
drug inhibits estrogen synthesis in all tissues, it is contraindicated during
pregnancy.

FETAL RISK SUMMARY
Letrozole is an aromatase inhibitor indicated for postmenopausal women as (a)
adjuvant treatment with hormone receptor positive breast cancer; (b) extended
adjuvant treatment of early breast cancer in those who have received prior
standard adjuvant tamoxifen therapy; and (c) first- and second-line treatment of
those with hormone receptor positive or unknown advanced breast cancer. It
also has been used off-label to induced ovulation in infertile women. Letrozole
inhibits the aromatase enzyme, resulting in a reduction of estrogen synthesis in
all tissues. It is metabolized to inactive metabolites, weakly bound to plasma
proteins, and the terminal elimination half-life is about 2 days (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
during organogenesis that were ≥0.01 times the daily maximum recommended
human dose based on BSA (MRHD) caused increased resorptions and
postimplantation loss, decreased numbers of live fetuses, and fetal anomalies



including absence and shortening of renal papilla, dilation of ureter, edema, and
incomplete ossification of frontal skull and metatarsals. Doses that were 0.1
times MRHD caused fetal domed head and cervical/centrum vertebral fusion. In
rabbits, doses that were 0.0001–0.00001 times the MRHD caused embryo–
fetal toxicity and anomalies that included incomplete ossification of the skull,
sternebrae, and fore- and hindlegs (1).

In 2-year studies, letrozole was carcinogenic in mice and rats. The drug was
not mutagenic but was a potential clastogen in an in vitro test but not in an in
vivo test. In mice, rats, and dogs, letrozole caused sexual inactivity in females
and atrophy of the reproductive tract in male and female animals (1).

It is not known if letrozole crosses the human placenta. The molecular weight
(about 285), low plasma protein binding, and long terminal elimination half-life
suggest that exposure of the embryo and/or fetus will occur.

A number of studies (2–14) and reviews (15–20) have reported the use of
letrozole, alone or with gonadotropins, follicle-stimulating hormone, or
metformin for ovarian stimulation. The effectiveness of letrozole for this use
was comparable to other agents. No increase in the incidence of congenital
malformations was observed and pregnancy outcomes were comparable or
better than when clomiphene citrate was used.

BREASTFEEDING SUMMARY
No reports describing the use of letrozole during human lactation have been
located. Such reports are unlikely because of its indication for breast cancer.
Moreover, the molecular weight (about 285), low plasma protein binding, and
long terminal elimination half-life (about 2 days) suggest that it will be excreted
into breast milk. Women requiring this agent should not breastfeed.
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LEUCOVORIN
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Leucovorin (folinic acid) is an active metabolite of folic acid (1). It has been
used for the treatment of megaloblastic anemia during pregnancy (2). See
Folic Acid.

BREASTFEEDING SUMMARY
Leucovorin (folinic acid) is an active metabolite of folic acid (1). See Folic Acid.
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LEUPROLIDE
Antineoplastic/Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the human data are limited, daily injections of leuprolide early in
gestation do not appear to be associated with an increased risk of
spontaneous abortions (SABs), intrauterine growth restriction (IUGR), or
major congenital malformations.

FETAL RISK SUMMARY
Leuprolide is a synthetic nonapeptide analog of naturally occurring
gonadotropin-releasing hormone that inhibits the secretion of gonadotropin
when given continuously and in therapeutic doses.

Leuprolide causes a dose-related increase in the incidence of major
malformations in pregnant rabbits, but not in rats (1). The most frequently
observed malformations in rabbits were vertebral anomalies and hydrocephalus
(J.D. Miller, personal communication, Tap Pharmaceuticals, Inc., 1992). The
doses tested were 1/300th to 1/3rd of the typical human dose. Increased fetal
mortality and decreased fetal weights were observed in both animal species
with the higher test doses.

In humans, SABs or IUGR are theoretically possible because leuprolide
suppresses endometrial proliferation. The risk of these adverse outcomes is
considered greater than the risk of congenital malformations because the
affected organs in animal studies do not depend on the presence of gonadal
steroids for normal development (J.D. Miller, personal communication, Tap
Pharmaceuticals, Inc., 1992).

A 1991 case report described a woman who was treated with leuprolide
from days 21 to 38 after her last menstrual period (2). She had received the
drug in preparation for in vivo fertilization. At 38 weeks’ gestation, she delivered
a healthy, 3300-g male infant who was doing well at 6 months of age (2).

The manufacturer is maintaining a registry of inadvertent human exposures



during pregnancy to leuprolide and currently has more than 100 such cases
(J.D. Miller, personal communication, Tap Pharmaceuticals, Inc., 1992). No
cases of congenital defects attributable to the drug have been reported,
although the numbers are too small to draw conclusions as to the risk for
perinatal mortality, low birth weight, or teratogenicity.

The outcomes of 18 pregnancies in 17 women who had been exposed to
leuprolide early in gestation were described in a 1993 report (3). The outcomes
included five 1st trimester SABs, one of which was a fetus with trisomy 18, and
the loss of a normal fetus at 20 weeks’ because of cervical incompetence. The
other 12 cases involved delivery of normal infants; 11 at term and 1 at 36
weeks’. The results suggested no increased risk for birth defects or pregnancy
wastage (3).

BREASTFEEDING SUMMARY
No reports describing the use of leuprolide during human lactation have been
located.
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LEVALLORPHAN

[Withdrawn from the market. See 8th edition.]



LEVALBUTEROL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of levalbuterol (levosalbutamol), an (R)-
enantiomer of racemic albuterol, in human pregnancy have been located.
However, racemic albuterol is considered compatible in pregnancy, and
there is no apparent reason not to classify levalbuterol the same. If
levalbuterol is used in pregnancy for the treatment of asthma, healthcare
professionals are encouraged to call the toll-free number (877-311-8972)
for information about patient enrollment in an Organization of Teratology
Specialists (OTIS) study.

FETAL RISK SUMMARY
Levalbuterol (levosalbutamol) is a β2-adrenergic receptor agonist that acts as a
bronchodilator. It is an (R)-enantiomer of the racemic albuterol. Levalbuterol
inhalation is indicated for the treatment or prevention of bronchospasm in
adults, adolescents, and children ≥6 years of age with reversible obstructive
airway disease. It is in the same subclass of β2-adrenergic bronchodilators as
albuterol, arformoterol, formoterol, metaproterenol, pirbuterol, salmeterol, and
terbutaline. The drug is partially metabolized to an inactive metabolite before
elimination. The plasma elimination half-life in adults after four doses was 4.0
hours (1).

Reproduction studies have been conducted in rabbits. Oral doses up to 110
times the maximum recommended daily inhalation dose were not teratogenic.
However, racemic albuterol was teratogenic in mice and rabbits (see also
Albuterol).

Studies for carcinogenicity and fertility have not been conducted with
levalbuterol (see Albuterol). Levalbuterol was not mutagenic in two assays (1).



It is not known if levalbuterol crosses the human placenta. The molecular
weight (about 240 for the free base) and elimination half-life suggest that the
drug will cross to the embryo–fetus. However, the plasma concentrations after
inhalation are very low.

BREASTFEEDING SUMMARY
No reports describing the use of levalbuterol during human lactation have been
located. The molecular weight (about 240 for the free base) and elimination
half-life (4 hours) suggest that the drug will be excreted into breast milk.
However, the plasma concentrations (ng/mL) after inhalation are very low. The
effect of this exposure on a nursing infant is unknown, but the drug is probably
compatible with breastfeeding.
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LEVETIRACETAM
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal data suggest risk, but the limited human pregnancy experience
with levetiracetam has not shown an increased risk of major congenital
malformations. Although confirmation is needed, severe growth restriction
has been observed. Additional data are required before a more complete
assessment of embryo–fetal risk can be derived. It is not known if
levetiracetam causes folic acid deficiency, but it will usually be combined
with other anticonvulsants, some of which may cause folic acid deficiency.
Therefore, daily supplementation with 4–5 mg of folic acid, combined with
multivitamins that include adequate amounts of other B vitamins, is
recommended. If a pregnant patient is receiving levetiracetam, clinicians
are encouraged to register her, before pregnancy outcome is known, in the
Antiepileptic Drug Pregnancy Registry by calling the toll-free number (888-
233-2334) (1).

FETAL RISK SUMMARY
Levetiracetam is an anticonvulsant used as adjunctive therapy in the treatment
of partial-onset seizures in epilepsy. It is chemically unrelated to other
anticonvulsant agents. Levetiracetam is minimally protein bound (<10%) and is
not metabolized by the liver (1,2). Major metabolism occurs by enzymatic
hydrolysis of the acetamide group to produce the carboxylic acid metabolite
(1). Levetiracetam does not inhibit and is not a high affinity substrate for
epoxide hydrolase (1). Reports describing the effects (if any) of levetiracetam
on folic acid have not been located.

In reproduction studies with pregnant rats, maternal doses approximately
equivalent to the maximum recommended human dose (3000 mg) based on



BSA (MRHD) administered throughout pregnancy and lactation were
associated with an increased incidence of minor fetal skeletal abnormalities and
restricted growth prenatally and postnatally (1). When doses six times the
MRHD were used, increased pup mortality and behavioral alterations were
observed. The developmental no-effect dose administered throughout
pregnancy and lactation was 0.2 times the MRHD. Dosing at 12 times the
MRHD given only during organogenesis resulted in reduced fetal weights and
an increased incidence of fetal skeletal variations. The developmental no-effect
dose during organogenesis was four times the MRHD. No evidence of fetal or
neonatal harm was observed with doses up to six times the MRHD during the
last third of pregnancy and throughout lactation. None of the studied doses
produced maternal toxicity (1).

In pregnant rabbits, increased embryo/fetal mortality and an increased
incidence of minor skeletal abnormalities were observed at maternal doses four
times the MRHD administered during organogenesis. When a dose 12 times
the MRHD was used, decreased fetal weight and increased incidences of fetal
malformations were noted, but maternal toxicity was also evident at this dose.
The developmental no-effect dose was 1.3 times the MRHD (1).

It is not known if levetiracetam crosses the human placenta. The low
molecular weight (about 170) and the lack of protein binding suggest that
exposure of the embryo and fetus should be expected.

An estimated 20%–30% of epileptic patients have seizures not well
controlled by monotherapy and require anticonvulsant polytherapy (2). Clinical
studies of levetiracetam have demonstrated efficacy in partial-onset seizures
with a good tolerability profile. In addition, its lack of hepatic metabolism and
low protein binding result in a low risk of interaction with other drugs, including
other anticonvulsants and oral contraceptives. Although comparison studies with
other adjunctive anticonvulsants (e.g., felbamate, gabapentin, lamotrigine,
tiagabine, topiramate, and vigabitrin) have not been conducted, it should be
added to the list of agents to consider in cases of treatment-refractory partial-
onset seizures (2).

A 2005 report described the outcomes of 11 pregnancies exposed to
levetiracetam that were enrolled in the European Registry of Antiepileptic Drugs
and Pregnancy (3). Levetiracetam was used alone in two pregnancies and
combined with other antiepileptic agents in nine. The outcomes were one
spontaneous abortion, one elective abortion, and nine infants without birth
defects. However, three of the infants, one of whom was premature, had very
low birth weight (≤5th percentile) (3).



The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (4). The final report was
published in July 2010. The Registry is now closed. Among 57 prospectively
enrolled pregnancies exposed to levetiracetam and lamotrigine, with or without
other anticonvulsants, 54 were exposed in the 1st trimester resulting in 48 live
births without birth defects, 3 SABs, 1 fetal death, and 2 birth defects. There
were three exposures in the 2nd/3rd trimesters resulting in live births without
defects (4).

BREASTFEEDING SUMMARY
No reports describing the use of levetiracetam during lactation have been
located. The molecular weight (about 170) and low protein binding (<10%)
suggest that levetiracetam will be excreted into breast milk. The effects of this
exposure on a nursing infant are unknown. Of note, however, other
anticonvulsants (see Carbamazepine, Phenytoin, and Valproic Acid) are
classified as compatible with breastfeeding by the American Academy of
Pediatrics.
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LEVOCETIRIZINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of levocetirizine in human pregnancy have
been located. The animal reproduction data suggest low risk, but the
absence of human pregnancy experience prevents a more complete
assessment of the embryo–fetal risk. There are no data suggesting that
antihistamines, in general, are associated with human developmental
toxicity, and the embryo–fetal risk from exposure levocetirizine appears to
be low, if it exists at all. Nevertheless, if an antihistamine is required during
pregnancy, agents with human pregnancy experience, such as
chlorpheniramine or diphenhydramine, appear to be a better choice.

FETAL RISK SUMMARY
The antihistamine levocetirizine is a H1-receptor antagonist. It is the (R)-
enantiomer and principal pharmacologically active component of the racemic
compound cetirizine. (See also Cetirizine.) Levocetirizine is indicated for the
relief of symptoms associated with allergic rhinitis (seasonal and perennial)
and, for the treatment of uncomplicated skin manifestations of chronic idiopathic
urticaria, both indications in adults and children 6 years of age or older. The
drug is only partially metabolized (<14%) but plasma protein binding is high
(91%–92%). The plasma half-life is about 8–9 hours (1,2).

Reproduction studies have been conducted in pregnant rats and rabbits. In
these species, oral doses up to 320 and 390 times, respectively, the maximum
recommended daily dose in adults based on BSA (MRDD), were not
teratogenic (1,2).

Although carcinogenicity studies have not been conducted with levocetirizine,
they have been with cetirizine. This drug was not carcinogenic in 2-year studies



in rats. In a similar study in mice, cetirizine caused an increased incidence of
benign hepatic tumors in males. Levocetirizine was not mutagenic or
clastogenic in multiple assays. The antihistamine had no effect on fertility and
general reproductive performance in mice at a dose that was about 25 times
the MRDD (1,2).

It is not known if levocetirizine crosses the human placenta. The molecular
weight (about 390 for the free base), minimum metabolism, and long plasma
half-life suggest that the drug will reach the embryo–fetus, but the high plasma
protein binding might lessen the amount crossing the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of levocetirizine during human lactation have been
located. The molecular weight (about 390 for the free base), minimum
metabolism, and long plasma half-life suggest that the drug will be excreted into
breast milk, but the high plasma protein binding might lessen the amount
excreted. The effects of this exposure on a nursing infant are unknown, but
sedation or irritability is a potential minor adverse effect.

Antihistamines are a large pharmacologic class of drugs, only one of which,
when used alone, has been associated with major toxicity in a nursing infant.
(See Clemastine.) Milk concentrations have been determined for only four
antihistamines (see Fexofenadine, Loratadine, Terfenadine, and Triprolidine),
and these four agents are considered compatible with breastfeeding by the
American Academy of Pediatrics. The theoretical infant dose, as a percentage
of the mother’s weight-adjusted dose, was calculated for three of drugs and
was ≤0.45%. Because there is no reason to believe that levocetirizine should
be any different, the drug probably is compatible with breastfeeding.
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LEVODOPA
Antiparkinson Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Levodopa-induced teratogenicity and dose-related toxicity have been
observed in animals, but no adverse outcomes associated with this drug
have been observed in a limited number of human pregnancies. Although
conditions requiring the use of levodopa during the childbearing years are
relatively uncommon, exposure to this agent during gestation does not
appear to present a major risk to the fetus. (See also Carbidopa.)
However, evaluation of the effect of chronic in utero exposure to dopamine,
the active metabolite of levodopa, on neurodevelopment is warranted.

FETAL RISK SUMMARY
Levodopa, a metabolic precursor to dopamine, is primarily used for the
treatment and prevention of symptoms related to Parkinson’s disease. The
active agent for this purpose is thought to be dopamine, which is formed in the
brain after metabolism of levodopa. Levodopa crosses the blood–brain barrier,
but dopamine does not. Combination with carbidopa (see also Carbidopa), an
agent that inhibits the decarboxylation of extracerebral levodopa, allows for
lower doses of levodopa, fewer adverse drug effects related to peripheral
dopamine, and higher amounts of levodopa available for passage to the brain
and eventual conversion to dopamine.

Levodopa, either alone or in combination with carbidopa, has caused visceral
and skeletal malformations in rabbits (1). Doses of 125 or 250 mg/kg/day in
pregnant rabbits produced malformations of the fetal circulatory system (2).
This teratogenicity was not observed at 75 mg/kg/day, but all three doses
produced fetal toxicity manifested by decreased litter weight and an increased
incidence of stunted and resorbed fetuses. In mice, no teratogenicity was
observed with doses of 125, 250, and 500 mg/kg/day, but at the highest dose,



fetuses were significantly smaller than controls (2). A similar, significant
decrease in the weights of newborn mice was observed in a study in which
pregnant mice were fed levodopa 40 mg/g of food, but not at lower doses (3).
The number of pregnancies and the number of newborns were also significantly
decreased in those treated at 40 mg/g of food compared with those treated
with 0, 10, or 20 mg/g of food.

Levodopa, in oral doses of 1–1000 mg/kg/day administered to pregnant rats
during the 1st week of gestation, produced a dose-related occurrence in brown
fat (interscapular brown adipose tissue) hemorrhage and vasodilation in the
newborns (4). A similar response was observed with dopamine. The addition of
carbidopa (MK-486) to levodopa resulted in a significant decrease in this
toxicity, implying that the causative agent was dopamine.

A study published in 1978 examined the effect of carbidopa (20 mg/kg SC
every 12 hours × 7 days) and levodopa plus carbidopa (200/20 mg/kg SC
every 12 hours × 7 days) on the length of gestation in pregnant rats (5). Only
the combination had a statistically significant effect on pregnancy duration,
causing a delay in parturition of 12 hours. The results were thought to be
consistent with dopamine inhibition of oxytocin release.

Because Parkinson’s disease is relatively uncommon in women of
childbearing age, only a few reports, some involving uses other than for
parkinsonism, have been located that describe the use of levodopa, with or
without carbidopa, in human pregnancy.

Placental transfer of levodopa at term was documented in a 1989 report (6).
A 34-year-old multiparous woman, with a 6-year history of Parkinson’s disease,
was treated with a proprietary combination of levodopa and benserazide
(Madopar, not available in the United States), three 250-mg tablets/day. When
pregnancy was diagnosed (15th day postconception), the combination therapy
was discontinued and treatment with levodopa (≤500 mg/day) alone was
started. After 5 months, because of worsening parkinsonism, she was again
treated with levodopa/benserazide (six 250-mg tablets/day). She eventually
gave birth to a normal, 3070-g female infant who had no signs or symptoms of
toxicity from the drug therapy during the first 8 days of life. Her 1-minute Apgar
score was 2; then improved to 7 and 10 at 3 and 5 minutes, respectively. The
cord plasma level of levodopa was 0.38 mcg/mL compared with 2.7 mcg/mL in
the mother’s plasma, a ratio of 0.14.

A 1995 reference described the placental transfer of levodopa and the
possible fetal metabolism of the drug to dopamine, its active metabolite (7). A
34-year-old woman with juvenile Parkinson’s disease was treated with



carbidopa/levodopa (200/800 mg/day) during two pregnancies (see also
Carbidopa). Both pregnancies were electively terminated, one at 8 weeks’
gestation and the other at 10 weeks’ gestation. Mean concentrations of
levodopa (expressed as ng/mg protein) in the maternal serum, placental tissue
(including umbilical cord), fetal peripheral organs (heart, kidney, muscle), and
fetal neural tissue (brain and spinal cord) were 8.5, 33.6, 7.4, and 7.7,
respectively. Corresponding mean concentrations of dopamine at these sites
were 0.10, <0.03, 0.29, and 1.01, respectively. The levels in the placentas and
fetuses for both levodopa and dopamine were much higher than those
measured in control tissue. Moreover, the relatively high concentrations of
dopamine in fetal peripheral organs and neural tissue implied that the fetuses
had metabolized levodopa. The investigators cautioned that, because
neurotransmitters were known to alter early neural development in animals and
in cultured cells, the increased amounts of dopamine found in their study
suggested that chronic use of levodopa during gestation could induce long-term
damage (7).

The pregnancy outcomes of two women who were treated with levodopa or
carbidopa/levodopa during three pregnancies were described in a 1985 paper
(8). The first woman, with at least a 7-year history of parkinsonism, conceived
while being treated with carbidopa/levodopa (five 25/250-mg tablets/day) and
amantadine (100 mg twice daily). She had delivered a normal male infant
approximately 6 years earlier, but no medical treatment had been given during
that pregnancy. Amantadine was immediately discontinued when the current
pregnancy was diagnosed. Other than slight vaginal bleeding in the 1st
trimester, there were no maternal or fetal complications. She gave birth to a
normal-term infant (sex and weight not specified) who was doing well at 1.5
years of age. The second patient, a 32-year-old woman with parkinsonism first
diagnosed at age 23, was being treated with levodopa (4 g/day) when a
pregnancy of about 6 months’ duration was diagnosed. Attempts to lower her
levodopa dose were unsuccessful. She delivered a term, male, 7-lb 2-oz (about
3235-g) infant. Two years later, while still undergoing treatment with levodopa,
she delivered a term, female, 2951-g infant. Both children were alive and well
at 7 and 5 years, respectively.

A 1987 retrospective report described the use of carbidopa/levodopa,
starting before conception, in five women during seven pregnancies, one of
which was electively terminated during the 1st trimester (9). A sixth woman,
taking levodopa plus amantadine, had a miscarriage at 4 months. All of the
other pregnancies went to term (newborn weights and sexes not specified).



Maternal complications in three pregnancies included slight 1st trimester vaginal
bleeding, nausea, and vomiting during the 8th and 9th months (the only patient
who reported nausea and vomiting after the 1st trimester) and depression that
resolved postpartum, and preeclampsia. One infant, whose mother took
amantadine and carbidopa/levodopa and whose pregnancy was complicated by
preeclampsia, had an inguinal hernia. No adverse effects or congenital
anomalies were noted in the other five newborns and all remained healthy at
follow-up (approximately 1–5 years of age).

A 27-year-old woman, with a history of chemotherapy and radiotherapy for
non-Hodgkin’s lymphoma occurring approximately 4 years earlier had
developed a progressive parkinsonism syndrome that was treated with a
proprietary preparation of carbidopa/levodopa (co-careldopa, Sinemet Plus;
375 mg/day) (10). She conceived 5 months after treatment began and
eventually delivered a healthy, 3540-g male infant at term. Apgar scores were
both 9 at 1 and 10 minutes. Co-careldopa had been continued throughout her
pregnancy.

A brief case report, published in 1997, described a normal outcome in the
3rd pregnancy of a woman with levodopa-responsive dystonia (Segawa’s type)
who was treated throughout gestation with 500 mg/day of levodopa alone (11).
The male infant weighed 2350 g at birth and was developing normally at the
time of the report. Two previous pregnancies had occurred while the woman
was being treated with daily doses of levodopa 100 mg and carbidopa 10 mg.
Spontaneous abortions had occurred in both pregnancies; one at 6 weeks and
the other at 12 weeks. An investigation failed to find any cause for the
miscarriages (11).

A successful pregnancy in a 27-year-old woman with Segawa disease was
reported in 2009 (12). The woman was treated throughout gestation with
levodopa 1250 mg/day and, at 36 weeks’, gave birth to a healthy, 2298-g male
infant with an Apgar score of 9 at 5 minutes. The infant was doing well at 6
months of age. The authors cited eight other cases of the disease in five
pregnant women. Five of the pregnancies were treated with levodopa
monotherapy and ended in healthy newborns. In one of those patients, her first
two pregnancies were treated with carbidopa/levodopa and both ended in
abortions (see reference 11 above). The ninth pregnancy was not treated with
any agent and the severely asphyxiated newborn died after birth (12).

Two 1998 case reports described the use of levodopa, in combination with
selegiline and benserazide, during human pregnancy (see Selegiline for details)
(13,14). In another 1998 case report, a woman took levodopa/carbidopa



(Sinemet CR 50/200) four times daily throughout gestation (15). Healthy male
infants were delivered in all three pregnancies.

A brief 1996 communication included data obtained from a manufacturer (the
Roche Drug Safety database) on the effects of levodopa on the fetus during
human pregnancy (16). This database, current up to March 31, 1995, had six
reports involving the use of levodopa/benserazide during gestation. The
outcomes of these pregnancies included two elective terminations, one
spontaneous abortion, two normal outcomes, and one lost to follow-up. No
information was available on the condition of the fetuses in the three abortions.
Another normal pregnancy outcome, without further details, from a mother who
used levodopa/benserazide during gestation, was also cited (17). To the
knowledge of these authors, two of whom were representatives of the
manufacturer, no reports of human birth defects resulting from use of levodopa
had been discovered.

A woman with a 12-year history of Parkinson’s disease was treated
throughout gestation with levodopa, carbidopa, entacapone, and bromocriptine
(18). She gave birth at term to a 3175-g female infant, without deformities, with
Apgar scores of 9, 10, and 10. Generalized seizures occurred in the infant 1
hour after birth, followed by repeated episodes of shivering throughout the first
day that responded to diazepam. Slowly improving hypotonia also was
observed during the first week. Pneumonia was diagnosed, but an extensive
workup for the cause of seizures was negative. The child was developing
normally at 1 year of age and has not had any other seizures (18).

A 2002 case report described the use of levodopa/pergolide in a 35-year-old
woman throughout gestation (19). The woman was started on levodopa (200
mg/day) and pergolide (3 mg/day) about 3 years before conception. She
continued these doses until delivery of a normal-term infant (sex and weight not
specified), with Apgar scores of 9 (assumed to mean 9 and 9 at 1 and 5
minutes, respectively). The healthy child was developing normally at 13 months
of age (19).

In a 2005 report, a woman with Parkinson’s disease took
levodopa/carbidopa 330 mg/day and cabergoline 1 mg/day throughout an
uncomplicated pregnancy and gave birth at term to a healthy baby girl (20). A
few years later, now at age 34 and receiving levodopa/carbidopa 625 mg/day
and cabergoline 4 mg/day, she became pregnant again. At 32 weeks’, she
underwent a cesarean section because of placenta abruption. The baby girl
was doing well (20).

A study designed to investigate the inhibitory effect of levodopa on prolactin



levels in late pregnancy was reported in 1973 (21). Four women in the 3rd
trimester of pregnancy were given a single oral dose of levodopa, 1000 mg. A
statistically significant decrease in serum prolactin occurred, with the lowest
levels measured 4 hours after the dose, but 2 hours later the levels had
returned to pretreatment values, similar to nontreated controls. No further
decreases in prolactin were measured during the next 3 days. All of the treated
women eventually delivered normal infants at or near term.

Levodopa has been used in the treatment of coma resulting from fulminant
hepatic failure occurring during pregnancy (22,23). A 22-year-old woman, in her
6th month of pregnancy, had severe viral hepatitis with a grade IV coma (22).
She was successfully treated with levodopa, 1 g orally every 6 hours,
neomycin, vitamins, and parenteral hydrocortisone (1000 mg/day). Recovery
from the coma occurred 24–48 hours after the start of levodopa. Approximately
3 months later, she delivered a full-term infant (details of the infant and its
condition were not included). In the second case, a 30-year-old woman in her
5th month of gestation was treated for 1 week with levodopa, 1 g orally every 6
hours (23). This patient, who also had viral hepatitis, began to recover
consciousness 1 hour after the first dose of levodopa and was fully awake
within 24–48 hours. She delivered a term, healthy infant (sex and weight not
specified).

Angiotensin pressor responsiveness (vascular sensitivity) was decreased by
the administration of levodopa in pregnancy (mean 29–30 weeks, range 24–36
weeks’ gestation) (24). Five patients were treated with a single 500-mg oral
dose and 16 received 1000 mg. Only the higher dose produced a significant
decrease in angiotensin sensitivity. The authors hypothesized that chronic
treatment with levodopa might not only decrease angiotensin sensitivity but also
decrease pregnancy-induced hypertension. No data were provided on the
outcome of these pregnancies following the study. The effect of levodopa on
plasma prolactin secretion and inhibition of the renin–aldosterone axis was
reported in a subsequent paper by this same group of investigators (25). Using
methods and a patient population nearly identical with those of their previous
study, the investigators found that a 1000-mg oral dose of levodopa produced
a significant decrease in serum prolactin, plasma renin activity, and plasma
aldosterone.

BREASTFEEDING SUMMARY
Levodopa is excreted into breast milk. A 1998 case report described a woman
who took levodopa/carbidopa (Sinemet CR 50/200) four times daily throughout



gestation (15). She continued the therapy after delivery and during
breastfeeding. At about 5 months postpartum, the peak concentration of
levodopa in milk (based on 5-mL milk samples) was 1.6 nmol/mL, 3 hours after
a dose. The milk:plasma ratio, based on AUC (6 hours for plasma and milk)
was 0.28. When the dose was changed to two tablets of Sinemet 25/100 four
times daily, the peak milk concentration (3 hours after a dose) was 3.47
nmol/mL and the milk:plasma ratio was 0.32. With both tablet strengths, the
milk concentrations returned to baseline in 6 hours. The authors estimated that
the nursing infant was ingesting 0.127–0.181 mg/day (0.016–0.023 mg/kg/day)
of levodopa. No adverse effects were observed in the infant and he was
developing normally at 2 years of age (15).

Levodopa inhibits prolactin release in both animals (26) and humans (21,25).
In lactating rats, levodopa injected intraperitoneally in doses of 1.25, 2.5, 5,
and 10 mg/100 g body weight produced a dose-related inhibition of milk
ejection (26). Doses of 5 and 10 mg/100 g body weight, but not lower doses,
prevented the release of prolactin induced by suckling. Small doses of oxytocin
given immediately before suckling produced a normal milk-ejection response,
indicating that the mechanism of inhibition by levodopa was not caused by
mammary gland response but to an increase in catecholamines at the
hypothalamic–hypophysial axis (26).

In one study, four women in the 3rd trimester of pregnancy received a single
1000-mg oral dose of levodopa (21). A significant decrease in serum prolactin
occurred with the lowest concentration at 4 hours. Two hours later, the level
had returned to pretreatment values. After delivery at or near term, all of the
women had completely normal lactation. A second study also found that a
single 1000-mg oral dose of levodopa produced a significant decrease in serum
prolactin (25).

Clinical evidence of lactation inhibition was provided in a 1974 study (27). Ten
female patients with a history of inappropriate galactorrhea were treated orally
with levodopa, 500–3500 mg/day. Partial-to-complete suppression of lactation
was observed in the women, but when treatment was stopped, lactation
returned to normal levels.
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LEVOFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although only a few reports describing the use of levofloxacin during human
gestation have been located, the available evidence for other members of
this class suggests that the risk of major malformations is low. However, a
causal relationship with birth defects cannot be excluded (see Ofloxacin),
although the lack of a pattern among the anomalies is reassuring (see
Ciprofloxacin). Because of these concerns and the available animal data,
levofloxacin should be used cautiously during pregnancy, especially during
the 1st trimester. A 1993 review on the safety of fluoroquinolones
concluded that these antibacterials should be avoided during pregnancy
because of the difficulty in extrapolating animal mutagenicity results to
humans and because interpretation of this toxicity is still controversial (1).
The authors of this review were not convinced that fluoroquinolone-induced
fetal cartilage damage and subsequent arthropathies were a major
concern, even though this effect had been demonstrated in several animal
species after administration to both pregnant and immature animals and in
occasional human case reports involving children (1). Others have also
concluded that fluoroquinolones should be considered contraindicated in
pregnancy, because safer alternatives are usually available (2). A 2013
review stated that fluoroquinolones are usually avoided in pregnancy
because of concerns for fetal cartilage damage, but there were no human
studies to validate this concern (3).

FETAL RISK SUMMARY
Levofloxacin is a synthetic, broad-spectrum antibacterial agent that is the
optical isomer of ofloxacin. As a fluoroquinolone, it is in the same class as
ciprofloxacin, enoxacin, lomefloxacin, norfloxacin, ofloxacin, and sparfloxacin.



Nalidixic acid is also a quinolone drug. Levofloxacin undergoes limited
metabolism and plasma protein binding only is 24%–38%. The mean terminal
plasma elimination half-life is about 6–8 hours (4).

Reproduction studies have been conducted in rats and rabbits. In rats given
oral and IV doses that were ≤4.2 and ≤1.2 times the maximum recommended
human dose based on BSA (MRHD), respectively, no evidence of impaired
fertility or reproductive performance was noted. No teratogenicity was
observed in pregnant rats with oral and IV doses that were ≤9.4 and ≤1.9 times
the MRHD, respectively. However, an oral dose 9.4 times the MRHD caused
decreased fetal weight and increased fetal mortality. In pregnant rabbits, no
teratogenicity was observed with oral and IV doses that were ≤1.1 and ≤0.5
times the MRHD, respectively (4).

A 2005 study measured the amount of three fluoroquinolones (ciprofloxacin,
ofloxacin, levofloxacin) that crossed the perfused human placenta (5). All three
agents crossed the placenta from the maternal to the fetal compartment, but
the amounts crossing were small: 3.2%, 3.7%, and 3.9%, respectively. The
transfer of levofloxacin across the placenta is consistent with the molecular
weight (about 370). Moreover, in vivo transfer should be expected because of
the low metabolism and plasma protein binding, and the moderately long
plasma elimination half-life.

In a 2010 study, 12 women scheduled for a cesarean section were given IV
levofloxacin 500 mg over 60 minutes (6). The transplacental passage rate
calculated as a percentage of fetal venous concentration to maternal blood
concentration was about 67%, whereas the transfetal passage rate calculated
as a percentage of fetal arterial drug concentration to fetal venous
concentration was about 84% (6).

A second study by the same group as above, measured levofloxacin amniotic
fluid concentrations in 10 women given a 500-mg oral dose about 2 hours
before amniocentesis (7). The study was conducted between the 16th and 20th
gestational weeks. The mean concentrations of levofloxacin in maternal blood
and amniotic fluid were 3.95 mcg/mL and 0.60 mcg/mL, an amniotic fluid
passage rate of about 16% (7).

In a prospective follow-up study conducted by the European Network of
Teratology Information Services (ENTIS), data on 549 pregnancies exposed to
fluoroquinolones (none to levofloxacin; 93 to ofloxacin) (see also Ofloxacin)
were described in a 1996 reference (2). Data on another 116 prospective and
25 retrospective pregnancy exposures to the antibacterials were also included.
Of the 666 cases with known outcome, 32 (4.8%) of the embryos, fetuses, or



newborns had congenital malformations. From previous epidemiologic data, the
authors concluded that the 4.8% frequency of malformations did not exceed the
background rate. Finally, 25 retrospective reports of infants with anomalies,
who had been exposed in utero to fluoroquinolones, were described, but no
specific patterns of major congenital malformations were detected (2).

The authors of the above study concluded that pregnancy exposure to
quinolones was not an indication for termination, but that this class of
antibacterials should still be considered contraindicated in pregnant women.
Moreover, this study did not address the issue of cartilage damage from
quinolone exposure and the authors recognized the need for follow-up studies
of this potential toxicity in children exposed in utero. Because of their own and
previously published findings, they further recommended that the focus of future
studies should be on malformations involving the abdominal wall and urogenital
system and on limb reduction defects (2).

BREASTFEEDING SUMMARY
When first marketed, the use of levofloxacin during lactation was not
recommended because of the potential for arthropathy and other serious
toxicity in the nursing infant (4). Phototoxicity has been observed with
quinolones when exposure to excessive sunlight (i.e., ultraviolet [UV] light) has
occurred. Well-differentiated squamous cell carcinomas of the skin has been
produced in mice who were exposed chronically to some fluoroquinolones and
periodic UV light (e.g., see Lomefloxacin), but studies to evaluate the
carcinogenicity of ofloxacin in this manner have not been conducted (4).

Levofloxacin is excreted into breast milk (8). A lactating woman received
levofloxacin 500 mg/day during the first 23 days postpartum. Milk samples
were collected at various times at steady state. The peak concentration in milk,
8.2 mcg/mL, occurred 5 hours after a dose. The pharmacokinetics in milk was
similar to those in the plasma. Minimal levels of the drug were detectable 65
hours after the last dose. The infant was not allowed to breastfeed (8). The
effect of this exposure on a nursing infant is unknown, but other
fluoroquinolones are classified as compatible with breastfeeding by the
American Academy of Pediatrics (see Ofloxacin and Ciprofloxacin).
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LEVORPHANOL
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of levorphanol during labor should be expected to produce
neonatal depression to the same degree as other narcotic analgesics (1). If
levorphanol is used in pregnancy, healthcare professionals are encouraged
to call the toll-free number (800-670-6126) for information about patient
enrollment in the Motherisk study.

FETAL RISK SUMMARY
No reports linking the use of levorphanol with human congenital defects have
been located. A single oral dose of 25 mg/kg was teratogenic in mice (2). At
this dose, nearly 50% of the mouse embryos died.

BREASTFEEDING SUMMARY
No reports describing the use of levorphanol during lactation have been located.
The molecular weight (about 444) is low enough that passage into breast milk
should be expected. Moreover, the drug is structurally similar to morphine,
which is excreted into milk (see Morphine). The potential for long-term effects
on neurobehavior and development in a nursing infant from exposure to
levorphanol in milk are unknown but warrant study.
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LEVOTHYROXINE
Thyroid
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Levothyroxine (T4) is compatible with all stages of pregnancy. Untreated or
undertreated maternal hypothyroidism is associated with low birth weight
secondary to medically indicated preterm delivery, preeclampsia or
placental abruption (1), and with lower neuropsychological development of
their offspring (2).

FETAL RISK SUMMARY
T4 is a naturally occurring thyroid hormone produced by the mother and the
fetus. It is used during pregnancy for the treatment of hypothyroidism (see also
Liothyronine [T3] and Thyroid). Earlier investigations concluded that there was
negligible transplacental passage of T4 at physiologic serum concentrations
(3–8), but a 1989 study found that sufficient amounts of T4 cross the placenta
to protect the congenital hypothyroid fetus and newborn (see below) (9).
A 1994 review summarized the evidence that T4 crosses to the embryo and
fetus throughout gestation (10).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 554 newborns had
been exposed to levothyroxine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 25 (4.5%) major birth defects were
observed (24 expected). Specific data were available for six defect categories,
including (observed/expected) 5/6 cardiovascular defects, 0/1 oral clefts, 0/0.3
spina bifida, 1/2 polydactyly, 1/1 limb reduction defects, and 1/1 hypospadias.
These data do not support an association between the drug and congenital
defects.

In a study of 25 neonates born with an autosomal recessive disorder that
completely prevents iodination of thyroid proteins and thus the synthesis of T4,
the thyroid hormone was measured in their cord serum in concentrations



ranging from 35 to 70 nmol/L (9). Because the newborns were unable to
synthesize the hormone, the T4 must have come from the mothers. The
investigators then studied 15 newborns with thyroid agenesis and measured
similar cord levels of T4. The mean serum half-life of T4 in the neonates was
only 3.6 days, indicating that T4 would be below the level of detection between
8 and 19 days after birth. Although the amounts measured were below normal
values of T4 (80–170 nmol/L), the amounts were sufficient to protect the infants
initially from impaired mental development. A possible mechanism for this
protection may involve increased conversion of T4 to T3 in the cerebral cortex
in hypothyroid fetuses, and when combined with a decreased rate of T3
degradation, the net effect is to normalize intracellular levels of the active
thyroid hormone in the brain (9).

Several reports have described the direct administration of T4 to the fetus
and amniotic fluid (2,7,9,11–15). In almost identical cases, two fetuses were
treated in the 3rd trimester with IM injections of T4, 120 mcg, every 2 weeks
for four doses in an attempt to prevent congenital hypothyroidism (2,7). Their
mothers had been treated with radioactive iodine (I131) at 13 and 13.5 weeks’
gestation. Both newborns were hypothyroid at birth and developed respiratory
stridor, but neither had physical signs of cretinism. At the time of the reports,
one child had mild developmental retardation at 3 years of age (7). The second
infant was stable with a tracheostomy tube in place at 6 months of age (11). In
a third mother who inadvertently received I131 at 10–11 weeks’ gestation, intra-
amniotic T4, 500 mcg, was given weekly during the last 7 weeks of pregnancy
(12). Evidence was found that the T4 was absorbed by the fetus. A male infant
who developed normally was delivered. In a study to determine the metabolic
fate of T4 in utero, 700 mcg of T4 were injected intra-amniotically 24 hours
before delivery in five full-term healthy patients (13). Serum T4 levels were
increased in all infants. Intra-amniotic T4, 200 mcg, was given to eight women
in whom premature delivery was inevitable or was indicated to enhance fetal
lung maturity (14). The patients ranged in gestational age between 29 and 32
weeks. No respiratory distress syndrome was found in the eight newborn
infants. Delivery occurred 1–49 days after the injection. The dimensions of a
large fetal goiter, secondary to propylthiouracil, were decreased but not
eliminated within 5 days of an intra-amniotic 200-mcg dose of T4 administered
at 34.5 weeks’ gestation (15). Serial lecithin:sphingomyelin (L:S) ratios before
and after the injection demonstrated no effect of T4 on fetal lung maturity.

In a large prospective study, 537 mother–child pairs were exposed to
levothyroxine and thyroid (desiccated) during the 1st trimester (16, pp. 388–



400). For use anytime during pregnancy, 780 exposures were reported (16, p.
443). After 1st trimester exposure, possible associations were found with
cardiovascular anomalies (nine cases), Down’s syndrome (three cases), and
polydactyly in blacks (three cases). Because of the small numbers involved, the
statistical significance of these findings is unknown and independent
confirmation is required. Maternal hypothyroidism itself has been reported to be
responsible for poor pregnancy outcome (17–19). Others have not found this
association, claiming that fetal development is not directly affected by maternal
thyroid function (20). However, untreated maternal hypothyroidism during
pregnancy has been shown to result in lower scores relating to intelligence,
attention, language, reading ability, school performance, and visual–motor
performance in children 7–9 years of age (21).

Combination therapy with thyroid–antithyroid drugs was advocated at one
time for the treatment of hyperthyroidism but is now considered inappropriate
(see Propylthiouracil).

BREASTFEEDING SUMMARY
Levothyroxine (T4) is excreted into breast milk in low concentrations. The effect
of this hormone on the nursing infant is controversial (see also Liothyronine and
Thyrotropin). Two reports have claimed that sufficient quantities are present to
partially treat neonatal hypothyroidism (22,23). A third study measured high T4
levels in breastfed infants but was unsure of its significance (24). In contrast,
four competing studies have found that breastfeeding does not alter either T4
levels or thyroid function in the infant (25–28). Although all of the investigators
on both sides of the issue used sophisticated available methods to arrive at
their conclusions, the balance of evidence weighs in on the side of those
claiming lack of effect because they have relied on increasingly refined means
to measure the hormone (29–31). The reports are briefly summarized below.

In 19 healthy euthyroid mothers not taking thyroid replacement therapy,
mean milk T4 concentrations in the 1st postpartum week were 3.8 ng/mL (22).
Between 8 and 48 days, the levels rose to 42.7 ng/mL and then decreased to
11.1 ng/mL after 50 days postpartum. The daily excretion of T4 at the higher
levels is about the recommended daily dose for hypothyroid infants (22). An
infant was diagnosed as athyrotic shortly after breastfeeding was stopped at
age 10 months (23). Growth was at the 97th percentile during breastfeeding,
but the bone age remained that of a newborn. In this study, mean levels of
T4 in breast milk during the last trimester (12 patients) and within 48 hours of
delivery (22 patients) were 14 and 7 ng/mL, respectively (23). A 1983 report



measured significantly greater serum levels of T4 in 22 breastfed infants than
those in 25 formula-fed babies, 131.1 vs. 118.4 ng/mL, respectively (24). The
overlap between the two groups, however, casts doubt on the physiologic
significance of the differences.

In 77 euthyroid mothers, measurable amounts of T4 were found in only 5 of
88 milk specimens collected over 43 months of lactation, with 4 of the positive
samples occurring within 4 days of delivery. Concentrations ranged from 8 to
13 ng/mL (25). A 1980 report described four exclusively breastfed infants with
congenital hypothyroidism who were diagnosed between the ages of 2 and 79
days. Breastfeeding did not hinder making the diagnosis (26). Another report,
evaluating clinical and biochemical thyroid parameters in hypothyroid infants,
found no differences between breastfed (N = 12) and bottle-fed (N = 33)
babies. These results lead to the conclusion that breast milk does not offer
protection against the effects of congenital hypothyroidism (27). In a 1985
study, serum concentrations of T4 were similar in breastfed and bottle-fed
infants at 5, 10, and 15 days postpartum (28).

The discrepancies described above can be partially explained by the various
techniques used to measure milk T4 concentrations. Japanese researchers
failed to detect milk T4 using four different methods of radioimmunoassay (RIA)
(29). Using three competitive protein-binding assays, highly variable T4 levels
were recovered from milk and a standard solution. Although the RIA methods
were not completely reliable because recovery from a standardized solution
exceeded 100% with one method, the researchers concluded that milk T4
concentrations must be very low and had no influence on the pituitary–thyroid
axis of normal babies. No difficulty was encountered with measuring serum T4
levels, which were not significantly different between breastfed and bottle-fed
infants (29). Swedish investigators using RIA methods also failed to find T4 in
milk (30). A second group of Swedish researchers used a gas
chromatography–mass spectrometry technique to determine that the
concentration of T4 in milk was <4 ng/mL (31).

Levothyroxine breast milk levels, as determined by modern laboratory
techniques, are too low to protect a hypothyroid infant completely from the
effects of the disease. The levels are also too low to interfere with neonatal
thyroid screening programs (28). The American Academy of Pediatrics
classifies levothyroxine as compatible with breastfeeding (32).
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LIDOCAINE
Local Anesthetic/Cardiac Drug
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Lidocaine is a local anesthetic that also is used for the treatment of cardiac
ventricular arrhythmias. The majority of the information on the drug in
pregnancy derives from its use as a local anesthetic during labor and
delivery. Reproduction studies have revealed no evidence of fetal harm in
pregnant rats at doses up to 6.6 times the human dose (1).

FETAL RISK SUMMARY
Lidocaine rapidly crosses the placenta to the fetus, appearing in the fetal
circulation within a few minutes after administration to the mother.
Cord:maternal serum ratios range between 0.50 and 0.70 after IV and epidural
anesthesia (2–12). In 25 women just before delivery, a dose of 2–3 mg/kg was
given by IV infusion at a rate of 100 mg/minute (2). The mean cord:maternal
serum ratio in 9 patients who received 3 mg/kg was 0.55. A mean ratio of 1.32
was observed in nonacidotic newborns following local infiltration of the
perineum for episiotomy (13). A similarly elevated ratio was measured in an
acidotic newborn (14). The infant had umbilical venous/arterial pH values of
7.23/7.08 and a lidocaine cord:maternal serum ratio of 1.32 following epidural
anesthesia. Because lidocaine is a weak base, the high ratio may have been
caused by ion trapping (14).

Both the fetus and the newborn are capable of metabolizing lidocaine (8,9).
The elimination half-life of lidocaine in the newborn following maternal epidural
anesthesia averaged 3 hours (8). After local perineal infiltration for episiotomy,
lidocaine was found in neonatal urine for at least 48 hours after delivery (13).

A number of studies have examined the effect of lidocaine on the newborn. In
one report, offspring of mothers receiving continuous lumbar epidural blocks
had significantly lower scores on tests of muscle strength and tone than did



controls (15). Results of other tests of neurobehavior did not differ from those
of controls. In contrast, four other studies failed to find adverse effects on
neonatal neurobehavior following lidocaine epidural administration (10–12,16).
Continuous infusion epidural analgesia with lidocaine has been used without
effect on the fetus or newborn (17).

Lidocaine may produce central nervous system depression in the newborn
with high serum levels. Of eight infants with lidocaine levels greater than 2.5
mcg/mL, four had Apgar scores of 6 or less (3). Three infants with levels above
3.0 mcg/mL were mildly depressed at birth (3). A 1973 study observed fetal
tachycardia (3 cases) and bradycardia (3 cases) after paracervical block with
lidocaine in 12 laboring women (18). The authors were unable to determine
whether these effects were a direct effect of the drug. Accidental direct
injection into the fetal scalp during local infiltration for episiotomy led to apnea;
hypotonia; and fixed, dilated pupils 15 minutes after birth in one infant (19).
Lidocaine-induced seizures occurred at 1 hour. The lidocaine concentration in
the infant’s serum at 2 hours was 14 mcg/mL. The heart rate was
180 beats/minute. Following successful treatment, physical and neurologic
examinations at 3 days and again at 7 months were normal.

Lidocaine is the treatment of choice for ventricular arrhythmias (20,21). A
1984 report described the use of therapeutic lidocaine doses (100 mg IV
injection followed by 4 mg/minute infusion) in a woman who was successfully
resuscitated after a cardiac arrest at 18 weeks’ gestation (22). A normal infant
was delivered at 38 weeks’ gestation. Neurologic development was normal at
17 months of age, but growth was below the 10th percentile.

The Collaborative Perinatal Project monitored 50, 282 mother–child pairs,
293 of whom had exposure to lidocaine during the 1st trimester (23, pp. 358–
363). No evidence of an association with large classes of malformations was
found. Greater than expected risks were found for anomalies of the respiratory
tract (three cases), tumors (two cases), and inguinal hernias (eight cases), but
the statistical significance is unknown and independent confirmation is required
(23, pp. 358–363, 477). For use anytime during pregnancy, 947 exposures
were recorded (23, pp. 440, 493). From these data, no evidence of an
association with large categories of major or minor malformations or to
individual defects was found.

BREASTFEEDING SUMMARY
Small amounts of lidocaine are excreted into breast milk (24). A 37-year-old,
lactating woman was treated with intravenous lidocaine for acute-onset



ventricular arrhythmia secondary to chronic mitral valve prolapse. The woman
had been nursing her 10-month-old infant up to the time of treatment. She was
treated with lidocaine, 75 mg over 1 minute, followed by a continuous infusion
of 2 mg/minute (23 mcg/kg/minute). A second 50-mg dose was given 5 minutes
after the first bolus dose. The woman’s serum lidocaine level 5 hours after
initiation of therapy was 2 mcg/mL. The drug concentration in a milk sample,
obtained 2 hours later when therapy was stopped, was 0.8 mcg/mL (40% of
maternal serum). Although the infant was not allowed to nurse during and
immediately following the mother’s therapy, the potential for harm of the infant
from exposure to lidocaine in breast milk is probably very low. The American
Academy of Pediatrics classifies lidocaine as compatible with breastfeeding
(25).

References
1. Product information. Xylocaine. Astrazeneca, 2000.
2. Shnider SM, Way EL. The kinetics of transfer of lidocaine (Xylocaine) across the human placenta.

Anesthesiology 1968;29:944–50.
3. Shnider SM, Way EL. Plasma levels of lidocaine (Xylocaine) in mother and newborn following

obstetrical conduction anesthesia: clinical applications. Anesthesiology 1968;29:951–8.
4. Lurie AO, Weiss JB. Blood concentrations of mepivacaine and lidocaine in mother and baby after

epidural anesthesia. Am J Obstet Gynecol 1970;106:850–6.
5. Petrie RH, Paul WL, Miller FC, Arce JJ, Paul RH, Nakamura RM, Hon EH. Placental transfer of lidocaine

following paracervical block. Am J Obstet Gynecol 1974;120:791–801.
6. Zador G, Lindmark G, Nilsson BA. Pudendal block in normal vaginal deliveries. Clinical efficacy,

lidocaine concentrations in maternal and foetal blood, foetal and maternal acid-base values and
influence on uterine activity. Acta Obstet Gynecol Scand Suppl 1974;34:51–64.

7. Blankenbaker WL, DiFazio CA, Berry FA Jr. Lidocaine and its metabolites in the newborn.
Anesthesiology 1975;42:325–30.

8. Brown WU Jr, Bell GC, Lurie AO, Weiss JB, Scanlon JW, Alper MH. Newborn blood levels of lidocaine
and mepivacaine in the first postnatal day following maternal epidural anesthesia. Anesthesiology
1975;42:698–707.

9. Kuhnert BR, Knapp DR, Kuhnert PM, Prochaska AL. Maternal, fetal, and neonatal metabolism of
lidocaine. Clin Pharmacol Ther 1979;26:213–20.

10. Abboud TK, Sarkis F, Blikian A, Varakian L. Lack of adverse neurobehavioral effects of lidocaine.
Anesthesiology 1982;57(Suppl):A404.

11. Kileff M, James FM III, Dewan D, Floyd H, DiFazio C. Neonatal neurobehavioral responses after epidural
anesthesia for cesarean section with lidocaine and bupivacaine. Anesthesiology 1982;57(Suppl):A403.

12. Abboud TK, David S, Costandi J, Nagappala S, Haroutunian S, Yeh SY. Comparative maternal, fetal
and neonatal effects of lidocaine versus lidocaine with epinephrine in the parturient. Anesthesiology
1984;61(Suppl):A405.

13. Philipson EH, Kuhnert BR, Syracuse CD. Maternal, fetal, and neonatal lidocaine levels following local
perineal infiltration. Am J Obstet Gynecol 1984;149:403–7.

14. Brown WU Jr, Bell GC, Alper MH. Acidosis, local anesthetics, and the newborn. Obstet Gynecol
1976;48:27–30.

15. Scanlon JW, Brown WU Jr, Weiss JB, Alper MH. Neurobehavioral responses of newborn infants after
maternal epidural anesthesia. Anesthesiology 1974;40:121–8.

16. Abboud TK, Williams V, Miller F, Henriksen EH, Doan T, Van Dorsen JP, Earl S. Comparative fetal,
maternal, and neonatal responses following epidural analgesia with bupivacaine, chloroprocaine, and
lidocaine. Anesthesiology 1981;55(Suppl):A315.



17. Chestnut DH, Bates JN, Choi WW. Continuous infusion epidural analgesia with lidocaine: efficacy and
influence during the second stage of labor. Obstet Gynecol 1987;69:323–7.

18. Liston WA, Adjepon-Yamoah KK, Scott DB. Foetal and maternal lignocaine levels after paracervical
block. Br J Anaesth 1973;45:750–4.

19. Kim WY, Pomerance JJ, Miller AA. Lidocaine intoxication in a newborn following local anesthesia for
episiotomy. Pediatrics 1979;64:643–5.

20. Tamari I, Eldar M, Rabinowitz B, Neufeld HN. Medical treatment of cardiovascular disorders during
pregnancy. Am Heart J 1982;104:1357–63.

21. Rotmensch HH, Elkayam U, Frishman W. Antiarrhythmic drug therapy during pregnancy. Ann Intern
Med 1983;98:487–97.

22. Stokes IM, Evans J, Stone M. Myocardial infarction and cardiac arrest in the second trimester followed
by assisted vaginal delivery under epidural analgesia at 38 weeks gestation. Case report. Br J Obstet
Gynaecol 1984;91:197–8.

23. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing
Sciences Group, 1977.

24. Zeisler JA, Gaarder TD, De Mesquita SA. Lidocaine excretion in breast milk. Drug Intell Clin Pharm
1986;20:691–3.

25. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



LINACLOTIDE
Gastrointestinal Agent (Laxative)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of linaclotide during human pregnancy have
been located. Although the animal reproduction data are reassuring, the
comparisons to human doses were based on body weight and may not be
interpretable. Nevertheless, the absence of quantifiable plasma
concentrations of linaclotide and its active metabolite suggest that clinically
significant amounts of these agents will not cross to the embryo or fetus.

FETAL RISK SUMMARY
Linaclotide, guanylate cyclase-C agonist, and its active metabolite act locally on
the luminal surface of the intestinal epithelium. The parent drug is a 14-amino-
acid peptide. Linaclotide is indicated in adults for treatment of irritable bowel
syndrome with constipation and for chronic idiopathic constipation. Both
linaclotide and its active metabolite are minimally absorbed with plasma
concentrations below the limit of quantitation (1).

Reproduction studies have been conducted in rats, rabbits, and mice. In rats
and rabbits, oral doses up to 20,000 and 8000 times, respectively, the
maximum recommended human dose of about 5 mcg/kg/day based on a 60-kg
body weight (MRHD) produced no maternal toxicity and no effects on embryo–
fetal development. In mice, oral doses at least 8000 times the MRHD caused
severe maternal toxicity including death, reduction of gravid uterine and fetal
weights, and effects on fetal morphology. A dose 1000 times the MRHD in
mice was not maternal toxic and caused no adverse effects on embryo–fetal
development (1).

In 2-year studies, linaclotide was not carcinogenic in rats and mice. Assays
for mutagenicity also were negative and the drug had no effect on fertility or



reproductive function in male and female rats (1).
It is not known if linaclotide or its active metabolite cross the human placenta.

The molecular weight of the parent drug (about 1527) and the absence of
quantifiable concentrations of either agent suggest that exposure of the embryo
or fetus will be nil. However, both agents are proteolytically degraded within the
intestinal lumen to smaller peptides and naturally occurring amino acids and
these may be absorbed and cross the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of linaclotide during human lactation have been
located. The molecular weight of the parent drug (about 1527) and the absence
of quantifiable plasma concentrations of linaclotide or its active metabolite
suggest that excretion into breast milk of clinically significant amounts of either
agent is unlikely. However, both agents are proteolytically degraded within the
intestinal lumen to smaller peptides and naturally occurring amino acids and
these may be absorbed and excreted into milk. Nevertheless, the use of
linaclotide during breastfeeding appears to be compatible.
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LINAGLIPTIN
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of linagliptin in human pregnancy have been
located. The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk. Although the use of linagliptin may help decrease the
incidence of fetal and newborn morbidity and mortality in developing
countries where the proper use of insulin is problematic, insulin still is the
treatment of choice for this disease during pregnancy. Moreover, insulin
does not cross the placenta, which eliminates the additional concern that
the drug therapy will adversely affect the fetus. Carefully prescribed insulin
therapy will provide better control of the mother’s blood glucose, thereby
preventing the fetal and neonatal complications that occur with this disease.
High maternal glucose levels, as might occur in diabetes mellitus, are
associated with a number of maternal and fetal adverse effects, including
fetal structural anomalies if the hyperglycemia occurs early in gestation. To
prevent this toxicity, the American College of Obstetricians and
Gynecologists recommends that insulin be used for types 1 and 2 diabetes
occurring during pregnancy and, if diet therapy alone is not successful, for
gestational diabetes (1,2). If a woman becomes pregnant while taking
linagliptin, changing the therapy to insulin should be considered.

FETAL RISK SUMMARY
Linagliptin is an oral antidiabetic agent. It is in same class of dipeptidyl
peptidase-4 (DPP-4) inhibitors as saxagliptin and sitagliptin. Linagliptin is
indicated as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus. Linagliptin undergoes minimal metabolism



to inactive metabolites. Plasma protein binding at steady state is 70%–80%.
Although the terminal half-life is >100 hours, relating to saturable binding to
DPP-4, the effective half-life is about 12 hours (3).

Reproduction studies have been conducted in rats and rabbits. No
teratogenic effects were observed when the drug was given to these species
during organogenesis in doses up to about 49 and 1943 times, respectively, the
human clinical dose based on AUC exposure (HCD). In rats, a dose that was
1000 times HCD caused maternal toxicity and developmental delays in skeletal
ossification and slightly increased embryo–fetal loss. When the maternal toxic
dose was administered to rats from gestation day 6 to lactation day 21,
decreased body weight and delays in physical and behavioral development in
male and female offspring were observed. No functional, behavioral, or
reproductive toxicity was observed in the offspring of rats exposed to 49 times
the HCD. In rabbits, a dose 1943 times the HCD caused increased fetal
resorptions and visceral and skeletal variations. The drug crossed the placenta
in pregnant rats and rabbits (3).

In 2-year carcinogenesis studies, linagliptin did not increase the incidence of
tumors in male and female rats and mice, but a higher dose in female mice did
increase the incidence of lymphoma. Mutagenic clastogenic effects were not
observed in various assays. In fertility studies with rats, no adverse effects on
early embryonic development, mating, fertility, or bearing live young were
observed with doses up to about 943 times the HCD (3).

It is not known if linagliptin crosses the human placenta. The molecular
weight (about 473), minimal metabolism, moderate plasma protein binding, and
long elimination half-life all suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of linagliptin during human lactation have been
located. The molecular weight of the parent compound (about 473), minimal
metabolism, moderate plasma protein binding (70%–80%), and effective half-
life (about 12 hours) suggest that linagliptin will be excreted into breast milk.
The effect of this exposure on a nursing infant is unknown. Single doses of
linagliptin up to 600 mg (120 times the maximum recommended human dose in
healthy adults) caused no dose-related adverse reactions (3). Thus,
hypoglycemia in a nursing infant might be unlikely but should be monitored. The
most common (≥5%) adverse reaction in adults receiving monotherapy was
nasopharyngitis (3).
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LINCOMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of lincomycin with congenital defects have been
located.

FETAL RISK SUMMARY
Lincomycin crosses the placenta, achieving cord serum levels about 25% of the
maternal serum level (1,2). Multiple IM injections of 600 mg did not result in
accumulation in the amniotic fluid (2). No effects on the newborn were
observed.

The progeny of 302 patients treated at various stages of pregnancy with oral
lincomycin, 2 g/day for 7 days, were evaluated at various intervals up to 7
years after birth (3). As compared with a control group, no increases in
malformations or in delayed developmental defects were observed.

BREASTFEEDING SUMMARY
Lincomycin is excreted into breast milk. Six hours following oral dosing of 500
mg every 6 hours for 3 days, serum and milk levels in nine patients averaged
1.37 and 1.28 mcg/mL, respectively, a milk:plasma ratio of 0.9 (1). Much lower
milk:plasma ratios of 0.13–0.17 have also been reported (4). Although no
adverse effects have been reported, three potential problems exist for the
nursing infant: modification of bowel flora, direct effects on the infant, and
interference with the interpretation of culture results if a fever workup is
required.
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LINDANE
Scabicide/Pediculicide
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

If maternal treatment is required, the manufacturers recommend using
lindane no more than twice during a pregnancy (1,2). However, because of
lindane’s potentially serious toxicity, the CDC recommends, in pregnant
women, permethrin or pyrethrins with piperonyl butoxide for the treatment
of lice infestations and permethrin for the treatment of scabies (see
Permethrin and Pyrethrins with Piperonyl Butoxide) (3).

FETAL RISK SUMMARY
Lindane (γ-benzene hexachloride) is used topically for the treatment of lice and
scabies. Small amounts are absorbed through the intact skin and mucous
membranes (4).

No published reports linking the use of this drug with toxic or congenital
defects have been located, but one reference suggested that it should be used
with caution because of its potential to produce neurotoxicity, convulsions, and
aplastic anemia (5). Animal studies have not shown a teratogenic effect (6,7)
and in one, lindane seemed to have a protective effect when given with known
teratogens (8). Multigeneration reproduction studies in mice, rats, rabbits, pigs,
and dogs at oral doses up to 10 times the human dose have revealed no
evidence of impaired fertility or fetal harm (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1417 newborns
had been exposed to topical lindane during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 64 (4.5%) major birth defects were
observed (60 expected). Specific data were available for six defect categories,
including (observed/expected) 17/14 cardiovascular defects, 4/2 oral clefts,



0/0.7 spina bifida, 1/4 polydactyly, 2/2 limb reduction defects, and 7/3
hypospadias. Only with the latter defect is there a suggestion of a possible
association, but other factors, including concurrent drug use and chance, may
be involved.

BREASTFEEDING SUMMARY
Lindane is excreted into breast milk after ingestion of the agent from treated
foods (1). Concentrations in milk ranged from 0 to 113 parts per billion.

No reports describing the use of lindane in lactating women have been
located. Based on theoretical considerations, a manufacturer estimated the
upper limit of lindane levels in breast milk to be approximately 30 ng/mL after
maternal application (E.D. Rickard, personal communication, Reed & Carnrick
Pharmaceuticals, 1983). A nursing infant consuming 1000 mL of milk/day would
thus ingest about 30 mcg/day of lindane. This is in the same general range that
the infant would absorb after direct topical application (E.D. Rickard, personal
communication, 1983). These amounts are probably clinically insignificant.
Waiting 4 days after discontinuing lindane lotion, however, should prevent
exposure of a nursing infant to any drug in the milk (1).
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LINEZOLID
Anti-infective
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of linezolid during human pregnancy have
been located. Because of the lack of human pregnancy data, other
antibiotics with this experience should be used if possible. If no other
alternatives are available and linezolid must be used, the maternal benefit
appears to outweigh the unknown fetal risk.

FETAL RISK SUMMARY
Linezolid is a synthetic, oxalodinone class, antibacterial agent that is indicated
for the treatment of gram-positive bacteria, including vancomycin-resistant
enterococcus (VRE). It is available in both oral and IV formulations.

Reproduction studies have been conducted in pregnant mice and rats (1). No
evidence of teratogenicity was seen in mice and rats at doses that were 4 and
1 times the expected human exposure based on AUC (EHE), respectively.
However, in mice, embryo and fetal toxicity (embryo death, including total litter
loss, decreased fetal weight, and an increased incidence of costal cartilage
fusion) and maternal toxicity (clinical signs and reduced weight gain) were seen
at this dose. In pregnant rats, doses 0.13 and 0.64 times the EHE resulted in
slight fetal toxicity (reduced fetal weight and ossification of sternebrae). The
higher dose (0.64 times the EHE) caused slight maternal toxicity consisting of
reduced body weight gain. When this dose was given during pregnancy and
lactation, pup survival was decreased on postnatal days 1 to 4. In addition,
when surviving pups reached maturity and were mated, they had decreased
fertility as evidenced by an increase in preimplantation loss (1).

It is not known if linezolid crosses the human placenta. The molecular weight
(about 337) is low enough that transfer to the fetus should be expected.



BREASTFEEDING SUMMARY
No reports describing the use of linezolid during human lactation have been
located. The molecular weight (about 337) is low enough that excretion into
breast milk should be expected. The effects of this exposure on a nursing infant
are unknown, but myelosuppression and reversible thrombocytopenia are
potential complications. Women taking linezolid should probably not breastfeed.

Reference
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LIOTHYRONINE
Thyroid
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Liothyronine (T3) is compatible with all stages of pregnancy. Untreated or
undertreated maternal hypothyroidism is associated with low birth weight
secondary to medically indicated preterm delivery, preeclampsia, or
placental abruption (1) and with lower neuropsychological development of
their offspring (2).

FETAL RISK SUMMARY
T3 is a naturally occurring thyroid hormone produced by the mother and the
fetus. It is used during pregnancy for the treatment of hypothyroidism (see also
Levothyroxine and Thyroid). Although early studies found little or no
transplacental passage of T3 at physiologic serum concentrations (3–5), as
well as limited passage following very high doses (6,7), a 1994 review cited
evidence that small amounts of T3 do cross the human placenta (8).

In a large prospective study, 34 mother–child pairs were exposed to T3
during the 1st trimester. No association between the drug and fetal defects
was found (9). Maternal hypothyroidism itself has been reported to be
responsible for poor pregnancy outcome (10). Others have not found this
association, claiming that fetal development is not directly affected by maternal
thyroid function (11). However, untreated maternal hypothyroidism during
pregnancy has been shown to result in lower scores relating to intelligence,
attention, language, reading ability, school performance, and visual–motor
performance in children 7–9 years of age (2).

Combination therapy with thyroid–antithyroid drugs was advocated at one
time for the treatment of hyperthyroidism but is now considered inappropriate
(see Propylthiouracil).

BREASTFEEDING SUMMARY



T3 is excreted into breast milk in low concentrations. The effect on the nursing
infant is not thought to be physiologically significant, although at least one
report concluded otherwise (12). An infant was diagnosed as athyrotic shortly
after breastfeeding was stopped at age 10 months. Growth was at the 97th
percentile during breastfeeding, but the bone age remained that of a newborn.
Mean levels of T3 in breast milk during the last trimester (12 patients) and
within 48 hours of delivery (22 patients) were 1.36 and 2.86 ng/mL,
respectively (12).

A 1978 study reported milk concentrations varying between 0.4 and 2.38
ng/mL (range 0.1–5 ng/mL) from the day of delivery to 148 days postpartum
(13). No T3 was detected in a number of samples. Levels in three instances,
collected 16, 20, and 43 months postpartum, ranged from 0.68 to 4.5 ng/mL
with the highest concentration measured at 20 months. From the first week
through 148 days postdelivery, the calculated maximum amount of T3 that a
nursing infant would have ingested was 2.1–2.6 mcg/day, far less than the
dose required to treat congenital hypothyroidism. However, it was concluded
that this was enough to mask the symptoms of the disease without halting its
progression (13).

In a study comparing serum T3 levels between 22 breastfed and 29 formula-
fed infants, significantly higher levels were found in the breastfeeding group.
The levels, 2.24 and 1.79 ng/mL, were comparable with previous reports and
probably were of doubtful clinical significance (14).

A 1980 report described four exclusively breastfed infants with congenital
hypothyroidism who were diagnosed between the ages of 2 and 79 days.
Breastfeeding did not hinder making the diagnosis (15). Another report,
evaluating clinical and biochemical thyroid parameters in hypothyroid infants,
found no differences between breastfed (N = 12) and bottle-fed (N = 33)
babies. These results lead to the conclusion that breast milk does not offer
protection against the effects of congenital hypothyroidism (16). As reported in
a 1985 paper, serum concentrations of T3 were similar in breastfed and bottle-
fed infants at 5, 10, and 15 days postpartum. The levels were too low to
interfere with neonatal thyroid screening programs (17).

Japanese researchers found a T3 milk:plasma ratio of 0.36 (18). No
correlation was discovered between serum T3 and milk T3 or total daily T3
excretion, nor was there a correlation between milk T3 levels and milk protein
concentration or daily volume of milk. They concluded that breastfeeding has no
influence on the pituitary–thyroid axis of normal babies (18). A Swedish
investigation measured higher levels of T3 in milk 1–3 months after delivery as



compared with T3 levels in early colostrum (19). The concentrations were
comparable with those in the studies cited above.

T3 breast milk concentrations are too low to protect a hypothyroid infant
completely from the effects of the disease.
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LIOTRIX
Thyroid

Liotrix is a synthetic combination of levothyroxine and liothyronine (see
Levothyroxine and Liothyronine).



LIPIDS
Nutrient
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Based on limited clinical experience, IV lipids apparently do not pose a
significant risk to the mother or fetus, although two cases of fetal death
indicate that the therapy is not without danger. Standard precautions, as
taken with nonpregnant patients, should be followed when administering
these solutions during pregnancy.

FETAL RISK SUMMARY
Lipids (IV fat emulsions) are a mixture of neutral triglycerides, primarily
unsaturated fatty acids, prepared from either soybean or safflower oil. Egg
yolk phospholipids are used as an emulsifier. Most fatty acids readily cross the
placenta to the fetus (1,2).

A number of reports have described the use of lipids during pregnancy in
conjunction with dextrose/amino acid solutions (see Hyperalimentation,
Parenteral) (3–14). However, one investigator concluded in 1977 that lipid
infusions were contraindicated during pregnancy for several reasons: (a) an
excessive increase in serum triglycerides, often with ketonemia, would result
because of the physiologic hyperlipemia present during pregnancy; (b)
premature labor would occur; and (c) placental infarctions would occur from fat
deposits and cause placental insufficiency (15). A brief 1986 correspondence
also stated that lipids were contraindicated because of the danger of inducing
premature uterine contractions with the potential for abortion or premature
delivery (16). This conclusion was based on the observation that lipids contain
arachidonic acid, a precursor to prostaglandins E2 and F2α (16). However,
another investigator concluded that concentrations of arachidonic acid must
arise from decidual membranes or amniotic fluid (i.e., must be very close to the
myometrium) to produce this effect (17).



A 1986 report described four women in whom parenteral hyperalimentation
was used during pregnancy, two of whom also received lipids, and, in addition,
reviewed the literature for both total parenteral nutrition and lipid use during
gestation (18). These authors concluded that there was no evidence that lipid
emulsions had an adverse effect on pregnancy (18).

The effect of oral administration of a triglyceride emulsion on the fetal
breathing index was described in a 1982 publication (19). Six women, at 32
weeks’ gestation, ingested 100 mL of the emulsion containing 67 g of
triglycerides and were compared with six women, also at 32 weeks’ gestation,
who drank mineral water. No correlation was noted between the fetal breathing
index and plasma free fatty acids, glucose, insulin, glucagon, total cortisol, free
cortisol, or triglyceride levels (19).

Cardiac tamponade, resulting in maternal and fetal death, was reported in a
woman receiving central hyperalimentation with lipids for severe hyperemesis
gravidarum (20) (see Hyperalimentation, Parenteral, for details of this case).

A stillborn male fetus was delivered at 22 weeks’ gestation from a 31-year-
old woman with hyperemesis gravidarum who had been treated with total IV
hyperalimentation and lipid emulsion for 8 weeks (21). The tan-yellow placenta
showed vacuolated syncytial cells and Hofbauer cells that stained for fat. The
placental fat deposits, the first to be described with parenteral lipids, were
thought to be the cause of the fetal demise.

BREASTFEEDING SUMMARY
Although there are no reports describing the use of IV lipids during lactation,
there does not appear to be any risk to the nursing infant.
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LIRAGLUTIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible (NEW)

PREGNANCY SUMMARY

No reports describing the use of liraglutide in human pregnancy have been
located. The drug caused developmental toxicity (decreased body weight
and structural anomalies) in two animal species at systemic exposures less
than the human exposure. The absence of human pregnancy experience
prevents a complete assessment of the embryo–fetal risk. Until such data
are available, the best course is to avoid liraglutide in pregnancy.

FETAL RISK SUMMARY
Liraglutide is a glucagon-like peptide-1 receptor agonist that enhances glucose-
dependent insulin secretion, suppresses inappropriately elevated glucagon
secretion and slows gastric emptying. It is in the same subclass of antidiabetic
agents as exenatide. Liraglutide is indicated as an adjunct to diet and exercise
to improve glycemic control in adults with type 2 diabetes mellitus. It is given as
an SC injection once daily. The low metabolism is similar to large proteins
without a specific organ as a major route of elimination. The drug is extensively
bound to plasma protein (>98%) and the elimination half-life is about 13 hours
(1).

Reproduction studies have been conducted in rats and rabbits. Rats were
given daily SC doses beginning 2 weeks before mating to gestation day 17 that
resulted in estimated systemic exposures that were 0.8–11 times the human
exposure resulting from the maximum recommended human dose based on
plasma AUC (MRHD). The highest dose caused maternal toxicity (reduced
body weight gain and food consumption). All doses were associated with fetal
abnormalities and variations in kidneys and blood vessels, irregular ossification
of the skull, and a more complete state of ossification. The incidences of



misshapen oropharynx and/or narrowed opening into the larynx, and umbilical
hernia were increased at the lowest dose. At the highest dose, the number of
early embryonic deaths increased slightly, and mottled liver and minimally
kinked ribs were observed. Daily SC doses given from gestation day 6 through
weaning or termination of nursing on lactation day 24 were associated with a
slight delay in parturition and a decrease in group mean body weight of
neonatal rats. Bloody scabs and agitated behavior occurred in male rats
descended from dams treated with the highest dose. A nonsignificant trend
toward lower group mean body weight from birth to postpartum day 14 was
seen in F2 generation rats (1).

Pregnant rabbits were given three different daily SC doses from gestation
days 6 through 18 that resulted in estimated systemic exposures that were all
less than the MRHD. Decreased fetal weight and a dose-dependent increase in
fetal abnormalities were observed at all doses. The malformations involved the
kidneys, scapula, eyes, forelimb, brain, tail, sacral vertebrae, major blood
vessels, heart, umbilicus, sternum, and parietal bones. Irregular ossification
and/or skeletal abnormalities occurred in the skull and jaw, vertebrae and ribs,
sternum, pelvis, tail, and scapula. Dose-dependent minor skeletal variations
also were observed. Visceral abnormalities occurred in blood vessels, lung,
liver, and esophagus, and bilobed or bifurcated gallbladder (1).

Studies for carcinogenicity potential have been conducted in mice and rats. In
both of these species, a dose-related increase in benign thyroid C-cell
adenomas and malignant C-cell carcinomas were observed. Thyroid C-cell
tumors are rare findings during carcinogenicity testing in mice and rats.
Liraglutide was negative with and without metabolic activation in multiple tests
for mutagenicity and clastogenicity. In rats, the drug had no effect on male
fertility. In female rats, a maternal toxic dose that was 11 times the MRHD
caused an increase in early embryonic deaths.

It is not known if liraglutide crosses the human placenta. The high molecular
weight (about 3751) and plasma protein binding suggest that the agent will not
cross in clinically significant amounts, but the low metabolism and long
elimination half-life are favorable factors for exposure of the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of liraglutide during human lactation have been
located. The high molecular weight (about 3751) and plasma protein binding
(>98%) suggest that clinically significant amounts of the agent will not be
excreted into breast milk. However, the low metabolism and long elimination



half-life (about 13 hours) might increase these amounts. What little is excreted
will probably be digested in the stomach of the nursing infant. Therefore,
although the effect of the exposure on a nursing infant is unknown, the risk
appears to be negligible. Nevertheless, blood glucose monitoring of the infant
should be considered.

Reference
1. Product information. Victoza. Novo Nordisk, 2010.



LISDEXAMFETAMINE
Central Stimulant
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of lisdexamfetamine in human pregnancy
have been located. However, the prodrug is rapidly metabolized upon
absorption to dextroamphetamine (see Amphetamine for human data).

FETAL RISK SUMMARY
Lisdexamfetamine is a prodrug that is rapidly metabolized upon absorption to
dextroamphetamine (see Amphetamine) and l-lysine. It is indicated for the
treatment of attention deficit hyperactivity disorder. The average plasma
elimination half of lisdexamfetamine is <1 hour (1).

Animal reproduction studies have not been conducted with lisdexamfetamine.
Studies have been conducted with amphetamine (D- to L-enantiomer ratio of
3:1) in rats, rabbits, and mice, but comparisons to the recommended human
dose based on BSA or AUC was not given. No adverse effects on embryo–
fetal morphological development or survival were observed in rats and rabbits
given the drug throughout organogenesis. In mice, fetal malformations and
death resulted from parenteral doses that caused severe maternal toxicity (1).

Several studies in animals, using doses similar to those used clinically, have
shown that prenatal or early postnatal exposure can result in long-term
neurochemical and behavioral alterations (learning and memory deficits, altered
locomotor activity, and changes in sexual function) (1).

Carcinogenicity studies have not been conducted with lisdexamfetamine, but
no evidence of carcinogenicity was found in mice and rats with dl-amphetamine.
Several studies for mutagenic or clastogenic effects with lisdexamfetamine
were negative. Amphetamine (d- to l-enantiomer ratio of 3:1) did not adversely
affect fertility or early embryonic development in rats (1).

It is not known if lisdexamfetamine crosses the human placenta. The



molecular weight of the dimesylate formulation (about 456) is low enough, but
the prodrug is rapidly metabolized to dexamphetamine (molecular weight about
135) and this agent probably crosses to the embryo–fetus.

There are numerous reports of amphetamine use in human pregnancy (see
Amphetamine).

BREASTFEEDING SUMMARY
No reports describing the use of the prodrug lisdexamfetamine during human
lactation have been located. However, the prodrug is rapidly metabolized upon
absorption to dextroamphetamine and this agent is concentrated in breast milk
(see Amphetamine for human data).

Reference
1. Product information. Vyvanse. Shire, 2009.



LISINOPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in the 2nd
and 3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of lisinopril in the 2nd and 3rd trimesters is similar to other
angiotensin-converting enzyme (ACE) inhibitors. The use of this drug during
the 2nd and 3rd trimesters may cause teratogenicity and severe fetal and
neonatal toxicity. Fetal toxic effects may include anuria, oligohydramnios,
fetal hypocalvaria, intrauterine growth restriction (IUGR), prematurity, and
patent ductus arteriosus. Stillbirth or neonatal death may occur. Anuria-
associated oligohydramnios may produce fetal limb contractures,
craniofacial deformation, and pulmonary hypoplasia. Severe anuria and
hypotension, which is resistant to both pressor agents and volume
expansion, may occur in the newborn following in utero exposure. Newborn
renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Lisinopril is a long-acting ACE inhibitor used for the treatment of hypertension.
The drug is not teratogenic in mice, rats, and rabbits treated with doses ≤55,
33, and 0.15 times, respectively, the maximum recommended human daily dose
based on BSA (1).

Use of lisinopril limited to the 1st trimester does not appear to present a
significant risk to the fetus, but fetal exposure after this time has been
associated with teratogenicity and severe toxicity in the fetus and newborn,
including death. The pattern of fetal toxicity, including teratogenicity, appears to
be similar to that experienced with captopril and enalapril.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 15 newborns had
been exposed to lisinopril during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). Two (13.3%) major birth defects were observed
(0.6 expected), one of which was polydactyly (none expected). No anomalies
were observed in five other categories of defects (cardiovascular defects, oral
clefts, spina bifida, limb reduction defects, and hypospadias) for which specific
data were available.

Two cases of lisinopril-induced perinatal renal failure in newborns were
published in a 1991 abstract (2). Additional details were not provided other than
that both infants had been exposed in utero to the agent. The authors noted,
however, that the effects of ACE inhibitors in the newborn are prolonged unless
removed by dialysis, because 95% of the active metabolites are eliminated by
renal excretion (2).

In a 2000 report, a woman with normal amniotic fluid volume and fetal
measurements by ultrasound consistent with 18 weeks’ gestation presented
with severe chronic hypertension (3). She had been treated before conception
and during the first 16 weeks with lisinopril but had self-stopped therapy 2
weeks before presentation. Because a combination of methyldopa, nifedipine,
and labetalol failed to control her blood pressure, lisinopril was re-added to her
regimen. At 22 weeks’ gestation, the amniotic fluid index was 8 but declined to
0 at 24 weeks’. A cesarean section was performed at about 27 weeks’
because of deteriorating maternal and fetal condition. The growth restricted,
680-g (3rd percentile) female infant had minimal respiratory distress syndrome.
Severe renal impairment (maximum urine output 0.3 mL/kg/hr) was present
during the first 6 days before improving after corrective surgery for bowel
perforations secondary to necrotizing enterocolitis. She was discharged home
on day 102 (3).

An 18-year-old woman received lisinopril, 10 mg/day, throughout gestation
for the treatment of essential hypertension (4). No mention of amniotic fluid
levels during pregnancy was made in this brief report. She delivered a
premature, 1.48-kg, anuric infant at 33 weeks’ gestation. Fetal calvarial
hypoplasia was present. The normal-sized kidneys showed no evidence of
perfusion on renal ultrasonography. An open biopsy at 11 weeks of age
showed extensive atrophy and loss of tubules with interstitial fibrosis. The
findings were compatible with exposure to a nephrotoxic agent. Peritoneal
dialysis was instituted on day 8. Measurements of the drug in the dialysate
indicated that removal of lisinopril was occurring. At 12 months of age, the
infant continued to require dialysis (4).

Three cases of in utero exposure to ACE inhibitors, one of which was
lisinopril, were reported in a 1992 abstract (5). The infant, delivered at 32



weeks’ gestation because of severe oligohydramnios and fetal distress,
suffered from IUGR, hypocalvaria, renal tubular dysplasia, and persistent renal
insufficiency. The profound neonatal hypotension and anuria observed at birth
improved only after dialysis. At the time of the report, the 15-month-old infant
was maintained on dialysis.

Six pregnancies treated with lisinopril were reported in a 1997 study of 19
pregnancies exposed to ACE inhibitors (6). Lisinopril therapy was stopped in
the 1st trimester in four pregnancies and at 20 and 25 weeks’, respectively, in
the others. No congenital anomalies or renal dysfunction were noted in the six
neonates (6).

A case of lisinopril-induced fetopathy and hypocalvaria was included in a
study examining the causes of fetal skull hypoplasia (7). Among 14 known
cases of hypocalvaria or acalvaria, 5 were caused by ACE inhibitors. The
authors speculated that the underlying pathogenetic mechanism in these cases
is fetal hypotension (7).

A 1991 article examining the teratogenesis of ACE inhibitors cited evidence
linking fetal calvarial hypoplasia with the use of these agents after the 1st
trimester (8). The proposed mechanism was drug-induced oligohydramnios that
allowed the uterine musculature to exert direct pressure on the fetal skull. This
mechanical insult, combined with drug-induced fetal hypotension, could inhibit
peripheral perfusion and ossification of the calvaria (8).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, that
had 1st trimester exposure to ACE inhibitors (9). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors, or other antihypertensives beyond the 1st trimester, and those
exposed to known teratogens. Two comparison groups, other antihypertensives
(N = 202) and no antihypertensives (N = 29,096), were formed. The number of
major birth defects in each of the three groups was 18 (8.6%), 4 (2%), and 834
(2.9%), respectively. Compared with the no-antihypertensives group, exposure
to ACE inhibitors was associated with a significantly increased risk of major
defects (relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When
the analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294 respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were as follows: atrial
septal defect (N = 6) (includes three with pulmonic stenosis and/or three with



patent ductus arteriosus (PDA), renal dysplasia (N = 2), PDA alone (N = 2),
and one each of ventricular septal defect, spina bifida, microcephaly with eye
anomaly, coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung
disease, and diaphragmatic hernia (9). In an accompanying editorial, it was
noted that neither previous reports of 1st trimester exposure to ACE inhibitors
nor the animal studies had observed an increased risk of birth defects (10). It
also was noted that no mechanism for ACE inhibitor-induced teratogenicity was
known. A subsequent communication raising concerns about the validity of the
study in terms of adequate exclusion of diabetes, charting and coding errors in
busy medical practices, and the effects of maternal obesity (11), was
addressed by the investigators (12).

Lisinopril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(13,14). IUGR, prematurity, and severe neonatal hypotension may also be
observed. Two reviews of fetal and newborn renal function indicated that both
renal perfusion and glomerular plasma flow are low during gestation and that
high levels of angiotensin II are physiologically necessary to maintain glomerular
filtration at low perfusion pressures (15,16). Lisinopril prevents the conversion
of angiotensin I to angiotensin II and, thus, may lead to in utero renal failure.
Since the primary means of removal of the drug is renal, the impairment of this
system in the newborn prevents elimination of the drug resulting in prolonged
hypotension. Newborn renal function and blood pressure should be closely
monitored. If oligohydramnios occurs, stopping lisinopril may resolve the
problem but may not improve infant outcome because of irreversible fetal
damage (13). In those cases in which lisinopril must be used to treat the
mother’s disease, the lowest possible dose should be used combined with
close monitoring of amniotic fluid levels and fetal well-being. Guidelines for
counseling exposed pregnant patients have been published and should be of
benefit to health professionals faced with this task (8,13).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies (10).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,



but are subject to a number of shortcomings and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (17). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of lisinopril during human lactation have been
located. The molecular weight (about 442) is low enough that excretion into
breast milk should be expected. Two similar agents (captopril and enalapril) are
present in milk in low concentrations and are classified by the American
Academy of Pediatrics as compatible with breastfeeding (see Captopril and
Enalapril).
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LITHIUM
Antipsychotic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

If possible, lithium should be avoided during pregnancy, especially during
the period of organogenesis. In those cases in which 1st trimester use is
unavoidable, adequate screening tests, including level II ultrasound and
fetal echocardiography (e.g., at 18–20 weeks’ gestation [1]), should be
performed (1–3). Serum levels should also be monitored. Daily folic acid (5
mg/day) is also recommended. Use of the drug near term may produce
severe toxicity in the newborn, which is usually reversible. The long-term
effects of in utero lithium exposure on postnatal development are unknown
but warrant investigation.

FETAL RISK SUMMARY
Lithium is used for the treatment of manic episodes of manic-depressive illness.
The drug is available as either lithium carbonate or lithium citrate.

The use of lithium during the 1st trimester may be related to an increased
incidence of congenital defects, particularly of the cardiovascular system. A
1987 review of psychotherapeutic drugs in pregnancy evaluated several
reproduction studies of lithium in animals, including mice, rats, rabbits, and
monkeys, and observed no teratogenicity except in rats (4).

Lithium freely crosses the placenta, equilibrating between maternal and cord
serum (4–9). Amniotic fluid concentrations exceed cord serum levels (6).

A 1992 report described the outcomes of 11 women taking lithium during
pregnancy, five of whom had two pregnancies (10). All gave birth to healthy
babies.

Frequent reports have described the fetal effects of lithium, the majority from
data accumulated by the Lithium Baby Register (4,5,11–19). The Register,
founded in Denmark in 1968 and later expanded internationally, collects data on



known cases of 1st trimester exposure to lithium (17). By 1977, the Register
included 183 infants, 20 (11%) with major congenital anomalies. Of the 20
malformed infants, 15 involved cardiovascular defects, including 5 with the rare
Ebstein’s anomaly. Others have also noted the increased incidence of Ebstein’s
anomaly in lithium-exposed babies (20). Two new case reports bring the total
number of infants with cardiovascular defects to 17, or 77% (17 of 22) of the
known malformed children (21,22). Ebstein’s anomaly has been diagnosed in
the fetus during the 2nd trimester by echocardiography (23). Details on 16 of
the malformed infants are given below.



In 60 of the children born without malformations, follow-up comparisons with
nonexposed siblings did not show an increased frequency of physical or mental
anomalies (24).

The fetal toxicity of lithium, particularly in regard to cardiac abnormalities and
the Ebstein’s anomaly, was discussed in two 1988 references (25,26). As an
indication of the rarity of Ebstein’s anomaly, only approximately 300 cases of
the defect have been recorded in the literature since Ebstein first described it
approximately 100 years ago (25). One author concluded that the majority of
tricuspid valve malformations, such as Ebstein’s anomaly, are not related to
drug therapy and, thus, the association between lithium and Ebstein’s anomaly
is weak (26).

A 1996 case report described multiple anomalies in an aborted male fetus of



a woman treated with lithium carbonate monotherapy for a schizodepressive
disorder (27). Maternal plasma levels before pregnancy varied between 0.58
and 0.73 mmol/L, but were not determined during gestation. Following
diagnosis of multiple defects, the pregnancy was terminated at 22 weeks. The
findings in the fetus were deep-seated ears, clubfeet, bilateral agenesis of the
kidneys (Potter’s syndrome), and a septal defect with transposition of the great
vessels (26). In addition, the placenta had portions that were poorly
vascularized and villi of different sizes. A causal association in this case
between lithium and the defects cannot be determined. Moreover, Potter’s
syndrome is thought to be a genetic defect (28).

A prospective study published in 1992 gathered data from four teratogen
information centers in Canada and the United States on lithium exposure in
pregnancy (2). A total of 148 pregnant women using lithium (mean daily dose
927 mg) during the 1st trimester were matched by age with 148 controls. Ten
women using lithium were lost to postnatal follow-up, but information was
available on the fetal echocardiograms performed. The number of live births in
the two groups was 76% (105/138) and 83% (123/148), respectively. One
stillbirth, in the exposed group, was observed. Other outcomes (figures based
on 148 women in each group) included spontaneous abortion (9% vs. 8%),
therapeutic abortion (10% vs. 6%), and ectopic pregnancy (1 case vs. 0 case).
None of these differences were statistically significant. However, the birth
weight of lithium-exposed infants was significantly higher than that of controls,
3475 vs. 3383 g, p = 0.02), even though significantly many of their mothers
smoked cigarettes than did controls (31.8% vs. 15.5%, p = 0.002). Three
exposed infants and three controls had congenital malformations. The defects
observed after lithium exposure were two infants with neural tube defects
(hydrocephalus and meningomyelocele—also exposed to carbamazepine during
the 1st trimester—spina bifida and tethered cord) and one with meromelia who
was delivered at 23 weeks’ gestation and died shortly after birth. Defects in the
offspring of control mothers were a ventricular septal defect (one), congenital
hip dislocation (one), and cerebral palsy and torticollis (one). In addition to the
above cases, one of the therapeutic abortions in the lithium group was a
pregnancy terminated at 16 weeks’ gestation for a severe form of Ebstein’s
anomaly. The mother had also taken fluoxetine, trazodone, and L-thyroxine in
the 1st trimester. Ebstein’s anomaly has an incidence of 1 in 20,000 in the
general population; thus, the appearance of this case is consistent with an
increased risk for the heart defect among infants of women using lithium.
However, a larger sample size is still needed to define the actual magnitude of



the risk. The investigators concluded that lithium is not an important human
teratogen and that, because it is beneficial in the therapy of major affective
disorders, women may continue the drug during pregnancy. They cautioned,
however, that adequate screening tests, including level II ultrasound and fetal
echocardiography, were required when lithium is used during gestation (2).

A 1994 reference evaluated the teratogenic risk of 1st trimester exposure to
lithium and summarized the treatment recommendations for lithium use in
women with bipolar disorder (3). Included in their assessment were four case-
controlled studies in which no cases of Ebstein’s anomaly occurred among 207
lithium-exposed pregnancies as compared with 2 cases of the defects among
398 nonexposed controls. These data led them to the conclusion that the risk of
teratogenicity after 1st trimester exposure to lithium was lower than previously
reported (3). Reaching a similar conclusion, another review, published in 1995,
concluded that the risk of teratogenicity with lithium was low in women with
carefully controlled therapy, but that therapy should probably be avoided during
the period of cardiac organogenesis (2nd–4th month of pregnancy) (29).

Concerning nonteratogenic effects, lithium toxicity in the fetus and newborn
has been reported frequently:

Cyanosis (6,21,30–35)
Hypotonia (6,15,30–38)
Bradycardia (21,31,34,35,37,39)
Thyroid depression with goiter (6,15,38)
Atrial flutter (40)
Hepatomegaly (34,35)
Hyperbilirubinemia (42)
Electrocardiogram abnormalities (T-wave inversion) (31,39)
Cardiomegaly (32,34,35,40,42)
Gastrointestinal bleeding (39)
Diabetes insipidus (6,34,35,41,42)
Hypoglycemia (42)
Polyhydramnios (35,41)
Polyuria (42)
Poor respiratory effort (42)
Seizures (35)
Shock (34)

Most of these toxic effects are self-limiting, returning to normal in 1–2 weeks.
This corresponds with the renal elimination of lithium from the infant. The serum



half-life of lithium in newborns is prolonged, averaging 68–96 hours, as
compared with the adult value of 10–20 hours (7,21). Two of the reported
cases of nephrogenic diabetes insipidus persisted for 2 months or longer
(6,34).

Premature labor, loss of fetal cardiac variability and acceleration, an unusual
fetal heart rate pattern (double phase baseline), and depression at birth (Apgar
scores of 4 and 7 at 1 and 5 minutes, respectively) were observed in a
comatose mother and her infant after an acute overdose of an unknown amount
of lithium and haloperidol at 31 weeks’ gestation (43). Because of progressive
premature labor, the female, 1526-g infant was delivered about 3 days after
the overdose. The lithium concentrations of the maternal plasma, amniotic fluid,
and cord vein plasma were all greater than 4 mmol/L (severe toxic effect >2.5
mmol/L), while the maternal level of haloperidol at delivery was about 1.6
ng/mL. The effects observed in the fetus and newborn were attributed to
cardiac and cerebral manifestations of lithium intoxication. No follow-up on the
infant was reported (43).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 62 newborns had
been exposed to lithium during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (3.2%) major birth defects were observed
(three expected), one of which was a polydactyly (0.2 expected). No anomalies
were observed in five other categories of defects (cardiovascular defects, oral
clefts, spina bifida, limb reduction defects, and hypospadias) for which specific
data were available.

A 2014 case study described the use of phenelzine (105 mg/day), lithium
(900 mg/day), and quetiapine (600 mg/day) in a 31-year-old woman with
bipolar affective disorder (44). She was also taking metformin (1 g/day) for
polycystic ovarian syndrome with oligomenorrhea. Her pregnancy was
confirmed at 17 weeks’ gestation. A glucose tolerance test was negative at 26
weeks’. Lithium was suspended 24–48 hours before induction of labor at 39
weeks’. Because of obstructed labor, a cesarean section was performed to
give birth to a 4.2-kg male infant with Apgar scores of 5 and 9 at 1 and 5
minutes, respectively. The baby required initial resuscitation during the first 10
minutes. He was discharged home with the mother on day 5 and, at 10 weeks
of age, his growth and development were normal (44).

Fetal red blood cell choline levels are elevated during maternal therapy with
lithium (45). The clinical significance of this effect on choline, the metabolic
precursor to acetylcholine, is unknown but may be related to the teratogenicity



of lithium because of its effect on cellular lithium transport (45). In an in vitro
study, lithium had no effect on human sperm motility (46).

A review published in 1995 used a unique system to assess the reproductive
toxicity of lithium in animals and humans (47). Following an extensive evaluation
of the available literature, for both experimental animals and humans, up
through the early 1990s, a committee concluded that lithium, at concentrations
within the human therapeutic range, could induce major malformations
(particularly cardiac) and may be associated with neonatal toxicity. The
evaluation included an assessment of human reproductive toxicity from lithium
exposure in food, mineral supplements, swimming pools and spas, and drinking
water, as well as from other environmental or occupational exposures. Because
a linear relationship between lithium and toxicity was assumed, these
exposures, which produce concentrations of lithium well below therapeutic
levels, were not thought to produce human toxicity (47).

In the mother, renal lithium clearance rises during pregnancy, returning to
prepregnancy levels shortly after delivery (48). In four patients, the mean
clearance before delivery was 29 mL/minute, declining to 15 mL/minute 6–7
weeks after delivery, a statistically significant difference (p <0.01). These data
emphasize the need to monitor lithium levels closely before and after pregnancy
(48).

BREASTFEEDING SUMMARY
Lithium is excreted into breast milk (9,31,49–52). Milk levels are approximately
40%–50% of the maternal serum concentration (31,50,51). Infant serum and
milk levels are approximately equal. In a 2003 study, milk lithium levels were
determined in 11 lactating women (daily dose 600–1500 mg) that were taking
the drug for the management of bipolar disorder (52). No adverse effects were
observed in the infants. The estimated infant dose from milk ranged from 0% to
30% of the mother’s weight adjusted dose. These data suggested that
monitoring lithium levels in milk and/or the infant’s blood, combined with close
observation of the nursing infant for adverse effects, was a rational approach
(52).

Although no toxic effects in the nursing infant have been reported, long-term
effects from this exposure have not been studied. Because of the near
therapeutic blood concentrations in infants, the American Academy of
Pediatrics classifies lithium as a drug that should be given to nursing mothers
with caution (53).
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LODOXAMIDE
Ophthalmic (Mast Cell Stabilizer)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of lodoxamide in human pregnancy have
been located. The animal data suggest low risk. Moreover, the drug is
available as an ophthalmic solution and such use has not resulted in
detectable levels in the plasma. The drug appears to be compatible in
pregnancy.

FETAL RISK SUMMARY
Lodoxamide is a mast cell stabilizer that is available as an ophthalmic 0.1%
solution. It is indicated in the treatment of ocular disorders referred to by the
terms vernal keratoconjunctivitis, vernal conjunctivitis, and vernal keratitis. In
healthy adult volunteers, administration of one drop in each eye four times daily
for 10 days did not result in measurable lodoxamide plasma concentrations
(detection limit 2.5 ng/mL) (1).

Reproduction studies have been conducted in rats and rabbits. Oral doses in
these species that were more than 5000 times the proposed human clinical
dose produced no evidence of developmental toxicity (1)

No evidence of carcinogenicity was observed in long-term studies with oral
doses in rats. There also was no evidence of mutagenicity or genetic damage
in multiple assays or evidence of impaired reproductive function in laboratory
animal studies (1).

It is not known if lodoxamide crosses the human placenta. The molecular
weight (about 554) is low enough, but the absence of detectable plasma levels
suggests that embryo–fetal exposure will be very low or nil.

BREASTFEEDING SUMMARY



No reports describing the use of lodoxamide during lactation have been located.
The molecular weight (about 554) is low enough for excretion into breast milk,
but the absence of detectable plasma levels suggests that the effects on a
nursing infant are probably nil.

Reference
1. Product information. Alomide. Alcon Laboratories, 2003.



LOMEFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no reports describing the use of lomefloxacin during human
gestation have been located, the available evidence for other members of
this class suggests that the risk of major malformations is low. However, a
causal relationship with birth defects cannot be excluded (see Ciprofloxacin
or Ofloxacin), although the lack of a pattern among the anomalies is
reassuring. Because of these concerns and the available animal data, the
use of lomefloxacin should be limited in pregnancy, especially during the 1st
trimester. A 1993 review on the safety of fluoroquinolones concluded that
these antibacterials should be avoided during pregnancy because of the
difficulty in extrapolating animal mutagenicity results to humans and
because interpretation of this toxicity is still controversial (1). The authors
of this review were not convinced that fluoroquinolone-induced fetal
cartilage damage and subsequent arthropathies were a major concern,
even though this effect had been demonstrated in several animal species
after administration to both pregnant and immature animals and in
occasional human case reports involving children. Others have also
concluded that fluoroquinolones should be considered contraindicated in
pregnancy, because safer alternatives are usually available (2).

FETAL RISK SUMMARY
Lomefloxacin is an oral, synthetic, broad-spectrum antibacterial agent. As a
fluoroquinolone, it is in the same class of agents as ciprofloxacin, enoxacin,
levofloxacin, norfloxacin, ofloxacin, and sparfloxacin. Nalidixic acid is also a
quinolone drug.

Reproductive studies have been conducted in rats, rabbits, and monkeys. No
evidence of impaired fertility, in male or female rats, or fetal harm in pregnant



rats was observed at doses up to 8 times the recommended human dose
(RHD) based on BSA (RHD-BSA) (34 times the RHD based on body weight
[RHD-BW]). In rabbits, maternal and fetal toxicity was evident at a dose twice
the RHD-BSA, consisting of reduced placental weight and variations of the
coccygeal vertebrae. Pregnant monkeys dosed at 3–6 times the RHD-BSA (6–
12 times the RHD-BW) had an increased incidence of fetal loss, but no
teratogenic effects were observed. As with other quinolones, multiple doses of
lomefloxacin produced permanent lesions and erosion of cartilage in weight-
bearing joints, leading to lameness in immature rats and dogs (3).

It is not known whether lomefloxacin crosses the placenta to the human
fetus, but the molecular weight (about 388) is low enough that transfer to the
fetus should be expected. No reports describing the use of the antibacterial in
human gestation have been located.

In a prospective follow-up study conducted by the European Network of
Teratology Information Services (ENTIS), data on 549 pregnancies exposed to
fluoroquinolones (none to lomefloxacin) were described in a 1996 reference (2).
Data on another 116 prospective and 25 retrospective pregnancy exposures to
the antibacterials were also included. Of the 666 cases with known outcome,
32 (4.8%) of the embryos, fetuses, or newborns had congenital malformations.
From previous epidemiologic data, the authors concluded that the 4.8%
frequency of malformations did not exceed the background rate (2). Finally, 25
retrospective reports of infants with anomalies, who had been exposed in utero
to fluoroquinolones, were analyzed, but no specific patterns of major congenital
malformations were detected.

The authors of the above study concluded that pregnancy exposure to
quinolones was not an indication for termination, but that this class of
antibacterial agents should still be considered contraindicated in pregnant
women. Moreover, this study did not address the issue of cartilage damage
from quinolone exposure and the authors recognized the need for follow-up
studies of this potential toxicity in children exposed in utero. Because of their
own and previously published findings, they further recommended that the focus
of future studies should be on malformations involving the abdominal wall and
urogenital system and on limb reduction defects (2).

BREASTFEEDING SUMMARY
When first marketed, the administration of lomefloxacin during breastfeeding
was not recommended because of the potential for arthropathy and other
serious toxicity in the nursing infant, such as phototoxicity and the eventual



development of squamous cell carcinoma of the skin that had been observed in
mice (3).

No reports describing the use of lomefloxacin in human lactation have been
located. Other quinolones are excreted into milk and, because of its relatively
low molecular weight (about 388), the passage of lomefloxacin into milk should
be expected. The American Academy of Pediatrics classifies ciprofloxacin and
ofloxacin as compatible with breastfeeding (see Ciprofloxacin and Ofloxacin).

References
1. Norrby SR, Lietman PS. Safety and tolerability of fluoroquinolones. Drugs 1993;45(Suppl 3):59–64.
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LOMITAPIDE
Antilipemic Agent (Miscellaneous)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of lomitapide in human pregnancy have been
located. The animal data suggest risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. The manufacturer classifies the drug as contraindicated
because of the toxicity observed in three animal species.

FETAL RISK SUMMARY
Lomitapide is an oral synthetic lipid-lowering agent that directly binds and
inhibits microsomal triglyceride transfer protein. It is indicated as an adjunct to
a low-fat diet and other lipid-lowering treatments, including low-density
lipoprotein (LDL) apheresis where available, to reduce LDL cholesterol, total
cholesterol, apolipoprotein B, and non-high-density lipoprotein cholesterol in
patients with homozygous familial hypercholesterolemia. It is extensively
metabolized by the liver to inactive metabolites. The drug is highly (99.8%)
bound to plasma protein and the mean terminal half-life is about 40 hours (1).

Reproduction studies have been conducted in rats, rabbits, and ferrets. In
rats, oral doses that were ≥2 times the human exposure at the maximum
recommended human dose of 60 mg based on AUC (MRHD-AUC) given from
gestation day 6 through organogenesis caused fetal malformations. The
defects included umbilical hernia, gastroschisis, imperforate anus, alterations in
heart shape and size, limb malrotations, skeletal malformations of the tail, and
delayed ossification of cranial, vertebral and pelvic bones. When given from
gestation day 7 through termination of nursing on lactation day 20, systemic
exposures that were equivalent to the human exposure at the MRND-AUC were
associated with malformations. Increased pup mortality occurred at 4 times the



MRHD-AUC. In rabbits, exposures up to 3 times the MRHD based on BSA
(MRHD-BSA) from gestational day 6 through organogenesis were not
associated with adverse effects. However, exposures that were ≥6 times the
MRHD-BSA resulted in embryo–fetal death. In ferrets given the drug from
gestation day 12 through organogenesis, exposures that were <1–5 times the
human exposure at the MRHD-AUC were associated with maternal toxicity and
fetal malformations. Defects included umbilical hernia, medially rotated or short
limbs, absent or fused digits on paws, cleft palate, open eye lids, low-set ears,
and kinked tail (1).

In a 2-year dietary carcinogenicity study in mice, lomitapide caused
significant increases of liver adenomas and small intestine carcinomas in males
and combined adenomas and carcinomas in females. In 2-year studies in rats,
there were no statistically significant drug-related increases in tumor
incidences. Various assays for mutagenicity were negative. The drug had no
effects on fertility in male and female rats at exposures up to 4–5 times the
MRHD-AUC (1).

It is not known if lomitapide crosses the human placenta. The molecular
weight (about 790) and high plasma protein binding suggest that exposure of
the embryo–fetus will be limited, but the long terminal half-life might allow the
drug to cross.

BREASTFEEDING SUMMARY
No reports describing the use of lomitapide during human lactation have been
located. The molecular weight (about 790) and high (99.8%) plasma protein
binding suggest that excretion of the drug into breast milk will be limited, but the
long terminal half-life (about 40 hours) might allow excretion of the drug into
milk. The effect of the exposure on a nursing infant is unknown. The potential
for tumorigenicity in a mouse study suggests that the drug should not be used
during breastfeeding. However, if a mother receiving the drug chooses to
breastfeed, the infant should be monitored for the most common (incidence
≥28%) adverse effect seen in adults. These effects include diarrhea, nausea,
vomiting, dyspepsia, and abdominal pain (1).

Reference
1. Product information. Juxtapid. Aegerion Pharmaceuticals, 2012.



LOPERAMIDE
Antidiarrheal
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal data suggest low risk, but the human pregnancy experience is
too limited to allow a more complete assessment of embryo/fetal risk.
Nevertheless, an abstract suggests that the human risk also is low.

FETAL RISK SUMMARY
Loperamide is a synthetic opioid analog that is used for the treatment of
diarrhea. It is available without a prescription. No published reports linking the
use of loperamide with congenital defects have been located.

Reproduction studies with rats and rabbits at doses up to 30 times the
human dose have revealed no evidence of impaired fertility, teratogenicity, or
other fetal harm (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 108 newborns had
been exposed to loperamide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Six (5.6%) major birth defects were observed
(five expected), three of which were cardiovascular defects (one expected). No
anomalies were observed in five other defect categories (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. The number of cardiovascular defects suggests a possible
association, but other factors, including the mother’s disease, concurrent drug
use, and chance, may be involved.

In a 1999 abstract, the pregnancy outcomes of 89 women exposed to
loperamide in the 1st trimester were compared with matched controls (2).
There were no significant differences between the groups in terms of major and
minor malformations, spontaneous abortions, elective abortions, preterm



delivery, and birth weights. However, in 21 mothers who took loperamide
throughout gestation, birth weights tended to be lower (200 g) (ns) (2).

BREASTFEEDING SUMMARY
No reports describing the use of loperamide during lactation have been located.
However, one study investigated loperamide oxide, a pharmacologically inactive
prodrug that is reduced to loperamide as it progresses through the intestinal
tract, during lactation (3). Six women in the immediate postpartum period, who
were not nursing, were given two 4-mg oral doses of loperamide oxide 12
hours apart. Simultaneous plasma and milk samples were collected 12 hours
after the first dose, and 6 and 24 hours after the second dose. Small amounts
of loperamide oxide were measured in some of the plasma samples, but the
mean loperamide oxide milk concentrations were <0.10 ng/mL (detection limit)
at each sampling time. Mean loperamide milk concentrations for the three
samples were 0.18, 0.27, and 0.19 ng/mL, respectively, corresponding to
milk:plasma ratios of 0.50, 0.37, and 0.35, respectively (3). The American
Academy of Pediatrics classifies loperamide as compatible with breastfeeding
(4).

References
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LOPINAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The human pregnancy experience with lopinavir, always in combination with
ritonavir and other antiretroviral agents, suggests that the embryo–fetal risk
is low. The animal data are suggestive of moderate risk because the
exposure for lopinavir was less than the human therapeutic exposure. If
indicated, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Lopinavir, an inhibitor of HIV protease, prevents cleavage of the Gag-Pol
polyproteins, resulting in the production of immature, noninfectious viral
particles. The agent is only available in a fixed combination (200 mg lopinavir/50
mg ritonavir per capsule; 80 mg lopinavir/20 mg ritonavir per mL oral solution).
Ritonavir is a potent inhibitor of CYP3A isozyme from the hepatic cytochrome
P450 system that is responsible for the metabolism of lopinavir, thereby
increasing the plasma levels of lopinavir. The plasma levels of ritonavir are very
low; therefore, the antiviral activity of the combination is due to lopinavir.
Plasma protein binding of lopinavir is high (98%–99%), primarily by α1-acid
glycoprotein, but some is bound to albumin. The average half-life of lopinavir
over a 12-hour dosing interval is 5–6 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
producing systemic exposures that were approximately 0.7 (lopinavir)/1.8
(ritonavir) times the human exposure obtained with the recommended dose of
400/100 mg twice daily based on AUC (HE) resulted in embryonic and fetal
toxicity (early resorption, decreased fetal viability and body weight, increased
incidences of skeletal variations and skeletal ossification delays). This dose
was maternal toxic. Developmental toxicity (decreased pup survival) also was
observed in a perinatal and postnatal rat study at doses producing exposures



equal to or greater than about 0.3 (lopinavir)/0.7 (ritonavir) times the HE. In
rabbits, maternal toxic doses (0.6 [lopinavir]/1.0 [ritonavir]) did not result in
embryonic or fetal development toxicity (1).

Consistent with the molecular weight (about 629) and lipid solubility, lopinavir
crosses the human placenta. A 2006 study using the ex vivo human cotyledon
perfusion model found that placental transfer of lopinavir (combined with
ritonavir) was compatible with passive diffusion, even in the presence of
physiologic concentrations of human albumin (2). The amount entering the fetal
compartment was well above the 50% inhibitory concentration (2). In an earlier
study, the cord:maternal blood ratio 12.25 hours after lopinavir (533 mg twice
daily in combination with lamivudine and abacavir) in a woman delivering at term
(38 weeks) was <0.1 (<250 ng/mL/3105 ng/mL) (3,4).

The Antiretroviral Pregnancy Registry reported, for January 1989 through
July 2009, prospective data (reported before the outcomes were known)
involving 4702 live births that had been exposed during the 1st trimester to one
or more antiretroviral agents (5). Congenital defects were noted in 134, a
prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 1794 outcomes exposed to lopinavir (526
in the 1st trimester and 1268 in the 2nd/3rd trimesters) in combination with
other antiretroviral agents. There were 39 birth defects (9 in the 1st trimester
and 30 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective
and retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (5). (See Lamivudine for
required statement.)

In 1998, a public health advisory was issued by the FDA on the association
between protease inhibitors and diabetes mellitus (6). Because pregnancy is a
risk factor for hyperglycemia, there was concern that these antiretroviral agents
would exacerbate this risk. The manufacturer’s product information also notes
the potential risk for new-onset diabetes, exacerbation of preexisting diabetes,
and hyperglycemia in HIV-infected patients receiving protease inhibitor therapy
(1). An abstract published in 2000 described the results of a study involving



34 pregnant women treated with protease inhibitors compared with 41 controls
that evaluated the association with diabetes (7). No association between
protease inhibitors and an increased incidence of gestational diabetes was
found.

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (8,9). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (10). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV type 1 (HIV-1)-infected patients continued the
recommendation that therapy, with the exception of efavirenz, should be
continued during pregnancy (11). If indicated, therefore, protease inhibitors,
including lopinavir, should not be withheld in pregnancy because the expected
benefit to the HIV-positive mother outweighs the unknown risk to the fetus.
Pregnant women taking protease inhibitors should be monitored for
hyperglycemia. Updated guidelines for the use of antiretroviral drugs to reduce
perinatal HIV-1 transmission also were released in 2010 (12). Women receiving
antiretroviral therapy during pregnancy should continue the therapy but,
regardless of the regimen, zidovudine administration is recommended during
the intrapartum period to prevent vertical transmission of HIV to the newborn
(12).

BREASTFEEDING SUMMARY
No reports have been located that describe the use of the combination product,
lopinavir/ritonavir, during human lactation. The molecular weights of lopinavir
(about 629) and ritonavir (about 721), combined with their lipid solubility,
suggest that the drugs will be excreted into human breast milk, although the
extensive plasma protein binding (98%–99%) should limit this excretion. The
effects of this exposure on a nursing infant are unknown.

However, reports on the use of lopinavir/ritonavir during lactation are unlikely
because the combination is indicated in the treatment of patients with HIV. HIV-
1 is transmitted in milk, and in developed countries, breastfeeding is not
recommended (8,9,11,13–16). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available.
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LORATADINE
Antihistamine
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No evidence of increased teratogenicity has been found in animals or
humans. The human pregnancy experience is adequate to show that the
drug is not a major human teratogen. Moreover, a significant increase in
loratadine-induced congenital malformations would be unusual, as no other
antihistamine has been shown to be a major human teratogen. If an oral
antihistamine agent is required during pregnancy, first-generation agents
such as chlorpheniramine or tripelennamine should be considered. Previous
reviews published before the availability of the studies discussed below
concluded that loratadine and cetirizine were acceptable alternatives,
except during the 1st trimester, if a first-generation drug was not tolerated
(1–3).

FETAL RISK SUMMARY
Loratadine, a second-generation histamine H1-receptor antagonist, is used for
the treatment of symptoms related to seasonal allergic rhinitis. Studies with
rats and rabbits with oral doses up to 75 and 150 times, respectively, the
maximum recommended human daily oral dose based on BSA found no
evidence of teratogenicity (4). Treatment of pregnant rats from gestational day
7 through postpartum day 4 with doses up to 26 times the human clinical
exposure revealed no evidence of antiandrogenic activity, as demonstrated by
a lack of effect on androgen-dependent development in male offspring (5).

It is not known if loratadine crosses the human placenta. The molecular
weight (about 383) is low enough that passage to the fetus should be
expected.

The FDA has received six reports of adverse outcomes following exposure



during pregnancy, including two cases of cleft palate, and one case each of
microtia and microphthalmia, deafness, tricuspid dysplasia, and diaphragmatic
hernia (F. Rosa, personal communication, FDA, 1996). A relationship, if any,
between loratadine and the outcomes cannot be determined from these data.

A 1998 noninterventional, observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (6). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester with
birth defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets
of twins). In addition, two birth defects were observed in aborted fetuses.
However, few of the aborted fetuses were examined. Loratadine was taken
during the 1st trimester in 18 pregnancies. The outcomes of these pregnancies
included 2 elective abortions and 16 normal, term infants (6).

A 2002 study found no increased risk of teratogenicity or other pregnancy or
newborn complications for antihistamines when used in early pregnancy for the
treatment of nausea and vomiting (N = 12,394) and allergy (N = 5041) (7). In
the study, 1769 women used loratadine.

A collaborative 2003 report gathered data from four teratology information
services (Canada, Israel, Italy, and Brazil) pertaining to 1st trimester loratadine
exposures in 161 pregnancies (8). The outcomes of these pregnancies were
compared with 161 nonexposed controls. The average daily dose of loratadine
was 11.3 mg. The live birth rate, gestational age at delivery, and birth weight in
the two groups were similar. There were five congenital malformations (kidney
defect, aortic valve stenosis, unspecified chromosomal abnormalities, bilateral
inguinal hernia, and congenital hip dislocation) in the loratadine group and six in
the controls. The sample size had an 80% power to detect a 3.5-fold increase
in the overall rate of defects (8).

In 2004, the CDC summarized their analysis of data from The National Birth
Defects Prevention Study that examined the association between loratadine
and hypospadias (9). The study population consisted of 563 male infants with
hypospadias and 1444 male infants with no major birth defects. Cases and
controls were born between October 1997 and June 2001. In the cases, 46
(8.2%) had multiple congenital malformations that were not recognized as
phenotypes, and in 517 (91.8%) hypospadias was an isolated defect. Exposure
to loratadine occurred in 11 cases and 22 controls (adjusted odds ratio [OR]
0.96, 95% confidence interval [CI] 0.41–2.22). For nonsedating (including



loratadine) and sedating antihistamines, the OR (and 95% CI) were 0.95
(0.48–1.89) and 1.02 (0.68–1.53), respectively. Thus, neither type of
antihistamine was associated with hypospadias (9).

BREASTFEEDING SUMMARY
Loratadine and its metabolite, descarboethoxyloratadine, are excreted into
human milk (4,10). Six lactating women were given a single 40-mg dose (10).
The peak milk concentration, 29.2 ng/mL, occurred within 2 hours of the dose,
whereas the peak plasma level, 30.5 ng/mL, was measured 1 hour after the
dose. The mean milk:plasma area under the concentration curve (AUC) ratios
for the parent compound and the active metabolite, measured during 48 hours,
were 1.17 and 0.85, respectively (4,10). During 48 hours, the mean amounts of
loratadine and metabolite recovered from the milk were 4.2 mcg (0.010% of
the dose) and 6.0 mcg (equivalent to 7.5 mcg of loratadine; 0.019% of the
dose), respectively. A 4-kg infant ingesting this milk would have received a
dose equivalent to 0.46% of the mother’s dose on an mg/kg basis (10). Based
on this estimate, and the fact that the dose used in the study was four times
the current recommended dose, there is probably little clinical risk to a nursing
infant whose mother was taking 10 mg of loratadine per day. The American
Academy of Pediatrics classifies loratadine as compatible with breastfeeding
(11).
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LORAZEPAM
Sedative
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in the 1st
and 3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible* *Potential toxicity if combined with other CNS depressants

PREGNANCY SUMMARY

Lorazepam is a benzodiazepine indicated for the treatment of status
epilepticus and as a preanesthetic sedative. One report found a significant
association with anal atresia. When used close to delivery, “floppy infant”
syndrome has been reported. The long-term effects of in utero exposure on
neurobehavior, especially when the exposure occurs in the latter half of
pregnancy, have not been studied but are of concern.

FETAL RISK SUMMARY
Reproduction studies with lorazepam have been conducted in mice, rats, and
two strains of rabbits. Occasional, non-dose-related malformations (reduction
of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, malformed skull,
and microphthalmia) were observed in rabbits, but these defects have also
randomly occurred in controls. Fetal resorptions and increased fetal loss
occurred in rabbits at oral (40 mg/kg) and IV (4 mg/kg) doses and higher (1).

Lorazepam crosses the placenta, achieving cord levels similar to maternal
serum concentrations (2–5). Placental transfer is slower than that of diazepam,
but high IV doses may produce the “floppy infant” syndrome (3). (See
Diazepam for a description of this syndrome.)

A case reported in 1996 described an otherwise healthy male infant,
exposed throughout gestation to lorazepam (7.5–12.5 mg/day) and clozapine
(200–300 mg/day), who developed transient, mild floppy infant syndrome after
delivery at 37 weeks’ gestation (6). The mother had taken the combination
therapy for the treatment of schizophrenia. The hypotonia, attributed to
lorazepam because of the absence of such reports in pregnancies exposed to
clozapine alone, resolved 5 days after birth.



An abstract published in 1999 found an association between lorazepam and
anal atresia (7). Using data from a French pregnancy registry, the investigators
reported that among infants exposed to benzodiazepines 5 of 6 cases of anal
atresia were exposed to lorazepam (p = 0.01).

Lorazepam has been used in labor to potentiate the effects of narcotic
analgesics (8). Although not statistically significant, a higher incidence of
respiratory depression occurred in the exposed newborn infants.

BREASTFEEDING SUMMARY
Lorazepam is excreted into breast milk in low concentrations (9,10). In one
study, no effects on the nursing infant were reported (9), but the slight delay in
establishing feeding was a cause for concern (11). Milk:plasma ratios in four
women who had received 3.5 mg orally of lorazepam 4 hours earlier ranged
from 0.15 to 0.26 (9). The mean milk concentration was 8.5 ng/mL. In another
study, 5 mg of oral lorazepam was given 1 hour before labor induction and the
effects on feeding behavior were measured in the newborn infants (12). During
the first 48 hours, no significant effect was observed on volume of milk
consumed or duration of feeding.

The effects of exposure to benzodiazepines during breastfeeding were
reported in a 2012 study (13). In a 15-month period spanning 2010–2011, 296
women called the Motherisk Program in Toronto, Ontario, seeking advice on
the use of these drugs during lactation and 124 consented to the study. The
most commonly used benzodiazepines were lorazepam (52%), clonazepam
(18%), and midazolam (15%). Neonatal sedation was reported in only two
infants. Lorazepam was not used by either mother. There was no significant
difference between the characteristics of these 2 and the 122 that reported no
sedation in terms of maternal age, gestational age at birth, daily amount of time
nursing, amount of time infant slept each day, and the benzodiazepine dose
(mg/kg/day). The only difference was in the number of CNS depressants that
the mothers were taking: 3.5 vs. 1.7 (p = 0.0056). The investigators concluded
that their results supported the recommendation that the use benzodiazepines
was not a reason to avoid breastfeeding (13).

The American Academy of Pediatrics classifies the effects of lorazepam on
the nursing infant as unknown but may be of concern if exposure is prolonged
(14).
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LORCASERIN
Anorexiant
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of lorcaserin in human pregnancy have been
located. The animal reproduction data suggest moderate risk, but the
absence of human pregnancy experience prevents a more complete
assessment of embryo–fetal risk. However, the manufacturer classifies the
drug as contraindicated in pregnancy because weight loss offers no
potential benefit to a pregnant woman and may result in fetal harm (1).

FETAL RISK SUMMARY
Lorcaserin is an oral selective agonist of serotonin 2C receptors that are
located in the hypothalamus. It is indicated as an adjunct to a reduced-calorie
diet and increased physical activity for chronic weight management in adult
patients with an initial body mass index (BMI) of 30 kg/m2 or greater (obese) or
27 kg/m2 or greater (overweight) in the presence of at least one weight-related
comorbid condition (e.g., hypertension, dyslipidemia, and type 2 diabetes).
Lorcaserin is extensively metabolized to inactive metabolites. The drug is
moderately (about 70%) bound to plasma proteins and has a plasma half-life of
about 11 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, plasma exposures during organogenesis that were 44 and 19 times,
respectively, the human exposure (HE) revealed no evidence of teratogenicity
or embryolethality. In a separate study, rats were given the drug from gestation
through postnatal day 21 with doses resulting in exposures up to about 44
times the HE. The highest dose resulted in stillborns and lower pup viability, but
all doses lowered pup body weight at birth, which persisted to adulthood.
However, no developmental abnormalities or effects on reproductive
performance in the offspring were observed at any dose (1).



Two-year carcinogenicity studies in mice were negative. In a similar study in
rats, mammary adenocarcinoma and mammary fibroadenoma occurred in
females. These findings may have been associated with drug-induced changes
in prolactin homeostasis and their relevance to humans is unknown. In male
rats, treatment-related neoplastic changes were noted in the subcutis
(fibroadenoma, Schwannoma), the skin (squamous cell carcinoma), mammary
gland, and the brain (astrocytoma). Lorcaserin was not mutagenic or genotoxic
in multiple assays. No effects on fertility in male and female rats were observed
(1).

It is not known if lorcaserin crosses the human placenta. The molecular
weight (about 197 for the free base), moderate plasma protein binding, and the
long plasma half-life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of lorcaserin during human lactation have been
located. The molecular weight (about 197 for the free base), moderate (about
70%) plasma protein binding, and the long (about 11 hours) plasma half-life
suggest that the drug will be excreted into breast milk. The effect of the
exposure on a nursing infant is unknown. The most common (>5%) adverse
effects in nondiabetic patients were headache, dizziness, fatigue, nausea, dry
mouth, and constipation (1). If a woman is receiving lorcaserin and chooses to
nurse, her infant should be monitored for these adverse effects.

Reference
1. Product information. Belviq. Arena Pharmaceuticals GmbH, 2012.



LOSARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in the 2nd
and 3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The antihypertensive mechanisms of action of losartan and angiotensin-
converting enzyme (ACE) inhibitors are very close. That is, the former
selectively blocks the binding of angiotensin II to AT1 receptors, whereas
the latter prevents the formation of angiotensin II itself. Therefore, use of
this drug during the 2nd and 3rd trimesters may cause teratogenicity and
severe fetal and neonatal toxicity that is identical to that seen with ACE
inhibitors (e.g., see Captopril or Enalapril). Fetal toxic effects may include
anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth restriction
(IUGR), prematurity, and patent ductus arteriosus. Anuria-associated
oligohydramnios may produce fetal limb contractures, craniofacial
deformation, and pulmonary hypoplasia. Severe anuria and hypotension,
which is resistant to both pressor agents and volume expansion, may occur
in the newborn following in utero exposure to losartan. Newborn renal
function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Losartan is a selective angiotensin II receptor blocker (ARB) that is used, either
alone or in combination, with other antihypertensive agents, for the treatment of
hypertension. Losartan, and its active metabolite, block the vasoconstrictor and
aldosterone-secreting effects of angiotensin II by preventing angiotensin II from
binding to AT1 receptors.

Reproduction studies have been conducted in pregnant rats (1–3). At oral
doses greater than three times the maximum recommended human dose of 100
mg based on BSA (MRHD), reduced body weight, delayed physical and
behavioral development, mortality, and renal toxicity were observed in rat



fetuses and neonates (1–3). These adverse effects were attributed to
exposure during late pregnancy (gestational days 15–20) and/or during
lactation (1,2). The irreversible renal abnormalities in the newborn pups
included dilatation of the renal pelvis, edema of the renal papilla, medial
hypertrophy of intracortical arterioles, chronic renal inflammation, and irregular
scarring of the renal parenchyma (2).

In fertility and reproductive performance studies, a significant decrease in
fetal implants in rats was noted at a maternally toxic oral dose, approximately
24 times the MRHD. No effects on implants/pregnant female, percent
postimplantation loss, or live pups/litter at parturition were observed at an oral
dose approximately 12 times the MRHD (1–3).

It is not known if losartan or its active metabolite crosses the human placenta
to the fetus. Because the molecular weight of losartan (about 461) is low
enough, passage to the human fetus should be expected.

A postmarketing safety surveillance study of losartan, published in 1999,
described the outcomes of four human pregnancies (4). Three of the
pregnancies were exposed to the drug in the 1st trimester and the fourth
pregnancy was diagnosed about 2 months after stopping the drug. In the first
case, the woman became pregnant while taking losartan and the drug was
discontinued at approximately 8 weeks’ gestation. Because of worsening renal
failure, dialysis was required during pregnancy. She delivered a growth-
restricted infant at 29 weeks who died at 9 days of age. In the second case,
losartan was stopped 6 weeks after the last menstrual period. The woman
delivered prematurely at 30 weeks because of preeclampsia. The infant was
reported to be doing well. The third pregnancy ended with a spontaneous
abortion (no specific embryo data) at 6–8 weeks’ gestation while the woman
was receiving losartan. Finally, a spontaneous abortion (no specific embryo
data) occurred at 6 weeks’ gestation in a woman who had stopped losartan
about 2 months before the pregnancy was diagnosed. Because of the timing of
the exposures, none of the outcomes appear to be related to the use of
losartan. They are probably a consequence of the women’s severe
hypertension (4).

In a 2001 case report, anhydramnios was diagnosed at 31 weeks’ gestation
in a 31-year-old woman with periarteritis nodosa (5). Hypertension had
developed at 17 weeks’ gestation and losartan, 50 mg/day, had been started.
Therapy was changed to methyldopa (750 mg/day), but 2 days later the
woman noticed no fetal movements. Ultrasound confirmed intrauterine fetal
death and she delivered a stillborn 1592-g male infant the next day. The infant



had facial and limb deformities characteristic of oligohydramnios. At autopsy,
pulmonary hypoplasia and hypoplastic skull bones with wide sutures were
observed, but no other apparent abnormalities, including the kidneys and
urinary tract, were noted. The anhydramnios and resulting fatal fetal
abnormalities were attributed to losartan (5).

A 42-year-old woman was treated with losartan (dose not specified),
hydrochlorothiazide, felodipine, and metoprolol throughout gestation (6).
Oligohydramnios was diagnosed at 33 weeks’ gestation. A 2180-g female
infant was born at 36 weeks’ with limb deformities (varus of left foot, right
clubfoot, and fixed external rotation of the right knee). Potter’s facies,
pulmonary hypertension, and anuria were present and the infant died of
respiratory distress on day 4. Autopsy revealed a patent ductus arteriosus and
abnormal kidneys (6).

In another case, a 35-year-old woman with hypertension was treated with
losartan (50 mg/day) throughout gestation (7). An examination at 22 weeks’
was normal, but oligohydramnios was noted at 34 weeks’. Losartan was
stopped and an amnioinfusion was given, but the woman developed signs of
infection and a hypotonic male infant (weight not given) was delivered. Apgar
scores were 1, 4, and 4 at 1, 5, and 10 minutes, respectively. The infant had
persistent hypotension, anuria, and multivisceral failure and died on day 4 (7).

In an unusual case, a 45-year-old woman with type 2 diabetes and chronic
hypertension developed anhydramnios (amniotic fluid index [AFI] 0) at about 28
weeks’ gestation while receiving losartan (8). Losartan was discontinued and 4
days later, a transabdominal amnioinfusion produced an AFI of 6. Normal
amniotic fluid levels were maintained for the remainder of the pregnancy. At 32
weeks’, ultrasound revealed a thrombus in the fetal vena cava at the level of the
right renal vein. Labor was induced at 38 weeks’ to deliver 2960-g male infant
with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively. Further
ultrasound studies revealed an inclusive inferior vena cava thrombus with up to
three collateral vessels providing flow around the clot. At 10 days of age,
additional examination of the asymptomatic infant revealed a single dominant
collateral vessel (8).

A 41-year-old woman with hypertension was treated throughout gestation
with losartan (9). At 29 weeks’ gestation, anhydramnios was detected. A
cesarean section delivered a 1223-g (50th–60th percentile) female infant was
delivered with Apgar scores of 2, 5, and 7 at 1, 5, and 10 minutes,
respectively. The flaccid newborn had apnea, bradycardia, and was cyanotic.
The neonatal course was complicated by marked renal impairment,



hypotension, respiratory depression, joint contractures, and a large anterior
fontanelle with widely separated sutures. Follow-up at 7 months of age
revealed a growth-restricted infant (≤5th percentile) and renal disease,
including apparent renal tubular acidosis (9).

A brief teratogen update in 2005 summarized the adverse outcomes of
pregnancies exposed to losartan and three other similar agents (10). Exposure
in the second half of pregnancy resulted in fetal toxicity that was very similar to
that observed with ACE inhibitors. Although the number of reported 1st
trimester exposures was limited, there was no suggestion of an increased risk
of major congenital defects (10).

A 2009 report described two cases of losartan exposure before and during
pregnancy (11). The drug was used to treat hypertension and was stopped at
8 and 23 weeks’ gestation, respectively. The pregnancy outcome in the first
patient was a healthy, 3.730-kg female infant born at 39 weeks. In the second
woman, pregnancy woman was diagnosed at 25 weeks’ and losartan was
stopped, but oligohydramnios was noted on ultrasound. A repeat ultrasound 1
week later showed worsening oligohydramnios (AFI 1.5). At 27 weeks’, she
spontaneously gave birth to a 1.040-kg female infant with Apgar scores of 9
and 9. In addition to the complications of prematurity, impaired renal function
was noted but spontaneously resolved by day 6 of age. A renal ultrasound on
day 9 was normal. The infant was discharged home on day 52, at which time a
small umbilical hernia was discovered. A neurological examination revealed
slightly increased muscle tone and mild tremor (11).

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (12). The factors, which typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of losartan during human lactation have been
located. Because the molecular weight (about 461) of losartan is low enough,
excretion into human breast milk should be expected. The effects of this
exposure on a nursing infant are unknown. The American Academy of
Pediatrics, however, classifies ACE inhibitors, a closely related group of
antihypertensive agents, as compatible with breastfeeding (see Captopril or
Enalapril).
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LOVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Infants with malformations following in utero exposure to lovastatin have
been described in published and unpublished reports. A causal relationship
between the drug and some of the defects is possible, but some might
have occurred by chance. Additional data are needed. Because there is
apparently no maternal benefit for the use of lovastatin during gestation and
because of the human cases and the teratogenicity observed in one animal
species, the drug should be avoided during pregnancy.

FETAL RISK SUMMARY
Lovastatin, a 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase
inhibitor (“statins”) that is lipophilic, is used to lower elevated levels of
cholesterol. It has the same mechanism of action as other available drugs in
this class, atorvastatin, fluvastatin, pitavastatin, pravastatin, rosuvastatin, and
simvastatin (cerivastatin was withdrawn from the market in 2001).

The drug is teratogenic in mice and rats, producing decreased fetal weight
and skeletal malformations in exposed fetuses, at doses of 800 mg/kg/day (40
and 80 times the maximum recommended human dose based on BSA [MRHD],
respectively) (1,2). However, the skeletal malformations were thought to be
due to maternal toxicity that involved gastric lesions and not due to the drug (3).
No teratogenic effects were observed in rabbits administered doses ≤15
mg/kg/day (3 times the MRHD), the maximum tolerated dose (1,2).

A surveillance study of lovastatin and simvastatin exposures during
pregnancy, conducted by the manufacturer, was reported in 1996 (2) and
updated in 2005 (4). Of the 477 reports, all involving 1st trimester exposure,
386 were prospective (67 lovastatin, 319 simvastatin) and 91 were
retrospective (38 lovastatin, 53 simvastatin). The pregnancy outcomes were
known for 225 (58%) of the prospective reports. There were congenital defects



in five liveborn and one stillborn, all involving simvastatin. (See Simvastatin.)
Other outcomes were 18 spontaneous abortions (SABs), 49 elective abortions
(EABs), 4 fetal deaths, and 148 live births without defects. All of the outcomes,
with the exception of fetal deaths, were similar to the population background
rate. Although the number of fetal deaths was increased, there was no specific
pattern to suggest a common cause. One death involved a nuchal cord and
another was a trisomy 18. No congenital defects were reported in the SABs or
EABs (4).

There were 13 cases of congenital defects in retrospective reports; 7
involving lovastatin and 6 with simvastatin (4). The details of the congenital
defects after exposure to lovastatin (daily dose and exposure in weeks from
last menstrual period) were as follows:

(a) atrial and ventricular septal defect, aortic hypoplasia, infant died on day 32
(40 mg, 0–5 weeks)

(b) features of VATER association with other abnormalities, mother also took
dextroamphetamine at the same time (10 mg, 6–11 weeks)

(c) spina bifida, EAB (20 mg, 1st trimester)
(d) rudimentary right thumb, skull defects (40 mg, 0–4 weeks)
(e) “severe deformity” (dose and exposure not reported)
(f) open neural tube defect, duplication of spinal cord, cleft palate, EAB (20

mg, 0–18 weeks)
(g) deformed right ear, no auditory canal (microtia) (dose not reported, 0–8

weeks)

The case involving the VATER association is also described below. There was
no specific patterns observed in the above reports (4).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 3 newborns had
been exposed to lovastatin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (33.3%) major birth defect was observed
(none expected), a cardiovascular defect. Eight other exposures to lovastatin
occurred after the 1st trimester without apparent fetal harm (5).

Three retrospective spontaneous reports of birth defects suspected of being
associated with 1st trimester use of lovastatin have been received by the FDA
(5). The anomalies described were aortic hypoplasia, ventricular septal defect
with cerebral dysfunction, death (one case); anal atresia and renal dysplasia
(one case); and short forearm, absent thumb, and thoracic scoliosis (one
case).



A 1992 case report described the use of lovastatin in a human pregnancy
(6). A woman was treated for 5 weeks with lovastatin and dextroamphetamine,
starting approximately 6 weeks from her last menstrual period, for progressive
weight gain and hypercholesterolemia. Therapy was discontinued when her
pregnancy was diagnosed at 11 weeks’ gestation. A female infant was
delivered by cesarean section at 39 weeks’ gestation. Gestational age was
confirmed by an ultrasound examination at 21 weeks’ gestation and the
Dubowitz score at birth. The infant had a constellation of malformations termed
the VATER association (vertebral anomalies, anal atresia, tracheoesophageal
fistula with esophageal atresia, renal and radial dysplasias). Specific anomalies
included an asymmetric chest, thoracic scoliosis, absent left thumb,
foreshortened left forearm, left elbow contracture, fusion of the ribs on the left,
butterfly vertebrae in the thoracic and lumbar spine, left radial aplasia, and a
lower esophageal stricture. Chromosomal analysis was normal, and the family
history was noncontributory (6). This case is also described above (see
reference 2).

The cause of the defects in the above infant is unknown, but drug-induced
teratogenicity cannot be excluded as in utero exposure to both drugs occurred
during organogenesis. Experiments with mice and rabbits indicated that
amphetamines are teratogenic, but the anomalies primarily involve the heart
and CNS (7). Moreover, the use of amphetamines during human pregnancy for
medical indications has not been found to present a significant risk to the fetus
in terms of fetotoxicity or teratogenicity (see Amphetamines).

A 1995 abstract reported an extensive NTD in a fetus exposed during the 1st
trimester to lovastatin (8). A causal relationship could not be established.

A 2004 report evaluated 20 cases of adverse pregnancy outcomes reported
to the FDA after exposures to statins (9). The cases were among 178 cases of
1st trimester pregnancy exposure to cholesterol-lowering statin drugs reported
to the FDA. There were 52 cases suitable for evaluation after exclusion for
spontaneous abortions, elective abortions, pregnancy loss due to maternal
diseases, fetal genetic disorders, transient neonatal disorders, or loss to
follow-up. In the 52 cases, there were 20 reports of malformation as follows
(drug, dose, and exposure time in weeks after last menstrual period shown in
parentheses):

CNS
(a) Holoprosencephaly (cerivastatin, 0.25 mg/day, 0–8 weeks)
(b) Holoprosencephaly (see reference 10) (defective septum separating

lateral cerebral ventricles), atrial septal defect, aortic hypoplasia, death



at 1 month of age (lovastatin, 40 mg/day, 0–7 weeks)
(c) Aqueductal stenosis with hydrocephalus, limb deficiency (right banded,

atretic thumb) (lovastatin, 40 mg/day, 0–4.5 weeks)
(d) NTD, myelocele, duplication of spinal cord, cerebellar herniation with

hydrocephalus, apparent agenesis of palate (lovastatin, 20 mg/day, 1st
trimester)

(e) spina bifida, right arm abnormality (mother also type 1 diabetic)
(atorvastatin, unknown dose, until pregnancy recognized)

Limb deficiency
(a) same as c above
(b) right leg fibula and tibia 9% shorter than left side, agenesis of one tarsal

bone, right foot 16% shorter than left (reported at 4 years of age)
(simvastatin, 20 mg/day, 0–6 weeks)

(c) left leg femur 16% shorter than right, foot with aplasia of metatarsals and
phalanges 3, 4, and 5, additional VACTERL defects—left renal
dysplasia, reversed laterality of aorta, disorganized lumbosacral
vertebrae, single umbilical artery, additional findings—clitoral
hypertrophy, vaginal and uterine agenesis (mother also took drug similar
to progesterone 10 days/month, 0–13 weeks) (simvastatin, 10 mg/day,
0–13 weeks)

(d) left arm aplasia of radius and thumb, shortened ulna, additional
VACTERL defects—left arthrogryposis, thoracic scoliosis, fusion of ribs
on left, butterfly vertebrae in thoracic and lumbar region, esophageal
stricture, anal atresia, renal dysplasia, additional findings—
hemihypertrophy of entire left side, craniofacial anomalies (including
asymmetric ears, ptosis of eyelids, high arched palate), torticollis
(mother also took dextroamphetamine, 6–11 weeks) (lovastatin, 10
mg/day, 6–11 weeks)

(e) limb reduction deficiency, transverse deficiency of otherwise normal
radius and ulna superior to wrist structures, with aplasia of all distal
structures (atorvastatin, 10 mg/day, 0–9 weeks) (9)

The other 11 cases of malformations were simvastatin: cleft lip with intrauterine
growth restriction; cleft lip; polydactyly; duodenal atresia; hypospadias;
clubfoot; and unspecified major abnormalities; atorvastatin: cleft palate;
esophageal atresia; lovastatin: microtia with absent auditory canal and severe
unspecified deformity (9). All of the 20 defects involved a lipophilic statin (i.e.,
atorvastatin, cerivastatin, lovastatin, and simvastatin). There were no



malformations in the 14 cases of exposure to pravastatin, a hydrophilic agent
with low tissue penetration that is not related to reproductive toxicity in animals
(see Pravastatin). Because of the voluntary nature of the reports to the FDA,
the authors thought that the reports were likely to be biased toward severe
outcomes. However, the nature of some of the CNS and limb deficiency
malformations (i.e., primarily the cases of holoprosencephaly and VACTERL
association) might be consistent with the inhibition of cholesterol biosynthesis
(9,10).

In 2005, the authors of the above study reexamined the clinical report of the
case listed as holoprosencephaly (CNS, case b) and discovered a coding error
(11). The infant had a “ventricular septal defect,” not a “defective septum
separating lateral cerebral ventricles,” thus reducing the number of lovastatin
fetuses with midline CNS anomalies from three to two (11).

BREASTFEEDING SUMMARY
No human studies describing the use of lovastatin during lactation have been
located. Because there is potential for adverse effects in the infant, the drug
should not be used by women who are nursing.
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LOXAPINE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

There is limited human pregnancy experience with loxapine. Animal
reproductive data suggest risk. Because of the very limited human
pregnancy experience with atypical antipsychotics, the American College of
Obstetricians and Gynecologists does not recommend the routine use of
these agents in pregnancy, but a risk–benefit assessment may indicate that
such use is appropriate (1). Because loxapine is indicated for severe
debilitating mental disease, the benefits to the mother appear to outweigh
the unknown risk. A 1996 review on the management of psychiatric illness
concluded that patients with histories of chronic psychosis represent a high-
risk group (for both the mother and the fetus) and should be maintained on
pharmacologic therapy before and during pregnancy (2). Folic acid 4
mg/day has been recommended for women taking atypical antipsychotics
because they may have a higher risk of NTDs due to inadequate folate
intake and obesity (3). Moreover, neonates exposed to antipsychotic drugs
in the 3rd trimester are at risk of extrapyramidal and/or withdrawal
symptoms (4).

FETAL RISK SUMMARY
Loxapine is an atypical antipsychotic that is indicated for the treatment of
schizophrenia (4). The drug is extensively metabolized to apparently inactive
metabolites. The manufacturer did not state the amount of plasma protein
binding or the elimination half-life, but did state that loxapine was rapidly
removed from the plasma and distributed in tissues (4). Loxapine belongs to
the antipsychotic subclass of dibenzapine derivatives that includes asenapine,
clozapine, olanzapine, and quetiapine.



In reproductive studies with rats, rabbits, and dogs, no embryotoxicity or
teratogenicity was observed. However, with the exception of one rabbit study,
the dose used was ≤2 times the maximum recommended human dose
(presumably based on weight) (4,5). Renal papillary abnormalities were found
in offspring of rats treated from mid-gestation with doses approximately
equivalent to the usual human dose (4).

It is not known if loxapine crosses the human placenta. The molecular weight
(about 328 for the free base) suggests that it will cross to the embryo–fetus.

A 2009 review cited information received from the manufacturer regarding
the outcomes of three pregnancies exposed to loxapine (6). The retrospective
outcomes were one baby with achondroplasia; one with multiple unspecified
anomalies; and one infant, exposed throughout pregnancy, with tremors at 15
weeks of age (6). However, achondroplasia is a known autosomal dominant
inheritance defect and is not related to drug exposure.

BREASTFEEDING SUMMARY
No reports describing the use of loxapine during human lactation have been
located. The relatively low molecular weight of loxapine (about 328 for the free
base) suggests that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown. The American Academy of Pediatrics
classifies other antipsychotics (e.g., see Clozapine) as drugs whose effect on
the nursing infant is unknown but may be of concern (7). Because of the very
limited human experience with atypical antipsychotics, the American College of
Obstetricians and Gynecologists does not recommend the routine use of these
agents during lactation, but a risk–benefit assessment may indicate that such
use is appropriate (1).
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LUBIPROSTONE
Gastrointestinal Agent (Laxative)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with lubiprostone is limited. In animal
reproduction studies, no teratogenicity was observed in two species. In a
third species, the drug caused fetal loss, but the cause of the loss is
unknown because systemic absorption of lubiprostone, at least in humans,
is minimal, although one metabolite is absorbed systemically. The limited
human data prevent a complete assessment of the embryo–fetal risk.

FETAL RISK SUMMARY
Lubiprostone, a locally acting chloride channel activator, increases intestinal
fluid secretion that results in increased motility of the intestine, thereby
increasing the passage of stool and alleviating symptoms associated with
constipation (1). It is a prostaglandin E1 derivative (2). Lubiprostone is indicated
for the treatment of chronic idiopathic constipation in adults. It has low systemic
bioavailability with plasma concentrations below the level of quantitation (10
pg/mL). Rapid and extensive metabolism occurs in the stomach and jejunum.
One of the metabolites, M3, is absorbed into the plasma, but at very low levels
(peak plasma concentration about 42 pg/mL). The plasma elimination half-life of
M3 ranges from 0.9 to 1.4 hours. In vitro studies indicate that lubiprostone is
about 94% bound to human plasma proteins (1).

Reproduction studies have been conducted in rats, rabbits, and guinea pigs.
In pregnant rats and rabbits, oral doses up to about 332 and 32 times,
respectively, the recommended human dose based on BSA (RHD) revealed no
evidence of teratogenicity. In pregnant guinea pigs, repeated doses that were
two and six times, respectively, the RHD caused fetal loss (1).

Long-term (2-year) carcinogenicity studies were conducted in mice and rats.



Doses up to about 42 times the RHD in mice were not associated with a
significant increase in any tumor incidences. In rats at the highest dose tested
(about 68 times the RHD), there was a significant increase in the incidence of
interstitial cell adenoma of the testes in male rats. Hepatocellular adenomas
were observed at the highest dose in female rats. Lubiprostone was not
genotoxic in several tests, and had no effect on male and female fertility or on
reproductive function at daily doses that were about 166 times the RHD (1).

It is not known if lubiprostone or the metabolite M3 crosses the human
placenta. The molecular weight of the parent compound (about 391) is low
enough, but plasma levels are below the level of quantitation. M3 has been
detected in the plasma at low levels and may cross to the embryo–fetus.
However, the very short elimination half-life and presumably high plasma protein
binding should limit the amount crossing the placenta.

In clinical trials, four women became pregnant while taking the recommended
human dose of 24 mg twice daily. Therapy was stopped when the pregnancies
were detected. Three of the women gave birth to healthy infants, but the fourth
woman, with an apparent normal pregnancy, was lost to follow-up (1).

The manufacturer recommends that before treatment, women of
reproductive age should have a negative pregnancy test and should use
effective contraception during treatment (1,3). However, based on the
pharmacokinetics of lubiprostone, the embryo–fetal risk from inadvertent
exposure during pregnancy appears to be low.

BREASTFEEDING SUMMARY
No reports describing the use of lubiprostone during human lactation have been
located.

It is not known if lubiprostone or the metabolite M3 is excreted into human
breast milk. The molecular weight of the parent compound (about 391) is low
enough, but plasma levels are below the level of quantitation. M3 has been
detected in the plasma at low levels and may be excreted into milk. However,
the very short elimination half-life (0.9–1.4 hours) and presumably high plasma
protein binding (parent drug 94%) should limit the amount excreted. Although
the risk to a nursing infant probably is very low, if it exists at all, nursing women
taking lubiprostone should monitor their infants for adverse effects commonly
observed in adults (e.g., headache, nausea, and diarrhea).

References
1. Product information. Amitiza. Takeda Pharmaceuticals America, 2007.
2. Ginzburg R, Ambizas EM. Clinical pharmacology of lubiprostone, a chloride channel activator in



defecation disorders. Expert Opin Drug Metab Toxicol 2008;4:1091–7.
3. Anonymous. Lubiprostone (Amitiza) for chronic constipation. Med Lett Drugs Ther 2006;48:428. As

cited in Obstet Gynecol 2006;108:1026–7.



LURASIDONE
Antipsychotic
PREGNANCY RECOMMENDATION: No Human Data—Potential Risk in the
3rd Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of lurasidone in human pregnancy have been
located. The animal data suggest low risk in early pregnancy, but the
absence of human pregnancy experience prevents further assessment of
the embryo–fetal risk. The use of other atypical antipsychotics during the
3rd trimester has been associated with a risk of abnormal muscle
movements (extrapyramidal symptoms) and withdrawal symptoms in
newborns. Symptoms may be self-limiting and include agitation, feeding
disorder, hypertonia, hypotonia, respiratory distress, somnolence, and
tremor (1,2).

FETAL RISK SUMMARY
Lurasidone is an atypical antipsychotic indicated for the treatment of
schizophrenia. The drug is in the benzoisothiazol subclass of antipsychotics.
There are no other approved drugs in this class. The activity of the agent is
primarily due to the parent drug, but it is metabolized to two active metabolites.
Lurasidone is highly bound (about 99%) to plasma proteins. The mean
elimination half-life is 18 hours (1).

Reproduction studies have been conducted in rats and rabbits. When these
species were given lurasidone during organogenesis, no evidence of
teratogenicity was observed at doses up to 3 and 12 times, respectively, the
maximum recommended human dose of 80 mg/day based on BSA (MRHD).
There was no evidence of adverse developmental effects in rats given doses
up to approximately equal to the MRHD during organogenesis and continued
through weaning (1).

In carcinogenicity studies, significant increases in the incidences of malignant



mammary gland tumors and pituitary gland adenomas were observed in female
mice. Similar increases in mammary gland carcinomas were seen in female
rats. No increases in these tumors were observed in male mice or rats. These
neoplastic changes are considered to be prolactin mediated with chronic
administration of atypical antipsychotics. It is not known whether this increased
risk of the tumors is relevant to human risk. Lurasidone was not genotoxic in
multiple assays. Estrous cycle irregularities were seen in female rats and
fertility was reduced but reversible. Fertility was not affected in male rats (1).

It is not known if lurasidone or its active metabolites cross the human
placenta. The molecular weight of the parent drug (about 493 for the free base)
and the elimination half-life suggest that the drug will cross to the embryo–
fetus. However, the very high plasma protein binding may limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of lurasidone during human lactation have been
located. The molecular weight of the parent drug (about 493 for the free base)
and the elimination half-life (18 hours) suggest that the drug will be excreted
into human milk, although the very high plasma protein binding (about 99%)
might limit excretion. However, lurasidone is a weak base, and when used
during lactation, accumulation in the milk may occur with concentrations
significantly greater than corresponding plasma levels. The American Academy
of Pediatrics classifies other antipsychotics as agents whose effect on the
nursing infant is unknown but may be of concern (3). Lurasidone should be
classified the same way.
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LYNESTRENOL

[Withdrawn from the market. See 9th edition.]



LYPRESSIN

[Withdrawn from the market. See 9th edition.]



LYSERGIC ACID DIETHYLAMIDE
Hallucinogen
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The available data suggest that pure lysergic acid diethylamide (LSD) does
not cause chromosomal abnormalities, spontaneous abortions, or
congenital malformations. There have been no cases published of fetal
anomalies when only pure LSD was administered under medical
supervision. Early descriptions of congenital abnormalities involved patients
who had used or were using illicit LSD and are believed to be examples of
reporting bias, the effects of multiple drugs, or other nondrug factors.
However, long-term follow-up of exposed infants has never been reported.
This is an area that warrants additional research.

FETAL RISK SUMMARY
LSD (lysergide) is a chemical used for its hallucinogenic properties. The drug
does not have a legal indication in the United States. Illicitly obtained LSD is
commonly adulterated with a variety of other chemicals (e.g., amphetamines)
(1,2). In some cases, doses sold illicitly as LSD may contain little or none of the
chemical; as a result, the actual amount of LSD ingested cannot be determined
(1). In addition, persons consuming the hallucinogen often consume multiple
abuse drugs simultaneously, such as marijuana, opiates, alcohol,
amphetamines, STP (2,5-dimethoxy-4-methylamphetamine, or DOM, a
synthetic hallucinogen), barbiturates, cocaine, and other prescription and
nonprescription substances. Further complicating the situation are the lifestyles
that some of these persons live, which are often not conducive to good fetal
health. As a consequence, the effects of pure LSD on the human fetus can only
be evaluated by examining those cases in which the chemical was administered
under strict medical supervision. These cases, however, are few in number.
Most data are composed of sample populations who ingested the chemical in
an unsupervised environment. Correct interpretation of this latter material is



extremely difficult and, although cited in this monograph, must be viewed
cautiously.

The passage of LSD across the human placenta has not been studied. The
molecular weight of the chemical (about 323) is low enough that passage to the
fetus should be expected. LSD has been shown to cross the placenta in mice
with early 1st trimester fetal levels averaging five times the levels measured in
late gestation (3).

Concerns with fetal exposure to LSD have primarily focused on chromosomal
damage (both chromatid-type and chromosome-type abnormalities), an
increased risk of spontaneous abortions, and congenital malformations. These
topics are discussed in the sections below.

A 1967 report was the first to claim that the use of LSD could cause
chromosomal abnormalities in human leukocytes (4). Because these
abnormalities could potentially result in carcinogenic, mutagenic, and
teratogenic effects in current or future generations, at least 25 studies were
published in the next 7 years. These studies were the subject of three reviews
published in the 1970s with all three arriving at similar conclusions (2,5,6). First,
in the majority of studies, the addition of LSD to cells in vitro caused
chromosomal breakage, but a dose–response relationship was not always
apparent. The clinical relevance of the in vitro studies was questionable
because pure LSD was used, usually with much higher levels than could be
achieved in humans, and the in vitro systems lacked the normal protective
mechanisms of metabolism and excretion that are present in the body. Second,
only a slight transitory increase in chromosomal breaks was seen in a small
percentage (14%) of the subjects administered pure LSD. A much higher
percentage of persons (49%) consuming illicit LSD was observed to have
chromosomal damage. The abnormalities in this latter group were probably
related to the effects of multiple drug abuse and not to LSD alone. Four
prospective studies found no definitive evidence that LSD damages lymphocyte
chromosomes in vitro (2). Third, there was no evidence that the chromosomal
defects observed in illicit LSD users were expressed as an increased incidence
of leukemias or other neoplasia. Fourth, mutagenic changes were only
observed in experimental organisms (e.g., Drosophila) when massive doses
(2000–10,000 mcg/mL) were used. Because of this, LSD was believed to be a
weak mutagen, but mutagenicity was thought to be unlikely after exposure to
any concentration used by humans (5). Finally, the reviewers found no
compelling evidence for a teratogenic effect of LSD, either in animals or in
humans.



A 1974 investigation involving 50 psychiatric patients, who had been treated
for varying intervals under controlled conditions with pure LSD, provided further
confirmation that the chemical does not cause chromosomal damage (7).
Chromosomal analyses of these patients were compared with those of 50
nonexposed controls matched for age, sex, and marital status. The analysis
was blinded so that the investigators did not know the origin of the samples. No
significant difference between the groups in chromosomal abnormalities was
observed. In another 1974 reference (not included in the previously cited
reviews), involving only two subjects, no evidence of chromosomal damage was
found in their normal offspring (8). The two women had been treated medically
with pure LSD before pregnancy. Thus, the predominance of evidence indicates
that LSD does not induce chromosomal aberrations, and even if it did, it has no
clinical significance to the fetus.

The question of whether fetal wastage could be induced by LSD exposure
was investigated in a study published in 1970 (9). This investigation involved
148 pregnancies (81 patients) in which either the father (N = 60) or the mother
(N = 21) had ingested LSD. In 12 pregnancies, exposure occurred both before
and during pregnancy. In the 136 pregnancies in which the exposure occurred
only before conception, 118 involved the administration of pure LSD (the
medical group) and 18 involved both medical and illicit LSD exposure (the
combined group). The spontaneous abortion rates for these two populations
were 14% (17 of 118) and 28% (5 of 18), respectively. In 83 of the
pregnancies, only the father had been exposed to LSD. Excluding these, the
incidences of fetal loss for the medical and combined groups are 26% (11 of
43) and 40% (4 of 10), respectively. In the 12 pregnancies in which LSD was
consumed both before and during gestation, 3 were in the medical group and 9
were in the combined group. The frequency of spontaneous abortions in these
cases was 33% (1 of 3) and 56% (5 of 9). In the combined sample, however,
one woman accounted for five abortions and one liveborn infant. If she is
excluded, the incidence of fetal wastage in the combined group is zero.

In the medical group, the number of women (12 of 46; 26%) with fetal
wastage was high. However, 25 of these pregnancies occurred in women
undergoing psychotherapy, and 21 occurred in an experimental setting (9). The
number of spontaneous abortions in the psychotherapy group (N = 9, 36%)
was more than twice the incidence in the experimental sample (N = 3, 14%).
The authors speculated that the greater frequency of fetal wastage in the
women undergoing psychotherapy may have been caused by the greater
emotional stress that often accompanies such therapy. The increased rate in



the combined sample (9 of 19; 47%) was probably caused by the use of
multiple abuse drugs, other nondrug factors, and the inclusion of one woman
with five abortions and one live birth. Exclusion of this latter patient decreases
the combined sample incidence to 31% (4 of 13). Thus, although other studies
examining the incidence of spontaneous abortions in LSD-exposed women have
not been located, it appears unlikely that pure LSD administered in a controlled
condition is an abortifacient. The increased rate of fetal wastage that was
observed in the 1970 study was probably caused by a combination of factors,
rather than only to the ingestion of LSD.

A number of case reports have described LSD use in pregnancies ending
with poor outcomes since the first report in 1967 of an exposed infant with
major malformations (10–25). All of these reports, however, are biased in the
respect that malformed infants exposed in utero to LSD are much more likely to
be reported than exposed normal infants and are also more frequently reported
than nonexposed malformed infants (2). Most of the reports either involved
multiple drug exposures, including abuse drugs, or other drug exposures could
probably be deduced because of the illicit nature of LSD. With these cautions,
the reports are briefly described below.

The first mention of an anomaly observed in an infant exposed in utero to
LSD appeared in a 1967 editorial (10). The editorial, citing a report in a lay
publication, briefly described a case of LSD exposure in a pregnancy that
ended in a malformed infant with megacolon. Apparently, details of this case
have never been published in the medical literature.

The first case report in the medical literature also appeared in 1967 and
involved a female infant with unilateral fibular aplastic syndrome (11,12). The
mother had taken LSD four times between the 25th and 98th days of gestation
with one dose occurring during the time of most active lower limb differentiation
(11). Defects in the infant, which were characteristic of the syndrome, included
absence of the fibula and lateral rays of the foot, anterior bowing of the
shortened tibia, shortening of the femur, and dislocated hip. A second case
involving limb defects and LSD exposure was published in 1968 (13). The
infant, with a right terminal transverse acheiria defect (absence of the hand),
was the offspring of a woman who had taken LSD both before and during early
gestation. She had also smoked marijuana throughout the pregnancy and had
taken a combination product containing dicyclomine, doxylamine, and pyridoxine
for 1st trimester nausea. Another infant with a terminal transverse deficit, also
exposed to LSD and marijuana, was described in 1969 (14). The defect
involved portions of the fingers on the left hand, syndactyly of the right hand



with shortened fingers, and talipes equinovarus of the left foot. Two of these
same authors described another exposed infant with amputation deformities of
the third finger of the right hand and the third toe of the left foot (15). A critique
of these latter three case histories concluded that the defects in the infants
could have been caused by amniotic band syndrome (26). Limb defects and
intrauterine growth restriction were observed in an offspring of a malnourished
mother who had used LSD, marijuana, methadone, and cigarettes during
gestation (16). The anomalies consisted of partial adactyly of the hands and
feet, syndactyly of the remaining fingers, and defective formation of the legs
and forearms.

In a study of 140 women using LSD and marijuana followed up through 148
pregnancies, 8 of 83 liveborn infants had major defects as did 4 of 14 embryos
examined after induced abortion (17). The incidence of defects in this sample
was 8.1% (12/148) and may have been higher if the other abortuses had been
examined. Only one of the liveborn infants had a limb defect (absence of both
feet) combined with spina bifida occulta and hemangiomas. Defects in the other
seven infants were as follows: myelomeningocele with hydrocephalus in three
(one with clubfoot); tetralogy of Fallot; hydrocephalus; right kidney
neuroblastoma; and hydrocephalus and congestive heart failure. A limb defect
was one of several anomalies found in a male infant whose mother ingested
LSD both before and during gestation (18). The abnormalities included absent
left arm, syndactyly, anencephaly with ectopic placenta, cleft lip and palate,
coloboma of the iris, cataract, and corneal opacity with vascularization. At least
one author thought that the limb and cranial defects in this latter case may have
been caused by amniotic band syndrome (27). This opinion was contested by
the original authors, who stated that the limb defects were true aplasia and not
an amputation deformity (28). Similarly, they claimed that the cranial anomaly
was not a form of encephalocele, which an amniotic band could have caused,
but a true anencephaly (28). Congenital anomalies were observed in 11 of 120
liveborn infants in a previously cited study that examined the effects of LSD on
spontaneous abortions and other pregnancy outcomes (9). Nine of the 11
infants had limb defects that were, in most cases, easily correctable with either
special shoes or casts. None of the 11 cases appear to be related to LSD
exposure. The defects were (the number of cases and possible causes are
shown in parentheses): turned-in feet (6 cases, 4 familial, 2 unknown);
“crimped” ureter (1 case, familial); tibial rotation (2 cases, 2 familial); pyloric
stenosis (1 case, possibly genetic); bone deformity of legs and deafness (1
case, postrubella syndrome) (9).



Other infants with ocular defects, in addition to the case mentioned
immediately above, have been described. A mother who ingested LSD,
marijuana, meprobamate, amphetamines, and hydrochlorothiazide throughout
pregnancy delivered an infant with generalized hypotonia, a high-pitched cry,
brachycephaly with widely separated sutures, bilateral cephalohematomas, a
right eye smaller than the left and with a cataract, and overlapping second and
third toes (19). Two other cases of ocular defects were published in 1978 and
1980 (20,21). In one case, a premature female infant was delivered from a 16-
year-old mother who had consumed LSD, cocaine, and heroin during the 1st
trimester (20). The infant, who died 1 hour after birth, had microphthalmos,
intraocular cartilage, cataract, persistent hyperplastic primary vitreous, and
retinal dysplasia. A hypoplastic left lung and a defect in the diaphragm were
also noted. The second case involved another premature female infant born to
a mother enrolled in a methadone program who also used LSD (21). The infant
had left anophthalmia but no other defects.

Various other malformations have been reported after in utero LSD exposure
(22–25). Complete exstrophy of the bladder, epispadias, widely separated
pubic rami, and bilateral inguinal hernias were observed in a newborn exposed
to LSD, marijuana, and mephentermine (22). The mother had consumed LSD
12–15 times during an interval extending from 2 months before conception to
2.5 months into pregnancy. A mother, who ingested LSD at the time of
conception, produced a female infant with multiple defects, including a short
neck, left hemithorax smaller than the right, protuberant abdomen because of a
severe thoracolumbar lordosis, a thoracolumbar rachischisis, craniolacunia,
long fingers, clubfeet, and defects of the urinary tract and brain (23). The infant
died at 41 days of age. Other drug exposures consisted of cigarettes, an
estrogen preparation (type not specified) that was used unsuccessfully to
induce menstruation, and medroxyprogesterone for 1st trimester bleeding.
Because the case resembled a previously described cluster of unusual defects
(i.e., spondylothoracic dysplasia and Jarcho–Levin syndrome), which is caused
by an autosomal recessive mode of inheritance, the authors could not exclude
this mechanism. In a case of a female infant with multiple anomalies compatible
with trisomy 13 with D/D translocation, the mother had last used LSD 9 months
before conception (24). She had also used marijuana, barbiturates, and
amphetamines throughout gestation and, presumably, before conception. The
authors theorized that the defect may have been caused by LSD-induced
damage to maternal germ cells before fertilization. A 1971 study evaluated 47
infants born to parents who had used LSD (25). Maternal use of the drug could



be documented in only 30 of the cases and multiple other abuse drugs were
consumed. Abnormalities observed in 8 (17%) of the infants were transient
hearing loss and ventricular septal defect, cortical blindness,
tracheoesophageal fistula, congenital heart disease (type not specified),
congenital neuroblastoma, spastic diplegia, and seizure disorders in 2 infants.

Two other case reports involving the combined use of LSD and marijuana
with resulting adverse fetal outcomes do not appear to have any relationship to
either drug (29,30). One of these involved a report of six infants with persistent
ductus arteriosus, one of whom was exposed to LSD and marijuana during
early gestation (29). The history of maternal drug use was coincidental. The
second case described an infant who died at 2.5 months of age of a bilateral in
utero cerebral vascular accident and resulting porencephaly (30). The mother
had used LSD, marijuana, alcohol, and other abuse drugs, including cocaine.
This latter drug was thought to be the causative agent.

In contrast to the above reports, a large body of research has been
published describing the maternal (and paternal) ingestion of LSD without
apparent fetal consequences (1,7–9,31–36). A number of reviews have also
examined the teratogenic potential of the chemical and have concluded that a
causal relationship between congenital malformations and LSD does not exist
(2,5,6,37–45). (See reference 6 for an excellent critique of the early
investigations in laboratory animals.)

BREASTFEEDING SUMMARY
No reports have been located concerning the passage of lysergic acid
diethylamide into breast milk. Because the drug has a relatively low molecular
weight (about 323), which should allow its transfer into milk, and because its
psychotomimetic effects are produced at extremely low concentrations, the use
of LSD during lactation is contraindicated.
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L-LYSINE
Nutrient (Amino Acid)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

L-Lysine is an essential amino acid that has been occasionally used for the
treatment and prophylaxis of herpes simplex infections (the effectiveness of
this indication is questionable). No reports on the use of the commercial
formulation in human pregnancy have been located.

FETAL RISK SUMMARY
L-Lysine is actively transported across the human placenta to the fetus with a
steady-state fetal:maternal ratio of approximately 1.6:1 (1,2). Fetal tissues
retain most of the essential amino acids, including l-lysine, in preference to the
nonessential amino acids (3).

One published case has been located that described a woman with familial
hyperlysinemia because of deficiency of the enzymes lysine ketoglutarate
reductase and saccharopine dehydrogenase (4). The woman gave birth to a
normal child. No details of the pregnancy or the child were provided other than
that the child was normal. Serum lysine levels, which were regularly >10 mg/dL
and may have been as high as 20 mg/dL or more when the disorder was
detected, were not measured during the pregnancy or in the baby.

BREASTFEEDING SUMMARY
No reports describing the use of l-lysine during human lactation have been
located.
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M

MAFENIDE
Anti-infective
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of mafenide during human pregnancy have
been located. The cream formulation is absorbed into the systemic
circulation and exposure of the embryo–fetus probably occurs. The anti-
infective did not cause fetal toxicity in the only animal species tested.
Although the mechanism of action is different from the sulfonamides, it is
closely related to that class of agents (see also Sulfonamides). Because of
its indication for severe burns, it should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Mafenide is an anti-infective available as a topical 11.2% cream or 5% solution.
The cream is indicated for adjunctive therapy of patients with second- and third-
degree burns. The solution is indicated for use as an adjunctive topical
antimicrobial agent to control bacterial infection when used under moist
dressings over meshed autografts on excised burn wounds. The mechanism of
action of mafenide is not known but is different from the sulfonamides. In
addition, it is not known if there is cross-sensitivity to other sulfonamides. (See
also Sulfonamides.) The cream formulation is absorbed into the systemic
circulation where the agent is converted to an inactive metabolite. Peak blood
concentrations ranged from 26 to 197 mcg/mL 2 hours after application (1,2).

A reproduction study has been conducted in rats. In pregnant rats given oral



doses of mafenide up to 600 mg/kg/day, no evidence of fetal harm was
observed. No animal studies evaluating the potential for carcinogenicity or for
effects on fertility have been conducted. However, the drug was not mutagenic
in one assay (1).

It is not known if mafenide crosses the human placenta. The molecular
weight of the free base (about 186) is low enough that passage to the embryo–
fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of mafenide during human lactation have been
located. The molecular weight of the free base (about 186) is low enough that
excretion into breast milk should be expected. Although the mechanism of
action is different from the sulfonamides, it is closely related to that class of
agents (see also Sulfonamides). Mafenide and its metabolite inhibit carbonic
anhydrase, which has caused metabolic acidosis in patients treated with the
drug. Hemolytic anemia, presumably related to glucose-6-phosphate
dehydrogenase deficiency, has also been reported during treatment. Because
the indications for this agent suggest long-term exposure from milk that could
increase the possibility of toxicity, nursing is best avoided if the mother requires
treatment.
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MAGNESIUM SULFATE
Anticonvulsant/Laxative
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The administration of magnesium sulfate to the mother for anticonvulsant or
tocolytic effects does not usually pose a risk to the fetus or newborn. Long-
term infusions of magnesium may be associated with sustained
hypocalcemia in the fetus resulting in congenital rickets. Neonatal
neurologic depression may occur with respiratory depression, muscle
weakness, and loss of reflexes. The toxicity is not usually correlated with
cord serum magnesium levels. Offspring of mothers treated with this drug
close to delivery should be closely observed for signs of toxicity during the
first 24–48 hours after birth. Caution is also advocated with the use of
aminoglycoside antibiotics during this period.

FETAL RISK SUMMARY
Magnesium sulfate (MgSO4) is commonly used as an anticonvulsant for
toxemia and as a tocolytic agent for premature labor during the last half of
pregnancy. Concentrations of magnesium, a natural constituent of human
serum, are readily increased in both the mother and fetus following maternal
therapy with cord serum levels ranging from 70% to 100% of maternal
concentrations (1–6). Elevated levels in the newborn may persist for up to 7
days with an elimination half-life of 43.2 hours (2). The elimination rate is the
same in premature and full-term infants (2). IV magnesium sulfate did not cause
lower Apgar scores in a study of women treated for pregnancy-induced
hypertension, although the magnesium levels in the newborns reflected
hypermagnesemia (6). The mean cord magnesium level, 5.3 mEq/dL, was
equal to the mean maternal serum level.

No reports linking the use of magnesium sulfate with congenital defects have
been located. The Collaborative Perinatal Project monitored 50,282 mother–
child pairs, 141 of which had exposure to magnesium sulfate during pregnancy



(7). No evidence was found to suggest a relationship to congenital
malformations.

In a 1987 report, 17 women, who had been successfully treated with IV
magnesium sulfate for preterm labor, were given 1 g of magnesium gluconate
every 4 hours after the IV magnesium had been discontinued (8). A mean
serum magnesium level before any therapy was 1.44 mg/dL. Two hours after
an oral dose (12–24 hours after discontinuation of IV magnesium) the mean
magnesium serum level was 2.16 mg/dL, a significant increase (p <0.05). A
group of 568 women was randomly assigned to receive either 15 mmol of
magnesium-aspartate hydrochloride (N = 278) or 13.5 mmol of aspartic acid (N
= 290) per day (9). Therapy was started as early as possible in the
pregnancies, but not later than 16 weeks’ gestation. Women receiving the
magnesium tablets had fewer hospitalizations (p <0.05), fewer preterm
deliveries, and less frequent referral of the newborn to the neonatal intensive
care unit (p <0.01) (9). In a double-blind randomized, controlled clinical study,
374 young women (mean age approximately 18 years) were treated with either
365 mg of elemental magnesium/day (provided by six tablets of magnesium-
aspartate hydrochloride each containing 60.8 mg of elemental magnesium) (N =
185) or placebo tablets containing aspartic acid only (N = 189) (10). Treatment
began at approximately a mean gestational age of 18 weeks (range 13–24
weeks). In addition, both groups received prenatal vitamins containing 100 mg
of elemental magnesium. In contrast to the reference cited above, the
magnesium therapy did not improve the outcome of the pregnancies as judged
by the nonsignificant differences between the groups in incidences of
preeclampsia, fetal growth restriction, preterm labor, birth weight, gestational
age at delivery, or number of infants admitted to the special care unit (10).

Most studies have been unable to find a correlation between cord serum
magnesium levels and newborn condition (2,5,11–15). In a study of 7000
offspring of mothers treated with MgSO4 for toxemia, no adverse effects from
the therapy were noted in fetuses or newborns (5). Other studies have also
observed a lack of toxicity (16,17). A 1983 investigation of women at term with
pregnancy-induced hypertension compared newborns of magnesium-treated
mothers with newborns of untreated mothers (15). No differences in neurologic
behavior were observed between the two groups except that exposed infants
had decreased active tone of the neck extensors on the first day after birth.

Newborn depression and hypotonia have been reported as effects of
maternal magnesium therapy in some series, but intrauterine hypoxia could not
always be eliminated as a potential cause or contributing factor



(2,11,12,18–20). In a study reporting on the effects of IV magnesium on Apgar
scores, the most common negative score was assigned for color, rather than
for muscle tone (6).

A 1971 report described two infants with magnesium levels >8 mg/dL who
were severely depressed at birth (13). Spontaneous remission of toxic
symptoms occurred after 12 hours in one infant, but the second had residual
effects of anoxic encephalopathy. In a 1982 study, activities requiring sustained
muscle contraction, such as head lag, ventral suspension, suck reflex, and cry
response, were impaired up to 48 hours after birth in infants exposed in utero
to magnesium (14). A hypertensive woman, treated with 11 g of magnesium
sulfate within 3.5 hours of delivery, gave birth to a depressed infant without
spontaneous respirations, movement, or reflexes (21). An exchange transfusion
at 24 hours reversed the condition. In another study, decreased gastrointestinal
motility, ileus, hypotonia, and patent ductus arteriosus occurring in the offspring
of mothers with severe hypertension were thought to be caused by maternal
drug therapy, including magnesium sulfate (22). However, the authors could not
relate their findings to any particular drug or drugs and could not completely
eliminate the possibility that the effects were caused by the severe maternal
disease.

A mild decrease in cord calcium concentrations has been reported in mothers
treated with magnesium (3,13,15). In contrast, a 1980 study reported elevated
calcium levels in cord blood following magnesium therapy (4). No newborn
symptoms were associated with either change in serum calcium concentrations.
However, long-term maternal tocolysis with IV magnesium sulfate may cause
injury to the newborn as described below.

In an investigation of five newborn infants whose mothers had been treated
with IV magnesium sulfate for periods ranging from 5 to 14 weeks,
radiographic bony abnormalities were noted in two of the infants (18). One of
the mothers, a class C diabetic who had been insulin-dependent for 12 years,
was treated with IV magnesium, beginning at 21 weeks’ gestation, for 14
weeks. A 2030-g female infant was delivered vaginally at 35 weeks’ gestation
following spontaneous rupture of the mother’s membranes. The maternal
histories of this and another mother treated for 6 weeks were described in
1986 (19). The infant had frank rachitic changes of the long bones and the
calvaria. Serum calcium at 6 hours of age was normal. The infant was treated
with IV calcium gluconate for 3 days, then given bottle feedings without
additional calcium or vitamin D. Scout films for an IV pyelogram taken at
4 months of age because of a urinary tract infection showed no bony



abnormalities. Growth over the first 3 years has been consistently at the 3rd
percentile for height, weight, and head circumference. Dental enamel
hypoplasia, especially of the central upper incisors, was the only physical
abnormality noted at 3 years of age. The second infant’s mother had been
treated with IV magnesium for 9 weeks beginning at 25 weeks’ gestation. The
2190-g female infant was delivered vaginally at 34 weeks because of
spontaneous rupture of membranes. Hypocalcemia (5.8 mg/dL, normal 6.0–
10.0 mg/dL) was measured at 6 hours of age. A chest radiograph taken on the
1st day revealed lucent bands at the distal ends of the metaphyses (18). She
was treated with IV calcium for 5 days and then given bottle feedings without
additional calcium or vitamin D. A scout film for an IV pyelogram at 5 months of
age showed no bony abnormalities. In the remaining three cases, the mothers
had been treated with IV magnesium for 4–6 weeks, and their infants were
normal on examination. The authors hypothesized that the fetal
hypermagnesemia produced by the long-term maternal administration of
magnesium caused a depression of parathyroid hormone release that resulted
in fetal hypocalcemia (18).

In another study of long-term IV magnesium tocolysis, 22 women were
treated for an average of 26.3 days (maximum duration in any patient was 75
days) (20). Two infants delivered from this group were noted to have wide-
spaced fontanelles and parietal bone thinning. These effects returned to normal
with time. A third newborn, delivered from a mother belonging to an
intermediate group treated with IV magnesium for an average of 6.3 days,
suffered a parietal bone fracture during an instrumental delivery and developed
spastic quadriplegia (20).

More recent studies have also described the adverse effects of prolonged
magnesium therapy on fetal bone mineralization (23–27). The mechanism of
this reaction appears to be increased and persistent urinary calcium losses in
the mother and her fetus (26,27). In one investigation, increases in 1,25-
dihydroxyvitamin D and parathyroid hormone in both the mother and the fetus
may have prevented more severe hypocalcemia (27).

Clinically significant drug interactions have been reported, one in a newborn
and three in mothers, after maternal administration of MgSO4. In one case, an
interaction between in utero acquired magnesium and gentamicin was reported
in a newborn 24 hours after birth (28,29). The mother had received 24 g of
MgSO4 during the 32 hours preceding birth of a neurologically depressed
female infant. Gentamicin, 2.5 mg/kg IM every 12 hours, was begun at 12
hours of age for presumed sepsis. The infant developed respiratory arrest



following the second dose of gentamicin, which resolved after the antibiotic was
stopped. Animal experiments confirmed the interaction. The maternal cases
involved an interaction between magnesium and nifedipine (30,31). One report
described two women who were hospitalized at 30 and 32 weeks’ gestation,
respectively, for hypertension (30). In both cases, oral methyldopa, 2 g, and IV
MgSO4, 20 g, daily were ineffective in lowering the mother’s blood pressure.
Oral nifedipine, 10 mg, was given and a marked hypotensive response
occurred 45 minutes later. The blood pressures before nifedipine in the women
were 150/110 and 140/105 mmHg, respectively, and decreased to 80/50 and
90/60 mmHg, respectively, after administration of the calcium channel blocker.
Blood pressure returned to previous levels 25–30 minutes later. Both infants
were delivered following the hypotensive episodes, but only one survived. In the
third maternal case, a woman in premature labor at 32 weeks’ gestation was
treated with oral nifedipine, 60 mg over 3 hours, then 20 mg every 8 hours (31).
Because uterine contractions returned, intravenous MgSO4 was begun 12
hours later followed by the onset of pronounced muscle weakness after 500
mg had been administered. Her symptoms included jerky movements of the
extremities, difficulty in swallowing, paradoxical respirations, and an inability to
lift her head from the pillow. The magnesium was stopped and the symptoms
resolved in the next 25 minutes. The reaction was attributed to nifedipine
potentiation of the neuromuscular blocking action of magnesium.

Maternal hypothermia with maternal and fetal bradycardia apparently caused
by IV magnesium sulfate has been reported (32). The 30-year-old woman, at
about 31 weeks’ gestation, was being treated for premature labor. She had
received a single, 12-mg IM dose of betamethasone at the same time that
magnesium therapy was started. Her oral temperature fell from 99.8°F to 97°F
2 hours after the infusion had been increased from 2 to 3 g/hr. Twelve hours
after admission to the hospital, her heart rate fell to 64 beats/minute (baseline
80 beats/minute), whereas the fetal heart rate decreased to 110 beats/minute
(baseline 140–150 beats/minute). A rectal temperature at this time was 95.8°F
and the patient complained of lethargy and diplopia. Her serum magnesium
level was 6.6 mg/dL. Magnesium therapy was discontinued and all signs and
symptoms returned to baseline values within 6 hours. Neither the mother nor
the fetus suffered adversely from the effects attributed to magnesium.

BREASTFEEDING SUMMARY
Magnesium salts may be encountered by nursing mothers using over-the-
counter laxatives. A study in which 50 mothers received an emulsion of



magnesium and liquid petrolatum or mineral oil found no evidence of changes or
frequency of stools in nursing infants (33). In 10 preeclamptic patients receiving
magnesium sulfate 1 g/hr IV during the first 24 hours after delivery, magnesium
levels in breast milk were 64 mcg/mL as compared with 48 mcg/mL in
nontreated controls (34). Twenty-four hours after stopping the drug,
magnesium levels in breast milk in treated and nontreated patients were 38 and
32 mcg/mL, respectively. By 48 hours, the levels were identical in the two
groups. Milk:plasma ratios were 1.9 and 2.1 in treated and nontreated patients,
respectively. The American Academy of Pediatrics classifies magnesium sulfate
as compatible with breastfeeding (35).
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MANNITOL
Diuretic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Mannitol is an osmotic diuretic. No reports of its use in pregnancy following
IV administration have been located. Mannitol, given by intra-amniotic
injection, has been used to induce abortion (1).

BREASTFEEDING SUMMARY
No reports describing the use of mannitol during human lactation have been
located.

Reference
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MAPROTILINE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No published reports linking the use of maprotiline with congenital defects
have been located.

FETAL RISK SUMMARY
Maprotiline is a tetracyclic antidepressant. Animal studies have failed to
demonstrate teratogenicity, carcinogenicity, mutagenicity, or impairment of
fertility (1,2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 13 newborns had
been exposed to maprotiline during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (15.4%) major birth defects were observed
(0.6 expected), one of which was an oral cleft (none expected). No anomalies
were observed in five other defect categories (cardiovascular defects, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. The number of exposures is too small for an assessment
of the embryo–fetal risk.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (3). Multiple drug therapy occurred in
about two-thirds of the mothers. Maprotiline was used in 107 pregnancies. The
outcomes of these pregnancies were 17 elective abortions, 11 spontaneous
abortions, 2 stillbirths, 72 normal newborns (includes 7 premature infants), 3
normal infants with neonatal disorder (hypotonia in 2; diabetes associated
disorder in 1), and 2 infants with congenital defects. The defects (all exposed in
the 1st trimester or longer; both exposed to multiple other agents) were facial



dysmorphology, nasal hypoplasia, bone immaturity; and bilateral talipes.
A 2002 prospective study compared two groups of mother–child pairs

exposed to antidepressants throughout gestation (46 exposed to tricyclics or
tetracyclics—1 to maprotiline; 40 to fluoxetine) with 36 nonexposed, not
depressed controls (4). Offspring were studied between the ages 15 and 71
months for effects of antidepressant exposure in terms of IQ, language,
behavior, and temperament. Exposure to antidepressants did not adversely
affect the measured parameters, but IQ was significantly and negatively
associated with the duration of depression, and language was negatively
associated with the number of depression episodes after delivery (4).

BREASTFEEDING SUMMARY
Maprotiline is excreted into breast milk (5). Milk:plasma ratios of 1.5 and 1.3
have been reported following a 100-mg single dose and 150 mg in divided
doses for 120 hours. Multiple dosing resulted in milk concentrations of
unchanged maprotiline of 0.2 mcg/mL. Although this amount is low, the
significance to the nursing infant is not known.

References
1. Product information. Ludiomil. CIBA, 1993.
2. Esaki K, Tanioka Y, Tsukada M, Izumiyama K. Teratogenicity of maprotiline tested by oral

administration to mice and rats. (Japanese) CIEA Preclinical Report 1976;2:69–77. As cited in Shepard
TH. Catalog of Teratogenic Agents. 6th ed. Baltimore, MD: Johns Hopkins University Press, 1989:384.

3. McElhatton PR, Garbis HM, Elefant E, Vial T, Bellemin B, Mastroiacovo P, Arnon J, Rodriguez-Pinilla E,
Schaefer C, Pexieder T, Merlob P, Dal Verme S. The outcome of pregnancy in 689 women exposed to
therapeutic doses of antidepressants. A collaborative study of the European Network of Teratology
Information Services (ENTIS). Reprod Toxicol 1996;10:285–94.

4. Nulman I, Rovet J, Stewart DE, Wolpin J, Pace-Asciak P, Shuhaiber S, Koren G. Child development
following exposure to tricyclic antidepressants or fluoxetine throughout fetal life: a prospective,
controlled study. Am J Psychiatry 2002;159:1889–95.

5. Reiss W. The relevance of blood level determinations during the evaluation of maprotiline in man. In
Murphy JE, ed. Research and Clinical Investigation in Depression. Northampton, England: Cambridge
Medical Publications, 1980;19–38.



MARAVIROC
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the animal data suggest low risk, the absence of detailed human
pregnancy experience prevents an assessment of the embryo–fetal risk. If
indicated, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Maraviroc, a cellular chemokine receptor (CCR5) antagonist, is in the same
antiviral subclass of entry inhibitors as enfuvirtide. It is indicated for combination
antiretroviral treatment of adults infected with only CCR5-tropic detectable HIV-
1, who have evidence of viral replication and HIV-1 strains resistant to multiple
antiretroviral agents. The drug is metabolized to inactive compounds by the
cytochrome P450 system and is moderately (76%) bound to plasma proteins,
including both albumin and α1-acid glycoprotein. The terminal half-life at steady
state is 14–18 hours (1).

Reproduction studies have been conducted in rats and rabbits. No increase in
the incidence of fetal variations and malformations was observed in these
species at exposures (AUC) that were 20 and 5 times, respectively, the human
exposure from the recommended daily dose (HE). No effects of the exposure
were observed in the offspring during prenatal and postnatal development
studies, including fertility and reproductive performance (1).

Carcinogenicity studies have been conducted in mice and rats and no drug-
related increases in tumor incidence were observed. Maraviroc was not
genotoxic in multiple assays and did not impair mating or fertility of male and
female rats at exposures that were about 20 times the HE (1).

Consistent with the molecular weight (514), moderate protein binding, and
long elimination half-life, maraviroc crosses the human placenta. A woman with
HIV became pregnant and was treated with multiple antiviral agents (2).



Maraviroc (150 mg twice daily) was started at 29 weeks’ gestation. At 38
weeks’, a cesarean section gave birth to a baby with no abnormalities. At birth,
maraviroc concentrations in the maternal plasma and cord blood, 13 hours after
a dose, were 186 and 69 ng/mL, respectively, a ratio of 0.37 (2). Another
study using an ex vivo human cotyledon perfusion model also found that the
drug crosses the human placenta (3).

The Antiretroviral Pregnancy Registry has reported one 2nd/3rd trimester
exposure to maraviroc. An apparently normal outcome was observed (4).

Two reviews, one in 1996 and the other in 1997, concluded that all women
receiving antiretroviral therapy should continue to receive the therapy during
pregnancy and that treatment of the mother with monotherapy should be
considered inadequate (5,6). The same conclusion was reached in a 2003
review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (7). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1 infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (8). If indicated, maraviroc should not be withheld in pregnancy
because the expected benefit to the HIV-positive mother outweighs the
unknown risk to the fetus. Updated guidelines for the use of antiretroviral drugs
to reduce perinatal HIV transmission also were released in 2010 (9). Women
receiving antiretroviral therapy during pregnancy should continue the therapy
but, regardless of the regimen, zidovudine administration is recommended
during the intrapartum period to prevent vertical transmission of HIV to the
newborn (9). Physicians are encouraged to register exposed patients in the
Antiretroviral Pregnancy Registry by calling 1-800-258-4263 (1).

BREASTFEEDING SUMMARY
No reports have been located that describe the use of maraviroc during human
lactation. The molecular weight (about 514) and long elimination half-life (14–18
hours) suggest that the drug will be excreted into breast milk. The effect on a
nursing infant is unknown.

Reports on the use of maraviroc during human lactation are unlikely because
the drug is used in the treatment of HIV infections. HIV is transmitted in milk,
and in developed countries, breastfeeding is not recommended (5,6,8–12). In
developing countries, breastfeeding is undertaken, despite the risk, because
milk substitutes are not affordable. Until 1999, no studies had been published
that examined the effect of any antiretroviral therapy on HIV transmission in



milk. In that year, a study involving zidovudine was published that measured a
38% reduction in vertical transmission of HIV-1 infection despite breastfeeding
when compared with controls. (See Zidovudine.)
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MARIJUANA
Hallucinogen
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The use of marijuana in pregnancy has produced conflicting reports on the
length of gestation, the quality and duration of labor, fetal growth,
congenital defects, and neurobehavior in the newborn. These effects have
been the subject of a number of reviews. A meta-analysis and a longitudinal
study could not find associations between marijuana and low birth weight or
growth in adolescents, but an association with lower birth weight and length
was found when biomarkers were used to document maternal exposure.
The possible association of in utero marijuana exposure with leukemia in
children should be a major concern of any woman who chooses to use this
drug during pregnancy. No pattern of malformations has been observed
that could be considered characteristic of in utero marijuana exposure.
However, there is evidence that marijuana might potentiate the fetal effects
of alcohol and may be associated with an increased risk of ventricular
septal defects. Two research centers have concluded that prenatal
marijuana use adversely effects neurobehavior in infants and adolescents.
In the neonatal period, exposed infants may have symptoms similar to mild
narcotic withdrawal. In older children, the negative effects included
decreased problem-solving ability, inattention, increased hyperactivity,
impulsivity and delinquency, and externalization of problems. Some of these
results were found even after controlling for the home environment. In most
studies, the use of marijuana is closely associated with the use of nicotine
and alcohol; and the abuse of other drugs, both prescription and illicit,
occurs frequently. Moreover, maternal self-reporting of the amounts and
timing of the exposures to marijuana and other abuse substances is
common. Separating the effects of these confounding exposures from the
effects of marijuana is a daunting task. In addition, failure to account for the
varying concentrations of delta-9-tetrahydrocannabinol (Δ-9-THC, THC)
contained in the natural product, the presence of contaminants, and the



underreporting of maternal marijuana use could very well have changed the
findings of many studies. Therefore, the associations with structural and
neurobehavior defects require continued study.

FETAL RISK SUMMARY
Marijuana (cannabis; hashish) is a natural substance that is smoked for its
hallucinogenic properties. (One marijuana cigarette is commonly referred to as
a “joint.”) Hashish is a potent concentrated form of marijuana. The main
psychoactive ingredient, THC is also available in a commercial oral formulation
(dronabinol) for use as an antiemetic agent. Natural preparations of marijuana
may vary widely in their potency and, except for the commercial preparation, no
standardization exists either for the THC content or for the presence of
contaminants. Only the commercially available oral formulation can be legally
used in the United States.

The use of marijuana by pregnant women is common. Most investigators
have reported incidences of 3%–16% (1–17). Other researchers have
proposed that even these figures represent underreporting, especially in the 1st
month when pregnancy may not be suspected (18–20). Because of the illicit
nature of marijuana, many women will simply not admit to its use (4,8). Data
from the Ottawa Prenatal Prospective Study in Canada indicated that 20% of
their patients used marijuana during the year before pregnancy with the
incidence declining to about 10% after the women knew they were pregnant
(13). In addition, heavy marijuana usage (>5 joints/week or the use of hashish),
when compared with alcohol or nicotine usage, was the least reduced of the
three agents during pregnancy (21).

Although the use of marijuana by pregnant women is common, the effects of
this use on the pregnancies and the fetuses are unclear. Part of this problem is
attributable to the close association between marijuana, alcohol, cigarette
smoking, other abuse drugs, and lifestyles that may increase perinatal risk
(1–3,6,7). Moreover, studies have relied on maternal self-reporting of the
amount and timing of exposures to marijuana and the other substances.
Controlling for these confounders becomes a daunting task of almost all
studies. However, sufficient data appear to be available to allow classification
of the major concerns surrounding exposure to marijuana during pregnancy.
These concerns are

Placental passage of Δ-9-THC
Pregnancy complications
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Placental Passage
Δ-9-THC and a metabolite, 9-carboxy-THC, cross the placenta to the fetus at
term (4,22). Data for other periods of gestation and for other metabolites are
not available. A 1982 study found measurable amounts of 9-carboxy-THC, but
not THC, in two cord blood samples but did not quantify the concentrations (4).
In a study of 10 women who daily smoked up to five marijuana cigarettes,
maternal serum samples were drawn 10–20 minutes before corresponding
cord blood samples (22). The time interval between last exposure and sampling
ranged from 5 to 26 hours. This is well beyond the time of peak THC levels that
occur 3–8 minutes after beginning to smoke (23). Maternal levels of THC were
below the limit of sensitivity (0.2 ng/mL) in five samples and ranged from 0.4 to
6 ng/mL in the others. Measurable cord blood concentrations of THC were
found in three samples and varied between 0.3 and 1.0 ng/mL. The maternal
plasma:cord blood ratios for these three samples were 2.7, 4, and 6. The
metabolite, 9-carboxy-THC, which was measured in all maternal and cord blood
samples, ranged between 2.3 and 125 ng/mL and 0.4 and 18 ng/mL,
respectively. Plasma:cord blood ratios for the metabolite varied from 1.7 to
7.8.

Pregnancy Complications
LENGTH OF GESTATION  Marijuana-induced complications of pregnancy are

controversial, with different studies producing conflicting results. One of these
areas of controversy involves the effect of marijuana on length of gestation. A
1980 prospective study of 291 women found no relationship between maternal
use of marijuana and gestational length (3). Similar results were reported from
two studies, one in 1982 involving 1690 women (24) and one in 1989 with 1226
women (25). Of interest, marijuana use by the women in the later study was
confirmed with urine assays (25). A significantly shorter gestational period was



found in 1246 users in a retrospective study of 12,424 pregnancies, but this
difference disappeared when the data were controlled for nicotine exposure,
demographic characteristics, and medical and obstetric histories (9).

In contrast to the above reports, three groups of investigators associated
regular marijuana use with shorter gestations (1,10,14) and one group with
longer gestations (26). In 36 women using marijuana ≥2 times/week, 9 (25%)
delivered prematurely, a rate much higher than the 5.1% for users of marijuana
≤1/week and the 5.6% for nonusers (1). Investigation of 583 women who
delivered single live births, a continuation of the 1980 study mentioned above,
now revealed that heavy use of marijuana (more than five marijuana
cigarettes/week) was significantly associated with a reduction of 0.8 week’s
gestational length after adjustment for the mother’s prepregnancy weight (10).
A total of 84 women (14.4%) used marijuana in this population, 18 of whom
were classified as heavy users. A large prospective study of 3857 pregnancies
ending in singleton live births found that regular marijuana use (2–3 times/month
or more) was associated with an increased risk of preterm (<37 weeks)
delivery for white women but not for nonwhite women (14). For the 122 regular
white users, 8.2% delivered prematurely compared with 3.8% of 105
occasional users (one marijuana cigarette or less/month) and 4.0% of 2778
nonusers. In the nonwhite groups, the incidences of shortened gestation for the
86 regular, 53 occasional, and 706 nonusers were 10.5%, 11.3%, and 8.8%,
respectively. In a population of lower socioeconomic-status women, the total
amount of marijuana used during pregnancy was positively correlated with an
average 2 days’ prolongation of gestation (26). However, the authors of this
study noted that their evidence for a longer gestational period was weak in
terms of magnitude.

QUALITY AND DURATION OF LABOR  A second pregnancy complication examined
frequently is the effect of marijuana on the quality and duration of labor. No
association between marijuana and duration of labor, including precipitate labor
and the type of presentation at birth, was found in the Ottawa Prenatal
Prospective Study (3,5,8) or in another study (26). In contrast, other
investigators found a significant difference in precipitate labor (<3 hours total)
between users (29%) and nonusers (3%) (4,27). Although not significant, 31%
of users (11 of 35) had prolonged, protracted, or arrested labor as compared
with 19% (7 of 36) nonusers (4,27). Because of the dysfunctional labor, 57% of
the newborn infants in the user group had meconium staining vs. 25% among
nonusers, a situation that probably resulted in the observation that 41% of
newborn infants of users required resuscitation compared with 21% of infants



of nonusers. Adjustment of the data for race, income, smoking, alcohol use,
and first physician visit did not change the findings. A second study by these
latter investigators using a different group of patients produced similar results in
the incidence of dysfunctional labor, precipitate labor, and meconium staining,
but the differences between users and nonusers were not significant (7).

MATERNAL HORMONE LEVELS In nonhuman primates, marijuana disrupts the
menstrual cycle by inhibiting ovulation through its effects on the pituitary trophic
hormones (luteinizing hormone and follicle-stimulating hormone), prolactin, and
resulting decreases in estrogen and progesterone levels (16). Tolerance to
these effects has been reported (16). Similar effects have been observed in
human clinical studies (16).

Thirteen pregnant women, who were regular users of marijuana (once/month
to 4 times/day), were matched with controls (28). No effect of this exposure
was measured on the levels of human chorionic gonadotropin (hCG),
pregnancy-specific β-1-glycoprotein, placental lactogen, progesterone, 17-
hydroxyprogesterone, estradiol, and estriol.

Fetal or Newborn Complications
Concerns with the fetal complications arising from maternal marijuana use
center around the effects on intrauterine growth restriction, structural
anomalies, and neurobehavioral complications in the newborn infant. A recent
report indicates that induction of leukemia in childhood must also be
considered. As with pregnancy complications, conflicting reports are common.

INTRAUTERINE GROWTH Data of the Ottawa Prenatal Prospective Study
indicated no significant reduction in birth weight or head circumference (after
adjustment for other factors) in babies of marijuana users (3,5,8,10,13).
Compared with infants of nonusers, birth weight actually increased by an
average of 67 g in irregular users (one marijuana cigarette/week or less) and
117 g in moderate users (two to five/week), whereas heavy use (more than
five/week) was associated with a nonsignificant reduction of 52 g (10). Other
studies observed no effect on growth after adjustment of their data
(1,7,9,26,29–33). However, in one study, a reduction of 0.55 cm in infant
length, but not head circumference, was correlated with maternal use of three
marijuana cigarettes/day in the 1st trimester (26). Use during the remainder of
pregnancy or the total amount smoked during pregnancy did not significantly
affect the infants’ length or head circumference. One study, however, did find a
significantly smaller head size in offspring of mothers who were heavy
marijuana users (32). In addition, one group of investigators found no



association between marijuana and preterm delivery or abruptio placentae (30).
A number of researchers have reported positive correlations with reduced

intrauterine growth (after adjustment). In one study, use of <3 joints/week was
associated with a significant decrease in birth weight of 95 g compared with
that of controls, and use of ≥3 cigarettes/week was associated with a
significant reduction of 139 g (24,34). A related 1989 study found that
marijuana use during pregnancy, when confirmed by positive urine assays, was
independently associated with impaired fetal growth, and that the effects of
cocaine abuse were additive but not synergistic (25). However, they could not
demonstrate a cause-and-effect relationship with marijuana because of other
factors, such as the markedly elevated blood levels of carbon monoxide that
occur with marijuana use (blood carboxyhemoglobin levels after smoking
marijuana are about 5 times those observed after smoking tobacco) (25). Of
1226 mothers who were studied, 331 (27%) used marijuana during gestation
as determined by history and positive urine assay. Only 278 (84%) of these
would have been detected by history alone. After controlling for potential
confounding variables, infants of marijuana users with positive urine assays (N
= 202), compared with infants of nonusers (N = 895), were found to have
significantly lower birth weight (79 g) and length (0.52 cm) but not head
circumference. The birth weight and length measurements did not differ
statistically if only self-reported marijuana use was considered, demonstrating
the importance of a biologic marker in studies involving this drug (25).

A study, conducted from 1975 to 1983 in two phases, found decreased birth
weight only in the second phase (17). The two phases, involving 1434 and 1381
patients, respectively, differed primarily in their assessment of marijuana use
early in pregnancy. In the first phase, 9.3% used marijuana, with consumption
of two to four joints/month associated with a significant increase in birth weight.
No trend was observed with more or less frequent use. The second phase, with
10.3% users, found weight reductions in all classifications of marijuana
exposure: 127 g for two to three joints/week, 143 g for four to six joints/week,
and 230 g for daily use (17). The authors speculated that the difference
between the groups may have been related to the use of other abuse drugs
(e.g., cocaine) or changes in the composition or contaminants of marijuana. In a
1986 study, regular marijuana use (2 to 3 times/month or more) was correlated
with an increased risk of low-birth-weight (<2500 g) and small-for-gestational-
age (SGA) infants in whites only (14). The rates of low-birth-weight and SGA
infants in users (N = 122) and nonusers (N = 3490) were 8.2% vs. 2.7%, and
12.5% vs. 4.9%, respectively. In 845 nonwhites, no differences between users



and nonusers were observed. In a 1984 report, examination of 462 infants,
16% of whom were exposed to marijuana and alcohol during early gestation,
revealed a significant correlation between maternal marijuana use and
decreased body length at 8 months of age (11). Body weight and head
circumference were not significantly affected.

In three case reports on the same five infants, low birth weight (all <2500 g)
with reduced head circumference and length were observed (35–37). Two of
the infants were premature (<37 weeks). The mothers of these infants smoked
2–14 marijuana cigarettes/day during pregnancy with one also using alcohol,
cocaine, and nicotine, and two mothers also using nicotine. In a 1999 study,
positive pregnancy test urine samples were screened for several drugs,
including marijuana (38). Those testing positive for marijuana had babies with
significantly lower birth weight, an increased risk of prematurity, and a lower
gestational age at delivery.

A 1997 meta-analysis on the effect of marijuana on birth weight identified 10
studies in which the results were adjusted for cigarette smoking and 5 of these
met their criteria for analysis (39). The pooled odds ratio (OR) for any use of
marijuana and low birth weight was 1.09 (95% confidence interval [CI] 0.94–
1.27). They concluded that, in the amounts typically used by pregnant women,
there was insufficient evidence that marijuana caused low birth weight (39). In a
2001 study, exposure to marijuana during pregnancy was not associated with
any growth measurement or timing of pubertal milestones in a group of 152
adolescents (13- to 16-year-olds) that had been followed longitudinally since
birth (40).

STRUCTURAL DEFECTS
Animal research in the 1960s and 1970s yielded inconclusive evidence on the
teratogenicity of marijuana and its active ingredients unless high doses were
used in certain species (41–44). In humans, most investigators and reviewers
have concluded either that marijuana does not produce structural defects or
that insufficient data exist to reach any conclusion (1,13,25,26,29,45–56).
However, one reviewer cautioned that marijuana-induced birth defects could be
rare and easily missed (55), and another observed that marijuana could
potentiate known teratogens by lowering the threshold for their effects (49). A
previously mentioned study that used urine assays to document marijuana
exposure found that the drug was not associated with minor (either singly or as
a constellation of three) or major congenital anomalies (25).

Because marijuana use is so common in women during pregnancy, and



because of its frequent association with alcohol and other abuse drugs, it is not
surprising that a number of studies and case reports have described congenital
malformations in infants whose mothers were smoking marijuana. With some
exceptions, most of these investigators did not attribute the observed defects
to marijuana, but they are chronicled here mainly for a complete record.

Several reports have described the combined maternal use of marijuana and
lysergic acid diethylamide (LSD) in cases ending with poor fetal outcome
(57–65). A 1968 report described an infant with right terminal transverse
acheiria (absence of hand) (57). The mother had taken LSD early in gestation
before she knew she was pregnant. She had also smoked marijuana
throughout the pregnancy and had taken a combination product containing
dicyclomine, doxylamine, and pyridoxine for 1st trimester nausea. A second
infant with a terminal transverse deficit, who was also exposed to the two
hallucinogens, was described in 1969 (58). The defect involved portions of
fingers of the left hand. Syndactyly of the right hand with shortened fingers and
talipes equinovarus of the left foot were also present. A critique of these case
reports and others concluded that the defects in the two infants might have
been caused by amniotic band syndrome (59). Complete exstrophy of the
bladder, epispadias, widely separated pubic rami, and bilateral inguinal hernias
were observed in a newborn exposed to LSD, marijuana, and mephentermine
(60). Marijuana was allegedly used only twice by the mother. In another case,
a female infant with multiple anomalies compatible with trisomy 13 with D/D
translocation was delivered from a 22-year-old mother who had last used LSD
9 months before conception (61). The mother used marijuana, barbiturates, and
amphetamines throughout gestation and, presumably, before conception. The
authors speculated that the defect may have been caused by LSD-induced
damage of maternal germ cells before fertilization. A 1972 case report
described an infant with multiple eye and central nervous system defects
consisting of brachycephaly with widely separated sutures, bilateral
cephalohematomas, a right eye smaller than the left, a possible cataract, and
multiple brain anomalies (62). The mother had taken marijuana, LSD, and other
drugs throughout pregnancy. In a study of 140 women using LSD and marijuana
followed through 148 pregnancies, 8 of 83 liveborn infants had major defects as
did 4 of 14 embryos examined after induced abortion (63). The incidence of
defects in this sample is high (8.1%), but many of the women were using
multiple other abuse drugs and had lifestyles that probably were not conducive
to good fetal health. Two other reports involving the combined use of marijuana
and LSD with resulting adverse fetal outcomes do not appear to have any



relationship to either drug (64,65). One of these involved a report of six cases
of persistent ductus arteriosus, one of which involved exposure to marijuana in
utero (64). The history of maternal marijuana use was coincidental. The second
case described an infant who died at 2.5 months of age of a bilateral in utero
cerebral vascular accident and resulting porencephaly (65). The mother had
used marijuana, LSD, alcohol, and other abuse drugs, including cocaine. This
latter drug was thought to be the causative agent.

In one of two fatal cases of congenital hypothalamic hamartoblastoma tumor,
an infant exposed to marijuana also had congenital heart disease and skeletal
anomalies suggestive of the Ellis-von Creveld syndrome (i.e.,
chondroectodermal dysplasia syndrome) (66). In addition to marijuana, the
mother had used cocaine and methaqualone during early pregnancy, but the
authors did not attribute the defects to a particular agent. In a report of an
infant with a random pattern of amputations and constrictions consistent with
the amniotic band sequence, the mother’s occasional use of marijuana was
coincidental (67).

In contrast to the above case reports, in which marijuana use was apparently
not related to structural defects, studies have reported possible associations
with the drug (9,24,35–37,68,69). In a large study involving 12,424 women of
whom 1246 (10%) used marijuana during pregnancy, a crude association
between one or more major malformations and marijuana was discovered; no
association was found with minor malformations (9). Logistic regression was
used to control confounding variables, and although the OR (1.36) was
suggestive, the association between marijuana and the defects was not
significant. In 1690 mother–child pairs, women who smoked marijuana, but who
only drank small amounts of alcohol, were 5 times more likely than nonusers to
deliver an infant with features compatible with the fetal alcohol syndrome (see
Ethanol) (24). The relative risk for this defect in marijuana users was 12.7
compared with 2.0 in nonusers. In a series of case reports, five infants were
described with congenital defects suggestive of the fetal alcohol syndrome
(35–37). In addition to daily marijuana use by the mothers, one used alcohol,
cocaine, and nicotine; two used nicotine only; and two denied the use of other
drugs (35). One study compared 25 marijuana users with 25 closely matched
nonusing controls in a search for minor anomalies (68). Infants were examined
at a mean age of 28.8 months. No relationship between the drug and minor
malformations was found, but the authors could not exclude the existence of a
possible relationship at birth because some minor anomalies disappear with
age. Of interest, three infants had severe epicanthal folds, three had true



ocular hypertelorism, and all were the offspring of heavy users (more than five
joints/week) (68).

A 2004 report from the Atlanta Birth Defects Case–Control Study identified
an association between maternal marijuana use and ventricular septal defects
(VSD) in the offspring (69). The cases, 122 infants with isolated simple VSD,
were compared with 3029 control infants. Maternal marijuana use was
determined by self-report combined with paternal proxy-reports of the mother’s
exposure. The OR for maternal use of marijuana and VSD, after adjustment,
was 1.90, 95% CI 1.29–2.81. The risk of VSD increased with regular (≥3
days/week) marijuana use. A similar analysis for heavy (≥10 drinks/week)
maternal alcohol consumption produced an OR of 2.10, 95% CI 0.75–5.87
(69).

Strabismus was diagnosed in 24% (7 of 29) of the infants delivered from
mothers maintained on methadone throughout pregnancy in a 1987 report (70).
This percentage was approximately 4–8 times the expected incidence of the
eye defect in the general population. Two (29%) of the seven infants were also
exposed in utero to marijuana vs. three (14%) of the nonaffected infants.
Although use of other abuse drugs was common, the authors attributed the eye
condition to low birth weight and, possibly, an unknown contribution from
methadone (70). However, in the Ottawa Prenatal Prospective Study, 35% of
the marijuana-exposed infants compared with 6% of the controls had
significantly more than one of the following eye problems: myopia, strabismus,
abnormal oculomotor functioning, or unusual discs (13). The examiner was
blinded to the prenatal histories of the infants.

NEUROBEHAVIOR DEFICITS Significant alterations in neurobehavior in offspring of
regular marijuana users were noted in the Ottawa Prenatal Prospective Study
(3,5,13,15,71–80). After adjustment for nicotine and alcohol use, in utero
exposure to marijuana was associated with increased tremors and exaggerated
startles, both spontaneous and in response to minimal stimuli (13,15).
Decreased visual responses, including poorer visual habituation to light, were
also observed in these infants. In addition, a slight increase in irritability was
noted. In early data from the Ottawa group, a distinctive shrill, high-pitched,
cat-like cry, reminiscent of the cry considered to be symptomatic of drug
withdrawal, was heard from a large number of the offspring of regular users
(3). No differences were noted between exposed and nonexposed infants in
terms of lateralization, muscle tone, hand-to-mouth behavior, general activity,
alertness, or lability of states (3). On follow-up examinations, the abnormalities
in neonatal neurobehavior apparently did not result in poorer performance on



cognitive and motor tests at 18 and 24 months (13). The investigators
cautioned that they were unable to determine whether the follow-up results
were truly indicative of a return to normal or were related to insensitivity of the
available tests (13).

In a longitudinal analysis of exposed offspring, a series of additional reports
from the Ottawa Prenatal Prospective Study appeared covering the period
1989–2001 (71–80). Offspring exposed prenatally to marijuana were evaluated
at 9 and 30 days of age (71). Exposure was associated with symptoms similar
to those of mild narcotic withdrawal (tremors associated with Moro reflex,
increased fine tremor, and startles). Children exposed in utero were evaluated
by a series of tests at 12 and 24 months of age (72). A positive association
was found between maternal use of marijuana and the cognitive composite
score at 12 months but not at 24 months. At 36- and 48-month follow-up,
significantly lower scores in verbal and memory were associated with maternal
use of the drug during pregnancy (73). However, no association was found with
lower verbal or cognitive scores at 60- and 72-month evaluation (74), although
in the latter evaluation, a dose–response association was found with a possible
deficit in sustained attention and a higher rating by the mothers on the
impulsive/hyperactive scale (75). In children 6–9 years of age, parental ratings
of behavior problems, visuoperceptual tasks, language comprehension, and
distractibility, after adjustment for the home environment condition, were not
associated with marijuana exposure (76). No association was found between
marijuana and reading or language outcomes in children 9–12 years of age
(77). Although subsequent analysis found no association between exposure and
global or verbal intelligence, it did find a negative association with executive
function tasks that require impulse control and visual analysis/hypothesis testing
(78). Prenatal marijuana exposure did not adversely affect basic
visuoperceptual tasks in 9–12-year-olds, but a negative association was found
with performance in visual problem solving situations (79). This latter finding
could be explained by marijuana’s negative impact on problem-solving situations
requiring integration, analysis, and synthesis (i.e., executive functions) (79). In
13–16-year-olds, prenatal marijuana exposure was associated with the stability
of attention over time (increased errors of omissions) (80). This finding was
similar to what was found in 6-year-olds (75). Several reviews by the above
investigators have summarized their findings (81–86).

A 1984 report examining maternal drinking and neonatal withdrawal found
that marijuana use had no effect on the signs of withdrawal in their patients
(87). In another study, no increase in startles, tremors, or other



neurobehavioral measures at birth was noted in exposed infants (26). Marijuana
exposure also had no effect on muscle tone. Evaluation at 1 year of age found
no significant differences in growth or in mental and motor development
between infants exposed in utero to either none or varying amounts of the drug
(26).

A 1994 study of children exposed to marijuana during the 1st and 2nd
trimesters found significant negative effects on the performance of 3-year-old
children on the Stanford-Binet Intelligence Scale (88). Although the effects were
small, they indicated that, on average, exposed children had a lower IQ
compared with nonexposed children. In another study, infants were assessed
at 9 and 19 months of age (88). At 9 months, 3rd trimester marijuana use (>1
joint/day) was associated with delayed mental development, but not on infants
at 19 months of age (89). In a third study from this group, children exposed
prenatally were evaluated at 10 years of age (90). A significant relationship
between prenatal exposure to marijuana and increased hyperactivity,
impulsivity, inattention, increased delinquency, and externalizing problems was
found.

Leukemia
The development of leukemia in children exposed to marijuana during gestation
was suggested in a 1989 report (91). In a multicenter study conducted
between 1980 and 1984 by the Childrens Cancer Study Group, in utero
marijuana exposure was significantly related to the development of acute
nonlymphoblastic leukemia (ANLL). Of the 204 cases that were analyzed,
marijuana use was found in 10 mothers, only 1 of whom used other (LSD)
mind-altering drugs. An 11th case mother used methadone. Only 1 of the 203
closely matched healthy controls was exposed to abuse drugs. The 10-fold risk
induced by marijuana exposure was statistically significant. The mean age of
ANLL diagnosis was significantly younger in the exposed children than in
nonexposed children: 37.7 vs. 96.1 months, respectively. Based on the French–
American–British system of classification, the morphology of the leukemias also
differed significantly, with 70% of the exposed cases presenting with monocytic
(M5) or myelomonocytic (M4) morphology compared with 31% of the
nonexposed cases. Additionally, only 10% of the exposed children had M1 or
M2 (myelocytic) morphology vs. 58% of the nonexposed children. The authors
were able to exclude reporting bias but could not exclude the possibility that the
association was related to other factors, such as the presence of herbicides or
pesticides on the marijuana (91).



Miscellaneous Effects
Early concerns (92,93) that marijuana-induced chromosomal damage could
eventually lead to congenital defects have been largely laid to rest (46,55,56).
The clinical significance of any drug-induced chromosomal abnormality is
doubtful (55). Finally, heavy marijuana use in males has been associated with
decreased sperm production (16,93). However, the clinical significance of this
finding has been questioned because no evidence indicates that the reduction in
sperm counts is related to infertility (16,93).

Review Articles
A number of reviews have examined the conflicting reports on the association
between marijuana and developmental toxicity
(16,42,43,45–49,52–56,81–86,94–96).

BREASTFEEDING SUMMARY
THC, the main active ingredient of marijuana (cannabis, hashish), is excreted
into breast milk (26,49,97,98). Analyses of THC and its two metabolites, 11-
hydroxy-THC and 9-carboxy-THC, were conducted on the milk of two women
who had been nursing for 7 and 8 months and who smoked marijuana
frequently (97). A THC concentration of 105 ng/mL, but no metabolites, was
found in the milk of the woman smoking one pipe of marijuana daily. In the
second woman, who smoked seven pipes/day, concentrations of THC, 11-
hydroxy-THC, and 9-carboxy-THC were 340 ng/mL, 4 ng/mL, and none,
respectively. The analysis was repeated in the second mother, approximately 1
hour after the last use of marijuana, using simultaneously obtained samples of
milk and plasma. Concentrations (in ng/mL) of the active ingredient and
metabolites in milk and plasma (ratios shown in parenthesis) were 60.3 and 7.2
(8.4), 1.1 and 2.5 (0.4), and 1.6 and 19 (0.08), respectively. The marked
differences in THC found between the milk samples was thought to be related
to the amount of marijuana smoked and the interval between smoking and
sample collection. A total fecal sample from the infant yielded levels of 347 ng
of THC, 67 ng of 11-hydroxy-THC, and 611 ng of 9-carboxy-THC. Because of
the large concentration of metabolites, the authors interpreted this as evidence
that the nursing infant was absorbing and metabolizing the THC from the milk.
Despite the evidence that the fat-soluble THC was concentrated in breast milk,
both nursing infants were developing normally (97).

In animals, THC decreases the amount of milk produced by suppressing the
production of prolactin and, possibly, by a direct action on the mammary glands



(49). Human data on this effect are not available.
Two studies have examined the long-term effects of marijuana exposure on

nursing infants (26,98).
A 1985 study evaluated 27 infants at 1 year of age who were exposed to

marijuana via the milk (26). Compared with 35 nonexposed infants, no
significant differences were found in terms of age at weaning, growth, and
mental or motor development. In contrast, a 1990 study that evaluated the
development at 1 year of age of 68 breastfed infants exposed to marijuana in
the mother’s milk in the first month postpartum compared with 68 infants not
exposed, found that the exposure appeared to be associated with a decrease
in infant motor development (98). Based on these reports, additional research
on the long-term effects of marijuana exposure from breast milk is warranted.
The American Academy of Pediatrics classifies marijuana as a drug that should
not be used by nursing mothers (99).
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MEBENDAZOLE
Anthelmintic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

A 1985 review of intestinal parasites and pregnancy concluded that
treatment of the pregnant patient should only be considered if the “parasite
is causing clinical disease or may cause public health problems” (1). When
indicated, mebendazole was recommended for the treatment of Trichuris
trichiura (whipworm) occurring during pregnancy. A 1986 review
recommended mebendazole therapy, when indicated, for the treatment of
Ascaris lumbricoides (roundworm) and Enterobius vermicularis
(threadworm, seatworm, or pinworm) (2), although another review
recommended piperazine for this purpose, despite the known poor
absorption of mebendazole (3).

FETAL RISK SUMMARY
Mebendazole is a synthetic anthelminthic agent. Although embryotoxic and
teratogenic in rats at single oral doses approximately equal to the human dose
based on BSA (4), this effect has not been observed in multiple other animal
species (5).

One manufacturer has reports of 1st trimester mebendazole exposure in 170
pregnancies going to term without an identifiable teratogenic risk (4). There
was also no increased risk of spontaneous abortion following 1st trimester
exposure. Earlier, another manufacturer knew of only one malformation, a
digital reduction of one hand, in 112 infants exposed in utero to the drug (6).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 64 newborns had
been exposed to mebendazole during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (6.3%) major birth defects were observed
(three expected), one of which was a limb reduction defect (none expected).



No anomalies were observed in five other defect categories (cardiovascular
defects, oral clefts, spina bifida, polydactyly, and hypospadias) for which
specific data were available.

During a 1984 outbreak of trichinosis (Trichinella spiralis) in Lebanon, four
pregnant patients were treated with mebendazole and corticosteroids (7). Two
women, both in the 1st trimester, had miscarriages. The authors did not
mention if this was caused by the disease or the drug. Neither fetus was
examined. The remaining two patients, both in the 3rd trimester, delivered
healthy infants. In a separate case, a pregnant patient, also with trichinosis,
was treated with mebendazole and delivered a normal infant (8). The period of
pregnancy when the infection and treatment occurred was not specified.

In Sri Lanka, Necator americanus, one of the two known causes of
hookworm, is endemic and it is an important contributor to iron-deficiency
anemia in pregnancy (9). Consequently, the routine use of mebendazole is
recommended in the 2nd trimester of pregnancy. A study published in 1999
compared the pregnancy outcomes of women treated with mebendazole (N =
5275) to a control group (N = 1737) that was not treated. There was no
significant difference in the rate of major congenital malformations for
exposures anytime during pregnancy, 1.8% (97 of 5275) vs. 1.5% (26 of
1737), odds ratio (OR) 1.24, 95% confidence interval (CI) 0.8–1.91. For 1st
trimester exposure, the incidence was 2.5% (10 of 407), OR 1.66, 95%
CI0.81–3.56, p = 0.23. In other comparisons between the two groups,
significant decreases occurred in the exposed group in the incidence of
stillbirths and perinatal deaths (1.9% vs. 3.3%, p = 0.0004), and low (≤1500 g)
birth weights (1.1% vs. 2.3%, p = 0.0003). The researchers concluded that
although there was no significant increase in the number of major defects
associated with mebendazole, the agent should not be used during the 1st
trimester, and a small increased risk of defects could not be excluded (9).

A 2003 prospective controlled cohort study reported the outcomes of 192
pregnancies exposed to mebendazole, most of which (71.5%) involved 1st
trimester exposure (10). The rate of major birth defects, spontaneous
abortions, and median birth weight did not differ significantly between the
exposed and matched control groups, 3.3% vs. 1.7%, 11.5% vs. 9.4%, and
3222 g vs. 3258 g, respectively. However, more pregnancies were electively
terminated in the study group than in controls, 11.5% vs. 1.6%. There was no
pattern in the defects to suggest a single cause. Moreover, the timing of the
exposures made a causative association with the malformations implausible
(10).



BREASTFEEDING SUMMARY
A nursing woman, in her 10th week of lactation, was treated with mebendazole
(100 mg twice daily for 3 days) for a roundworm infection (11). Immediately
before this, she had been treated for 7 days with metronidazole for genital
Trichomonas vaginalis. Milk production decreased markedly on the 2nd day of
mebendazole therapy and stopped completely within 1 week. Although no
mechanism was suggested, the author concluded that the halt in lactation was
mebendazole induced.

In contrast to the above report, a 1994 reference described no effect on
lactation or breastfeeding in four postpartum women treated with mebendazole,
100 mg twice daily for 3 days, for various intestinal parasites (12). In one of the
patients, the maternal plasma concentration of mebendazole at the end of
therapy was <20 ng/mL, and milk levels were undetectable. The decreased
milk production in the above case was attributed to maternal anxiety from
having passed a roundworm per rectum (12).

Based on the more recent data, breastfeeding should not be withheld during
mebendazole therapy. Only about 2%–10% of an oral dose is absorbed (13)
and, as expected, the amounts of the drug excreted into milk are below the
level of detection and appear to be clinically insignificant.
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MECHLORETHAMINE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Mechlorethamine is an alkylating antineoplastic agent. Other agents in this
class (e.g., see also Busulfan, Chlorambucil, and Cyclophosphamide) are
known to be human teratogens and, combined with the animal data,
strongly suggest that mechlorethamine should not be given in the 1st
trimester.

FETAL RISK SUMMARY
Mechlorethamine produced congenital malformations in rats and ferrets when
given as a single SC injection of 1 mg/kg (2–3 times the maximum
recommended human dose) (1).

Mechlorethamine has been used in pregnancy, usually in combination with
other antineoplastic drugs. Most reports have not shown an adverse effect in
the fetus even when mechlorethamine was given during the 1st trimester (2–6).
However, structural anomalies and toxicity were observed in two infants
exposed to mechlorethamine during the 1st trimester: oligodactyly of both feet
with webbing of the third and fourth toes, four metatarsals on the left, three on
the right, bowing of the right tibia, and cerebral hemorrhage (7); and malformed
kidneys that were markedly reduced in size and malpositioned (8). The
relationship between these outcomes and the drug is uncertain.

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (4). Long-term studies of growth and mental
development in offspring exposed to mechlorethamine during the 2nd trimester,
the period of neuroblast multiplication, have not been conducted (9).

Ovarian function has been evaluated in 27 women previously treated with
mechlorethamine and other antineoplastic drugs (10). Excluding 3 patients who
received pelvic radiation, 13 (54%) maintained regular cyclic menses and,
overall, 13 normal children were born after therapy. Other successful



pregnancies have been reported following combination chemotherapy with
mechlorethamine (11–17). Ovarian failure is apparently often gradual in onset
and is age related (10). Mechlorethamine therapy in males has been observed
to produce testicular germinal cell depletion and azoospermia (15,16,18,19).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of mechlorethamine during lactation have been
located. The low molecular weight (about 157 for the free base) suggests that
the drug passes into milk. Although it undergoes rapid chemical transformation
in water and body fluids, it is not known if exposure to this biologic alkylating
agent in breast milk poses a significant risk to a nursing infant. Because of the
potential for serious adverse reactions, however, breastfeeding should be
discontinued while the mother is receiving therapy.
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MECLIZINE
Antihistamine/Antiemetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Meclizine is a piperazine antihistamine that is frequently used as an
antiemetic (see also Buclizine and Cyclizine). In general, antihistamines are
considered low risk in pregnancy. However, exposure near birth of
premature infants has been associated with an increased risk of retrolental
fibroplasia.

FETAL RISK SUMMARY
Meclizine is teratogenic in animals, causing cleft palates in rats at 25–50 times
the human dose, but apparently not in humans (1). Since late 1962, the
question of meclizine’s effect on the fetus has been argued in numerous
communications, the bulk of which are case reports and letters (2–28). Three
studies involving large numbers of patients have concluded that meclizine is not
a human teratogen (29–31).

The Collaborative Perinatal Project (CPP) monitored 50,282 mother–child
pairs, 1014 of whom had exposure to meclizine in the 1st trimester (29, p.
328). For use anytime during pregnancy, 1463 exposures were recorded (29,
p. 437). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations. Several possible associations with
individual malformations were found (see below), but their statistical
significance is unknown (29, pp. 328, 437, 475). Independent confirmation is
required to determine the actual risk.

Respiratory defects (7 cases)
Eye and ear defects (7 cases)
Inguinal hernia (18 cases)
Hypoplasia cordis (3 cases)
Hypoplastic left heart syndrome (3 cases)



The CPP study indicated a possible relationship to ocular malformations, but
the authors warned that the results must be interpreted with extreme caution
(32). The FDA’s Over-The-Counter Laxative Panel, acting on the data from the
CPP study, concluded that meclizine was not teratogenic (33). A second large
prospective study covering 613 1st trimester exposures supported these
negative findings (30). No harmful effects were found in the exposed offspring
as compared with the total sample. Finally, in a 1971 report, significantly fewer
infants with malformations were exposed to antiemetics in the 1st trimester as
compared with controls (31). Meclizine was the third most commonly used
antiemetic.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of meclizine during lactation have been located.
The molecular weight (about 464) is low enough that passage into milk should
be anticipated. The potential effects of this exposure on a nursing infant are
unknown. Some agents in this class (e.g., see Brompheniramine and
Diphenhydramine) have been classified by their manufacturers as
contraindicated during nursing because of the increased sensitivity of newborn
or premature infants to antihistamines.
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MECLOFENAMATE
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy, as is inhibition of labor, prolongation of pregnancy, and
suppression of fetal renal function (see also Indomethacin) (1). Persistent
pulmonary hypertension of the newborn may occur if these agents are used
in the 3rd trimester close to delivery (1,2). Women attempting to conceive
should not use any prostaglandin synthesis inhibitor, including
meclofenamate, because of the findings in a variety of animal models that
indicate these agents block blastocyst implantation (3,4). Moreover,
nonsteroid anti-inflammatory drugs (NSAIDs) have been associated with
spontaneous abortions (SABs) and congenital malformations. The risk for
these defects, however, appears to be small.

FETAL RISK SUMMARY
The NSAID, meclofenamate sodium, is used in the treatment of acute and
chronic pain, arthritis, and primary dysmenorrhea. It is in the same NSAID
subclass (fenamates) as mefenamic acid.

Reproduction studies in mice, rats, and rabbits during organogenesis found
no teratogenic effects (5–7), but postimplantation losses were observed in rats
(7). Although apparently not reported, animal reproductive toxicities, such as
prolonged gestation, dystocia, intrauterine growth restriction, and decreased
fetal and neonatal survival, which were observed with other agents in the class,
should also be expected with meclofenamate.

It is not known if meclofenamate crosses the human placenta. The molecular
weight of the free acid (about 313) is low enough that passage to the embryo



and fetus should be expected.
In a surveillance study of Michigan Medicaid recipients involving 229,101

completed pregnancies conducted between 1985 and 1992, 166 newborns had
been exposed to meclofenamate during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Six (3.6%) major birth defects were observed
(seven expected), including one cardiovascular defect (two expected) and one
oral cleft (three expected). No anomalies were observed in four other
categories of defects (spina bifida, polydactyly, limb reduction defects, and
hypospadias) for which specific data were available. These data do not support
an association between the drug and congenital defects.

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (8). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (9). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (10). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater COX-2
affinity, had a lower risk of this toxicity in humans than aspirin (11).

Two reviews, both on antirheumatic drug therapy in pregnancy,
recommended that if a NSAID was needed, agents with short elimination adult
half-lives should be used at the maximum tolerated dosage interval, using the
lowest effective dose, and that therapy should be stopped within 8 weeks of
the expected delivery date (12,13). Meclofenamate has a short plasma
elimination half-life (2 hours), but other factors, such as its toxicity profile, need
to be considered.

BREASTFEEDING SUMMARY
No reports describing the use of meclofenamate sodium during lactation have
been located. The molecular weight of the free acid (about 313) suggests that
the drug will be excreted into breast milk. The effects of this exposure on a
nursing infant are unknown, but other NSAIDs are classified as compatible with
breastfeeding by the American Academy of Pediatrics (see Ibuprofen and
Indomethacin).
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MEDROXYPROGESTERONE
Progestogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Medroxyprogesterone acetate (MPA) demonstrates dose-related
teratogenicity and toxicity in animals. Although the hormone is
contraindicated in human pregnancy, inadvertent exposure to therapeutic
doses does not appear to represent a significant risk of structural defects.
Fetal growth restriction might be a low-risk complication if MPA is
administered within 4 weeks of conception. However, confirmation of this
finding is needed.

FETAL RISK SUMMARY
MPA is a derivative of progesterone that is available in both parenteral and oral
formulations. The indications for this hormone include contraception (either
alone or in combination with an estrogen), secondary amenorrhea and
abnormal uterine bleeding due to hormonal imbalance in the absence of organic
pathology, and in combination with estrogens for the treatment of vasomotor
symptoms associated with menopause, vulvar and vaginal atrophy, and the
prevention of osteoporosis. There are no pregnancy-related indications for this
hormone.

A 1977 report described reproduction tests conducted with MPA in mice,
rats, and rabbits (1). In each species, once daily SC doses of 0.1–3000
mg/kg/day were given during organogenesis for 3, 6, or 9 consecutive days.
Untreated controls were used for each species. No congenital defects
attributable to the hormone were observed in mice and rats. In two breeds of
rabbits, however, a dose-related increase in cleft palate was observed at
doses of 3, 10, and 30 mg/kg/day. The absence of a significant dose–response
relationship at doses >30 mg/kg/day was thought to be due to the mortality
caused by the higher doses (1).

In an attempt to explain the teratogenic effects observed in rabbits, the same



investigative group examined the binding of MPA to glucocorticoid receptors in
appropriate rat and rabbit target tissues (2). Their results indicated that, in
rabbits but not in rats, MPA was as effective as natural glucocorticoids in
competing for selected binding sites. They theorized that the MPA-induced cleft
palates in their original experiment might have been caused by the hormone
binding to specific glucocorticoid receptors and by its progestational activity (2).

An experiment to determine a possible mechanism for progestogen-induced
hypospadias was reported in 1982 (3). Pregnant rats were given MPA at
doses of 1, 10, and 100 times, respectively, the human contraceptive dose
equivalent based on body weight (HCDE) on days 13–20 of gestation.
Norethisterone, alone or in combination with ethnylestradiol, was also given to
other pregnant rats at similar doses. Compared with untreated controls, no
effect was observed from these agents on dehydroepiandrosterone metabolism
by fetal Wolffian ducts. Inhibition of this testosterone precursor had been
shown previously to cause severe hypospadias in male rats and was thought to
be a possible mechanism for similar defects in human males (3).

Mice given SC MPA (5–900 mg/kg) before implantation (day 2 of pregnancy)
had sporadic increases in dead and resorbed fetuses, decreased fetal weight,
and an increase in the incidence of cleft palate and malformed fetuses (4).
These effects were not dose-related. Treatment with 30 mg/kg on gestational
day 9 was associated with increased rates of respiratory and urinary tract
defects. In addition, increased incidences of cleft palate were observed with
this dose on several days between gestational days 1 and 12 (4). The methods
used in this animal study have been criticized and its findings considered to
have questionable relevancy (5) and defended (6).

The fetal effects of IM MPA were studied in pregnant baboons given doses
during organogenesis that were 1, 10, and 40 times the HCDE (7). Only the
two highest doses were teratogenic, causing anomalies only in the target
organs: male external genitalia (short penis, hypospadias, underdeveloped
glans and prepuce, bilateral cryptorchidism), female external genitalia (clitoral
hypertrophy, labial fusion, female pseudohermaphroditism), and adrenal gland
hypoplasia (only at 40 times the HCDE) (7).

Pregnant mice were treated during organogenesis with subdermal pellets
that delivered MPA at daily doses 25, 250, and 2500 times the human dose
equivalent (HDE) (8). No increase in nongenital malformations was noted at any
dose, but the two highest doses caused embryotoxicity (resorptions and
decreased weight). In addition, no evidence was found for limb reduction
defects even when endochondral bone growth was inhibited (8).



An in vivo model in pregnant mice of intrauterine inflammation was developed
using lipopolysaccharide (LPS) from Escherichia coli (9). At a gestational length
corresponding to about 28–29 weeks in human, the animals were pretreated
with either MPA or progesterone before LPS was infused into the uterus. The
preterm delivery rates were 91% (LPS alone), 63% (LPS + progesterone), and
0% (LPS + MPA). All of the undelivered fetuses in the first two groups died
within 48 hours, whereas most fetuses survived in the LPS + MPA group. The
investigators concluded that the progestational and anti-inflammatory properties
of MPA prevented inflammation-induced preterm parturition and preserved fetal
viability (9).

Although the FDA mandated deletion of pregnancy-related indications from all
progestins years ago because of concerns for congenital anomalies, MPA was
once used to prevent early abortions. A 1964 report described the use of the
hormone for that purpose in 239 women (10). Of the 203 women who went to
term, 172 were treated with MPA (oral or IM) before the 12th week of
gestation. The average daily dose was 5–50 mg orally with a total dose ranging
from <50 to >7000 mg. In six cases, MPA (IM) was the only agent used.
Among the 174 infants (2 sets of twins), there were 92 males and 82 females.
The outcomes included one stillborn, one newborn with congenital heart
disease (no details provided), and one case of mild, transient clitoral
enlargement. The infant’s mother had received oral MPA 25 mg/day for 7 days
during the 6th week of gestation. At 6 months of age, the clitoral hypertrophy
had resolved (10).

An unusual cluster of multiple anomalies was observed in a newborn female
exposed in utero during the 1st trimester to MPA (for 1st trimester bleeding),
lysergic acid diethylamide (LSD), and cigarette smoking (11). The authors of
the report could not exclude an autosomal recessive mode of inheritance as a
cause of the defects (see Lysergic Acid Diethylamide).

A total of 259 1st trimester exposures to MPA were reported in a 1975 letter
(12). Pregnancies exposed to estrogens or progesterones were identified
prospectively over a 3-year period (1966–1968). Women were interviewed
during pregnancy about early drug use and their outcomes were compared with
women who were not exposed to sex hormones. Of those exposed to MPA, 30
infants had congenital malformations, some of which were minor anomalies.
Among major defects, there were eight cases involving male genitalia
(undescended testis [N = 4], hypospadias [N = 2], and hydrocele [N = 2]), four
infants with talipes, two heart defects, and three infants with defects of blood-
vessel development (hemangioma, telangiectasia [N = 2]). No causal



association could be determined because of the nature of indications for the
hormones (e.g., threatened or previous abortions) (12).

As of 1981, 14 cases of ambiguous genitalia of the fetus had been reported
to the FDA, although the literature is more supportive of the 19-nortestosterone
derivatives (see Norethindrone, Norethynodrel) (13). Moreover, a 1979 review
proposed that the use of progestins during the 1st trimester was a possible
cause of hypospadias (14).

A brief 1982 correspondence described the use of oral MPA (40 mg/day) to
support an in vitro fertilization procedure (15). The drug was given for 10 days
after fertilization was confirmed and restarted about 3 weeks later for
threatened abortion (vaginal bleeding and a fall in basal temperature). The
second course was continued until 16 weeks’ gestation by menstrual dates. A
2340-g male infant was delivered at term that, except for growth restriction,
was otherwise healthy (15). The potential adverse consequences of the drug
therapy on female (virilization) and male (hypospadias) fetuses were the
subject of later correspondence on this report (16).

The Collaborative Perinatal Project monitored 866 mother–child pairs with 1st
trimester exposure to progestational agents, including 130 with exposure to
MPA (17, p. 389). An increase in the expected frequency of cardiovascular
defects (also see FDA data below) and hypospadias was observed for the
progestational agents as a group (17, p. 394). The cardiovascular defects
included a ventricular septal defect and tricuspid atresia (18). Reevaluation of
these data in terms of timing of exposure, vaginal bleeding in early pregnancy,
and previous maternal obstetric history, however, failed to support an
association between female sex hormones and cardiac malformations (19).
Other studies have also failed to find any relationship with nongenital
malformations (20,21).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 407 newborns had
been exposed to MPA during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 15 (3.7%) major birth defects were
observed (13 expected), including (observed/expected) 7/4 cardiovascular
defects and 1/1 oral clefts. No malformations were observed in four other
defect categories (spina bifida, polydactyly, limb reduction defects, and
hypospadias) for which specific data were available. Only the number of
cardiovascular defects is suggestive of an association, but other factors,
including the mother’s disease, concurrent drug use, and chance, may be
involved.



One infant of a set of triplets was found to have an additional lumbar rib and
hemi vertebrae at two levels of the spinal column (22). In addition, the infant
had a small, deformed right ear. The pregnancy had resulted from in vitro
fertilization following ovulation induction with clomiphene citrate. Because of
threatened abortion, the mother had been treated with oral MPA (80 mg/day)
from the 4th week after embryo transfer throughout the 30 weeks’ gestation.
The authors thought the combination of ear, spinal, and rib malformations was
probably consistent with the Goldenhar syndrome (oculoauriculovertebral
anomaly) (22).

A 1985 study described 2754 infants born to mothers who had vaginal
bleeding during the 1st trimester (23). Of the total group, 1608 of the newborns
were delivered from mothers treated during the 1st trimester with either oral
MPA (20–30 mg/day), 17-hydroxyprogesterone (500 mg/week by injection), or
a combination of the two. MPA was used exclusively in 1274 (79.2%) of the
study group. The control group consisted of 1146 infants delivered from
mothers who bled during the 1st trimester but who were not treated. There
were no differences between the study and control groups in the overall rate of
malformations (120 vs. 123.9/1000, respectively) or in the rate of major
malformations (63.4 vs. 71.5/1000, respectively) (23). Another 1985 study
compared 988 infants exposed in utero to various progesterones with a
matched cohort of 1976 unexposed controls (24). Only 60 infants were
exposed to MPA. No association between progestins, primarily progesterone
and 17-hydroxyprogesterone, and fetal malformations was discovered.

A 1988 report from Thailand described the outcomes of pregnancies of 1229
women who had used MPA before the index pregnancy compared with 4023
women who had used no contraception (controls) and 3038 who had used oral
contraceptives (pill) (25). No differences were observed between the groups in
terms of stillbirths, multiple pregnancies, or birth weight. Women who had used
MPA had a similar incidence of major and minor malformations and
deformations as controls, but both groups had significantly increased
incidences of these outcomes compared with pill users. There was a
significantly increased association of polysyndactyly in the MPA group
compared with the other two groups (rate per 1000: 8.1 vs. 1.7 and 1.2).
However, only 3 of the 10 cases had exposure to MPA during gestation and in
5 cases, the last injection of the hormone had occurred more than 9 months
before conception. Thus, a causal association between MPA and syndactyly
was thought to be unlikely. Another unexpected finding was an increase in the
number of chromosomal anomalies (N = 5) found in the MPA group relative to



the controls (N = 3) and pill users (N = 2). Adjustment by maternal age did not
affect these results. Because of the unrelated nature of the defects, the lack of
confirming studies, and the distant timing of the exposure in some cases, the
authors concluded that the association had occurred by chance (25).

Using the same population base as above, the same investigators studied the
effects of in utero exposure to steroid contraceptives on birth weight (26). A
total of 1573 pregnancies were exposed to injectable MPA (830 accidental
pregnancies and 743 infants conceived before the use of the steroid), 601 to
oral contraceptives, and 2578 planned pregnancies (controls). Both the
injectable and oral contraceptive groups had increased risks for low-birth-
weight infants (<2500 g), but this result was thought to be partial due to
confounders. However, the risk of low-birth-weight infants was significantly
increased in accidental pregnancies when MPA was given within 4 weeks of
conception (odds ratio [OR] 1.9, 95% confidence interval [CI] 1.4–3.2) (26).
The researchers then investigated the effect of steroid contraceptives on
neonatal and infant survival (27). As above, three groups were formed
consisting of 1431 children of women who had received injectable MPA during
pregnancy, 565 children exposed in utero to oral contraceptives, and 2307
control infants with no exposure to hormonal contraceptives. After adjustment
(including adjustment for birth weight), the neonatal and infant death rates in
those exposed to MPA were nonsignificant. However, there was a relation
between shorter injection-to-conception intervals and an increased risk of
death: OR 2.5 (95% CI 1.1–5.7), interval ≤4 weeks; OR 2.1 (95% CI 1.0–4.6),
interval 5–8 weeks, and OR 0.9 (95% CI 0.4–2.4), interval ≥9 weeks (27). The
investigators concluded that infants of pregnancies that occur 1–2 months after
an injection of MPA might be at increased risk of low birth weight and death
(26,27).

A commentary on the methodology used in the above two studies raised
concerns about the validity of the results (28). In particular, criticism involved
the comparison groups, establishing the timing of conception, and the biologic
plausibility of the effects on birth weight. The authors, however, defended the
methods used in the studies and their findings (29).

In the fourth study from the research group in Thailand, no increased risk of
impaired growth in height, after adjustment for socioeconomic factors, was
found in children (up to the age of 17 years) exposed to MPA during pregnancy
(N = 1207) and/or during breastfeeding (N = 1215) (30). However, there was a
delay in the onset of reported pubic hair growth among girls exposed to MPA
during pregnancy. No other effects on attainment of puberty (i.e., menarche



and breast development) were observed (30).
Another 1988 report focused on the potential teratogenicity of MPA (31).

Three groups of women were formed: subfertile women with a history of
recurrent spontaneous abortion (N = 180) or threatened abortion (N = 269),
and matched subfertile controls (N = 464). The women in the first groups were
treated with oral MPA (80–120 mg/day) from the 5th or 7th week of pregnancy
until the 18th week. The number of pregnancies in each group was 199, 309,
and 508, respectively, and the total number of infants was 161, 205, and 428,
respectively. Early pregnancy wastage was high in all groups. Congenital
malformations were noted in 15/366 (4.1%) in the treated groups and 15/428
(3.5%) in the controls (difference not significant). Of note, there were two
cases of hypospadias, one in the treated group and one in controls. The
investigators concluded that MPA was not teratogenic (31).

A possible association between MPA and epispadias, with or without bladder
exstrophy, was reported in 1991 (32). Among 20,650 infants delivered at one
hospital over a 5-year period, 4 male infants had epispadias and 2 of the 4 also
had bladder exstrophy. In each case, MPA had been given to the mother to
prevent 1st trimester threatened abortion. The infants were delivered at term
with a mean birth weight of 2980 g. The cluster of these rare defects
suggested to the authors that a relationship to the drug was possible (32).

BREASTFEEDING SUMMARY
Medroxyprogesterone (MPA) has not been shown to affect lactation adversely
(33,34). A 1981 review concluded that use of the drug by the mother would not
have a significant effect on the nursing infant (35). Milk production and duration
of lactation may be increased if the drug is given in the puerperium. This effect
might be secondary to the increase in basal serum prolactin levels that has
been shown to occur with depot-MPA (36). If breastfeeding is desired, MPA
may be used safely (37,38). A 1996 study found no effect on the urine
hormonal profiles of male infants nursing from mothers receiving a depot
injection of MPA (38). The American Academy of Pediatrics classifies MPA as
compatible with breastfeeding (39).

References
1. Andrew FD, Staples RE. Prenatal toxicity of medroxyprogesterone acetate in rabbits, rats, and mice.

Teratology 1977;15:25–32.
2. Kimmel GL, Hartwell BS, Andrew FD. A potential mechanism in medroxyprogesterone acetate

teratogenesis. Teratology 1979;19:171–6.
3. Briggs MH. Hypospadias, androgen biosynthesis, and synthetic progestogens during pregnancy. Int J

Fertil 1982;27:70–2.



4. Eibs HG, Spielmann H, Hagele M. Teratogenic effects of cyproterone acetate and
medroxyprogesterone treatment during the pre- and postimplantation period of mouse embryos. I.
Teratology 1982;25:27–36.

5. Marks TA. Comments on two recent papers dealing with the teratogenicity of medroxyprogesterone
acetate. Teratology 1984;31:313–5.

6. Spielmann H. Reply to comments on two articles dealing with the teratogenicity of cyproterone acetate
(CA) and medroxyprogesterone acetate (MPA). Teratology 1985;32:319–20.

7. Prahalada S, Carroad E, Hendrickx AG. Embryotoxicity and maternal serum concentrations of
medroxyprogesterone acetate (MPA) in baboons (Papio cynocephalus). Contraception 1985;32:497–
515.

8. Carbone JP, Figurska K, Buck S, Brent RL. Effect of gestational sex steroid exposure on limb
development and endochondral ossification in the pregnant C57B1/6J mouse: I. Medroxyprogesterone
acetate. Teratology 1990;42:121–30.

9. Elovitz M, Wang Z. Medroxyprogesterone acetate, but not progesterone, protects against inflammation-
induced parturition and intrauterine fetal demise. Am J Obstet Gynecol 2004;190:693–701.

10. Burstein R, Wasserman HC. The effect of Provera on the fetus. Obstet Gynecol 1964;23:931–4.
11. Eller JL, Morton JM. Bizarre deformities in offspring of user of lysergic acid diethylamide. N Engl J Med

1970;283:395–7.
12. Harlap S, Prywes R, Davies AM. Birth defects and oestrogens and progesterones in pregnancy. Lancet

1975;1:682–3.
13. Dayan E, Rosa FW. Fetal ambiguous genitalia associated with sex hormones use early in pregnancy.

Food and Drug Administration, Division of Drug Experience. ADR Highlights 1981:1–14.
14. Aarskog D, Maternal progestins as a possible cause of hypospadias. N Engl J Med 1979;300:75–8.
15. Yovich J, Puzey A, De’Atta R, Roberts R, Reid S, Grauaug A. In-vitro fertilisation pregnancy with early

progestogen support. Lancet 1982;2:378–9.
16. Barlow SM. Medroxyprogesterone in in-vitro fertilisation. Lancet 1982;2:1408.
17. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing

Sciences Group, 1977.
18. Heinonen OP, Slone D, Monson RR, Hook EB, Shapiro S. Cardiovascular birth defects and antenatal

exposure to female sex hormones. N Engl J Med 1977;296:67–70.
19. Wiseman RA, Dodds-Smith IC. Cardiovascular birth defects and antenatal exposure to female sex

hormones: a reevaluation of some base data. Teratology 1984;30:359–70.
20. Wilson JG, Brent RL. Are female sex hormones teratogenic? Am J Obstet Gynecol 1981;141:567–80.
21. Dahlberg K. Some effects of depo-medroxyprogesterone acetate (DMPA): observations in the nursing

infant and in the long-term user. Int J Gynaecol Obstet 1982;20:43–8.
22. Yovich JL, Stanger JD, Grauaug AA, Lunay GG, Hollingsworth P, Mulcahy MT. Fetal abnormality

(Goldenhar syndrome) occurring in one of triplet infants derived from in vitro fertilization with possible
monozygotic twinning. J In Vitro Fert Embryo Transf 1985;2:27–32.

23. Katz Z, Lancet M, Skornik J, Chemke J, Mogilner BM, Klinberg M. Teratogenicity of progestogens given
during the first trimester of pregnancy. Obstet Gynecol 1985;65:775–80.

24. Resseguie LJ, Hick JF, Bruen JA, Noller KL, O’Fallon WM, Kurland LT. Congenital malformations
among offspring exposed in utero to progestins, Olmsted County, Minnesota, 1936–74. Fertil Steril
1985;43:514–9.

25. Pardthaisong T, Gray RH, McDaniel EB, Chandacham A. Steroid contraceptive use and pregnancy
outcome. Teratology 1988;38:51–8.

26. Pardthaisong T, Gray RH. In utero exposure to steroid contraceptives and outcome of pregnancy. Am J
Epidemiol 1991;134:795–803.

27. Gray RH, Pardthaisong T. In utero exposure to steroid contraceptives and survival during infancy. Am J
Epidemiol 1991;134:804–11.

28. Hogue CJR. Invited commentary: the contraceptive technology tightrope. Am J Epidemiol
1991;134:812–5.

29. Gray RH, Pardthaisong T. The author’s response to Hogue. Am J Epidemiol 1991;134:816–7.
30. Pardthaisong T, Yenchit C, Gray R. The long-term growth and development of children exposed to

Depo-Provera during pregnancy and lactation. Contraception 1992;45:313–24.



31. Yovich JL, Turner SR, Draper R. Medroxyprogesterone acetate therapy in early pregnancy has no
apparent fetal effects. Teratology 1988;38:135–44.

32. Blickstein I, Katz Z. Possible relationship of bladder exstrophy and epispadias with progestins taken
during early pregnancy. Br J Urol 1991;68:105–6.

33. Guiloff E, Ibarra-Polo A, Zanartu J, Toscanini C, Mischler TW, Gomez-Rogers C. Effect of contraception
on lactation. Am J Obstet Gynecol 1974;118:42–5.

34. Karim M, Ammar R, El Mahgoub S, El Ganzoury B, Fikri F, Abdou Z. Injected progesterone and
lactation. Br Med J 1971;1:200–3.

35. Schwallie PC. The effect of depot-medroxyprogesterone acetate on the fetus and nursing infant: a
review. Contraception 1981;23:375–86.

36. Ratchanon S, Taneepanichskul S. Depot medroxyprogesterone acetate and basal serum prolactin
levels in lactating women. Obstet Gynecol 2000;96:926–8.

37. Sapire KE, Dommisse J. Injectable contraception and lactation. S Afr Med J 1995;85:1302–3.
38. Virutamasen P, Leepipatpaiboon S, Kriengsinyot R, Vichaidith P, Ndavi Muia P, Sekadde-Kigondu CB,

Mati JKG, Forest MG, Dikkeschei LD, Wolthers BG, d’Arcangues C. Pharmacodynamic effects of
depot-medroxyprogesterone acetate (DMPA) administered to lactating women on their male infants.
Contraception 1996;54:153–7.

39. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



MEFENAMIC ACID
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy, as is inhibition of labor, prolongation of pregnancy, and
suppression of fetal renal function (see also Indomethacin) (1). Persistent
pulmonary hypertension of the newborn may occur if these agents are used
in the 3rd trimester close to delivery (1,2). Women attempting to conceive
should not use any prostaglandin synthesis inhibitor, including mefenamic
acid, because of the findings in a variety of animal models that indicate
these agents block blastocyst implantation (3,4). Moreover, nonsteroidal
anti-inflammatory drugs (NSAIDs) have been associated with spontaneous
abortions (SABs) and congenital malformations. The risk for these defects,
however, appears to be small.

FETAL RISK SUMMARY
Mefenamic acid, a NSAID, is used for the short-term treatment of pain and for
primary dysmenorrhea. It is in the same NSAID subclass (fenamates) as
meclofenamate.

Although mefenamic acid causes toxic effects in pregnant animals similar to
those produced by other agents in this class (decreased fertility, delayed
parturition, increase in the number of resorptions, and decreased pup survival),
no congenital malformations were observed in studies involving rats, rabbits,
and dogs at doses up to 10 times those used in humans (5). In one study of
pregnant rats, inhibition of parturition by mefenamic acid appeared to be dose-
related (6).

Consistent with its low molecular weight (about 241), mefenamic acid



crosses the human placenta to the fetus. Fetal concentrations of the drug, 40–
180 minutes after a 500-mg dose administered to 13 women at 15–22 weeks’
gestation, were 32%–54% of the maternal plasma concentrations (7).

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (8). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (9). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (10). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater COX-2
affinity, had a lower risk of this toxicity in humans than aspirin (11).

Mefenamic acid, 500 mg 3 times a day, was used as a tocolytic in a double-
blind, randomized human study (12). Compared with controls, preterm delivery
occurred less in the mefenamic acid group (15% vs. 40%, p <0.005), and birth
weights were higher. No adverse effects were observed in the newborns
exposed in utero to mefenamic acid.

An infant, delivered by urgent cesarean section at 34 weeks’ gestation, had
marked cyanosis after in utero exposure to mefenamic acid used to prevent
premature delivery (13). Echocardiography of the infant demonstrated a small
(1- to 2-mm) patent ductus arteriosus. The authors concluded that the maternal
drug therapy was responsible for the premature closure of the ductus.

BREASTFEEDING SUMMARY
Small amounts of mefenamic acid are excreted into breast milk and absorbed
by the nursing infant (14). Ten nursing mothers in the immediate postpartum
period were given a 500-mg oral loading dose followed by 250 mg 3 times daily
for 3 days. Blood and milk samples were obtained 2 hours after the first daily
dose on postpartum days 2–4. Blood and urine samples were obtained from
the infants 1 hour after nursing on postpartum day 4. The averages of the mean
daily concentrations of mefenamic acid in maternal plasma and milk were 0.94
and 0.17 mcg/mL, respectively, corresponding to a milk:plasma ratio of 0.18. In
three of the mothers, breast milk concentrations of mefenamic acid plus
metabolites ranged from 0.62 to 1.99 mcg/mL. The mean infant blood



concentration of mefenamic acid was 0.08 mcg/mL, whereas the mean urine
concentration of mefenamic acid plus metabolites was 9.8 mcg/mL (14).

One reviewer concluded that because of the potential toxicity of mefenamic
acid, other agents (diclofenac, fenoprofen, flurbiprofen, ibuprofen, ketoprofen,
ketorolac, and tolmetin) were safer alternatives if a NSAID was required during
nursing (15). However, the American Academy of Pediatrics classifies
mefenamic acid as usually compatible with breastfeeding (16).
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MEFLOQUINE
Antimalarial
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Mefloquine is a quinoline-methanol antimalarial agent used in the prevention
and treatment of malaria caused by Plasmodium falciparum, including
chloroquine-resistant strains, or by Plasmodium vivax. If indicated,
mefloquine should not be withheld in pregnancy because the maternal and
embryo–fetal risk from malaria far outweighs the unknown potential of
developmental toxicity.

FETAL RISK SUMMARY
At high doses (80–160 mg/kg/day), mefloquine is teratogenic in mice, rats, and
rabbits, and, at one dose (160 mg/kg/day), it is embryotoxic in rabbits (1).
Smaller doses (20–50 mg/kg/day) impaired fertility in rats, but no adverse
effect was observed on spermatozoa in humans taking 250 mg/week for 22
weeks (1).

A study published in 1990 examined the pharmacokinetics of mefloquine
during the 3rd trimester of pregnancy (2). Twenty women were treated with
either 250 mg of mefloquine base (N = 10) or 125 mg of base (N = 10) weekly
until delivery at term. Peak and trough concentrations of mefloquine were lower
than those measured in nonpregnant adults, and the terminal elimination half-life
was 11.6 days. The half-life reported in nonpregnant adults is 15–33 days (1).
No obstetric complications were observed at either dosage level, including
during labor, and no toxicity was observed in the exposed infants. Normal infant
development was observed during a 2-year follow-up.

The risks of complications from malarial infection occurring during pregnancy
are increased, especially in women not living in endemic areas (i.e., nonimmune
women) (3–6). Infection is associated with a number of severe maternal and
fetal outcomes: maternal death, anemia, abortion, stillbirth, prematurity, low



birth weight, fetal distress, and congenital malaria (3–7). However, one of
these outcomes, low birth weight with the resulting increased risk of infant
mortality, may have other causes inasmuch as it has not been established that
antimalarial chemoprophylaxis can prevent this complication (4). Increased
maternal morbidity and mortality includes adult respiratory distress syndrome,
pulmonary edema, massive hemolysis, disseminated intravascular coagulation,
acute renal failure, and hypoglycemia (5–7). Severe P. falciparum malaria in
pregnant nonimmune women has a poor prognosis and may be associated with
asymptomatic uterine contractions, intrauterine growth restriction, fetal
tachycardia, fetal distress, placental insufficiency because of intense
parasitization, and hypoglycemia (4,7). The exacerbation of this latter adverse
effect has not been reported with mefloquine (7), but it occurs frequently with
quinine (7–9). Because of the severity of this disease in pregnancy,
chemoprophylaxis is recommended for women of childbearing age traveling in
areas where malaria is present (3–5). However, some authors state that
mefloquine should not be used for prophylaxis during pregnancy, especially
during the 1st trimester, because of the potential for fetotoxicity (3–5,7,10–14),
except in areas where chloroquine-resistant P. falciparum is present (11). An
editorial comment to one reference stated that recent data indicated the use of
mefloquine during early pregnancy could result in congenital defects, but no
other information was provided (15).

Two reports have described the therapeutic use of mefloquine during
pregnancy without causing adverse fetal effects (4,16). A 24-year-old woman
presented at 33 weeks’ gestation with fever, scleral icterus, and tender
splenomegaly secondary to P. falciparum infection involving 3% of her
erythrocytes (16). After two attempts to administer doses of mefloquine (750
and 500 mg), both of which were vomited, predosing with IV metoclopramide
allowed the woman to tolerate three 250-mg doses spaced 4 hours apart and
two 250-mg doses the following day (total dose 1250 mg). Maternal fever
resolved the day after therapy and, at 5 days, no parasites were observed in
the mother’s blood. Two months later, a 3405-g infant (sex not specified) was
delivered by cesarean section for pelvic disproportion and poor beat-to-beat
fetal heart rate variability. Apgar scores at 1 and 5 minutes were 6 and 9,
respectively. The child was developing normally at 2 months.

An unpublished double-blind, randomized controlled study from Thailand
conducted between 1983 and 1989 was briefly described in a World Health
Organization (WHO) publication (4) and a 1993 review (13). A total of 178
pregnant women were randomized to two groups; one group received



mefloquine 500 mg every 8 hours for two doses (N = 87), and the other group
received quinine 600 mg every 8 hours for 7 days (N = 91). Although the exact
stages of pregnancy at the time of treatment were not specified, a small
number of the women in the mefloquine group were in the 1st trimester (4,13).
All of the women were followed to term. The incidence of uterine contractions,
premature labor, and fetal distress in the mefloquine and quinine groups were
18% vs. 25%, 1% vs. 5%, and 2% vs. 4%, respectively (4). None of the
differences was statistically significant. No stillbirths occurred, but one
spontaneous abortion was observed in each group, 21 days after mefloquine
and 37 days after quinine; neither was thought to be related to drug treatment
(4). The 21-day cure rate was 97% among those treated with mefloquine
compared with 86% of those treated with quinine. Three newborns had
congenital malformations, but these were believed to be unrelated to the drug
therapy (13). The study investigators concluded that the therapeutic use of
mefloquine during pregnancy was safe and effective. The WHO Scientific
Group concluded, however, that because of the small number of patients,
treatment with mefloquine should be undertaken cautiously during the first 12–
14 weeks of gestation (4).

Two trials of mefloquine prophylaxis in pregnancy were reviewed in a 1993
reference (13). An unpublished study compared weekly prophylaxis with either
mefloquine (N = 468) or chloroquine (N = 1312) in asymptomatic pregnant
women (13). Mefloquine was more effective than chloroquine in preventing fetal
growth restriction and was also effective in reducing placental P. falciparum
infections. In another double-blind, placebo-controlled trial, prophylaxis during
the second half of pregnancy with 250 mg/week for 1 month followed by 125
mg/week until delivery in 360 Karen women (living on the Thailand–Burma
border) was 95% effective in preventing malaria (13). The incidence of
stillbirths was similar between mefloquine (N = 4) and placebo (N = 5).

A presentation made at a 1991 conference described the follow-up of 98
prospectively recorded pregnancy exposures to mefloquine (17). Five diverse
congenital malformations were observed, an incidence that does not support
mefloquine-induced teratogenicity.

BREASTFEEDING SUMMARY
Mefloquine is excreted into human milk (1,18). Two women, who were not
breastfeeding, were given a single 250-mg dose, 2–3 days after delivery (18).
Milk samples were collected from both women during the first 4 days after
dosing, and from one woman at various intervals up to 56 days. The



milk:plasma ratios in the two women during the first 4 days were 0.13 and
0.16, respectively. In one woman, the ratio was 0.27 calculated over 56 days.
The investigators estimated that a 4-kg infant consuming 1000 mL of milk daily
would ingest 0.08 mg/day of the mother’s dose (18), or approximately 4% of
the dose would be recovered from the milk (1,18). Although these amounts are
not thought to be harmful to the nursing infant, they are insufficient to provide
adequate protection against malaria (3).

Long-term effects of mefloquine exposure via breast milk have not been
studied. Because the antimalarial agent has a long plasma half-life, averaging
nearly 12 days during pregnancy (2) and 14.4–18.0 days during and after
lactation (18), weekly prophylactic doses of mefloquine will result in continuous
exposure of a nursing infant. Moreover, higher milk concentrations of
mefloquine than those reported should be expected after therapeutic or weekly
prophylactic doses (18).
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MELATONIN
Hormone (Pineal Gland)/Nutritional Supplement
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible (Low Doses) No Human Data—Potential Toxicity (High Doses)

PREGNANCY SUMMARY

No reports of human pregnancy exposure to exogenous melatonin have
been located. Moreover, there have been no long-term studies of the
safety of melatonin in nonpregnant humans. This neurohormone is available
as an OTC nutritional supplement, as well as a drug. Thus, the use in
human pregnancy has most likely occurred but apparently has not been
reported. The lack of noticeable toxicity and structural defects in rat
fetuses and newborn pups exposed in utero to maternal doses higher than
those used in humans is reassuring, but the dose comparison is based on
body weight, not BSA or AUC. Moreover, melatonin doses very near the
human dose (again based on body weight) did adversely affect the
development of the neuroendocrine reproductive axis in female rat fetuses,
a toxicity that would not be immediately apparent. There is probably no
relationship of this toxicity in pregnant humans consuming occasional low
(≤10 mg) doses, but high doses or frequent use during gestation should be
avoided. One source recommends avoiding the agent in pregnancy (1).
High daily doses have been shown to inhibit ovulation. In addition, maternal
consumption of melatonin may affect the fetal suprachiasmatic nucleus with
resulting adverse effects for the prenatal and postnatal expression and
entrainment of circadian rhythms (2). If melatonin is used, synthetic
preparations should be chosen. Animal-derived products should be avoided
because of the risk of contamination and/or the transmission of infectious
agents.

FETAL RISK SUMMARY
Melatonin is a neurohormone produced by the pineal gland (pineal body) under



the control of the suprachiasmatic nucleus located in the anterior hypothalamus
(3,4). Secretion of melatonin from the pineal body occurs in a diurnal pattern
(during periods of darkness) and affects sleep pattern (3–5). The endogenous
hormone is thought to have a wide range of effects. These include increased
concentrations of serotonin and aminobutyric acid in the brain; enhanced activity
of an enzyme (pyridoxal-kinase) that is involved in the synthesis of serotonin,
aminobutyric acid, and dopamine; inhibition of gonadal development; and a role
in the control of estrus (5).

Melatonin is commercially available as a nutritional supplement, either as a
synthetic or animal-derived product (6). Two sources recommend avoiding the
product produced from animal pineal tissue (beef cattle) because of the
theoretical risk of contamination or viral transmission (1,6).

A 1981 study evaluated the effect on female offspring of maternal
administration of melatonin to rats (7). Pregnant rats were given daily SC
doses of 250 mcg/100 g (2.5 mg/kg); about 2–10 times the usual
recommended human dose of 10–100 mg in a 70-kg person (RHD) throughout
gestation and compared with two control groups (nonmedicated and
pinealectomized pregnant rats). Female offspring of melatonin-treated rats
showed significantly later vaginal opening compared with the control groups. In
addition, they also had significantly lower luteinizing hormones blood levels. The
concentrations of melatonin in the three offspring groups did not differ. The
investigators concluded that the exogenous melatonin crossed the placenta and
demonstrated an inhibitory influence on the development of the neuroendocrine
reproductive axis in the fetus (7).

In another animal study, pregnant rats were administered up to 200
mg/kg/day (about 143–1430 times the RHD) from gestational day 6 to day 19
(8,9). No maternal or fetal toxicity was observed. The developmental toxicity
NOAEL (no-observed-adverse-effect level) was ≥200 mg/kg/day (8,9).

A 2000 study suggested that melatonin might be useful in protecting the fetal
brain from neurodegenerative conditions, such as fetal hypoxia and
preeclampsia (10). These conditions may involve free radical production, and
melatonin is known to be scavenger of oxygen free radicals. The investigators
gave melatonin intraperitoneal injections to rats on gestational day 20 and then
measured the concentrations of the substance in fetal brains over the next 3
hours. Melatonin rapidly crossed the rat placenta, with peak levels in maternal
serum and fetal brain occurring 1 hour after the dose. Moreover, over the 3-
hour period, the fetal brain had significant increases in the activities of two free
radical scavenging enzymes, superoxide dismutase and glutathione peroxidase.



The investigators concluded that the changes in melatonin concentrations and
enzyme activity might protect the fetal brain from oxidation of cerebral lipids
and DNA, thereby preventing central nervous system injury (10).

Because of its enhancement of circadian rhythm, melatonin has been used
for treating jet lag and other sleep disorders (1,4–6). In the United States,
melatonin has orphan drug status for circadian rhythm sleep disorders in blind
persons without light perception (6,11). Other possible indications that have
been studied, without establishing efficacy, are an anticancer action,
chemotherapy-induced thrombocytopenia, cluster headaches, tinnitus, and as
an antiaging hormone with antioxidant and immune system–boosting properties
to extend life (6,12).

High doses of melatonin also have been studied as a human contraceptive. A
1992 study compared the contraceptive effect of melatonin (75 or 300 mg/day)
either alone or in combination with the synthetic progestin, norethisterone (0.3
or 0.75 mg/day) (13). Both melatonin groups, compared with controls, inhibited
ovarian function with significant decreases in blood levels of luteinizing hormone,
estradiol, and progesterone.

Two publications, one in 1997 (2) and the other in 2000 (3), reviewed the
role of melatonin in animal and human development. The human embryo and
fetus have multiple binding melatonin sites in the pituitary and hypothalamus,
actually more than in adults (2,3). As early as the 18th week of gestation,
melatonin receptors can be found in the fetal suprachiasmatic nucleus.
However, the effects of the neurohormone during this period are thought
primarily to involve melatonin of maternal origin (2). Melatonin is a lipophilic
hormone that easily crosses the placenta and is present in human fetal blood
and amniotic fluid (2,3). The two main functions of melatonin during human
prenatal development are thought to be: (a) establishment of periodicity by
communicating information about photoperiod; and (b) entrainment of the
developing circadian pacemaker (2). However, circadian rhythms (such as
sleep and the secretion of cortisol and melatonin) are not expressed until
several months after birth (2,4).

One author critically reviewed the literature on the consequences of abnormal
melatonin rhythmicity development in infancy as a result of either prenatal or
postnatal events (3). These consequences included sudden infant death
syndrome, fetal onset of adult disease (e.g., cardiovascular disease), and
scoliosis. In none of these conditions, however, has a causative association
with abnormal melatonin rhythmicity been established (3).



BREASTFEEDING SUMMARY
Although no reports describing the use of exogenous melatonin during lactation
have been located, endogenous melatonin is excreted into human breast milk
(14). In 10 mothers, 3–4 days after delivery, blood and milk samples were
collected between 1400 and 1700 (day samples) and between 0200 and 0400
(night samples). No melatonin was detected in the day samples (<43 pmol/L for
blood and milk), but the mean levels in the blood and milk of the night samples
were 280 and 99 pmol/L, respectively. Milk samples were collected after each
feeding from another group of six women within 3 months after delivery. A
marked daily rhythm of melatonin excretion was detected; undetectable levels
during the day and high levels at night. The investigators speculated that the
circadian rhythm of melatonin in milk might be involved in postnatal development
by communicating the time of day to the nursing infant (14). The effects of
potentially higher milk concentrations when the mother is taking melatonin are
unknown, but the best course is to avoid the hormone during lactation. One
source recommends avoiding the agent because of the lack of information (1).
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MELOXICAM
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1,2). These drugs have also been shown to
inhibit labor and prolong gestation, both in humans (3) (see also
Indomethacin) and in animals (4,5). Women attempting to conceive should
not use any prostaglandin synthesis inhibitor, including meloxicam, because
of the findings in a variety of animal models that indicate these agents block
blastocyst implantation (6,7). Moreover, as noted, nonsteroidal anti-
inflammatory drugs (NSAIDs) have been associated with spontaneous
abortions (SABs) and congenital malformations. The risk for these defects,
however, appears to be small.

FETAL RISK SUMMARY
The NSAID meloxicam shares the same mechanism of action and uses as other
agents in this class. It is an oxicam derivative in the same subclass as
piroxicam. No published reports linking meloxicam to human congenital
malformations have been located.

Reproduction studies have been conducted in the rat and rabbit. In rabbits,
oral doses 64.5 times the human dose at 15 mg/day for a 50-kg adult based on
BSA (HD) given throughout organogenesis resulted in an increased incidence of
cardiac septal defects. Embryo lethality was observed at ≥5.4 times the HD. In
pregnant rats, no teratogenicity was noted at doses up to 2.2 times the HD. An
increase in stillbirths, however, occurred at oral doses about ≥0.5 times the HD



and a decrease in pup survival at 2.1 times the HD, when these doses were
administered throughout organogenesis. At ≥0.5 times the HD in late gestation,
meloxicam was associated with stillbirths, an increased length of delivery time,
and delayed parturition. At doses ≥0.07 times the HD during late gestation and
lactation, reductions in birth index, live births, and neonatal survival were seen in
rats (4).

It is not known if meloxicam crosses the human placenta. The molecular
weight (about 351) is low enough that transfer to the fetus should be expected.
Meloxicam does cross the rat placenta (1).

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (8). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (9). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (10). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater COX-2
affinity, had a lower risk of this toxicity in humans than aspirin (11).

BREASTFEEDING SUMMARY
No reports describing the use of meloxicam during lactation have been located.
The molecular weight (about 351) is low enough that excretion into breast milk
should be expected. The effects of this exposure on a nursing infant are
unknown, but a similar agent, piroxicam, is classified as compatible with
breastfeeding by the American Academy of Pediatrics (see Piroxicam).
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MELPHALAN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Melphalan, a phenylalanine derivative of nitrogen mustard, is a bifunctional
alkylating antineoplastic agent. Other agents in this class (e.g., see also
Busulfan, Chlorambucil, and Cyclophosphamide) are known to be human
teratogens and, combined with the animal data, strongly suggest that
melphalan should not be given in the 1st trimester.

FETAL RISK SUMMARY
No reports linking the use of melphalan with congenital defects have been
located. The drug is mutagenic as well as carcinogenic (1–8). These effects
have not been described in infants following in utero exposure.

Reproduction studies in rats with oral doses of 6–18 mg/m2/day for 10 days,
or with a single intraperitoneal dose of 18 mg/m2 revealed embryolethal and
teratogenic effects (9). Congenital anomalies included those of the brain
(underdevelopment, deformation, meningocele, and encephalocele), eye
(anophthalmia and microphthalmos), reduction of the mandible and tail, and
hepatocele.

Studies examining the placental transfer of melphalan have not been found.
The molecular weight (about 305) is low enough that exposure of the embryo
and/or fetus should be expected.

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (10). Long-term studies of growth and mental
development in offspring exposed to melphalan and other antineoplastic drugs
during the 2nd trimester, the period of neuroblast multiplication, have not been
conducted (11).

Melphalan has caused suppression of ovarian function resulting in
amenorrhea (11–14). These effects should be considered before administering
the drug to patients in their reproductive years. However, of 436 long-term



survivors treated with chemotherapy between 1958 and 1978 for gestational
trophoblastic tumors, 15 received melphalan as part of their treatment
regimens (15). Three of these women had at least one live birth (mean
melphalan dose 18 mg; maximum dose 24 mg), and the remaining 12 did not
attempt to conceive. Complete details of this study are discussed in the
monograph for methotrexate (see Methotrexate).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article on
some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of melphalan during lactation have been located.
The molecular weight (about 305) is low enough that excretion into breast milk
should be expected. Because of the potential for severe toxicity in the nursing
infant, women receiving this antineoplastic agent should not nurse.
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MENADIONE

[Withdrawn from the market. See 9th edition.]



MEPENZOLATE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The very limited pregnancy experience showing a possible association with
minor malformations requires confirmation. In general, however,
anticholinergics appear to be low risk in pregnancy (see Atropine).

FETAL RISK SUMMARY
Mepenzolate is an anticholinergic quaternary ammonium bromide. In a large
prospective study, 2323 patients were exposed to this class of drugs during the
1st trimester, 1 of whom took mepenzolate (1). A possible association was
found between the total group and minor malformations.

BREASTFEEDING SUMMARY
No reports describing the use of mepenzolate during human lactation have been
located (see Atropine).
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MEPERIDINE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. As with all opioids, maternal and
neonatal addiction is possible from inappropriate use. Neonatal depression,
at times fatal, has historically been the primary concern following obstetric
meperidine analgesia. Controversy has arisen over the potential long-term
adverse effects resulting from this use.

FETAL RISK SUMMARY
The placental transfer of meperidine is very rapid, appearing in cord blood
within 2 minutes following IV administration (1). It is detectable in amniotic fluid
30 minutes after IM injection (2). Cord blood concentrations average 70%–77%
(range 45%–106%) of maternal plasma levels (3,4). The drug has been
detected in the saliva of newborns for 48 hours following maternal
administration during labor (5). Concentrations in pharyngeal aspirates were
higher than in either arterial or venous cord blood.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 62 newborns had
been exposed to meperidine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (4.8%) major birth defects were observed
(three expected), including (observed/expected) 1/0 polydactyly and 1/0
hypospadias. No malformations were observed in four other defect categories
(cardiovascular defects, oral clefts, spina bifida, and limb reduction defects) for
which specific data were available.

Respiratory depression in the newborn following use of the drug in labor is
time- and dose-dependent. The incidence of depression increases markedly if
delivery occurs 60 minutes or longer after injection, reaching a peak around 2–3



hours after injection (6,7). Whether this depression is caused by metabolites of
meperidine (e.g., normeperidine) or the drug itself is not known (2,8–10).
However, recent work suggests that these effects are related to unmetabolized
meperidine and not to normeperidine (7).

Impaired behavioral response and electroencephalographic changes
persisting for several days have been observed (11,12). These persistent
effects may be partially explained by the slow elimination of meperidine and
normeperidine from the neonate over several days (13,14). One group of
investigators related depressed attention and social responsiveness during the
first 6 weeks of life to high cord blood levels of meperidine (15). An earlier
study reported long-term follow-up of 70 healthy neonates born to mothers who
had received meperidine within 2 hours of birth (16,17). Psychologic and
physical parameters at 5 years of age were similar in both exposed and control
groups. Academic progress and behavior during the 3rd and 4th years in school
were also similar.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 268
of whom had 1st trimester exposure to meperidine (18, pp. 287–295). For use
anytime during pregnancy, 1100 exposures were recorded (18, p. 434). No
evidence was found to suggest a relationship to large categories of major or
minor malformations. A possible association between the use of meperidine in
the 1st trimester and inguinal hernia was found based on six cases (18, p.
471). The statistical significance of this association is unknown and independent
confirmation is required.

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (19). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%



confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (19).

BREASTFEEDING SUMMARY
Meperidine is excreted into breast milk (20,21). In a group of mothers who had
received meperidine during labor, the breastfed infants had higher saliva levels
of the drug for up to 48 hours after birth than a similar group that was bottle-



fed (5). In nine nursing mothers, a single 50-mg IM dose produced peak levels
of 0.13 mcg/mL at 2 hours (21). After 24 hours, the concentrations decreased
to 0.02 mcg/mL. Average milk:plasma ratios for the nine patients were greater
than 1.0. No adverse effects in nursing infants were reported in any of the
above studies.

The American Academy of Pediatrics classifies meperidine as compatible
with breastfeeding (22).
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MEPROBAMATE
Sedative
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Few indications exist for meprobamate in the pregnant woman. If therapy is
required, avoiding the 1st trimester is the safest course, but inadvertent
exposure does not appear to represent a major risk. Two large surveillance
studies did not support the associations with defects reported in earlier
studies. In those studies, the defects may have occurred by chance or
have been caused by unidentified factors. Moreover, meprobamate is the
active metabolite of the central acting muscle relaxant, carisoprodol. That
agent has been used in pregnancy without causing birth defects (see
Carisoprodol). Nevertheless, until additional data are available, avoiding
meprobamate in the 1st trimester is best.

FETAL RISK SUMMARY
Meprobamate is used in the treatment of anxiety disorders or for the short-term
treatment of the symptoms of anxiety. It has hypnotic, sedative, and sedative-
related muscle-relaxant properties (1). It is partially metabolized to inactive
metabolites before excretion in the urine. Meprobamate also is the active
metabolite of carisoprodol (see Carisoprodol). The elimination half-life is in the
range of 6–17 hours, but may be prolonged after chronic administration (1).

Schardein (2) reviewed seven reproduction studies in mice, rats, and rabbits.
Meprobamate caused digital defects in mice and neurobehavior toxicity in rats.
However, because most of the studies involved parenteral administration, the
findings cannot be used to assess the degree of human risk (2).

Meprobamate crosses the placenta to the fetus and has been measured in
umbilical cord blood at or near maternal plasma levels (3). The low molecular
weight (about 218) and long elimination half-life are in agreement with that
finding.



Four reports have associated the use of meprobamate in pregnancy with an
increased risk of congenital anomalies (4–7). In a study of 395 patients (402
live births) who took meprobamate during pregnancy, 115 infants had been
exposed during the 1st trimester (4). Ten of the 115 infants had birth defects,
but only 5 of the defects, all involving different defects of the heart, could be
potentially related to drugs or other unidentified factors. The other non-
meprobamate-related defects were Down’s syndrome, partial deafness (a
toxicity not known to be associated with meprobamate), deformed elbows and
joints (a probable deformation), and two unspecified defects. A second report
described multiple anomalies, including congenital heart defects, in a newborn
exposed to meprobamate (5). The mother of this patient was treated very early
in the 1st trimester with meprobamate and propoxyphene. Malformations
observed were omphalocele, defective anterior abdominal wall, defect in
diaphragm, congenital heart disease with partial ectopic cordis secondary to
sternal cleft, and dysplastic hips. Multiple defects of the eye and central
nervous system were observed in a newborn exposed to multiple drugs,
including meprobamate and lysergic acid diethylamide (LSD) (6). A brief 1975
report summarized the findings of a combined England–France study on the
fetal effects of tranquilizers (7). Of the 84 women that took meprobamate
during the 1st trimester, 4 delivered infants with congenital malformations. None
of the defects were cardiac malformations. In addition, three of the four
mothers had experienced a previous pregnancy with a poor outcome (abortion,
stillbirth, or malformation) (7).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 356
of whom were exposed in the 1st trimester to meprobamate (8). No
association of meprobamate with large classes of malformations or to individual
defects was found. In a follow-up to this study, there was no evidence that
exposure to meprobamate in the 1st trimester was related to congenital
malformations (20 of 356 infants; expected 17.4; ns), deaths (stillbirth to the
fourth birthday), adverse effects on mental and motor scores at the age of
8 months, or intelligence quotient scores at 4 years of age (9). Others also
have failed to find a relationship between the use of meprobamate and
congenital malformations (10).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 75 newborns had
been exposed to meprobamate during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (4.0%) major birth defects were observed
(three expected), including (observed/expected) 1/0 oral cleft and 2/0



polydactyly. No anomalies were observed in four other defect categories
(cardiovascular defects, spina bifida, limb reduction defects, and hypospadias)
for which specific data were available. Only with the cases of polydactyly is
there a suggestion of a possible association, but other factors, such as the
mother’s disease, concurrent drug use, and chance, may be involved.

A 1997 report described the pregnancy outcomes of 12 women who had
taken large doses of various medications during the first postconception month
and who had delivered live infants (11). Four of the cases involved the ingestion
of meprobamate either alone or with other drugs. No birth defects were
observed in three cases (dose and other drugs in parentheses): meprobamate
(1400 mg), meprobamate (5000 mg), and meprobamate (2000 mg, plus
chlordiazepoxide 25 mg). A nondrug-induced defect (bilateral undescended
testis) was observed in one case in which the mother took meprobamate 1000
mg, promethazine 250 mg, diazepam 120 mg, and metoprolol 1000 mg (11).

BREASTFEEDING SUMMARY
Meprobamate is excreted into breast milk with concentrations 2–4 times that of
maternal plasma (1,12). Two case reports described mothers who took
carisoprodol throughout gestation and during breastfeeding. Both carisoprodol
and meprobamate, the active metabolites, were found in milk. Meprobamate
had the highest concentration (see Carisoprodol). The lack of detectable
adverse effects in both infants suggested that the risk of toxicity is low, at least
in infants that also were exposed during pregnancy. Starting meprobamate
during breastfeeding may have different results in a nursing infant. Women
taking meprobamate and who elect to nurse should closely monitor their infants
for sedation and other changes in behavior or functions.
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MERCAPTOPURINE
Antineoplastic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Mercaptopurine (6-MP) is an antimetabolite antineoplastic agent. It is the
active metabolite of azathioprine (see also Azathioprine). 6-MP is in the
same subclass of purine analogs and related agents as cladribine,
clofarabine, fludarabine, pentostatin, and thioguanine. Although the data are
limited, 6-MP does not appear to be a major human teratogen, but the
agent has been associated with newborn toxicity when used near delivery.

FETAL RISK SUMMARY
References citing the use of mercaptopurine in 79 human pregnancies have
been located, including 34 cases in which the drug was used in the 1st
trimester (1–21). Excluding those pregnancies that ended in abortion or
stillbirths, congenital abnormalities were observed in only one infant (10).
Defects noted in the infant were cleft palate, microphthalmia, hypoplasia of the
ovaries and thyroid gland, corneal opacity, cytomegaly, and intrauterine growth
restriction. The anomalies were attributed to busulfan.

Neonatal toxicity as a result of combination chemotherapy has been
observed in three infants: pancytopenia (6), microangiopathic hemolytic anemia
(9), and transient severe bone marrow hypoplasia (12). In the latter case,
administration of mercaptopurine was stopped 3.5 weeks before delivery
because of severe maternal myelosuppression. No chemotherapy was given
during this period and the patient’s peripheral blood counts were normal during
the final 2 weeks of her pregnancy (12).

In another case, a 34-year-old woman with acute lymphoblastic leukemia
was treated with multiple antineoplastic agents from 22 weeks’ gestation until
delivery of a healthy female infant 18 weeks later (14). Mercaptopurine was



administered throughout the 3rd trimester. Chromosomal analysis of the
newborn revealed a normal karyotype (46,XX) but with gaps and a ring
chromosome. The clinical significance of these findings is unknown, but
because these abnormalities may persist for several years, the potential
existed for an increased risk of both cancer and genetic damage in the next
generation (14).

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (2). This finding was not related to the timing of
exposure. In addition, except in a few cases, long-term studies of growth and
mental development in infants exposed to mercaptopurine during the 2nd
trimester, the period of neuroblast multiplication, have not been conducted (22).
However, growth and development were normal in 13 infants (one set of twins)
examined for 6 months to 10 years (12,15,16,18–21).

Severe oligospermia has been described in a 22-year-old male receiving
sequential chemotherapy of cyclophosphamide, methotrexate, and
mercaptopurine for leukemia (23). After treatment was stopped, the sperm
count returned to normal and the patient fathered a healthy female child. Others
have also observed reversible testicular dysfunction (24).

Ovarian function in women exposed to mercaptopurine does not seem to be
affected adversely (25–29). An investigator noted in 1980 that long-term
analysis of human reproduction following mercaptopurine therapy had not been
reported (30). However, a brief 1979 correspondence described the
reproductive performance of 314 women after treatment of gestational
trophoblastic tumors, 159 of whom had conceived with a total of 218
pregnancies (28). Excluding the 17 women still pregnant at the time of the
report, 38 (79%) of 48 women, exposed to mercaptopurine as part of their
therapy, delivered live, term infants. A more detailed report of these and
additional patients was published in 1984 (31). This latter study and another
published in 1988 (32), both involving women treated for gestational
trophoblastic neoplasms, are discussed below.

In 436 long-term survivors treated with chemotherapy between 1958 and
1978, 95 (22%) received mercaptopurine as part of their treatment regimens
(31). Of the 95 women, 33 (35%) had at least one live birth (numbers given in
parentheses refer to mean/maximum mercaptopurine dose in grams)
(5.9/30.0), 3 (3%) conceived but had no live births (5.3/14.0), 3 (3%) failed to
conceive (1.3/2.0), and 56 (59%) did not try to conceive (5.4/30.0). Additional
details, including congenital anomalies observed, are described in the
monograph for methotrexate (see Methotrexate).



A 1988 report described the reproductive results of 265 women who had
been treated from 1959 to 1980 for gestational trophoblastic disease (32).
Single-agent chemotherapy was administered to 91 women, including 26 cases
in which mercaptopurine was the only agent used, whereas sequential (single
agent) and combination therapy was administered to 67 and 107 women,
respectively. Of the total group, 241 were exposed to pregnancy and 205
(85%) of these women conceived, with a total of 355 pregnancies. The time
interval between recovery and pregnancy was 1 year or less (8.5%), 1–2 years
(32.1%), 2–4 years (32.4%), 4–6 years (15.5%), 6–8 years (7.3%), 8–10
years (1.4%), and >10 years (2.8%). A total of 303 (4 sets of twins) liveborn
infants resulted from the 355 pregnancies, 3 of whom had congenital
malformations: anencephaly, hydrocephalus, and congenital heart disease (1 in
each case). No gross developmental abnormalities were observed in the dead
fetuses. Cytogenetic studies were conducted on the peripheral lymphocytes of
94 children and no significant chromosomal abnormalities were noted.
Moreover, follow-up of the children, with >80% of the group >5 years of age
(the oldest was 25 years), revealed normal development. The reproductive
histories and pregnancy outcomes of the treated women were comparable to
those of the normal population (32).

A 2012 case described a 27-year-old woman with ulcerative colitis who was
treated throughout pregnancy with allopurinol 100 mg/day, mercaptopurine 25
mg/day, and mesalazine 4 g/day (33). Pregnancy was complicated by diarrhea
and blood loss in the 2nd trimester. An elective cesarean section was
performed at 39 weeks to give birth to a healthy 3550-g infant (sex not
specified) with Apgar score of 9, 10, and 10 at 1, 5, and 10 minutes,
respectively. No anomalies were observed in the infant (33).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of mercaptopurine during lactation have been
located. The molecular weight (about 170) suggests that the drug will be
excreted into milk. Because of the potential for severe toxicity in the nursing
infant, women receiving this antineoplastic agent should not nurse. However, if
the mother chooses to breastfeed, the infant’s complete blood count and liver



function tests should be monitored.
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MEROPENEM
Antibiotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Two reports have described the use of meropenem in human pregnancy.
Although the limited human pregnancy experience does not allow a full
assessment of the embryo–fetal risk, another carbapenem antibiotic is
considered safe to use during the perinatal period (i.e., 28 weeks’
gestation or later), and, most likely, meropenem can be classified similarly.
The fetal risk of use before this period is unknown.

FETAL RISK SUMMARY
Meropenem is a broad-spectrum, carbapenem antibiotic given IV. The drug
belongs to the same class of antibiotics as imipenem. Meropenem is indicated
as single-agent therapy for the treatment of complicated skin and skin structure
infections (adult patients and pediatric patients ≥3 months only), complicated
intra-abdominal infections (adult patients and pediatric patients ≥3 months
only), and bacterial meningitis (pediatric patients ≥3 months only). The drug is
metabolized to an inactive metabolite. Plasma protein binding is minimal (about
2%) and the elimination half-life is about 1 hour (1).

Reproduction studies in rats and cynomolgus monkeys at doses up to 1.8
and 3.7 times, respectively, the usual human dose (1 g every 8 hours), found
no evidence of impaired fertility or fetal harm, except for slight changes in fetal
weight in rats at doses of 0.4 times the usual human dose or greater (1).

Placental passage in humans has apparently not been studied, but the
molecular weight (about 384) suggests that the drug will cross to the embryo–
fetus. Moreover, the drug is distributed into many human tissues, including the
endometrium, fallopian tubes, and ovaries (1).

Vancomycin-resistant Enterococcus faecium pyelonephritis occurred in a



woman at 27 weeks’ gestation (2). She also had positive cultures for Ralstonia
pickettii, methicillin-resistant Staphylococcus epidermidis, and Enterobacter
gergoviae from blood drawn through a peripherally inserted central catheter
(PICC) line. The woman was successfully treated with a 14-day course of IV
daptomycin (4 mg/kg/day) and meropenem 1 g every 8 hours. The woman
went into premature labor 1 month after completion of the therapy and
delivered a baby without evidence of infection or abnormalities (no other details
were provided) (2).

In a 2013 case report, a 24-year-old woman at 22 weeks’ gestation was
treated with 6 weeks of meropenem (3 g/day) and cefotaxime (2 g/day) for a
brain abscess (3). Glycerin (20 g/day) was given to reduce intracranial
pressure. She responded well to the therapy and was then given amoxicillin
(750 mg/day) for 4 weeks. At term, she gave birth to a normal 2890-g female
infant (3).

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 384), meropenem is excreted into
breast milk. A 2012 case report described the use of meropenem (3 g/day) for
7 days starting on postpartum day 6 by a mother exclusively breastfeeding her
infant (4). Five hindmilk samples were collected over a 48-hour period. The
average and maximum meropenem concentrations were 0.48 and 0.644
mcg/mL, respectively. The theoretical maximum infant dose was 97 mcg/kg/day
which was 0.18% of the maternal weight-adjusted dose. No dermatologic or
gastrointestinal adverse effects were noted in the infant (4).

In another case, a mother breastfed her infant until the 4th postpartum month
(5). At 2 months, the mother was treated with a 2-week course of meropenem
and tobramycin (doses not specified) for a cystic fibrosis exacerbation. There
was no change in the infant’s stool pattern and it had normal renal function at 6
months of age (5).

In the above cases, the absence of toxic effects in the nursing infants, even
with prolonged therapy, suggests that use of meropenem during breastfeeding
is probably compatible. However, additional data are warranted and, until such
data are available, infants should be monitored for the most common (≥2%)
adverse effects observed in adult patients (headache, nausea, constipation,
diarrhea, anemia, vomiting, and rash (1)).
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MESALAMINE
Anti-inflammatory Bowel Disease Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The maternal benefits of therapy with mesalamine appear to outweigh the
potential risks to the fetus. No teratogenic effects due to mesalamine have
been described and, although toxicity in the fetus has been reported in one
case, a causal relationship between the drug and the outcome is
controversial.

FETAL RISK SUMMARY
Mesalamine (5-aminosalicylic acid, 5-ASA) is administered by either rectal
suspension or suppository for the treatment of distal ulcerative colitis,
proctosigmoiditis, and proctitis. It also results from metabolism in the large
intestine of the oral preparation sulfasalazine, which is split to mesalamine and
sulfapyridine, and from balsalazide and olsalazine, oral formulations that are
metabolized in the colon to mesalamine. The history, pharmacology, and
pharmacokinetics of mesalamine and olsalazine were extensively reviewed in a
1992 reference (1).

Reproduction studies in rats and rabbits at oral doses of 480 mg/kg/day
observed no fetal toxicity or teratogenicity (2).

Sulfasalazine and one of the metabolites, sulfapyridine, readily cross the
placenta and could displace bilirubin from albumin if the concentrations were
great enough. Mesalamine is bound to different sites on albumin than bilirubin
and, thus, has no bilirubin-displacing ability (3). Moreover, only small amounts
of mesalamine are absorbed from the cecum and colon into the systemic
circulation, and most of this is rapidly excreted in the urine (4).

A 1987 reference reported the concentrations of mesalamine and its
metabolite, acetyl-5-aminosalicylic acid, in amniotic fluid at 16 weeks’ gestation
and in maternal and cord plasma at term in women treated prophylactically with



sulfasalazine 3 g/day (5). The drug and metabolite levels (all in mcg/mL) and
the number of patients were as follows: amniotic fluid (N = 4), 0.02–0.08 and
0.07–0.77, respectively; maternal plasma (N = 5), 0.08–0.29 and 0.31–1.27,
respectively; and cord plasma (N = 5), <0.02–0.10 and 0.29–1.80,
respectively. No effects on the fetus or newborn from the maternal drug
therapy were mentioned. At delivery in a woman taking 1 g of mesalamine 3
times daily, the concentrations of the drug and its metabolite, 3.3 hours after
the last dose, in the mother’s serum were 1.2 and 2.8 mcg/mL, respectively,
and in the umbilical cord serum 0.4 and 5.7 mcg/mL, respectively (6). The
cord:maternal serum ratios were 0.33 and 2.0, respectively.

A review of drug therapy for ulcerative colitis recommended that women
taking mesalamine to maintain remission of the disease should continue the
drug when trying to conceive or when pregnant (7). A study published in 1993
described the course of 19 pregnancies in 17 women (ulcerative colitis N = 10;
Crohn’s disease N = 7) who received mesalamine (mean dose 1.7 g/day; range
0.8–2.4 g/day) throughout gestation (8). Full-term deliveries occurred in 18, and
1 patient, with a history of 4 previous miscarriages, suffered a spontaneous
abortion. No congenital malformations were observed.

Only one report has described possible in utero mesalamine-induced toxicity
that may have occurred during 2nd trimester exposure to the drug (9). The 24-
year-old mother was treated, between the 13th and 24th week of gestation, for
Crohn’s disease with 4 g/day of mesalamine for 5 weeks, then tapered to 2
g/day for 6 weeks, then stopped. A fetal ultrasound at 17 weeks’ gestation was
normal, but a second examination at 21 weeks’ showed bilateral renal
hyperechogenicity (9). The term male infant had a serum creatinine at birth of
115 µmol/L (normal 18–35 µmol/L). Renal hyperechogenicity was confirmed at
various times up to 6 months of age. At this age, the serum creatinine was 62
µmol/L with a creatinine clearance of 52 mL/min (normal 80–90 mL/min). A
renal biopsy at 6 months of age showed focal tubulointerstitial lesions with
interstitial fibrosis and tubular atrophy in the absence of cell infiltration (9).
Because no other cause of the renal lesions could be found and there was
some resemblance to lesions induced by the prostaglandin synthesis inhibitor,
indomethacin, the authors attributed the defect to mesalamine (9). A letter
published in response to this study, however, questioned the association
between the drug and observed renal defect because of the lack of toxicity in
an unpublished series of 60 exposed pregnancies and the lack of evidence that
mesalamine causes renal prostaglandin synthesis inhibition in utero (10).

A 1997 report described the successful outcomes of 19 pregnancies



followed prospectively in 16 women with proven distal colitis (11). The women
received either 4-g mesalamine enemas 3 times weekly or a 500-mg
mesalamine suppository every night throughout gestation. No fetal
abnormalities were observed during pregnancy and all of the full-term offspring
were normal at birth and at a median follow-up of 2 years (range 2 months to 5
years) (11).

A 1998 prospective study reported the pregnancy outcomes of 165 women
exposed to mesalamine (146 during the 1st trimester) who had contacted a
teratogen information service (TIS) (12). The study patients were compared
with 165 matched controls who had called the TIS concerning nonteratogenic
exposures. There were no significant differences between the two groups in
spontaneous abortions (6.7% vs. 8.5%), ectopic pregnancies (0.6% vs. 0%), or
elective abortions (none were associated with malformed fetuses) (4.2% vs.
1.8%). There was one major defect (an extra right thumb) in the study group
compared with five major anomalies in controls (ns). Eight subjects had minor
malformations compared with five controls (ns). However, compared with
controls, significantly more preterm deliveries occurred in subjects (13.0% vs.
4.7%), the mean birth weight was lower (3253 vs. 3461 g), and the mean
maternal weight gain was lower (13.1 vs. 15.6 kg) (12).

A 2004 report described the pregnancy outcomes of 113 women who were
being treated for inflammatory bowel disease (39 ulcerative colitis; 73 Crohn’s
disease; and 1 indeterminate colitis) (13). In the group, there were 207
pregnancies, 100 during treatment with a 5-ASA agent (mesalamine,
sulfasalazine, balsalazide, or olsalazine) at sometime during pregnancy. Other
agents used included 49 cases with prednisone, 101 with azathioprine or
mercaptopurine, 27 with metronidazole, 18 with ciprofloxacin, and 2 with
cyclosporine. The pregnancy outcomes of the first eligible pregnancy in the 113
women were 2 ectopic pregnancies, 2 elective abortions, 16 spontaneous
abortions, 6 premature infants, 85 full-term infants (1 set of twins), and 3 major
defects (2.7%). However, one of the “defects” was a case of immature lungs,
which is not considered a congenital defect. The other two defects were
imperforate anus and an unspecified heart defect. In addition, the two elective
abortions were for unspecified fetal defects. The study concluded that there
was no evidence that any of the drugs used either alone or in combination was
associated with poor pregnancy outcomes (13).

A 2012 case described a 27-year-old woman with ulcerative colitis who was
treated throughout pregnancy with allopurinol 100 mg/day, mercaptopurine 25
mg/day, and mesalazine 4 g/day (14). Pregnancy was complicated by diarrhea



and blood loss in the 2nd trimester. An elective cesarean section was
performed at 39 weeks to give birth to a healthy 3550-g infant (sex not
specified) with Apgar score of 9, 10, and 10 at 1, 5, and 10 minutes,
respectively. No anomalies were observed in the infant (14).

In contrast to sulfasalazine, mesalamine apparently has no adverse effect on
spermatogenesis. Treatment of males with sulfasalazine may adversely affect
spermatogenesis (15–19), but either stopping therapy or changing to
mesalamine allows recovery of sperm production, usually within 3 months
(16–19).

BREASTFEEDING SUMMARY
Small amounts of mesalamine are excreted into human milk. A 1990 report
described the excretion of mesalamine and its metabolite, acetyl-5-
aminosalicylic acid, into breast milk (20). The woman was receiving 500 mg 3
times daily for ulcerative colitis. In a single plasma and milk sample obtained
5.25 hours after a dose, milk and plasma levels of mesalamine were 0.11 and
0.41 mcg/mL, respectively, a milk:plasma ratio of 0.27. Milk and plasma levels
of acetyl-5-aminosalicylic acid were 12.4 and 2.44 mcg/mL, respectively, a
ratio of 5.1. In another study, women treated prophylactically with 3 g/day of
sulfasalazine had milk levels of mesalamine and acetyl-5-aminosalicylic acid of
0.02 and 1.13–3.44 mcg/mL, respectively (5). No adverse effects on the
nursing infants were mentioned.

Low concentrations of mesalamine and its metabolite were also found in a
woman taking 1 g 3 times daily (6). Maternal serum levels of the drug and
metabolite, determined at 7 and 11 days postpartum, were 0.6 and 1.1
mcg/mL (day 7) and 1.1 and 1.8 mcg/mL (day 11), respectively. Milk
concentrations of the drug and metabolite at these times were 0.1 and 18.1
mcg/mL (day 7) and 0.1 and 12.3 mcg/mL (day 11), respectively, representing
milk:plasma ratios for mesalamine of 0.17 and 0.09 (day 7 and 11),
respectively, and for the metabolite of 16.5 and 6.8 (day 7 and 11),
respectively. The estimated daily intake by the infant of mesalamine and
metabolite was 0.065 mg (0.015 mg/kg) and 10 mg (2.3 mg/kg), respectively,
considered to be negligible amounts (6).

A study published in 1993 described the excretion of olsalazine, a prodrug
that is partially (2.4%) absorbed into the systemic circulation before conversion
of the remainder by colonic bacteria into two molecules of mesalamine (see
Olsalazine), in the breast milk of a woman 4 months postpartum (21). Following
a 500-mg oral dose, olsalazine, olsalazine sulfate, and mesalamine were



undetectable in breast milk up to 48 hours (detection limits 0.5, 0.2, and 1.0
µmol/L, respectively). Acetyl-5-aminosalicylic concentrations at 10, 14, and 24
hours, were 0.8, 0.86, and 1.24 µmol/L, respectively, but undetectable
(detection limit 1.0 µmol/L) during the first 6 hours and after 24 hours. The
quantities detected were considered clinically insignificant (21).

Diarrhea in a nursing infant, apparently because of the rectal administration
of mesalamine to the mother, has been reported (22). The mother had
relapsing ulcerative proctitis. Six weeks after childbirth, treatment was begun
with 500-mg mesalamine suppositories twice daily. Her exclusively breastfed
infant developed watery diarrhea 12 hours after the mother’s first dose. After 2
days of therapy, the mother stopped the suppositories and the infant’s diarrhea
stopped 10 hours later. Therapy was reinstituted on four occasions with
diarrhea developing each time in the infant 8–12 hours after the mother’s first
dose and stopping 8–12 hours after therapy was halted. Because of the
severity of the mother’s disease, breastfeeding was discontinued and no further
episodes of diarrhea were observed in the infant (22).

Because of the adverse effect described above, a possible allergic reaction,
nursing infants of women being treated with mesalamine or olsalazine should be
closely observed for changes in stool consistency. The American Academy of
Pediatrics classifies 5-aminosalicylic acid (i.e., mesalamine) as a drug that has
produced adverse effects in a nursing infant and should be used with caution
during breastfeeding (23).
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MESCALINE
Hallucinogenic

See Peyote.



MESNA
Cytoprotective Agent (Antineoplastic)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The limited animal and human data and the pharmacokinetic properties of
mesna suggest that the drug poses little, if any, risk to a human fetus.
There is no experience, however, in the 1st trimester. Moreover, mesna is
probably not protective against ifosfamide- or cyclophosphamide-induced
birth defects if these chemotherapy agents are used in the 1st trimester.
However, the maternal benefits from use of the agent with ifosfamide or
cyclophosphamide to lessen or prevent hemorrhagic cystitis appear to
outweigh the unknown fetal risks.

FETAL RISK SUMMARY
Mesna (sodium 2-mercaptoethane sulfonate) is a cytoprotective agent that is
used to prevent hemorrhagic cystitis caused by ifosfamide (approved
indication) and cyclophosphamide (off label indication). Upon administration, the
agent is rapidly oxidized to its only metabolite, mesna disulfide (dimesna).
Dimesna remains in the intravascular compartment and is rapidly eliminated by
the kidneys where it is changed back to mesna. The elimination half-lives of
mesna and dimesna in the blood are 0.36 and 1.17 hours, respectively (1).

Reproduction studies have been conducted in rats and rabbits. Both species
were given doses up to 1000 mg/kg during pregnancy without evidence of fetal
harm (1). Two studies investigated the reproductive effects of mesna in
pregnant rats and rabbits (2,3). In rats, IV doses up to 800 mg/kg on days 7–
17 were associated with lumbar ribs at 400 mg/kg and decreased fetal weight
at 800 mg/kg (2). Increased open field activity was observed in rat pups
exposed in utero to doses of 400 mg/kg or higher. In pregnant rabbits treated
similarly, decreased fetal weights and lumbar ribs were observed with doses of
600 mg/kg or higher (3).



In a 1986 study with rats, two doses of mesna were evaluated to determine
if they were protective against cyclophosphamide-induced teratogenicity (4).
The low dose (5 mg/kg) offered no protection, but the high dose (30 mg/kg)
significantly decreased the number of fetuses with external and skeletal
malformations. However, the protection was not extensive enough to be
considered effective in protecting pregnant women exposed to
cyclophosphamide (4).

In a 2003 study, mesna was combined with ifosfamide to determine if the
cytoprotective agent could decrease the toxic effects of ifosfamide on the
testes and semen characteristics of rabbits (5). Three groups of male rabbits
were given different doses of the combination (ifosfamide 30, 45, or 60 mg/kg
plus mesna 6, 9, or 12 mg/kg, followed by a second equal dose of mesna 4
hours later, respectively). Each group received 10 weekly treatments. Controls
were given either mesna alone (three groups) or saline (one group). Dose-
related ifosfamide-mesna suppression of spermatogenesis and epididymal
sperm maturation was observed. In addition, the investigators noted incomplete
recovery of the germinal epithelium (5).

It is not known if mesna crosses the human placenta. The molecular weight
(about 164) is low enough to cross the placenta, but the short elimination half-
life of the parent compound and its rapid metabolism to a metabolite that is
restricted to the intravascular compartment suggest that little, if any, exposure
of embryo or fetus occurs.

Two reports have described the use of mesna in human pregnancy. In both
cases, mesna was combined with ifosfamide in the 2nd and/or 3rd trimesters
(see Ifosfamide).

BREASTFEEDING SUMMARY
No reports describing the use of mesna during lactation have been located. The
molecular weight (about 164) is low enough for excretion into breast milk, but
the short elimination half-life of the parent compound (0.36 hours) and its rapid
metabolism to a metabolite that is restricted to the intravascular compartment
suggest that little, if any, of the drug will appear in milk. However, mesna is
always combined with ifosfamide or cyclophosphamide and women receiving
these antineoplastic agents should not breastfeed.
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MESORIDAZINE

[Withdrawn from the market. See 9th edition.]



MESTRANOL
Estrogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Mestranol is the 3-methyl ester of ethinyl estradiol. Mestranol is used
frequently in combination with progestins for oral contraception (see Oral
Contraceptives). Congenital malformations attributed to the use of
mestranol alone have not been reported.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 614 mother–child pairs with 1st
trimester exposure to estrogenic agents (including 179 with exposure to
mestranol) (1, pp. 389, 391). An increase in the expected frequency of
cardiovascular defects, eye and ear anomalies, and Down’s syndrome was
found for estrogens as a group but not for mestranol (1, pp. 389, 391, 395).
Reevaluation of these data in terms of timing of exposure, vaginal bleeding in
early pregnancy, and previous maternal obstetric history, however, failed to
support an association between estrogens and cardiac malformations (2). An
earlier study also failed to find any relationship with nongenital malformations
(3). The use of estrogenic hormones during pregnancy is contraindicated.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 190 newborns had
been exposed to mestranol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 13 (6.8%) major birth defects were
observed (8 expected). Specific data were available for six defect categories,
including (observed/expected) 1/2 cardiovascular defects, 1/0.5 oral clefts, 0/0
spina bifida, 0/0.5 polydactyly, 1/0.5 limb reduction defects, and 0/0.5
hypospadias.

BREASTFEEDING SUMMARY



Estrogens are frequently used for suppression of postpartum lactation (4).
Doses of 100–150 mcg of ethinyl estradiol (equivalent to 160–240 mcg of
mestranol) for 5–7 days are used (4). Mestranol, when used in oral
contraceptives with doses of 30–80 mcg, has been associated with decreased
milk production, lower infant weight gain, and decreased composition of
nitrogen and protein content of human milk (5–7). The magnitude of these
changes is low. However, the changes in milk production and composition may
be of nutritional importance in malnourished mothers. If breastfeeding is
desired, the lowest dose of oral contraceptives should be chosen. Monitoring of
infant weight gain and the possible need for nutritional supplementation should
be considered (see Oral Contraceptives).
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METAPROTERENOL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No published reports linking the use of metaproterenol with congenital
defects have been located. Selective β2-agonists, including metaproterenol,
are commonly used during gestation for the treatment of asthma (1). Fetal
tachycardia may occur, but because there is no evidence of fetal injury,
there is no contraindication to their use in pregnancy (1). If metaproterenol
is used in pregnancy for the treatment of asthma, health care professionals
are encouraged to call the toll-free number (877-311-8972) for information
about patient enrollment in an Organization of Teratology Information
Specialists (OTIS) study.

FETAL RISK SUMMARY
Metaproterenol, a selective β2-adrenergic agonist, is used as a bronchodilator
for bronchial asthma and for reversible bronchospasm occurring in bronchitis
and emphysema.

Reproduction studies in mice, rats, and rabbits have been conducted. No
embryotoxic or fetotoxic effects, or teratogenicity was observed in rats at a
dose that was about 25 times the maximum recommended human oral dose
(MRHOD), but embryo toxicity was observed in mice at 31 times the MRHOD.
In rabbits, oral doses 620 times the human inhalation dose and 62 times the
MRHOD caused both embryotoxic and teratogenic (skeletal anomalies,
hydrocephalus, and skull bone separation) effects (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 361 newborns had
been exposed to metaproterenol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 17 (4.7%) major birth defects were
observed (15 expected). Specific data were available for six defect categories,



including (observed/expected) 3/4 cardiovascular defects, 1/1 oral clefts, 0/0
spina bifida, 1/1 limb reduction defects, 0/1 hypospadias, and 3/1 polydactyly.
Only with the latter defect is there a suggestion of a possible association, but
other factors, including the mother’s disease, concurrent drug use, and chance,
may be involved.

Metaproterenol has been used to prevent premature labor (3–5). Its use for
this purpose has been largely assumed by ritodrine, albuterol, or terbutaline. As
with all β-mimetics, metaproterenol causes maternal and, to a lesser degree,
fetal tachycardia. Maternal hypotension and hyperglycemia and neonatal
hypoglycemia should be expected (see also Ritodrine, Albuterol, and
Terbutaline). Long-term evaluation of infants exposed in utero to β-mimetics
has been reported, but not specifically for metaproterenol (6). No harmful
effects in the infants were observed.

BREASTFEEDING SUMMARY
No reports describing the use of metaproterenol during lactation have been
located. However, agents in this class, including metaproterenol, are commonly
used in the treatment of asthma and there is no contraindication to their use
during breastfeeding (1). Neonatal tachycardia, hypoglycemia, or tremor are
potential adverse effects (1).
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METARAMINOL
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METAXALONE
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of metaxalone in human pregnancy have
been located. The manufacturer states that postmarketing experience has
not revealed evidence of fetal harm (1), but additional details are not
provided. The very limited, incomplete animal data and absence of reported
human pregnancy experience prevents an assessment of human embryo–
fetal risk. Therefore, avoid in the 1st trimester, if possible, if metaxalone is
required in pregnancy.

FETAL RISK SUMMARY
Metaxalone is a skeletal muscle relaxant that is indicated as an adjunct to rest
and physical therapy and other measures for the relief of discomforts
associated with acute, painful musculoskeletal conditions. The agent has no
direct effect on muscles. It is thought to act centrally as a sedative. Metaxalone
is metabolized by the liver and the unidentified metabolites are excreted in the
urine. The mean terminal elimination half-life is approximately 2.4 hours (1).

Reproduction studies in rats revealed no evidence of impaired fertility or fetal
harm (1). Further details of these studies have apparently not been published.

It is not known if metaxalone crosses the human placenta. The molecular
weight (about 221) suggests that transfer to the fetal compartment should be
expected.

BREASTFEEDING SUMMARY
No reports describing the use of metaxalone during lactation have been
located. The molecular weight (about 221) suggests the drug will be excreted
into breast milk. The effects of this exposure on a nursing infant are unknown.



Because the drug is to be a centrally acting sedative, nursing infants should be
closely observed for sedation.
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METFORMIN
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Both the animal and human data suggest that metformin is low risk in
pregnancy. There also appears to be benefit for the use of metformin in
women with polycystic ovary syndrome (PCOS). However, for the
treatment of diabetes, although metformin may be beneficial for decreasing
the incidence of fetal and/or newborn morbidity and mortality in developing
countries where the proper use of insulin is problematic, insulin is still the
treatment of choice. Moreover, insulin, unlike metformin, does not cross the
placenta and, thus, eliminates the additional concern that the drug therapy
itself is adversely affecting the fetus. Carefully prescribed insulin therapy
will provide better control of the mother’s blood glucose, thereby preventing
the fetal and neonatal complications that occur with this disease. High
maternal glucose levels, as may occur in diabetes mellitus, are associated
with a number of maternal and fetal adverse effects, including fetal
structural anomalies if the hyperglycemia occurs early in gestation. To
prevent this toxicity, the American College of Obstetricians and
Gynecologists recommends that insulin be used for types 1 and 2 diabetes
occurring during pregnancy and, if diet therapy alone is not successful, for
gestational diabetes (1,2).

FETAL RISK SUMMARY
Metformin is an oral, biguanide, antihyperglycemic agent that is chemically and
pharmacologically unrelated to the sulfonylureas. Its mechanism of action is
thought to include decreased hepatic glucose production, decreased intestinal
absorption of glucose, and increased peripheral uptake and utilization of
glucose. The latter two mechanisms result in improved insulin sensitivity (i.e.,
decreased insulin requirements) (3,4).

Reproduction studies found no evidence of impaired fertility in male and



female rats and no evidence of teratogenicity in rats and rabbits at doses up to
600 mg/kg/day, approximately 2 times the maximum recommended human
dose based on BSA. A partial placental barrier to metformin was observed,
however, based on fetal concentrations (3).

Shepard (5) and Schardein (6) cited a study in rats that observed
teratogenesis (neural tube closure defects and edema) in rat fetuses exposed
to metformin. The drug did not appear to be a major teratogen because less
than 0.5% of the rat fetuses in mothers fed 500–1000 mg/kg developed
anophthalmia and anencephaly (5). Higher doses in this study were
embryotoxic (7).

A 1994 abstract described the teratogenic effects of high metformin
concentrations on early somite mouse embryos exposed in vitro (8). At levels
much higher than those obtained clinically, metformin produced neural tube
defects and malformations of the heart and eye. In contrast, a study that also
appeared in 1994 observed no major malformations in mouse embryos
exposed in culture to similar concentrations of metformin (9). About 10% of the
embryos, however, demonstrated a transient delay in closure of cranial
neuropores.

Several studies have documented that metformin crosses the placenta to the
embryo and fetus. In an experiment using the human single-cotyledon model
with placentas obtained from diabetic patients and normal controls, researchers
measured the effect of metformin on the uptake and transport of glucose in
both the maternal-to-fetal and fetal-to-maternal directions (10). A second
publication described only the results of the experiments studying the effect of
metformin on the maternal-to-fetal direction of glucose (11). Compared with
controls, metformin had no effect on the movement of glucose in either direction
(10,11). In a third study, a dually perfused human placental lobule was used
(12). Metformin was rapidly transferred to the fetal side and was the same in
placentas obtained from uncomplicated pregnancies and pregnancies with
gestational diabetes. A fourth study measured metformin in women and cord
blood at delivery (13). All 15 women had PCOS and were taking 850 mg twice
daily. The median maternal, umbilical vein, and umbilical artery serum
concentrations were 1.50, 2.81, and 3.16 µmol/L, respectively. Metformin had
no effect on the pH of umbilical artery blood. No teratogenic effects were
observed in the offspring (13).

Among 26 women undergoing treatment for PCOS with metformin, 1.5 g/day
for 8 weeks, 3 became pregnant during treatment (14). The women were
involved in a study to determine whether metformin was effective in normalizing



the condition that is characterized by insulin resistance and hyperandrogenism.
One of the pregnancies aborted after 2 months, but the outcomes of the other
two were not mentioned. In three reports from the same center, women who
had successfully conceived while taking metformin for PCOS were continued on
the agent during pregnancy (15–17). Metformin reduced the incidences of 1st
trimester spontaneous abortion and gestational diabetes without causing birth
defects or neonatal or maternal complications. The therapy had no adverse
effect on birth weight or height, or growth and development at 3 and 6 months
of age (16).

A number of references have described the use of metformin during all
stages of gestation for the control of maternal diabetes (18–26). A 1979
reference described the therapy of gestational diabetes that included the use of
metformin alone (N = 15), glyburide alone (N = 9), or metformin plus glyburide
(N = 6) in women who were not controlled on diet alone and did not require
insulin (20). None of the newborns developed symptomatic hypoglycemia, and
only one infant had a congenital defect (ventricular septal defect). Although the
treatment group was not specified, ventricular septal defects are commonly
associated with poorly controlled diabetes occurring early in gestation (26).

A 1979 reference described the pregnancy outcomes of 60 obese women
who received metformin in the 2nd and the 3rd trimester for diabetes
(preexisting [N = 39] or gestational [N = 21]) that was not controlled by diet
alone (21). The drug was not effective in 21 (54%) and 6 (29%) of the patients,
respectively. The pregnancy outcomes, in terms of hyperbilirubinemia,
polycythemia, necrotizing enterocolitis, and major congenital abnormalities,
were not better than those observed in another group of insulin-dependent and
non-insulin-dependent diabetic women treated by the investigators, except for
perinatal mortality. None of the newborns had symptoms of hypoglycemia. The
three infants with congenital malformations had defects (two heart defects and
one sacral agenesis) that were most likely caused by poorly controlled
diabetes occurring early in gestation (21).

Metformin in combination with diet (N = 22) and glyburide (N = 45) was used
during pregnancy for the treatment of preexisting diabetes (22). No cases of
lactic acidosis or neonatal hypoglycemia were observed with metformin and
diet alone, but the latter complication did occur when glyburide was added.
Although neonatal hypoglycemia is a well-known complication of sulfonylurea
agents ingested close to delivery (e.g., see Chlorpropamide), this effect is
unusual with glyburide (see Glyburide). In an earlier reference, 56 patients
received metformin up to 24 hours of delivery without adverse effects in the



newborns (19).
Metformin was used during the 1st trimester in 21 pregnancies in a 1984

report (23). A minor abnormality (polydactyly) was observed in a newborn
whose mother had taken metformin and glyburide (23). Based on this and
previous experience, a treatment regimen was proposed for the management
of women with non-insulin-dependent diabetes mellitus (NIDDM) (i.e., type 2
diabetes mellitus) who become pregnant consisting of diet and treatment with
metformin and glyburide as necessary (24). If this regimen did not provide
control of the blood glucose, a change to insulin therapy was recommended. It
was concluded that the drug therapy was not teratogenic, did not cause
ketosis, and that neonatal hypoglycemia was preventable if the therapy was
changed to insulin before delivery (24).

A 1990 reference addressed the problem of treating diabetes in tropical
countries where the availability of medical support and facilities is poor (25). It
was recommended that gestational diabetes, not responding to diet alone,
could be treated with sulfonylurea agents or metformin or both because of the
difficulty in initiating insulin therapy in developing countries (25).

The fetal effects of oral hypoglycemic agents on the fetuses of women
attending a diabetes and pregnancy clinic were reported in 1991 (26). All of the
women (N = 21) had NIDDM and were treated during organogenesis with oral
agents (1 with metformin, 2 with phenformin, 17 with sulfonylureas, and 1 with
an unknown agent), with a duration of exposure of 3–28 weeks. A control group
(N = 40) of similar women with NIDDM who were also attending the clinic,
matched for age, race, parity, and glycemic control, was used for comparison.
Both groups of patients were changed to insulin therapy at the first prenatal
visit. From the study group, 11 infants (52%) had congenital malformations,
compared with 6 (15%) from the controls (p <0.002). Moreover, six of the
newborns from the study group (none in the control group) had ear defects, a
malformation that is observed, albeit uncommonly, in diabetic embryopathy. No
defects were seen in the one infant exposed to metformin. Sixteen live births
occurred in the exposed group, compared with 36 in controls. The groups did
not differ in the incidence of hypoglycemia at birth (53% vs. 53%), but three of
the exposed newborns had severe hypoglycemia lasting 2, 4, and 7 days,
respectively, even though the mothers had not used the oral agents close to
delivery. In one of these cases, the mother had been taking metformin 1500 mg
daily for 28 weeks. Hyperbilirubinemia was noted in 10 (67%) of 15 exposed
liveborn infants, compared with 13 (36%) of the controls, and polycythemia and
hyperviscosity requiring partial exchange transfusions were observed in 4



(27%) of 15 exposed vs. 1 (3.0%) control (one exposed infant was not included
in these data because the child presented after completion of the study) (26).

A 2004 report described the outcomes of 90 women with PCOS who
conceived on metformin (27). Metformin was not associated with preeclampsia.
Of the 100 live births, there were no major birth defects (27).

In a second 2004 study, the growth and motor-social development during the
first 18 months of 126 live births to 109 women (122 pregnancies) with PCOS
was assessed (28). All of the women had conceived while on metformin (1.5–
2.55 g/day) and 104 (85%) continued the drug throughout pregnancy. There
were two (1.6%) birth defects: a sacrococcygeal teratoma and a tethered
spinal cord. Gestational diabetes was significantly lower in the PCOS group
than in controls, 7/6% vs. 15.9%. In the 52 male neonates, the birth weight and
length did not differ from controls, whereas the 74 female neonates weighed
less (3.09 vs. 3.29 kg) and were shorter (48.9 vs. 50.6 cm) than controls.
However, there were no systematic differences in growth between the PCOS
group and controls over 18 months. At 3, 6, 9, 12, and 18 months, motor-social
development scores were >94% and no metformin-exposed infant had motor-
social development delays (28).

BREASTFEEDING SUMMARY
Consistent with its molecular weight (about 166), metformin is excreted into
breast milk. In seven women taking metformin (500 mg 3 times daily), the mean
milk:plasma ratio was 0.35 and the average metformin concentration over the
dosing interval was 0.27 mcg/mL (29). The average infant dose received from
the milk was about 0.28% of the mother’s weight-adjusted dose. A second
study involving eight women (three at steady state and five after a single 500-
mg dose) estimated that nursing infants would ingest about 0.11%–0.21% of
the mother’s weight-adjusted dose (30). For the women at steady state, the
milk:plasma ratios (based on AUC) were 0.37–0.71. The concentration–time
profile of the drug was relatively flat in all subjects (30).

A 2005 study measured metformin in the milk of five women and the effects
of this exposure in three of their infants (31). The women were started on
metformin (500 mg twice daily) on the first day after cesarean delivery. Peak
and trough serum and milk samples were drawn at steady state. The mean
serum peak and trough levels in four women (one woman was excluded
because her trough level was below the level of detection) were 1.06 and 0.42
mcg/mL, respectively, whereas similar samples from milk yielded mean
concentrations of 0.42 and 0.39 mcg/mL, respectively. The mean milk:serum



ratio was 0.63. The mean estimated dose as a percentage of the mother’s
weight-adjusted dose was 0.65% (range 0.43%–1.08%). In three infants, the
blood glucose concentrations 4 hours after a feeding were normal (47–77
mg/dL) (31).
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METHADONE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The reported use in pregnancy of methadone is almost exclusively related
to the treatment of heroin addiction, but the drug also is used in patients
addicted to other opioid agonists. The National Birth Defects Prevention
Study discussed below found evidence that opioid use during
organogenesis is associated with a low absolute risk of congenital birth
defects. A second study also found a similar association. Because patients
taking methadone usually consume a wide variety of drugs, it is not always
possible to separate completely the effects of methadone from the effects
of other agents. Neonatal narcotic withdrawal and low birth weight appear
to be major problems.

FETAL RISK SUMMARY
Withdrawal symptoms occur in approximately 60%–90% of the infants exposed
in utero to methadone (1–6). One study concluded that the intensity of
withdrawal was increased if the daily maternal dosage exceeded 20 mg (5).
When withdrawal symptoms do occur, they normally start within 48 hours after
delivery, but a small percentage may be delayed up to 7–14 days (1). One
report observed initial withdrawal symptoms appearing up to 28 days after
birth, but the authors do not mention if mothers of these infants were
breastfeeding (6). Methadone concentrations in breast milk are reported to be
sufficient to prevent withdrawal in addicted infants (see Breastfeeding
Summary below). Some authors believe methadone withdrawal is more intense
than that occurring with heroin (1). Less than one-third of symptomatic infants,
require therapy (1–5). A lower incidence of hyaline membrane disease is seen
in infants exposed in utero to chronic methadone and may be due to elevated
blood levels of prolactin (7).



Infants of drug-addicted mothers are often small for gestational age (SGA).
In some series, one-third or more of the infants weigh less than 2500 g (1,2,4).
The newborns of methadone addicts may have a higher birth weight than
comparable offspring of heroin addicts for reasons that remain unclear (4).

Other problems occurring in the offspring of methadone addicts are
increased mortality, sudden infant death syndrome (SIDS), jaundice, and
thrombocytosis. A correlation between drug addiction and SIDS has been
suggested with 20 cases (2.8%) in a group of 702 infants, but the data could
not attribute the increase to a single drug (8,9). Another study of 313 infants of
methadone-addicted mothers reported 2 cases (0.6%) of SIDS, an incidence
similar to the overall experience of that location (4). In one study, a positive
correlation was found between severity of neonatal withdrawal and the
incidence of SIDS (9). Maternal withdrawal during pregnancy has been
observed to produce a marked response of the fetal adrenal glands and
sympathetic nervous system (10). An increased stillborn and neonatal mortality
rate has also been reported (11). Both reports recommend against
detoxification of the mother during gestation. Jaundice is comparatively
infrequent in both heroin- and methadone-exposed newborns. However, a
higher rate of severe hyperbilirubinemia in methadone-exposed infants than in a
comparable group of heroin-exposed infants has been observed (1).
Thrombocytosis developing in the 2nd week of life, with some platelet counts
exceeding 1,000,000/mm3 and persisting for more than 16 weeks has been
reported (12). The condition was not related to withdrawal symptoms or
neonatal treatment. Some of these infants also had increased circulating
platelet aggregates.

Respiratory depression is not a significant problem, and Apgar scores are
comparable to those of a nonaddicted population (1–5). Long-term effects on
the behavior and gross motor development skills are not known.

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (13). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect



were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (13).

In a 2011 retrospective cohort study from Ireland, there were 61,030



singleton births from one hospital in 2000–2007 (14). Among these births, there
were 618 (1%) on methadone at delivery who were more likely to be younger
and smokers. Exposure to methadone was associated with increased risk of
preterm birth <32 weeks’ gestation (aOR 2.47, 95% CI 1.40–4.34), SGA
(<10th percentile) (aOR 3.27, 95% CI 2.49–4.28), admission to the neonatal
unit (aOR 9.14, 95% CI 7.21–11.57), and a major birth anomaly (aOR 1.94,
95% CI 1.10–3.43). There was a dose–response relationship between
methadone and neonatal abstinence syndrome (14).

A 1980 case report described a female infant born at 34 weeks’ to a mother
enrolled in a methadone program for heroin addiction and who also used LSD
(15). Both drugs were used throughout gestation. The infant had left
anophthalmia but no other defects. The authors thought that LSD was the most
likely cause of the defect (15).

Two reports described the occurrence of strabismus in infants exposed in
utero to methadone (primarily) and other opioids (16,17). The incidence of the
eye defect was 8–10 times the occurrence in a nonexposed population.

BREASTFEEDING SUMMARY
Methadone is excreted into breast milk and claims have been made that it could
prevent withdrawal in addicted infants. One study reported an average milk
concentration in 10 patients of 0.27 mcg/mL, representing an average
milk:plasma ratio of 0.83 (18). The same investigators earlier reported levels
ranging from 0.17 to 5.6 mcg/mL in the milk of mothers on methadone
maintenance (2). At least one infant death has been attributed to methadone
obtained through breast milk (19). However, a recent report claimed that
methadone enters breast milk in very low quantities that are clinically
insignificant (20).

A 1997 report described two cases where the mothers were taking high
maintenance doses of methadone (73 and 60 mg/day) (21). Both mothers
breastfed their infants. The average milk:plasma ratios were 0.66 and 1.22,
respectively. The amounts of methadone in milk were considered to be
negligible (21). A 2000 study evaluated eight lactating women who were taking
methadone (25–180 mg/day) (22). The mean amount of methadone in milk was
95 ng/mL (range 27–260 ng/mL). Based on an estimated newborn milk intake
of 475 mL/day, the estimated mean daily methadone dose was 0.05 mg/day.
No adverse effects of the exposure were observed during the duration of
breastfeeding (2.5–21 months) or during weaning (22).

In another 1997 study, 12 breastfeeding women were taking methadone in



single daily doses of 20–80 mg (23). The mean milk:plasma ratio was 0.44
(95% CI 0.24–0.64). The mean infant dose as a percentage of the mother’s
dose was 2.79% (2.07%–3.51%). In blood samples obtained from eight
infants, seven had methadone concentrations below the limit of detection. The
plasma concentration in the eighth infant was 6.5 mcg/L. Milk methadone was
insufficient to prevent the development of neonatal abstinence syndrome in
seven infants. No drug-induced adverse effects were observed in the 12 infants
(23).

The American Academy of Pediatrics classifies methadone as compatible
with breastfeeding (24).
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METHAMPHETAMINE
Central Stimulant

See Amphetamine.
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METHAZOLAMIDE
Diuretic (Carbonic Anhydrase Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Methazolamide is a carbonic anhydrase inhibitor used in glaucoma to lower
intraocular pressure. No reports describing the use of methazolamide in
human pregnancy have been located. The drug is teratogenic in some
animal species (1). (See also Acetazolamide.)

BREASTFEEDING SUMMARY
No reports describing the use of methazolamide during human lactation have
been located.

Reference
1. Product information. Neptazane. Lederle Laboratories, 1988.
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METHENAMINE
Urinary Germicide
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Methenamine, in either the mandelate or the hippurate salt forms, is used
for chronic suppressive treatment of bacteriuria. The limited human data do
not suggest risk.

FETAL RISK SUMMARY
In two studies, the mandelate form was given to 120 patients and the hippurate
to 70 patients (1,2). No increases in congenital defects or other problems as
compared with controls were observed.

The Collaborative Perinatal Project reported 49 1st trimester exposures to
methenamine (3, pp. 299, 302). For use anytime in pregnancy, 299 exposures
were recorded (3, p. 435). Only in the latter group was a possible association
with malformations found. Independent confirmation is required.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 209 newborns had
been exposed to methenamine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Eight (3.8%) major birth defects were observed
(nine expected). Specific data were available for six defect categories,
including (observed/expected) 1/2 cardiovascular defects, 1/0.5 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 1/0.5 limb reduction defects, and 0/0.5
hypospadias. These data do not support an association between the drug and
congenital defects.

Methenamine interferes with the determination of urinary estrogen (4).
Urinary estrogen was formerly used to assess the condition of the fetoplacental
unit, depressed levels being associated with fetal distress. This assessment is
now made by measuring unconjugated estriol, which is not affected by
methenamine.



BREASTFEEDING SUMMARY
Methenamine is excreted into breast milk. Peak levels occur at 1 hour (5). No
adverse effects on the nursing infant have been reported.
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METHIMAZOLE
Antithyroid
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Structural anomalies that have been observed after exposure during
organogenesis have suggested a phenotype for methimazole embryopathy
(1,2), but the complete spectrum of anomalies may need further definition
(3). Carbimazole is converted in vivo to methimazole. Some of the
anomalies have also been seen in untreated hyperthyroidism. If
methimazole or carbimazole is used, the lowest possible dose to control
the maternal disease should be given. One review recommended that the
dosage should be adjusted to maintain the maternal free thyroxine levels in
a mildly thyrotoxic range (4).

FETAL RISK SUMMARY
Methimazole, a thiourea antithyroid agent, is used for the treatment of
hyperthyroidism. It readily crosses the placenta to the fetus. Two patients
undergoing 2nd trimester therapeutic abortions were given a single 10-mg 35S-
labeled oral dose 2 hours before pregnancy termination (5). Fetal:maternal
serum ratios were 0.72 and 0.81, representing 0.22% and 0.24% of the
administered dose. In the same study, three patients at 14, 14, and 20 weeks’
gestation were given an equimolar dose of carbimazole (16.6 mg).
Fetal:maternal serum ratios were 0.80–1.09 with 0.17%–0.87% of the total
radioactivity in the fetus. The highest serum and tissue levels were found in the
20-week-old fetus (5).

A comparison of the placental transfer of methimazole and propylthiouracil
(PTU) in the perfused human term placental lobule was reported in 1997 (6).
Because there were no significant differences between the drugs, the
investigators concluded that the drugs have similar placental transfer kinetics.

Early references reported 11 cases of scalp defects (aplasia cutis congenita)
in newborns exposed in utero to methimazole or carbimazole (converted in vivo



to methimazole) (7–11). In 2 of the 11 infants, umbilical defects (patent urachus
in one; patent vitelline duct in another) were also observed, suggesting to one
investigator, because of the rarity of these defects, that the combination of
anomalies represented a possible malformation syndrome (9). In one of the
above cases, á-fetoprotein was elevated in both the maternal serum (3–18
standard deviations [SD] above normal) and the amniotic fluid (2.4–4 SD above
normal) (11). The 6-cm scalp defect was the only defect found in the newborn
who had been exposed during the 1st trimester to methimazole (10 mg/day).

In contrast, a 1987 study examined the records of 49,091 live births for
cases of congenital skin defects (12). Of such cases 25 (0.05%) were
identified, 13 (0.03%) of which were confined to the scalp. In the sample of
48,057 women, 24 were treated with methimazole or carbimazole during the
1st trimester, but none of these mothers produced children with the skin
defects. The authors concluded that they could not exclude an association
between the therapy and scalp defects, but if it existed, it was a weak
association (12).

Defects observed in two infants exposed to the antithyroid agents in two
other reports were imperforate anus (8) and transposition of the great arteries
(died at 3 days of age) (13). In a large prospective study, 25 patients were
exposed to one or more noniodide thyroid suppressants during the 1st
trimester, 9 of whom took methimazole (14). From the total group, 4 children
with nonspecified malformations were found, suggesting that the drugs may be
teratogenic. However, since 16 of the group took other antithyroid drugs, the
relationship between methimazole and the anomalies cannot be determined. In
a study of 25 infants exposed to carbimazole, 2 were found to have defects:
bilateral congenital cataracts and partial adactyly of the right foot (15).
Because no pattern of malformations has emerged from these reports, it
appears that these malformations were not associated with the drug therapy.
In addition, other reports have described the use of methimazole and
carbimazole during pregnancy without fetal anomalies (16–30).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 5 newborns had
been exposed to methimazole during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (20.0%) major birth defect was observed
(none expected), a hypospadias.

A 1984 report described the relationship between maternal Graves’ disease
and major structural malformations of external organs, including the oral cavity,
in 643 newborns (31). Of 167 newborns delivered from mothers who were



hyperthyroid during gestation, 117 were exposed in utero to methimazole. In 50
newborns, the mothers received no treatment, other than subtotal
thyroidectomy before or during pregnancy. The incidences of anomalies in
these two groups were 1.7% (2 of 117) and 6.0% (3 of 50), respectively. For
476 neonates the mothers were euthyroid during gestation, with 126 receiving
treatment with methimazole and 350 receiving no treatment (other than
surgery). No malformations were observed in the methimazole-exposed infants
and only 1 (0.3%) occurred in the patients not receiving drug therapy. The
difference in malformation rates between the nonexposed neonates in the
hyperthyroid and euthyroid groups was significant (6% vs. 0.3%, p <0.01).
Similarly, the difference between the two groups in total malformations, 3% (5
of 167) vs. 0.2% (1 of 476) was also significant (p <0.01). The defects
observed were malformation of the earlobe (methimazole-exposed,
hyperthyroid), omphalocele (methimazole-exposed, hyperthyroid), imperforate
anus (hyperthyroid), anencephaly (hyperthyroid), harelip (hyperthyroid), and
polydactyly (euthyroid). The authors concluded that the disease itself causes
congenital malformations and that the use of methimazole lessened the risk for
adverse outcome (31).

A 1987 case report described a female infant (46,XX) who had been
exposed throughout gestation to methimazole and propranolol given for
maternal hyperthyroidism (32). Choanal atresia was noted at birth and treated
surgically. At 6 months of age, she was noted to be developmentally delayed,
especially in gross motor development, and had mild neurosensory hearing loss
bilaterally and recurrent dacryocystitis. By 3.5 years, her development
continued to be markedly delayed. Her height and weight were below the 3rd
percentile and a small area of alopecia was noted in the parietal region close to
the midline on the otherwise normal scalp. Although the chest was symmetrical,
both nipples were absent (athelia). Other abnormalities noted at this time were
upper slanting palpebral fissures and epicanthal folds, a broad nasal bridge
with slightly anteverted nostrils, and a tented upper lip with a short philtrum
(32).

Two cases of esophageal atresia and tracheoesophageal fistula in newborn
infants exposed throughout gestation to methimazole (30 mg/day) were
reported in 1992 (33). The mothers were euthyroid during pregnancy. Both
newborns were small for gestational age and had palpable goiters with
laboratory evidence of hypothyroidism. Surgical correction of the defects was
attempted but the infants died from postoperative sepsis and renal failure. At
autopsy, in addition to the defects noted above, one infant had a ventricular



septal defect and a Meckel’s diverticulum, and both had diffuse goiters.
Because of the relatively low frequency of esophageal atresia and
tracheoesophageal fistula (1:3000–1:4500), the authors attributed the defects
to methimazole (33).

A 1992 study reported no difference in the intellectual capacity of offspring of
31 mothers with Graves’ disease who were treated during gestation with either
methimazole (N = 15) or PTU (N = 16) when compared with nonexposed
controls (34). The ages of the subjects ranged from 4 to 23 years. None was
hypothyroid or had goiter at birth. There were no differences between the
antithyroid drugs, and there was no correlation between dosage used and
intelligence (34).

Two reports, one in 1994 and the other in 1995, described aplasia cutis in
two newborns exposed during pregnancy to methimazole (35,36). In reviewing
their case and previously published cases, the authors of the 1994 publication
were uncertain of a causal association between the drug and the scalp defect
(35). The other group of authors concluded that the evidence indicated a strong
association between the drug and aplasia cutis (36). Both groups concluded,
because no such cases had been reported with PTU, that this drug was
preferred for the treatment of hyperthyroidism during pregnancy (35,36).

A female infant exposed in utero to methimazole during the first 2 months of
pregnancy and then to PTU until term was described in a 1997 abstract (37).
Birth weight and length were normal as was the chromosomal analysis (46,XX).
Malformations observed in the infant were choanal atresia, right iris/retinal
coloboma, right renal pelvis ectasia, and minor facial anomalies (37).

A brief 1996 report described multiple malformations in a newborn of a
woman who was treated with methimazole (38). Metoprolol (150 mg/day) and
methimazole (30 mg/day) were taken throughout most of the 1st trimester.
Levothyroxine was also administered during most of the pregnancy. Metoprolol
was discontinued at about 9 weeks’ gestation and the methimazole dose was
gradually tapered until a subtotal thyroidectomy was performed at 18 weeks’.
Premature labor could not be arrested and a 750-g male infant was delivered
at 27 weeks’ with Apgar scores of 1, 0, and 3 at 1, 5, and 10 minutes,
respectively. Major malformations evident were choanal atresia, esophageal
atresia with tracheoesophageal fistula, omphaloenteric connection, and multiple
ventricular septal defects. The infant died at 6 weeks of age secondary to
complications arising from corrective surgery (38).

A 1998 case report described a 3-year-old boy with choanal atresia
(surgically corrected shortly after birth), hypoplastic nipples (hypothelia; see



also reference 32 for a case of athelia), and developmental delay (1). He had
been exposed throughout a 34 weeks’ gestation to carbimazole, but was
euthyroid at birth. He was hypotonic at birth and remained so at 3 years of age.
He had mild global but predominantly motor developmental delay. His height
and weight were at the 10th percentile or less. Other features noted were short
upslanting palpebral fissures (length <3rd percentile), small nose and mouth,
and a short philtrum. The nipples were hypoplastic and inverted. The mother
had a normal, healthy child before and after the subject case. The authors
suggested that the combination of malformations represented a rare but distinct
syndrome of methimazole teratogenicity (1).

A case of multiple defects in a newborn infant exposed in utero to
methimazole (20 mg/day) was reported in 1999 (2). The mother, who was
euthyroid on therapy, had taken methimazole for 9 years prior to conception
and was continued on the drug during the first 7 gestational weeks (i.e.,
9 weeks after the first day of the last menstrual period). At that time, she was
changed to PTU for the remainder of her pregnancy. A 1475-g (25th–50th
percentile) male preterm infant was delivered at 31 gestational weeks because
of premature rupture of the membranes. The Apgar scores, length, and head
circumference were not recorded, but severe respiratory distress required
assisted ventilation. Anomalies observed in the infant were bilateral choanal
atresia, esophageal atresia and tracheoesophageal fistula, patent ductus
arteriosus (closed spontaneously at 2 months), and periventricular leukomalacia
with bilateral parieto-occipital cavitations. The latter defect was confirmed by
magnetic resonance imaging (MRI) at age 2 years and was thought to be of
possible hypoxic-ischemic origin and related to prematurity. At 7 months of age,
abdominal sonography, chromosomal analysis, and brain-stem auditory evoked
responses were normal. An eye examination revealed bilateral convergent
strabismus, mildly pale papillae, and diffuse depigmentation of the fundi. Severe
psychomotor retardation with mixed tetraparesis was evident. At 4.25 years,
the weight and height were both below the 3rd percentile for age, he was
unable to walk or sit without support, and language was absent. Physical
examination noted dolichocephaly, bilateral ptosis of the eyelid with inner
epicanthal fold, convergent squint, mild malar hypoplasia, small nose with
moderately anteverted nostrils, long and flat philtrum, a highly arched palate,
bilateral bridged palmar creases, axial hypotonia and limb hypertonia, poor
head control, Moro-like reflexes, and bilateral talipes varus. A localized (6 × 6
cm) patchy defect consisting of short, sparse, kinky, and hypopigmented hair in
the occipital region was also noted. Based on previously reported cases, the



defects suggested to the authors that they represented a specific teratogenic
malformation syndrome (2).

A 2000 report described various congenital abnormalities observed in a term,
female infant of a woman who was kept euthyroid throughout pregnancy with
methimazole 30 mg/day (3). Aplasia cutis congenita was noted at birth.
Seizures were noted at 18 months of age. At 3 years of age, the child’s height,
weight, and head circumference were normal (75th–80th percentile) as was her
psychomotor development. Minor facial abnormalities consisted of
hypertrichosis of the eyelashes and synophrys. There were areas of
hyperpigmented skin on the back; two supernumerary nipples’ bilateral
syndactylies between the third and fourth fingers and between the second and
third toes; dystrophic, small and shortened fingernails; and longitudinal ridges
on a finger of each hand. Brain MRI, electroencephalogram, and karyotyping
findings were normal. The authors considered this case to represent a new
combination of signs, including abnormalities of various tissues of ectodermal
origin (fingernails and skin anomalies) and epilepsy that were associated with in
utero exposure to methimazole (3).

Several reports have studied pregnancies complicated by hyperthyroidism
and the effects of methimazole and carbimazole on maternal and fetal thyroid
indexes (4,27,39–41). In separate pregnancies in a mother with Graves’
disease, fetal thyrotoxicosis was treated with 20–40 mg/day of carbimazole
with successful resolution of fetal tachycardia in both cases and disappearance
of fetal goiter in the first infant (27). A woman with hyperthyroidism was treated
with a partial thyroidectomy before pregnancy (40). She subsequently had four
pregnancies, all of which were complicated by fetal hyperthyroidism. No
antithyroid therapy was administered during her first two pregnancies. The first
ended in a late stillbirth, and the second resulted in a child with skull
deformities. Both adverse outcomes were compatible with fetal
hyperthyroidism. Carbimazole was administered in the next two pregnancies
and both resulted in normal infants (40).

A 1992 abstract and a later full report described a retrospective evaluation of
hyperthyroid pregnancy outcomes treated with either methimazole (N = 36) or
PTU (N = 99) (42,43). One newborn (2.8%) in the methimazole group had a
birth defect (inguinal hernia) whereas 3 (3.0%) defects were observed in those
exposed to PTU (ventricular septal defect, pulmonary stenosis, patent ductus
arteriosus in a term infant). No scalp defects were observed.

A 2001 report described the pregnancy outcomes of 241 women counseled
by Teratology Information Services (TIS) associated with the European



Network of Teratology Information Services because of exposure to
carbimazole (20–40 mg/day) or methimazole (8–50 mg/day) during the 1st
trimester (44). The control group consisted of 1089 pregnant women who had
contacted the TIS concerning exposures to nonteratogenic agents. There was
no increase in the rate of major birth defects in the exposed pregnancies
compared with controls. However, two newborns had defects (choanal atresia;
esophageal atresia) that were consistent with the anomalies postulated for
methimazole embryopathy (44).

A 2003 case report described the outcomes of two pregnancies with
hyperthyroidism (45). Diagnosis of the disease was made in the 2nd trimester
and methimazole was started at 14 and 16 weeks’ gestation, respectively. In
the first case, discordant female twins (2000 and 1200 g) were delivered at
33.5 weeks’. Twin A was normal but twin B had esophageal atresia and
tracheoesophageal fistula. After corrective surgery, she was growing
adequately at 9 months of age. In the second case, intrauterine growth
restriction occurred and a 1400-g female infant was delivered at 33 weeks’.
Apgar scores were 6 and 10 at 1 and 5 minutes, respectively. The infant
developed jaundice and examination revealed a complete absence of the biliary
ducts and tree. The infant is now 18 months old and is waiting for a liver
transplantation. Both affected infants were euthyroid at birth. Because the
observed defects were associated with 1st trimester methimazole exposure,
the authors raised the question of whether the actual teratogen was untreated
hyperthyroidism (45).

Two cases of major congenital defects were described in another 2003
report (46). Both pregnancies (one with twins) were treated with methimazole
in the 1st trimester. In one case, methimazole (10 mg/day) was replaced with
propylthiouracil at 8 weeks’. A 2550-g, euthyroid female infant was delivered at
36 weeks’ with Apgar scores of 5, 7, and 7 at 1, 5, and 10 minutes,
respectively. Defects recognized in the infant included choanal atresia, aplasia
cutis, umbilical hernia, sacral pilonidal sinus, limb hypertonia, and downslanting
palpebral fissures. Additional follow-up could not be obtained. In the second
case (twins), the mother received methimazole 40 mg/day until the 18th week
when the dose was decreased to 20 mg/day. The male twins were euthyroid
with birth weights of 1850 and 1900 g with Apgar scores of 9 and 9 at 1 and
5 minutes, respectively. No malformations were detected in the larger twin.
However, the smaller twin had a full-thickness defect of the parietal scalp and a
small omphalocele. At 12 months of age, the small twin had mild global (mostly
motor) developmental delay, whereas development in the larger twin was



normal (46).
Treatment of maternal hyperthyroidism may result in mild fetal

hypothyroidism because of increased levels of fetal pituitary thyrotropin
(21,24,41,47). This usually resolves within a few days without treatment (20).
An exception to this occurred in one newborn exposed to 30 mg of carbimazole
daily to term who appeared normal at birth but who developed hypothyroidism
evident at 2 months of age with subsequent mental retardation (16).

A brief 1992 report from Spain examined the relationship between the illicit
and uncontrolled use of methimazole in cattle feed as a weight enhancer and
the appearance of congenital scalp aplasia cutis in humans (48). Seven cases
of the rare malformation were observed in 1990–1991 in regions thought to
have used methimazole in cattle food. The investigators speculated that
pregnant women eating the meat of methimazole-exposed cattle would expose
their fetuses to the drug (48).

Small, usually nonobstructing goiters in the newborn have been reported
frequently with PTU (see Propylthiouracil). Only two goiters have been reported
in carbimazole-exposed newborns and none with methimazole (13). Long-term
follow-up of 25 children exposed in utero to carbimazole showed normal growth
and development (15).

Combination therapy with thyroid–antithyroid drugs was advocated at one
time but is now considered inappropriate (see also Propylthiouracil)
(22,25,47,49,50). Two reasons contributed to this change: (a) use of thyroid
hormones may require higher doses of the antithyroid drug to be used, and (b)
placental transfer of levothyroxine and liothyronine is minimal and not sufficient
to reverse fetal hypothyroidism (see also Levothyroxine and Liothyronine) (24).

A 2002 review of the fetal effects of antithyroid drugs concluded that the
evidence for a specific methimazole syndrome is inadequate (51). However, the
cluster of case reports of aplasia cutis congenita cases suggests a weak
association but additional studies are required.

A 2007 case report described a male child whose mother had taken
methimazole throughout most of pregnancy; 50 mg/day from conception to 5.5
weeks’, no medication until 9 weeks’, then 30 mg/day until delivery (52). At
40 weeks’, a 2.270-kg (3rd percentile) male was delivered with Apgar scores
of 9 and 10 at 1 and 5 minutes, respectively. Examination at 19 months of age
revealed the following: height 75 cm (3rd percentile), weight 8.9 kg (<3rd
percentile), and head circumference 44 cm (<3rd percentile). Relevant features
included upward slanted palpebral fissures, arched flared eyebrows, small
nose with broad nasal bridge, restriction of supination–rotation in both arms,



and bilateral radioulnar synostosis. No choanal stenosis was found.
Developmental delay was documented at 4 years 5 months of age (52).

Because of the possible association with aplasia cutis and other
malformations, and the passage of methimazole into breast milk, many
investigators, including two in 1984 (53), consider PTU to be the drug of choice
for the medical treatment of hyperthyroidism during pregnancy. However, this
opinion is not universal (50).

BREASTFEEDING SUMMARY
Methimazole is excreted into breast milk (54–57). In a patient given 10 mg of
radiolabeled carbimazole (converted in vivo to methimazole), the milk:plasma
ratio was a fairly constant 1.05 over 24 hours (54). This represented about
0.47% of the given radioactive dose. In a second study, a patient was
administered 2.5 mg of methimazole every 12 hours (55). The mean
milk:plasma ratio was 1.16, representing 16–39 mcg of methimazole in the
daily milk supply. Extrapolation of these results to a daily dose of 20 mg
indicated that approximately 3 mg/day would be excreted into the milk (55).
Five lactating women were given 40 mg of carbimazole, producing a mean
milk:plasma ratio at 1 hour of 0.72 (56). For the 8-hour period after dosing, the
milk:plasma ratio was 0.98. A new radioimmunoassay was used to measure
methimazole milk levels after a single 40-mg oral dose in four lactating women.
The mean milk:plasma ratio during the first 8 hours was 0.97, with 70 mcg
excreted in the milk (56).

A 1987 publication described the results of carbimazole therapy in a woman
breastfeeding twins (57). Two months after delivery, the mother was started on
carbimazole, 30 mg/day. The dose was decreased as she became euthyroid.
Three paired milk:plasma levels revealed ratios of 0.30–0.70. The mean free
methimazole concentration in milk, determined between 2 and 16 weeks of
therapy, was 43 ng/mL (range 0–92 ng/mL). Peak milk levels occurred 2–4
hours after a dose. Mean plasma levels in the twins were 45 ng/mL (range 0–
105 ng/mL) and 52 ng/mL (range 0–156 ng/mL), with the highest
concentrations occurring while the mother was taking 30 mg/day. No evidence
of thyroid suppression was found clinically or after thyroid function tests in the
nursing twins (57).

Two other studies also found no effect on clinical status or thyroid function in
nursing infants of mothers taking carbimazole or methimazole (58,59). In one
report, no adverse effects were observed during a 3-week study of 11 infants
whose mothers were taking carbimazole 5–15 mg/day (58). In the other study,



normal thyroid function in 35 nursing infants, whose mothers were taking
methimazole, was documented over periods ranging from 1 to 6 months (59).
Most mothers were taking 5–10 mg/day, but six received 20 mg/day for
1 month and then tapered to 5 mg/day.

Because the amounts found in some studies may cause thyroid dysfunction in
the nursing infant, methimazole and carbimazole have, in the past, been
considered contraindicated during lactation. If antithyroid drug therapy was
required, PTU was considered the treatment of choice, partially because PTU
is ionized at physiologic pH and because 80% of the drug is protein bound (60).
Methimazole is neither ionized nor protein bound, but small doses of
methimazole (e.g., 10–20 mg/day or less) do not appear to pose a major risk
to the nursing infant if thyroid function is monitored at frequent (e.g., weekly or
biweekly) intervals (58–60).

In 2000, a long-term study confirmed the lack of toxicity in infants of mothers
being treated with methimazole (61). A total of 139 thyrotoxic lactating mothers
and their nursing infants were studied, 51 of the mothers were treated with
methimazole during pregnancy and continued their treatment during lactation.
The other 88 women started methimazole therapy during lactation with 10–
20 mg/day for 1 month, 10 mg/day during the second month, then 5–10 mg/day
thereafter. Methimazole serum levels in six infants whose mothers were taking
20 mg/day were <0.03 mcg/mL, 2 hours after breastfeeding. No effects on
infant thyroid function were detected at various times up to 12 months. In a
blinded assessment, the total IQ scores, including verbal and performance IQ,
of 14 children (age 48–74 months) exposed to methimazole in milk did not differ
from 17 nonexposed controls (61).

The American Academy of Pediatrics classifies methimazole and carbimazole
as compatible with breastfeeding (62).
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METHOCARBAMOL
Muscle Relaxant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No evidence of human developmental toxicity attributable to methocarbamol
has been located.

FETAL RISK SUMMARY
The centrally acting muscle relaxant, methocarbamol, is not teratogenic in
animals (A.H. Robins Company, personal communication, 1987). It is not known
if the drug crosses the human placenta. The agent crosses the placenta of
dogs (1).

One manufacturer has an unpublished case on file relating to a mother who
consumed methocarbamol, 1 g 4 times/day, throughout gestation (A.H. Robins
Company, personal communication, 1987). The mother also used marijuana,
and possibly other illicit substances, during her pregnancy. No physical or
developmental abnormalities were noted at birth, but the infant did exhibit
withdrawal symptoms consisting of prolonged crying, restlessness, easy
irritability, and seizures. The infant was hospitalized for 2 months following birth
to treat these symptoms. No further withdrawal symptoms or seizures were
observed following discharge from the hospital. Follow-up neurologic
examination indicated that developmental patterns were normal.

The above manufacturer also has informal data on file obtained from the
Boston Collaborative Drug Surveillance Program (A.H. Robins Company,
personal communication, 1987). These data, compiled between 1977 and
1981, relate to the use of methocarbamol by pregnant patients of the Puget
Sound Group Health Cooperative in Seattle, Washington. During the data
collection interval, 27 1st trimester exposures to the muscle relaxant were
documented. None of the exposed infants had a congenital malformation.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 22



of whom were exposed to methocarbamol during the 1st trimester (2, pp. 358,
360). One of these infants had an inguinal hernia. For use anytime during
pregnancy, 119 exposures were recorded (2, p. 493). In this latter group, six
infants had an inguinal hernia. An association between the drug and the defect
cannot be determined from these data.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 340 newborns had
been exposed to methocarbamol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 13 (3.8%) major birth defects were
observed (14 expected), including (observed/expected) 1/1 polydactyly and 1/1
limb reduction defect. No anomalies were observed in four other defect
categories (cardiovascular defects, oral clefts, spina bifida, and hypospadias)
for which specific data were available. These data do not support an
association between the drug and congenital defects.

The authors of a 1982 study of 350 patients with congenital contractures of
the joints (arthrogryposis) concluded that only 15 had been exposed to a
possible teratogen (3). One of the 15 cases involved a 24-year-old woman who
at 2 months of gestation had consumed methocarbamol and propoxyphene,
750 and 65 mg, respectively, 2–3 times/day for 3 days to treat severe back
pain. The term female infant was noted at birth to have multiple joint
contractures involving the thumbs, wrists, elbows, knees, and feet. The latter
was described as a bilateral equinovarus deformity. There were practically no
foot creases. Other abnormalities present were frontal bosselation, a midline
hemangioma, and weak abdominal musculature. Development was normal at 3
years of age except for the joint contractures, which had improved with time
and a grade I/VI systolic murmur.

The authors of the above study attributed the multiple joint contractures in the
infant to methocarbamol because of its muscle relaxant properties. However,
their review of the literature and of the records of the Centers for Disease
Control and Prevention failed to find any other cases of arthrogryposis with
maternal methocarbamol ingestion. Moreover, no reports have appeared since
then relating the defect to maternal use of the drug. A case of arthrogryposis,
however, had been previously described with propoxyphene ingestion (see
Propoxyphene for details) (4). Thus, based on the present information, it is
unlikely that a relationship exists between maternal use of methocarbamol and
congenital contractures in the newborn.

BREASTFEEDING SUMMARY



No reports describing the use of methocarbamol during human lactation have
been located. Because newborns have been directly treated for tetanus with
methocarbamol, any amount excreted in milk is probably clinically insignificant.
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METHOHEXITAL SODIUM
General Anesthetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Methohexital sodium is commonly used for induction of general anesthesia
for cesarean sections and for electroconvulsive therapy (ECT). The drug
can cause dose-related fetal heart rate slowing and respiratory depression
and sedation in the newborn. Moreover, reported experience in the 1st
trimester is lacking. The animal reproduction studies found no fetal harm.

FETAL RISK SUMMARY
Methohexital sodium is a rapid, ultra short-acting barbiturate anesthetic. It is
indicated for IV induction of anesthesia before the use of other general
anesthetic agents. In pediatric patients older than 1 month it is given either
rectally or as an IM injection (1).

Reproduction studies have been conducted in pregnant rats and rabbits.
Doses that were 4 and 7 times the human dose revealed no fetal harm. Studies
for carcinogenic or mutagenic potential have not been conducted. There was no
evidence of impaired fertility in animals (1).

Consistent with the molecular weight (about 284), methohexital sodium
crosses the human placenta (2,3). Women undergoing a cesarean section were
given a 1 mg/kg IV dose (2). The mean umbilical vein serum concentration in
newborns 5 minutes after injection was 0.02 mcg/mL. No adverse effects in the
newborns were observed (2). In a 2000 report, perfused human term placentas
were used to study the bidirectional (mother to fetus and fetus to mother)
transfer of methohexital sodium (3). Although protein binding significantly
affected the degree of transfer, the drug readily crossed the placenta in both
directions.

A study reported in 1974 evaluated two doses of methohexital sodium, 1.0
and 1.4 mg/kg, in 26 women undergoing an elective cesarean section (4). In



the group that received the lower dose, fewer infants required assisted
ventilation, took less time to establish regular respiration, and had higher Apgar
scores. A letter to the editor commented on this study and thought that the data
suggested a greater degree of acidemia in the infants exposed to the higher
maternal dose (5).

A 2009 review of ECT in pregnancy noted that the most frequently used
anesthetic agent for ECT was methohexital sodium (6). Although not
teratogenic, the agent does cause dose-related fetal heart rate slowing and
newborn sedation. These effects can be minimized, however, by using low
doses (0.5–1.0 mg/kg).

BREASTFEEDING SUMMARY
Methohexital sodium is excreted into breast milk. Nine women undergoing tubal
sterilization 32–341 days after giving birth received 120 or 150 mg IV
methohexital sodium for induction of general anesthesia (7). Milk and maternal
blood samples were drawn 1–2 hours after induction in five women and 2–4
hours in four. Subsequent samples were drawn at 8–10 hours and 24–28
hours. The highest milk concentration (407 ng/mL) was drawn 63 minutes after
induction. The mean milk:blood ratio was 1.1 at 1–2 hours. The drug was
undetectable in milk in four women at 8–10 hours and undetectable in milk or
blood at 24 hours. The maximum dose to a nursing infant in a 100-mL feeding 1
hour after induction was estimated to be 0.04 mg. This amount did not warrant
interruption of breastfeeding (7).
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METHOTREXATE
Antineoplastic/Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The use of methotrexate during organogenesis is associated with a
spectrum of congenital defects collectively called methotrexate
embryopathy or the fetal aminopterin-methotrexate syndrome. The critical
period of exposure is 6–8 weeks postconception (8–10 weeks after the
first day of the last menstrual period) and the critical dose is thought to be
≥10 mg/week. Typical characteristics of the syndrome are intrauterine
growth restriction (IUGR); a marked decrease in ossification of the
calvarium; hypoplastic supraorbital ridges; small, low-set ears;
micrognathia; limb abnormalities; and occasional mental retardation (1).
Exposure in the 2nd and 3rd trimesters may be associated with fetal
toxicity and mortality. Although methotrexate may persist in tissues for long
periods, pregnancies occurring after treatment with methotrexate do not
appear to be at a risk any different from that of an unexposed population. If
methotrexate is used in pregnancy for the treatment of rheumatoid arthritis,
health care professionals are encouraged to call the toll-free number 877-
311-8972 for information about patient enrollment in the Organization of
Teratology Information Specialists (OTIS) Rheumatoid Arthritis study.

FETAL RISK SUMMARY
Methotrexate is a folic acid antagonist. It is in the same antineoplastic subclass
as aminopterin, pemetrexed, and pralatrexate.

A number of references describing the use of this antineoplastic agent in
pregnancy have been located (1–28). Methotrexate-induced congenital defects
(also known as the aminopterin-methotrexate syndrome) are similar to those
produced by another folic acid antagonist, aminopterin (see also Aminopterin)
(7). Anomalies in two infants were absence of lambdoid and coronal sutures,
oxycephaly, absence of frontal bone, low-set ears, hypertelorism,



dextroposition of heart, absence of digits on feet, growth restriction, very wide
posterior fontanelle, hypoplastic mandible, multiple anomalous ribs (3); and
oxycephaly caused by absent coronal sutures, large anterior fontanelle,
depressed and wide nasal bridge, low-set ears, long webbed fingers, wide-set
eyes (4).

A 1990 report described the pregnancy outcomes of eight women who were
treated with low-dose oral methotrexate for rheumatic disease during 10
pregnancies (18). The outcomes included two elective abortions (EABs) (no
details given for these cases), three spontaneous abortions (SABs), and five
normal full-term live births. In the eight pregnancies (six women) with details,
the methotrexate weekly dose (usually given as a single dose) was 7.5 mg in
seven and 10 mg in one. In the live birth group, the mean methotrexate
exposure was 6.8 weeks postconception (range 2–15 weeks), whereas in the
SAB group the mean exposure was 7 weeks (range 4–9 weeks). The mean
cumulative methotrexate dose prior to conception was 1384 mg (range 165–
3545 mg) (live births) and 333 mg (range 45–775 mg) (SAB). Other drugs
taken by the women included aspirin, nonsteroidal anti-inflammatory agents,
prednisone (<10 mg/day), and hydroxychloroquine. Folate supplements had
been taken in three of the five pregnancies ending in live births and in all three
of the SAB cases. No obvious differences were apparent between the live birth
and SAB groups in terms of smoking, use of alcohol, or the use of other drugs.
Information on the long-term development of the five live births was obtained by
telephone interview at a mean age of 11.5 years (range 3.7–16.7 years). All of
the children were healthy and had experienced normal physical and mental
development (one child had a minor speech impediment that had resolved with
speech therapy) (18).

A 1993 case report and review described the pregnancy outcome of a 39-
year-old woman with severe rheumatoid arthritis who was exposed to
methotrexate and other drugs shortly after conception (19). For about 6 months
before conception she had been taking methotrexate (7.5 mg once weekly),
ibuprofen (6.4 g/day), misoprostol (0.4 mg/day), and cimetidine (600 mg) or
sucralfate (3 g) per day. All medications were stopped within 10 days of the
last menstrual period (as determined by ultrasound at 5–6 weeks’ gestation). A
healthy full-term, 3962-g male infant was delivered by cesarean section (breech
presentation) with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively.
Examination by a dysmorphologist at 12 weeks of age revealed a healthy,
normal infant with no evidence of embryopathy (19).

A 25-year-old woman at 30 weeks’ gestation was diagnosed with metastatic



choriocarcinoma of the vagina and lungs (20). The woman was treated with IV
methotrexate 20 mg/day for 5 days. Five days later, she delivered a preterm
male infant with an Apgar of 10 (no other details given). The mother and infant
were alive and well at 12 months’ follow-up (20).

In a 1994 reference, data relating to methotrexate use before or during
pregnancy were gathered from programs participating in the Organization of
Teratology Information Services (OTIS) and the European Network of
Teratology Information Services (ENTIS) (21). The survey resulted in data for
21 prospectively ascertained cases. Seven exposures occurred more than 1
year before conception and they were excluded from the analysis. In the
remaining 14 cases, 9 were exposed within 1 year of conception and 5 were
exposed during pregnancy. Four of the five pregnancy exposures occurred
within the first 6 weeks of gestation with a duration of exposure of 1–3 weeks
and one single dose exposure occurred at 37–38 weeks’ gestation. Doses
ranged from 7.5 mg/week (one woman had been taking this dose for 3 years)
to a single 42 mg IV dose. All of these outcomes resulted in healthy infants
without birth defects (one delivered at 36 weeks’). In the women exposed
within 1 year of pregnancy, the duration of exposures ranged from a few weeks
to 6 years. The doses were known in four cases (7.5 mg/week in three, 12.5
mg/week in one). The outcomes of these nine cases were four SABs, four
healthy infants, and one infant born at term with a cavernous hemangioma. The
authors concluded that the limited data confirmed that the critical time for
methotrexate-induced defects was 6–8 weeks postconception and the critical
dose was ≥10 mg/week (21).

A 1997 case report described an adverse pregnancy outcome in a 20-year-
old woman with polyarticular rheumatoid arthritis who had been treated with
oral doses of methotrexate (10–12.5 mg/week) for about 5–6 years (22). Folic
acid (1 mg/day) was also prescribed but her compliance was unclear. The
woman discontinued treatment at about 8 weeks’ gestation (estimated dose
during gestation about 100 mg). At 35 weeks’ she gave birth to a 1.79-kg
female (normal 46,XX karyotype) infant with IUGR and multiple congenital
anomalies. The defects included brachycephaly, 0.5-cm anterior fontanelle,
coronal ridging, shallow orbits with hypertelorism, retrognathia, malformed
ears, palate with a posterior groove and a bifid uvula, umbilical hernia, spinal
defects (dorsal kyphosis with L5 and S1 hemivertebrae), deformed thumb,
bilateral simian creases, hypoplastic nails, reduction of radial ray on right side,
syndactyly of fourth and fifth toes, absent fifth metatarsal bone, and
cardiovascular defects (double-outlet right ventricle, doubly committed



ventricular septal defect, transposed great vessels, restrictive atrial septal
defect, pulmonary stenosis, and an aberrant right subclavian artery). The infant
died at 6 months of age. The authors concluded that the anomalies were
consistent with methotrexate-induced embryopathy (22).

A 26-year-old man with fetal methotrexate syndrome and two children with
mild manifestations of the syndrome were described in 1998 (23). In the adult’s
case, his mother (who gave him up for adoption) had attempted to terminate
the pregnancy at 6–8 weeks’ gestation with an unknown amount of
methotrexate. His malformations included hypertelorism, ptosis of the eyelids,
short palpebral fissures, sparse eyebrows, prominent nose, low-set ears, a
widow’s peak at the frontal hairline, flexion contractures of the
metacarpophalangeal joints of both thumbs and syndactyly of all fingers (all
repaired surgically), four metacarpals, and a single fused hypoplastic nub of
tissue at the forefoot (corrected surgically with reconstruction of all toes). His
physical growth was restricted, but his psychomotor development was normal,
as is his intelligence. The first child, a 9-year-old male, was exposed to 80
mg/week of methotrexate for 6 doses at 7.5–28.5 weeks’ gestation. His
mother, with an undetected pregnancy, had been treated for breast cancer with
methotrexate, fluorouracil (1200 mg/week × 10 doses), and radiation (total
dose estimated to be 14 rads). He was born at 29 weeks with a birth weight of
820 g (small for gestational age) and he remains growth restricted.
Malformations included hypertelorism, a frontal hair whorl, upsweep of the
frontal hairline, microcephaly, low-set ears, micrognathia, right palmar simian
crease, and borderline mental retardation (composite IQ of 70). The second
child is a 3.5-year-old male infant who was born at 29 weeks’ gestation with a
normal weight (1160 g; 50th percentile). His mother had undergone a failed
EAB (dilatation, suction, and curettage; 11 weeks after the last menstrual
period [LMP]) and then, because of large uterine myomas, had chosen to have
a medical abortion with methotrexate. She received 100 mg bi-weekly from
about 13 to 19 weeks’ and 200 mg bi-weekly from 19 to 25 weeks’, but this
abortion attempt also failed. Birth defects noted were a bulging forehead,
bitemporal narrowing, upward slanting palpebral fissures, sparse hair on the
temporal areas, low-set ears, broad nasal tip, and a high arched palate. He
has had chronic diarrhea since 9 months of age. An intestinal biopsy revealed
villous atrophy. His psychomotor development has been normal. At 34 months,
his weight and length were restricted, but his head circumference was normal
(75th percentile) (23).

A 1999 report described the outcomes of pregnancies in 20 women with



breast cancer who were treated with antineoplastic agents (24). (See also
Fluorouracil.) Methotrexate (25 mg/m2), in combination with epirubicin and
vincristine, was administered to one woman at 6 weeks’ gestation. The
pregnancy ended in an SAB (24).

Another 1999 reference reported the outcome of a male infant (normal
karyotype 46,XY) whose mother had been treated for chronic severe psoriasis
with 12.5 mg methotrexate 3 times weekly during the first 8 weeks
postconception (1). He was delivered at 40 weeks’ gestation with Apgar scores
of 2, 5, and 6 at 1, 5, and 10 minutes, respectively. Birth weight, length, and
head circumference were severely restricted (<3rd percentile). Malformations
included widely separated sutures and large fontanels; bilateral epicanthal folds
and sparse eyebrows laterally with hypoplastic supraorbital ridges; broad nasal
bridge; anteverted nares; smooth long philtrum; hypoplastic nipples; small
umbilical hernia; diastasis recti; a shawl scrotum; decreased extension of the
elbows; short bilateral proximal phalanges of the third, fourth, and fifth fingers;
and mildly hypoplastic fingernails. The only neurologic abnormality noted was
mild hypotonia. At 20 months, he was still growth restricted. He had a triangular
face (trigonocephaly) with a prominent metopic suture and the open anterior
fontanel finally closed at age 30 months. Generalized tonic-clonic seizures
associated with fever were noted at 1 and 2 years (both of his older sisters
had a similar episode during the first 2 years of life). Developmental testing
revealed mental retardation with significant early motor and cognitive delays
(1).

A 23-year-old woman underwent an attempted EAB at 8 weeks’ gestation
with IM methotrexate 100 mg followed by misoprostol 800 mcg 4 days later
(25). Four weeks later she still had a viable pregnancy but could not afford
hospitalization for surgical termination. She eventually delivered a 2050-g
female infant at term with Apgar scores of 4 and 8 at 1 and 5 minutes,
respectively. The infant was hypotonic. All growth parameters (weight, height,
and head circumference) were severely growth restricted. Multiple
malformations were noted including a disproportionately long head
(dolichocephaly), a prominent broad nose, hypertelorism, short palpebral
fissure, small mouth, micrognathia, fifth-finger clinodactyly, extra flexion
creases on the thumbs, mild syndactyly of the second and third toes with fourth
and fifth toe clinodactyly, and hypoplastic toenails. Severe growth restriction
was evident at the 12- and 18-month examinations. The mother declined
developmental testing of the child, but stated that the usual developmental
milestones were normal (25).



A 2002 case report described the pregnancy outcome of a woman who was
treated for psoriasis with two doses of methotrexate 7.5 mg/day at 3.5 weeks
postconception (26). She also was taking sertraline and smoked cigarettes. An
ultrasound examination at 18 weeks’ gestation revealed multiple anomalies and
the pregnancy was terminated 2 weeks later. The male fetus (normal 46,XY
karyotype) had a wide anterior fontanelle, sloping forehead, under
mineralization of the skull, low-set and poorly formed ears, absent auditory
canals, flat nose, micrognathia, multiple skeletal abnormalities (absent and
slender ribs, a hemivertebrae, and fusion of the third through fifth lumbar
vertebral bodies), limb defects (absent left radius, hypoplastic right radius,
bilaterally short forearms, hypoplastic left thumb, and clinodactyly of the fifth
digit bilaterally), tracheal atresia, markedly hypoplastic lungs, cardiovascular
defects (left ventricle mildly hypoplastic, ventricular septal defect, persistent
right subclavian artery with an arterial ring, and absent left and right pulmonary
arteries), malrotated intestines, duodenal atresia, a Meckel’s diverticulum,
multiple accessory spleens, enlarged left liver lobe, and a two-vessel umbilical
cord (26).

A 2003 case reported a failed pregnancy termination attempt at 6 weeks’
gestation with IM methotrexate 75 mg and oral misoprostol 400 mcg (27). The
pregnancy was terminated at 27 weeks’ secondary to ultrasound diagnosis of
methotrexate embryopathy. Autopsy revealed a 918-g female (normal
karyotype) fetus with upper extremities that were asymmetric in length, bilateral
shortening of the radii and ulnae, asymmetric in length lower extremities with
bilateral absent fibulae, polydactyly of the right foot, small head, prominent
eyes, low-set ears, micrognathia, and a two-vessel umbilical cord (27).

A survey of 600 members of the American College of Rheumatology, partially
conducted to determine the outcomes of pregnancies exposed to disease-
modifying antirheumatic drugs (etanercept, infliximab, leflunomide, and
methotrexate), was published in 2003 (28). From the 175 responders, the
outcomes of 39 pregnancies exposed to methotrexate were 21 full-term healthy
infants, 7 spontaneous abortions (1 with a congenital malformation), 8 elective
abortions, 1 woman still pregnant, and 2 liveborn infants with birth defects. No
information was available on the three cases with malformations or if they were
thought to have resulted from methotrexate exposure (28).

Possible retention of methotrexate in maternal tissues before conception was
suggested as the cause of a rare pulmonary disorder in a newborn,
desquamating fibrosing alveolitis (29). The infant’s mother had conceived within
6 months of completing treatment with the antineoplastic. (Note: A later



publication from these investigators, which included this case, noted that the
newborn was conceived within 2 months of treatment termination [41]). In
addition, a sister of the infant born 3 years later developed the same disorder,
although a third child born from the mother 1 year later developed normally.)
Previous studies have shown that methotrexate may persist for prolonged
periods in human tissues (30). However, conception occurred 3 months after
discontinuance of therapy in one case (31), after 6 months in a second (14),
and after 7 months in a third (32). Four (one set of twins) normal infants
resulted from these latter pregnancies. Thus, the association between
methotrexate and the pulmonary disorder is unknown.

Two cases of severe newborn myelosuppression have been reported after
methotrexate use in pregnancy. In one case, pancytopenia was discovered in a
1000-g male newborn after exposure to six different antineoplastic agents,
including methotrexate, in the 3rd trimester (5). The second infant, delivered at
31 weeks’ gestation, was exposed to methotrexate only during the 12th week
of pregnancy (10). The severe bone marrow hypoplasia was most likely caused
by the use of mercaptopurine near delivery.

Data from one review indicated that 40% of the infants exposed to cytotoxic
drugs were of low birth weight (2). This finding was not related to the timing of
the exposure. Long-term studies of growth and mental development in offspring
exposed to antineoplastic agents during the 2nd trimester, the period of
neuroblast multiplication, have not been conducted (32–34). Several studies,
however, have followed individual infants for periods ranging from 2 to 84
months and have not discovered any problems (10–14,16,17).

Methotrexate crosses the placenta to the fetus (15). A 34-year-old mother
was treated with multiple antineoplastic agents for acute lymphoblastic
leukemia beginning in her 22nd week of pregnancy. Weekly intrathecal
methotrexate (10 mg/m2) was administered from approximately 26–29 weeks’
gestation; the dose was then increased to 20 mg/m2 weekly until delivery at 40
weeks’ gestation. Methotrexate levels in cord serum and red cells were 1.86 ×
10–9 mol/L, and 2.6 × 10–9 mol/g of hemoglobin, respectively, with 29% as the
polyglutamate metabolite (15).

In the case described above, chromosomal analysis of the newborn revealed
a normal karyotype (46,XX), but with gaps and a ring chromosome (15). The
clinical significance of these findings is unknown, but because these
abnormalities may persist for several years, the potential existed for an
increased risk of cancer as well as for a risk of genetic damage in the next
generation (15).



Successful pregnancies have followed the use of methotrexate before
conception (14,29,31,32,35–41). Apparently, ovarian and testicular dysfunction
are reversible (34,42–45). Two studies, one in 1984 and one in 1988, both
involving women treated for gestational trophoblastic neoplasms, have analyzed
reproductive function after methotrexate therapy and are described below
(41,46).

In 438 long-term survivors treated with chemotherapy between 1958 and
1978, 436 received methotrexate either alone or in combination with other
antineoplastic agents (41). This report was a continuation of a brief 1979
correspondence that discussed some of the same patients (29). The mean
duration of chemotherapy was 4 months with a mean interval from completion
of therapy to the first pregnancy of 2.7 years. Conception occurred within 1
year of therapy completion in 45 women, resulting in 31 live births, 1
anencephalic stillbirth, 7 SABs, and 6 EABs. Of the 436 women, 187 (43%)
had at least one live birth (numbers given in parentheses refer to
mean/maximum methotrexate dose in grams when used alone; mean/maximum
dose in grams when used in combination) (1.26/6.0; 1.22/6.8), 23 (5%) had no
live births (1.56/2.6; 1.33/6.5), 7 (2%) failed to conceive (1.30/1.6; 1.95/4.5),
and 219 (50%) did not try to conceive (1.10/2.0; 2.20/34.5). The average ages
at the end of treatment in the four groups were 24.9, 24.4, 24.4, and 31.5
years, respectively. Congenital abnormalities noted were anencephaly (2),
spina bifida (1), tetralogy of Fallot (1), talipes equinovarus (1), collapsed lung
(1), umbilical hernia (1), desquamative fibrosing alveolitis (1; same case as
described above), asymptomatic heart murmur (1), and mental retardation (1).
An 11th child had tachycardia but developed normally after treatment. One
case of sudden infant death syndrome occurred in a female infant at 4 weeks
of age. None of these outcomes differed statistically from that expected in a
normal population (41).

The 1988 report described the reproductive results of 265 women who had
been treated from 1959 to 1980 for gestational trophoblastic disease (46).
Single-agent chemotherapy was administered to 91 women, only 2 of whom
received methotrexate. Sequential (single agent) and combination therapy were
administered to 67 and 107 women, respectively, but the individual agents used
were not specified. Further details of this study are provided in the monograph
for mercaptopurine (see Mercaptopurine).

The long-term effects of combination chemotherapy on menstrual and
reproductive function have also been described in women treated for malignant
ovarian germ cell tumors (47). Only 2 of the 40 women treated received



methotrexate. The results of this study are discussed in the monograph for
cyclophosphamide (see Cyclophosphamide).

A 34-year-old man, being treated with oral methotrexate for Reiter’s
syndrome, fathered a normal full-term female infant (48). The man had been
receiving treatment with the drug intermittently for approximately 5 years and
continuously for 5 months before conception.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
Methotrexate is excreted into breast milk in low concentrations (49). After a
dose of 22.5 mg/day, milk concentrations of 0.26 mcg/dL have been measured
with a milk:plasma ratio of 0.08. The significance of this small amount is not
known. However, because the drug may accumulate in neonatal tissues,
breastfeeding is contraindicated. The American Academy of Pediatrics
classifies methotrexate as a cytotoxic drug that may interfere with cellular
metabolism of the nursing infant (50).
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METHOTRIMEPRAZINE

[Withdrawn from the market. See 9th edition.]



METHOXAMINE

[Withdrawn from the market. See 9th edition.]



METHOXSALEN
Dermatologic Agent
PREGNANCY RECOMMENDATION: Compatible (Oral and Topical Lotion)
Contraindicated (Extracorporeal Solution)
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Although methoxsalen combined with ultraviolet A (UV-A) is mutagenic,
clastogenic, carcinogenic, and cataractogenic in humans, it does not
appear to be a significant human teratogen. However, the long-term effects
of in utero exposure to methoxsalen, such as cancer, have not been studied
but warrant investigation.

FETAL RISK SUMMARY
Methoxsalen (8-methoxypsoralen; 8-MOP), available in oral capsules and as a
topical lotion, is used as a photosensitizer in conjunction with long-wave UV-A
radiation (PUVA) for the symptomatic control of severe psoriasis (1). The drug
also is available as a sterile solution that is indicated for extracorporeal
photopheresis in the palliative treatment of the skin manifestations of cutaneous
T-cell lymphoma that is unresponsive to other forms of treatment (2).

Reproductive toxicity testing of the oral agent in animals has not been
conducted (1). However, the extracorporeal product was studied in pregnant
rats (2). Doses given during organogenesis that were ≥4000 times the single
human dose based on BSA were maternal (weight loss, anorexia, and
increased relative liver weight) and fetal toxic. Fetal toxicity included increased
fetal death and resorptions, late fetal death, fewer fetuses per litter, and
decreased fetal weight. An increase in skeletal malformations and variations
also was observed (2).

Shepard (3) reviewed a closely related compound, 5-methoxypsoralen (5-
MOP), that was not teratogenic in mice given up to 500 mg/kg/day, but was
teratogenic in rabbits (type of malformations not specified) fed 70 or 560
mg/kg/day. A 2003 reference cited evidence suggesting that the developmental
toxicity of 8-MOP and 5-MOP given in the diet of female rats was due to



enhanced metabolism of estrogens (4).
Because PUVA treatments are mutagenic, a 1991 report described the

pregnancy outcomes among 1380 patients (892 men and 488 women) who had
received the therapy (5). Of the men, 99 (11.1%) reported 167 pregnancies in
their partners, whereas 94 (19.3%) of the women reported 159 pregnancies.
Among the men, 34% (55 of 163; data missing for 4 pregnancies) received
PUVA therapy near the time of conception. In the women, 20% (31 of 158;
data missing for 1 pregnancy) received treatment at the time of conception or
during pregnancy. The difference in the incidence of spontaneous abortions
among those exposed (men 3.6% vs. women 12.9%) was thought to be related
to reporting bias, but the total rate of abortions is no different from that
expected in a nonexposed population. No congenital malformations were
reported in the offspring of the exposed patients (5).

A 1993 publication described the outcome of 689 infants born before
maternal PUVA treatment, 502 infants conceived and born after treatment, and
14 infants whose mothers had received the therapy during pregnancy (6). No
difference among the three groups was noted in sex ratio, twinning, and
mortality rate after birth. A significant increase in low-birth-weight infants was
observed in those conceived and born after maternal treatment, an effect, the
authors concluded, that may have resulted from the mother’s disease. No
congenital abnormalities were observed in the 14 infants exposed in utero to
PUVA therapy. In the other two groups, 3.6% (25 of 689) and 3.2% (16 of 502)
of the infants had congenital defects (6).

Treatment with PUVA occurred around the time of conception or during the
1st trimester of pregnancy (none treated after the 1st trimester) in 41 women
identified by the European Network of Teratology Information Services (7). Of
these cases, 32 were treated before conception and during the 1st trimester, 8
were treated only during the 1st trimester, and 1 stopped treatment 2 weeks
before conception. The number of treatments was described as normal (two to
three per week) in 27 cases, less than normal in 6 cases, greater than normal
in 2 cases, and unknown in 6 women. The maximum daily dose of methoxsalen
was 40 mg. Four (10%) of the pregnancies terminated with a spontaneous
abortion (a normal incidence), 6 were voluntarily terminated, 1 woman was lost
to follow-up, and 31 infants (1 set of twins) were liveborn. Two of the infants
had low birth weights (2120 and 2460 g), but neither was attributable to the
mother’s therapy or to psoriasis. No malformations were observed at birth or in
the neonatal period. The sample size in this study allowed the authors to
exclude a sixfold increase in the risk for all malformations (7).



BREASTFEEDING SUMMARY
No reports describing the use of methoxsalen during breastfeeding have been
located, nor is it known whether the drug is excreted into breast milk. Because
the drug acts as a photosensitizer, breastfeeding should be stopped and the
milk discarded, probably for at least 24 hours (approximately 95% of a dose is
excreted in the urine as metabolites within 24 hours (1,2)), if the drug is
administered.
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METHSCOPOLAMINE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The very limited pregnancy experience showing a possible association with
minor malformations requires confirmation. In general, however,
anticholinergics appear to be low risk in pregnancy (see Atropine).

FETAL RISK SUMMARY
Methscopolamine is an anticholinergic quaternary ammonium bromide derivative
of scopolamine (see also Scopolamine). In a large prospective study, 2323
patients were exposed to this class of drugs during the 1st trimester, 2 of
whom took methscopolamine (1). A possible association was found in the total
group between this class of drugs and minor malformations.

BREASTFEEDING SUMMARY
No reports describing the use of methscopolamine during human lactation have
been located (see also Atropine).
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METHSUXIMIDE
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Methsuximide is a succinimide anticonvulsant used in the treatment of petit
mal epilepsy. The use of methsuximide during the 1st trimester has been
reported in only five pregnancies (1,2). No evidence of adverse fetal effects
was found. Methsuximide has a much lower teratogenic potential than the
oxazolidinedione class of anticonvulsants (see Trimethadione) (3,4). The
succinimide anticonvulsants have been considered the anticonvulsants of
choice for the treatment of petit mal epilepsy during the 1st trimester (see
Ethosuximide).

BREASTFEEDING SUMMARY
No reports describing the use of methsuximide during human lactation have
been located. Other agents in this class have been classified as compatible
with breastfeeding (see Ethosuximide).
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METHYCLOTHIAZIDE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

There is no evidence that thiazide diuretics are teratogenic. However,
diuretics are not recommended for the treatment of gestational
hypertension–preeclampsia because of the maternal hypovolemia
characteristic of this disease.

FETAL RISK SUMMARY
Methyclothiazide is a member of the thiazide class of diuretics (see
Chlorothiazide). Reproduction studies in rats and rabbits at doses up to about
20 times the maximum recommended human dose did not observe any
evidence of impaired fertility or fetal harm (1).

BREASTFEEDING SUMMARY
See Chlorothiazide.
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METHYLDOPA
Antihypertensive
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Methyldopa is a centrally acting, antiadrenergic agent used in the treatment
of hypertension. It has been used frequently in pregnancy for this indication.
There is no confirmed evidence that use of this agent presents a risk to the
embryo or fetus.

FETAL RISK SUMMARY
Reproduction studies in mice, rats, and rabbits at doses 1.4, 0.2, and 1.1
times, respectively, the maximum recommended human dose based on BSA
(MRHD), revealed no fetal harm (1). No impairment of fertility was noted in
male or female rats at 0.2 times the MRHD. At higher doses (0.5 and 1 times
the MRHD) in male rats, however, methyldopa decreased sperm count, sperm
motility, the number of late spermatids, and the male fertility index (1).

Methyldopa crosses the placenta and achieves fetal concentrations similar to
the maternal serum concentration (2–4). The Collaborative Perinatal Project
monitored only one mother–child pair in which 1st trimester exposure to
methyldopa was recorded (5). No abnormalities were found.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 242 newborns had
been exposed to methyldopa during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 11 (4.5%) major birth defects were
observed (10 expected). Specific data were available for six defect categories,
including (observed/expected) 1/2 cardiovascular defects, 1/0 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 0/0 limb reduction defects, and 0/1 hypospadias.
These data do not support an association between the drug and congenital
defects.

A decrease in intracranial volume has been reported after 1st trimester



exposure to methyldopa (6,7). Children evaluated at 4 years of age showed no
association between small head size and slow mental development (8). Review
of 1157 hypertensive pregnancies demonstrated no adverse effects from
methyldopa administration (9–21). A reduced systolic blood pressure of 4–5
mmHg in 24 infants for the first 2 days after delivery has been reported (22).
This mild reduction in blood pressure was not considered significant. An infant
born with esophageal atresia with fistula, congenital heart disease, absent left
kidney, and hypospadias was exposed to methyldopa throughout gestation
(23). The mother also took clomiphene early in the 1st trimester.

BREASTFEEDING SUMMARY
Methyldopa is excreted into breast milk in small amounts. In four lactating
women taking 750–2000 mg/day, milk levels of free and conjugated
methyldopa ranged from 0.1 to 0.9 mcg/mL (2). A milk:plasma ratio could not
be determined because simultaneous plasma levels were not obtained. The
American Academy of Pediatrics classifies methyldopa as compatible with
breastfeeding (24).
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METHYLENE BLUE
Urinary Germicide/Diagnostic Dye
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The intraamniotic injection of methylene blue to detect ruptured membranes
should be discouraged. If indicated, other dyes, such as indigo carmine or
Evans blue appear to be safer alternatives, although both have limited
pregnancy data (see Indigo Carmine and Evans Blue) (1).

FETAL RISK SUMMARY
Methylene blue has been administered orally for its weak urinary germicide
properties or injected into the amniotic fluid to diagnose premature rupture of
the membranes. For oral dosing, nine exposures in the 1st trimester have been
reported (2, p. 299). No congenital abnormalities were observed. For use
anytime during pregnancy, 46 exposures were reported (2, pp. 434–435).
Based on three malformed infants, a possible association with malformations
(type not specified) was found.

Diagnostic intraamniotic injection of methylene blue has resulted in hemolytic
anemia, hyperbilirubinemia, and methemoglobinemia in the newborn (3–12).
Doses of the dye in most reports ranged from 10 to 70 mg, but in one case,
200 mg was injected into the amniotic cavity (9). Deep blue staining of the
newborn may occur after injection of the agent into the amniotic fluid (8–10,12).
One author suggested that smaller doses, such as 1.6 mg, would be adequate
to confirm the presence of ruptured membranes without causing hemolysis (3).

In a 1989 report, 1 mL of a 1% solution (10 mg) was used to diagnose
suspected membrane rupture in a woman with premature labor at 26 weeks of
gestation (13). A 920-g girl was born 18 hours later who was stained a deep
blue. The clinical assessment of hypoxia was impaired by the skin color as was
pulse oximetry. A transcutaneous oxygen monitor was eventually used to



measure arterial blood gas so that ventilator therapy could be regulated. No
evidence of hemolysis was observed. The bluish tinge persisted for more than
2 weeks despite frequent baths (13).

Inadvertent intrauterine injection in the 1st trimester has been reported (14).
No adverse effects were reported in the full-term neonate.

Multiple ileal occlusions were found in seven newborns born to mothers with
twin pregnancies, at three different medical centers, who had received
diagnostic intraamniotic methylene blue into one of the amniotic sacs at 15–17
weeks’ gestation (15). The doses in these cases ranged from 10 to 30 mg.
Four of the infants required surgery for intestinal obstruction, but no information
was given on the other three. The authors speculated that the mechanism of
the adverse effect was related either to hemolysis or to acute intestinal hypoxia
secondary to methylene blue–induced release of norepinephrine and
subsequent vasoconstriction (15).

In an abstract published in 1992, data on jejunal and ileal atresia in twins
were reported from Australia (16). Higher risks of atresia were found in twins,
compared with singletons, and in twins delivered from older mothers. When
undiluted 1% methylene blue was used in one group, 1 of 9 twins of 40 (22.5%)
twin pregnancies had atresia, compared with 3 cases among 53 (5.7%) in
those exposed to a 0.25% solution (16).

A third report of the above complication appeared in 1992 (17). Intraamniotic
methylene blue, 10–20 mg, was used in 86 of 89 consecutive twin pregnancies
for prenatal diagnosis. No dye was used in three pregnancies for technical
reasons. Jejunal atresia occurred in 17 (19%) of the pregnancies; in 15 of the
affected cases, it was possible to determine that the affected fetus had been
the one exposed to the dye. All of the infants required surgery to relieve the
intestinal obstruction. A portion of this report also described 67 newborns that
were treated for jejunal atresia, 20 of whom were one of a set of twins. Of the
20 newborns from twins, 18 had been exposed to methylene blue during 2nd
trimester amniocentesis. Because the incidence of jejunal atresia was much
higher than expected and because the dye appears to cause the defect, the
authors of the study (17) and an accompanying commentary (18)
recommended avoidance of methylene blue for this purpose. The commentary
also alluded to the vasoconstrictor properties of methylene blue as a possible
mechanism (18).

A brief 1993 report described the use of methylene blue dye in women with
twins who underwent amniocentesis in the Atlanta, Georgia, area between
1977 and 1991 (19). A total of 195 women were included, 4 (2%) of whom



were administered methylene blue during the procedure. Of the eight fetuses,
one had anencephaly (no association with the dye), but no cases of small
intestinal atresia were observed.

A 1993 article reviewed the teratogenicity and newborn adverse effects
resulting from intraamniotic injection of methylene blue (1). The most frequent
adverse effects in newborns were hyperbilirubinemia, hemolytic anemia with or
without Heinz body formation, blue staining of the skin, and occasionally
methemoglobinemia and fetal death. Respiratory distress was also frequently
observed but may have been related to other causes. The structural defects
observed were jejunal-ileal atresias, but the mechanism of the bowel injury is
unknown. Based on the pharmacologic properties of the dye, the most likely
mechanism was thought to be vascular disruption caused by methylene blue–
induced arterial constriction. However, methemoglobinemia- and hemolytic
anemia–induced hypoxia causing a shunting of blood away from the intestine
with resulting ischemia and atresia, or a direct toxic effect from the dye when
swallowed with amniotic fluid were other possible mechanisms (1).

BREASTFEEDING SUMMARY
No reports describing the use of methylene blue during human lactation have
been located. However, the dye does not appear to present a risk to a nursing
infant.
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METHYLERGONOVINE MALEATE
Oxytocic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Methylergonovine does not appear to be a major teratogen in either
animals or humans, but the data are too limited for any conclusion. The
drug is contraindicated during pregnancy because of its propensity to
cause sustained, tetanic uterine contractions that result in fetal hypoxia.
Because of this, it is used as an alternate drug to oxytocin for management
of the third stage of labor (i.e., from delivery of the infant to delivery of the
placenta) and for the treatment of postpartum or postabortion hemorrhage.
Care must be taken before administering this agent to confirm that the
intended recipient has delivered her fetus.

FETAL RISK SUMMARY
Methylergonovine maleate (methylergometrine maleate; methylergobasine
maleate) is an ergot alkaloid derivative used in the treatment of postpartum and
postabortion hemorrhage. It is contraindicated during pregnancy because it
may cause sustained, tetanic uterine contractions and resulting fetal
compromise.

Only one animal reproductive study has been located that investigated the
effect of methylergonovine on the fetus (1). Thirteen albino rats were
administered 0.5 mg/kg intraperitoneally twice daily from the 12th day through
the 21st day (second half of gestation) after sperm were found in the vaginal
smears of the animals (1). Three other groups received different ergot alkaloids
and another group acted as controls. Three (23%) of the methylergonovine
group failed to conceive or resorbed their conception compared with an
average of 17% (10 of 58) in the other three treated groups and 17% (2 of 12)
in the controls. The surviving pups were not examined for congenital
malformations (drug-induced anomalies not expected) but their birth weights
were similar to those of pups in the control group.



The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 32
of whom were exposed to ergot derivatives other than ergotamine during the
1st trimester (2). Five of this group were exposed to methylergonovine
maleate, 18 to ergonovine, 5 to ergot, 3 to dihydroergotamine, and 1 to
methysergide. Three children with any malformation were observed in the total
group, but only 1 had a malformation considered easily recognizable among the
12 medical centers participating in the study. The authors concluded that,
although the numbers were small, there was no evidence that these agents
were teratogenic (2).

A 1979 report described the effects of methylergonovine on a woman in the
first stage of labor (i.e., from onset of labor to full dilation of the cervix) at 43
weeks’ gestation (3). The woman was accidentally given 0.2 mg
methylergonovine IM that had been ordered for a postpartum patient. Within 20
minutes, uterine hypertonus was evident, and the fetal heart rate (FHR)
decreased to 80–90 beats/minute (bpm) with increased variability. IV
epinephrine (0.5 mL of 1:1000) was administered with a rapid decline in
excessive uterine activity but the FHR fell to 40–50 bpm (most likely because of
epinephrine-induced vasoconstriction) before slowly returning to baseline. When
uterine tetany returned, a second dose of epinephrine (1/6 mL) was required,
producing similar effects on uterine activity and the FHR, but of shorter
duration. An approximate 2731-g male infant was delivered 6 hours later with
Apgar scores of 5 and 7 at 1 and 5 minutes, respectively. Examinations of the
infant over the next 9 months were normal.

A similar case of accidental (i.e., a dose intended for another patient)
methylergonovine administration resulting in uterine hypertonus was reported in
1988 (4). The 18-year-old woman at 37 weeks’ gestation in the first stage of
labor with uterine contractions every 2–3 minutes and a partially dilated and
effaced cervix received 0.2 mg methylergonovine IM. Six minutes later, the FHR
fell from 150 to 70 bpm and uterine hypertonus was detected on palpation.
Terbutaline, 0.25 mg IV reversed the fetal bradycardia but did not relax the
uterus. Magnesium sulfate, 4-g IV loading dose followed by 2 g/hr, also failed
to reverse the hypertonus. Adverse changes in the fetus, including loss of FHR
beat-to-beat variability, late decelerations, development of tachycardia (170
bpm), and acidosis (scalp pH 7.12), impelled the authors to perform a
cesarean section, under general anesthesia, to deliver the approximate 3604-g
male infant. Apgar scores were 8 and 9 at 1 and 5 minutes, respectively. At
delivery, the umbilical artery blood had a pH of 7.13, confirming the diagnosis of
metabolic acidosis (4). The infant did well after delivery and was discharged



home at 4 days of age.

BREASTFEEDING SUMMARY
Methylergonovine is excreted into breast milk in very small quantities. No
accumulation of the drug in breast milk has been measured. This ergot
derivative appears to inhibit release of prolactin, including that induced by
suckling, resulting in a decreased milk production, but not to the same degree
as the structurally related drug bromocriptine. The clinical significance of the
lactation suppression and the exposure of the nursing infant to the drug,
however, is most likely nil. This may be a result of its usual short-term use after
delivery and its lower potency (on a milligram-to-milligram basis) as a prolactin-
release inhibitor. No adverse effects attributable to methylergonovine in a
nursing infant have been reported. Moreover, methylergonovine is one of the
most commonly prescribed drugs during the first postpartum week.

Small amounts of methylergonovine are excreted into breast milk. During the
first 4 days postpartum, eight lactating women (not stated whether the women
were nursing) were treated with the drug, 0.125 mg orally 3 times daily,
because of incomplete uterine involution (5). On the 5th postpartum day, a
0.25-mg oral dose was administered, and milk and plasma samples were
collected 1 and 8 hours later. Methylergonovine concentrations in the milk were
determined by radioimmunoassay. Measurable (test sensitivity 0.5 ng/mL)
amounts were found in four of the eight milk samples at 1 hour (average 0.8
ng/mL; range 0.6–1.3 ng/mL) and in one sample at 8 hours (1.2 ng/mL). Seven
other milk samples had detectable amounts of the drug, but the concentrations
were <0.5 ng/mL. In contrast, all eight of the plasma samples had measurable
drug (average 2.5 ng/mL; range 0.6–4.4 ng/mL). At 8 hours after the dose, two
plasma samples had measurable drug (0.5 and 0.6 ng/mL), and one had
detectable drug (<0.5 ng/mL). In the four cases at 1 hour that had measurable
drug in both the plasma and milk, the milk:plasma ratio was about 0.3. Based
on the lack of accumulation of methylergonovine in the plasma or milk, the
authors concluded that the use of the drug during breastfeeding would not
affect the infant (5).

Higher plasma and, presumably, milk drug levels may have occurred at 3
hours after a dose based on other research conducted by these investigators
(6). In this study, conducted in the same manner as the study described above
but with drug levels determined on the 3rd and 6th postpartum days, maternal
plasma levels of methylergonovine at 1 and 3 hours after a 0.25-mg oral dose
were about 1.7 and 2 ng/mL, respectively (5,6). The authors, however, did not



believe that measurement of the higher drug levels would have changed their
conclusion (5).

The effect of methylergonovine, which is structurally related to bromocriptine,
a known inhibitor of prolactin secretion and human lactation, on suckling-
induced release of prolactin and subsequent milk production is controversial. In
a study published in 1975, 14 women received a 0.2-mg IM dose of the drug
after delivery of the placenta and 15 other women acted as controls (7). Serum
prolactin levels before drug administration in the two groups were 90.1 and
93.6 ng/mL, respectively. At 80–90 minutes after delivery, the mean serum
prolactin concentration in the treated group was 141 ng/mL (difference not
significant from baseline). In contrast, the level in the controls was 266 ng/mL,
significantly higher than baseline and the methylergonovine group.

Similar effects of methylergonovine on prolactin release were published in a
1975 reference (8). A 0.2-mg IM dose administered on the 3rd postpartum day
produced a statistically significant decrease in serum prolactin between 45 and
60 minutes after injection. At 180 minutes after the dose, the prolactin levels
began to rise, but they still had not returned to baseline by 240 minutes.

In another 1975 report, 10 breastfeeding mothers in the immediate
postpartum period were treated with methylergonovine, 0.2 mg orally 3 times
daily for 7 days (9). A similar group of 10 breastfeeding women received no
medication. Plasma prolactin concentrations in both groups were measured
each morning. No significant difference between the groups in prolactin
concentrations was measured with plasma levels of prolactin decreasing from a
mean of 144 ng/mL (both groups) to 41 ng/mL (methylergonovine) and 37
ng/mL (controls) at 7 days. Milk let-down occurred between the 2nd and 4th
postpartum day in both groups. Moreover, the mean milk volume production
(estimated by infant weight gain and residual milk obtained by electric breast
pump) on the 7th postpartum day was 386 mL in the treated group and 367 mL
in the controls.

Contrary to the above study, two reports, one in 1976 (10) and one in 1979
(11), described the inhibitory effects of ergot derivatives on prolactin secretion
and lactation. In the 1976 paper, ergonovine, an agent closely related to
methylergonovine, was given to 10 women in a dose of 0.2 mg orally 3 times
daily from the 1st through the 7th postpartum day (10). None of the women
nursed their infants. Six other women who were not breastfeeding acted as
controls. Blood samples for serum prolactin measurement were drawn each
morning in both groups. Before-treatment mean serum prolactin concentrations
in the ergonovine and control groups were 537 and 562 ng/mL, respectively,



and on postpartum day 7 they were 89.7 and 218.0 ng/mL, respectively.
Moreover, the serum prolactin concentrations were significantly lower each day
than the levels in the ergonovine group. Three of the ergonovine-treated women
showed progressive lactation inhibition, whereas the other seven women had
painful breast engorgement and spontaneous milk let-down.

Two other women in the above study received ergonovine 0.2 mg IV before
nursing on the 5th postpartum day (10). One of these women also received
ergonovine, 0.2 mg orally 3 times daily, before and after the IV dose. In the
woman who received both IV and oral doses, the normal rise in serum prolactin
induced by suckling was abolished.

The 1979 report described the effects of methylergonovine, 0.2 mg orally 3
times daily, in 30 breastfeeding women compared with 30 nonmedicated,
breastfeeding control women (11). Plasma prolactin concentrations were
determined in both groups on postpartum days 1, 3, and 7. Milk yields,
estimated by weighing the nursing baby before and after suckling, were
determined on postpartum days 3 and 7. In the control group, mean plasma
prolactin levels on days 1, 3, and 7 were 374.1, 226.2, and 166.3 ng/mL,
respectively. Mean plasma prolactin levels in the treated group on these days
were 352.9, 219.6, and 88.7 ng/mL, respectively. Only the levels on day 7
were statistically different (11). Milk production (in g/day) was significantly less
in the treated group compared with the controls on days 3 and 7 (specific
weights of milk not stated).
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METHYLNALTREXONE
Narcotic Antagonist
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Published human pregnancy experience with methylnaltrexone has not been
located. The animal reproduction data suggest low risk, but the absence of
human data prevents a complete assessment of the embryo–fetal risk.
Orthostatic hypotension, an effect that could decrease placental perfusion,
is a potential risk if the drug is inadvertently given IV. Close attention to the
dose and SC administration technique is warranted.

FETAL RISK SUMMARY
Methylnaltrexone, a selective antagonist of opioid binding at the mu-opioid
receptor, is given by SC injection. It is a quaternary amine that because of its
restricted ability to cross the blood–brain barrier acts peripherally without
affecting opioid-mediated analgesic effects in the central nervous system.
Methylnaltrexone is indicated for the treatment of opioid-induced constipation in
patients with advanced illness who are receiving palliative care, when response
to laxative therapy has not been sufficient. The drug undergoes partial
metabolism before elimination. Plasma protein binding is about 15% or less and
the elimination half-life is about 8 hours (1).

Reproduction studies have been conducted in pregnant rats and rabbits. In
these species, IV doses up to about 14 and 17 times, respectively, the
maximum recommended human SC dose of 0.3 mg/kg based on BSA (MRHD)
revealed no evidence of impaired fertility or fetal harm. There were no effects
on the mother, labor, delivery, offspring survival, or growth in rats (1).

Carcinogenicity studies have not been conducted, but the drug was not
mutagenic in multiple assays. SC doses up to 81 times the MRHD had no
adverse effect on fertility or reproductive performance in male or female rats



(1).
It is not known if methylnaltrexone crosses the human placenta. The

molecular weight (about 436), minimal plasma protein binding, and long
elimination half-life suggest that the drug will cross. However, quaternary
amines cross biological membranes poorly; this should limit the exposure of the
embryo or fetus.

Orthostatic hypotension, an effect that could decrease placental perfusion if
it occurred in pregnancy, has been noted in healthy volunteers given an IV bolus
of 0.64 mg/kg. However, this dose is twice the recommended maximum SC
dose. Moreover, a 0.5 mg SC dose was well tolerated by healthy volunteers
(1).

BREASTFEEDING SUMMARY
No reports describing the use of methylnaltrexone, a quaternary amine, during
human lactation have been located. The molecular weight (about 436), minimal
plasma protein binding (<15%), and long elimination half-life (about 8 hours)
suggest that the drug will be excreted into breast milk. The effects of this
exposure on a nursing infant are unknown, but are probably clinically
insignificant.
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METHYLPHENIDATE
Central Stimulant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal data suggest moderate risk, the limited human data
prevent a more complete assessment of embryo–fetal risk. Neither the
isolated cases of structural defects nor the outcomes observed with
methylphenidate abuse are suggestive of methylphenidate-induced
developmental toxicity.

FETAL RISK SUMMARY
Methylphenidate is a mild central nervous system stimulant used in the
treatment of attention-deficit disorders and in narcolepsy.

Reproductive testing with methylphenidate in mice found no teratogenicity
(1). In rabbits, doses about 40 times the maximum recommended human dose
based on BSA (MRHD) were teratogenic (increased incidence of spina bifida)
(2). The no-effect dose for embryo–fetal development was about 11 times the
MRHD. No teratogenic effects were observed in rats, but a dose 7 times the
MRHD caused maternal toxicity and fetal skeletal variations. The no-effect
dose in rats was 2 times the MRHD. Dosing in rats throughout gestation and
lactation at 4 times the MRHD resulted in decreased body weight gain in the
offspring. In this case, the no-effect dose was equal to the MRHD (2).

The Collaborative Perinatal Project monitored 3082 mother–child pairs with
exposure to sympathomimetic drugs, 11 of which were exposed to
methylphenidate (3). No evidence for an increased malformation rate was
found.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 13 newborns had
been exposed to methylphenidate during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). One (7.7%) major birth defect was observed (one
expected), a cardiovascular defect (none expected).

A report of an infant with microtia following in utero exposure to
methylphenidate from the 3rd to the 6th week of pregnancy appeared in a 1962
publication (4). No other details of the case were provided, other than the fact
that the mother did not take antiemetic medication and had no virus infection
during gestation.

A 1975 report described a male infant, delivered at 30 weeks’ gestation, with
multiple congenital limb malformations. The infant had been exposed during the
first 7 weeks of pregnancy to haloperidol (15 mg/day), methylphenidate (30
mg/day), and phenytoin (300 mg/day) (5). The mother had also taken
tetracycline and a decongestant for a cold during the 1st trimester. The infant
died at 2 hours of age of a subdural hemorrhage. Limb malformations included
a thumb and two fingers on each hand, syndactyly of the two fingers on the
right hand, deformed radius and missing ulna in the left forearm, four toes on
the right foot, shortened right tibia, and incomplete development of the right
midfoot ossification centers. A defect of the aortic valve (bicuspid with a notch
in one of the valve leaflets) was also found. The chromosomal analysis was
normal and the mother had no family history of limb malformations (5).

A study published in 1993 examined the effects on the fetus and newborn of
IV pentazocine and methylphenidate abuse during pregnancy (6). During a 2-
year (1987–1988) period, 39 infants (38 pregnancies, 1 set of twins) were
identified in the study population as being subjected to the drug abuse during
gestation, a minimum incidence of 5 cases per 1000 live births. Many of the
mothers had used cigarettes (34%), alcohol (71%), or abused other drugs
(26%). The median duration of IV pentazocine and methylphenidate abuse was
3 years (range 1–9 years), with a median frequency of 14 injections/week
(range 1–70 injections/week). Among the infants, 8 were delivered prematurely,
12 were growth restricted, and 11 had withdrawal symptoms after birth. Four
of the infants had birth defects including twins with fetal alcohol syndrome, one
with a ventricular septal defect, and one case of polydactyly. Of the 21 infants
that had formal developmental testing, 17 had normal development and 4 had
low–normal developmental quotients (6).

BREASTFEEDING SUMMARY
Methylphenidate is excreted into breast milk (7). A 26-year-old mother was
taking methylphenidate 80 mg/day (40 mg 4 hours apart in the morning) for 5
days each week for attention-deficit disorder. At the time of the study, she had



been taking the drug for 5.5 weeks and for 7 consecutive days. The mother’s
male infant was 6.4 months old and was obtaining his primary sustenance from
breast milk. His weight was at the 50th percentile and he had been feeding and
sleeping well. Using an electric pump, breast milk samples were collected
immediately before the first morning dose and at each of the 7 times the infant
breastfed over the next 24 hours. Over the 24-hour interval, the average milk
and maternal plasma concentrations were 15.4 and 5.8 mcg/L, respectively, a
milk:plasma ratio of 2.7. The absolute infant dose of 2.3 mcg/kg/day was 0.2%
of the weight-adjusted maternal dose. Methylphenidate was not detected in the
infant’s plasma 5.3 hours after the first morning dose. The mother had not
observed any adverse effects in her infant (7).

The excretion of methylphenidate into milk is consistent with its molecular
weight (about 270). The absolute infant dose was very low in comparison to the
maternal dose and no adverse effects were observed in the infant. However,
toxicity from exposure to drugs in breast milk is infrequent in nursing infants
who are >6 months of age, accounting only for 4% of 100 reported cases
involving adverse effects (8). If a mother chooses to breastfeed while taking
methylphenidate, the greatest risk of toxicity probably will occur in the first
month after birth. However, regardless of the infant’s age, the mother should be
counseled to observe her nursling for signs and symptoms of central nervous
system stimulation, such as decreased appetite, insomnia, and irritability.
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METHYLTESTOSTERONE
Androgenic Hormone

See Testosterone.



METOCLOPRAMIDE
Antiemetic/Gastrointestinal Stimulant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Metoclopramide has been used during all stages of pregnancy. No
evidence of embryo, fetal, or newborn harm has been found in human and
animal studies.

FETAL RISK SUMMARY
Metoclopramide has been used during pregnancy as an antiemetic and to
decrease gastric emptying time (1–24). Reproductive studies in mice, rats, and
rabbits at doses up to 250 times the human dose have revealed no evidence of
impaired fertility or fetal harm as a result of the drug (25). Metoclopramide (10
mg) given IV to pregnant sheep increased maternal heart rate, but had no
effect on maternal blood pressure, uterine blood flow, or fetal hemodynamic
variables (26).

No congenital malformations or other fetal or newborn adverse effects
attributable to the drug have been observed. Except for the one study noted
below (7), long-term evaluation of infants exposed in utero to metoclopramide
has not been reported.

Metoclopramide crosses the placenta at term (1–3). Cord:maternal plasma
ratios were 0.57–0.84 after IV doses just before cesarean section. Placental
transfer during other stages of pregnancy has not been studied.

Nine reports described the use of metoclopramide for the treatment of
nausea and vomiting occurring in early pregnancy (4–7, 20–24). Administration
of the drug was begun at 7–8 weeks’ gestation in two of these studies (4,5)
and at 6 weeks in another (6). The exact timing of pregnancy was not specified
in one report (7). Daily doses ranged between 10 and 60 mg. Metoclopramide
was as effective as other antiemetics for this indication and superior to placebo
(8,9). Normal infant development for up to 4 years was mentioned in one study,



but no details were provided (7).
In another case of metoclopramide use for nausea and vomiting, the drug

was started at 10 weeks’ gestation (20). Dose was not specified. At 18 weeks,
after 8 weeks of therapy, the patient developed a neuropsychiatric syndrome
with acute asymmetrical axonal motor-sensory polyneuropathy and marked
anxiety, depression, irritability, and memory and concentration difficulties (20).
Acute porphyria was diagnosed based on the presence of increased porphyrin
precursors in the patient’s urine. Metoclopramide was discontinued and the
patient was treated with a high-carbohydrate diet. Eventually, a normal, 3500-g
infant was delivered at term. The woman recovered except for slight residual
weakness in the lower extremities. The investigators speculated that the
pregnancy itself, the starvation, the drug, or a combination of these may have
precipitated the acute attack (20).

A 1996 report described the use of metoclopramide, droperidol,
diphenhydramine, and hydroxyzine in 80 women with hyperemesis gravidarum
(21). The mean gestational age at the start of treatment was 10.9. All of the
women received metoclopramide 40 mg/day orally for approximately 7 days,
and 12 (15%) required a second course because of the recurrence of their
symptoms of nausea and vomiting. Three of the mothers (all treated in the 2nd
trimester) delivered offspring with congenital defects: Poland’s syndrome, fetal
alcohol syndrome, and hydrocephalus and hypoplasia of the right cerebral
hemisphere. Only the latter anomaly is a potential drug effect, but the most
likely cause was thought to be the result of an in utero fetal vascular accident
or infection (21).

A 2001 study, using a treatment method similar to the above study,
described the use of droperidol and diphenhydramine in 28 women hospitalized
for hyperemesis gravidarum (22). Pregnancy outcomes in the study group were
compared with a historical control of 54 women who had received conventional
antiemetic therapy. Oral metoclopramide and hydroxyzine were used after
discharge from the hospital. Therapy was started in the study and control
groups at mean gestational ages of 9.9 and 11.1 weeks, respectively. The
study group appeared to have more severe disease than controls as suggested
by a greater mean loss from the prepregnancy weight, 2.07 vs. 0.81 kg (ns),
and a slightly lower serum potassium level, 3.4 vs. 3.5 mmol/L (ns). Compared
with controls, the droperidol group had a shorter duration of hospitalization
(3.53 vs. 2.82 days, p = 0.023), fewer readmissions (38.9% vs. 14.3%, p =
0.025), and lower average daily nausea and vomiting scores (both p <0.001).
There were no statistical differences (p >0.05) in outcomes (study vs. controls)



in terms of spontaneous abortions (N = 0 vs. N = 2 [4.3%]), elective abortions
(N = 3 [12.0%] vs. N = 3 [6.5%]), Apgar scores at 1, 5, and 10 minutes, age at
birth (37.3 vs. 37.9 weeks’), and birth weight (3114 vs. 3347 g) (22). In
controls, there was one (2.4%) major malformation of unknown cause, an
acardiac fetus in a set of triplets, and one newborn with a genetic defect
(Turner syndrome). There was also one unexplained major birth defect (4.4%)
in the droperidol group (bilateral hydronephrosis), and two genetic defects
(translocation of chromosomes 3 and 7; tyrosinemia) (22).

The Pharmaco-Epidemiological Prescription Database of North Jutland
County (Denmark) identified 309 women with singleton pregnancies who filled
prescriptions for metoclopramide during a 6-year period (1991–1996) (23). The
pregnancy outcomes of this group were compared with 13,327 women who did
not receive prescriptions of any kind during pregnancy. The mean birth weights
of the metoclopramide and control groups were nearly identical, 3480 vs. 3470
g, respectively. No significant differences were found between the groups in
terms of congenital malformations (odds ratio [OR] 1.11, 95% confidence
interval [CI] 0.6–2.1), low birth weight (OR 1.79, 95% CI 0.8–3.9), or preterm
delivery (OR 1.02, 95% CI 0.6–1.7) (23).

A brief 2000 communication examined the outcome of 126 women who had
received metoclopramide for nausea and vomiting of pregnancy during the 1st
trimester (24). The pregnancy outcomes of these women, who had called one
of five teratogen information centers (one each in Italy and Brazil and three in
Israel), were compared with a control group of 126 women who had contacted
the centers for information on nonteratogenic and nonembryotoxic drug
exposures, matched for age, smoking status, and alcohol use. The pregnancy
outcomes were similar between the groups in terms of live births, spontaneous
abortions, gestational age at delivery, rate of prematurity, birth weight, fetal
distress, and major malformations. Both groups had five infants with major birth
defects. In the metoclopramide group, two infants had patent ductus arteriosus,
two had ventricular septal defects (VSD), and one had hypospadias. The birth
defects in the infants born to the control group were two cases of VSD and one
each of bilateral syndactyly of the foot, hypospadias, and an inguinal hernia.
The gross motor development (as measured by the Denver Development
Scale) of the infants in the two groups at ages 4–15 months was also similar
(24).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 192 newborns had
been exposed to metoclopramide during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). Ten (5.2%) major birth defects were observed (8
expected), including (observed/expected) 1/2 cardiovascular defects and 1/1
polydactyly. No anomalies were observed in four other defect categories (oral
clefts, spina bifida, limb reduction defects, and hypospadias) for which specific
data were available. These data do not support an association between the
drug and congenital defects.

A 1997 case report described the signs and symptoms of acute intermittent
porphyria in a 29-year-old woman at 13 weeks’ gestation (27). The patient
presented with abdominal pain, constipation, and vomiting and was treated with
IV metoclopramide. Her symptoms worsened with treatment and included
weakness of the lower extremities and a severe neuropsychiatric syndrome
consisting of both autonomic and neurologic functions. Metoclopramide was
stopped and she was treated with high-dose IV glucose and a high-
carbohydrate diet. Evaluation of urine and stool porphyrin precursors confirmed
the diagnosis. She eventually delivered a normal 2760-g infant at term. The
authors concluded that the severe maternal symptoms were brought on by
metoclopramide, a porphyrinogenic agent, and starvation resulting from
hyperemesis (27).

Several studies have examined the effect of metoclopramide on gastric
emptying time during labor for the prevention of Mendelson’s syndrome (i.e.,
pulmonary aspiration of acid gastric contents and resulting chemical
pneumonitis and pulmonary edema) (1,3,10–16,28,29). Gastroesophageal
reflux was decreased as was the gastric emptying time. The drug was effective
in preventing vomiting during anesthesia. No effects were noted on the course
of labor or the fetus. Apgar scores and results of neurobehavioral tests did not
differ from those of controls (1,3,10,16) nor did newborn heart rates or blood
pressures (1).

The effect of metoclopramide on maternal and fetal prolactin secretion during
pregnancy and labor has been studied (2,17,18). The drug is a potent
stimulator of prolactin release from the anterior pituitary by antagonism of
hypothalamic dopaminergic receptors. However, transplacentally acquired
metoclopramide did not cause an increased prolactin release from the fetal
pituitary nor did maternal prolactin cross the placenta to the fetus (2,17). In two
other studies, 10 mg of intravenous metoclopramide administered during labor
did not affect the levels of maternal or fetal thyroid-stimulating hormone or
thyroid hormones (19), or maternal growth hormone concentrations (30).

BREASTFEEDING SUMMARY



Metoclopramide is excreted into breast milk. Because of ion trapping of the
drug in the more acidic (as compared with plasma) milk, accumulation occurs
with milk:plasma ratios of 1.8–1.9 after steady state conditions are reached
(31–33).

Several studies have examined the effect of metoclopramide as a lactation
stimulant in women with inadequate or decreased milk production (31–43). One
study involved 23 women who had delivered prematurely (mean gestational
length, 30.4 weeks) (41). The drug, by stimulating the release of prolactin from
the anterior pituitary, was effective in increasing milk production with doses of
20–45 mg/day (9,32–42). Doses of 15 mg/day were not effective (37). In one
study, metoclopramide caused a shift in the amino acid composition of milk,
suggesting an enhanced rate of transition from colostrum to mature milk (38).
No effect on the serum levels of prolactin, thyroid-stimulating hormone, or free
thyroxin was observed in nursing infants in a 1985 study of 11 women with
lactational insufficiency (39). A 1994 investigation found a positive response in
78% (25 of 32) of treated women, but the increase in daily milk production was
inversely correlated with maternal age (43).

The total daily dose that would be consumed by a nursing infant during the
maternal use of 30 mg/day has been estimated to be 1–45 mcg/kg (31–33).
This is much less than the maximum daily dose of 500 mcg/kg recommended in
infants (9) or the 100 mcg/kg/day dosage that has been given to premature
infants (44). Metoclopramide was detected in the plasma of one of five infants
whose mothers were taking 10 mg 3 times daily (32,33). Adverse effects have
been observed in only two infants—both with mild intestinal discomfort (36,37).
In one case, the mother was consuming 30 mg/day (36) and in the other, 45
mg/day (37).

Metoclopramide apparently represents a small risk to the nursing infant with
maternal doses of 45 mg/day or less. Mild adverse effects only have been
reported in two nursing infants. One review stated that the drug should not be
used during breastfeeding because of the potential risks to the neonate (45),
but there are no published studies to substantiate this caution. The American
Academy of Pediatrics classifies metoclopramide as a drug for which the effect
on a nursing infant is unknown but may be of concern because it is a
dopaminergic blocking agent (46).
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METOLAZONE
Diuretic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Metolazone is structurally related to the thiazide diuretics. (See also
Chlorothiazide.) There is no evidence that thiazide diuretics are teratogenic.
However, diuretics are not recommended for the treatment of gestational
hypertension–preeclampsia because of the maternal hypovolemia
characteristic of this disease.

FETAL RISK SUMMARY
Reproduction studies in mice, rats, and rabbits at doses up to 50 mg/kg/day
revealed no evidence of fetal harm (1).

BREASTFEEDING SUMMARY
See Chlorothiazide.
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METOPROLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the use of metoprolol for maternal disease does not seem to pose
a major risk to the fetus, the long-term effects of in utero exposure to β-
blockers have not been studied. Persistent β-blockade has been observed
in newborns exposed near delivery to other members of this class (see
Acebutolol, Atenolol, and Nadolol). Therefore, newborns exposed in utero
to metoprolol should be closely observed during the first 24–48 hours after
birth for bradycardia and other symptoms. Some β-blockers may cause
intrauterine growth restriction (IUGR) (as may have occurred in some of
the cases) and reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Metoprolol does not
possess ISA. Treatment beginning early in the 2nd trimester results in the
greatest weight reductions, whereas treatment restricted to the 3rd
trimester primarily affects only placental weight. Although growth restriction
is a serious concern, the benefits of maternal therapy, in some cases,
might outweigh the risks to the fetus and must be judged on a case-by-
case basis.

FETAL RISK SUMMARY
Metoprolol, a cardioselective β1-adrenergic blocking agent, has been used
during pregnancy for the treatment of maternal hypertension and tachycardia
(1–10). Reproductive studies in mice and rats have found no evidence of
impaired fertility or teratogenicity (11). In rats, however, increases in fetal loss
and decreases in neonatal survival were observed at doses up to 55.5 times
the maximum daily human dose (11).

The drug readily crosses the placenta, producing approximately equal



concentrations of metoprolol in maternal and fetal serum at delivery (1–3). The
serum half-lives of metoprolol determined in five women during the 3rd
trimester and repeated 3–5 months after delivery were similar (1.3 vs.
1.7 hours, respectively), but peak levels during pregnancy were only 20%–40%
of those measured later (4). Neonatal serum levels of metoprolol increase up to
fourfold in the first 2–5 hours after birth, then decline rapidly during the next 15
hours (2,3).

No fetal malformations attributable to metoprolol have been reported, but
experience during the 1st trimester is limited. Twins, exposed throughout
gestation to metoprolol 200 mg/day plus other antihypertensive agents for
severe maternal hypertension, were reported to be doing well at 10 months of
age (7).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 52 newborns had
been exposed to metoprolol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Three (5.8%) major birth defects were observed
(two expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available.

A 1978 study described 101 hypertensive pregnant patients treated with
metoprolol alone (57 patients) or combined with hydralazine (44 patients)
compared with 97 patients treated with hydralazine alone (1). The duration of
pregnancy at the start of antihypertensive treatment was 34.1 weeks (range
13–41 weeks) for the metoprolol group and 32.5 weeks (range 12–40 weeks)
for the hydralazine group. The metoprolol group experienced a lower rate of
perinatal mortality (2% vs. 8%) and a lower incidence of IUGR (11.7% vs.
16.3%). No signs or symptoms of β-blockade were noted in the fetuses or
newborns in this or other studies (1,2,5).

The use of metoprolol in a pregnant patient with pheochromocytoma has
been reported (5). High blood pressure had been controlled with prazosin, an
α-adrenergic blocking agent, but the onset of maternal tachycardia required the
addition of metoprolol during the last few weeks of pregnancy. No adverse
effects were observed in the newborn.

The acute effects of metoprolol on maternal hemodynamics have been
studied (12). Nine women at a mean gestational age of 36.7 weeks with a
diagnosis of gestational hypertension were given a single oral dose of 100 mg
of metoprolol. Statistically significant (p <0.01) decreases were observed in
maternal heart rate, systolic and diastolic blood pressure, and cardiac output.



No significant change was noted in mean blood volume or intervillous blood
flow. An improvement was observed in four women for the latter parameter,
but a reduction occurred in another four. The intervillous blood flow did not
change in the ninth patient.

Cardiac palpitations, accompanied by lightheadedness and dyspnea but
without syncope, developed in a previously healthy 33-year-old woman at 10
weeks’ gestation (13). A diagnosis of ventricular tachycardia and mitral valve
prolapse with mild mitral regurgitation was diagnosed at 22 weeks, and
treatment with metoprolol, 50 mg twice daily, was begun. Four weeks later,
quinidine was added to the regimen because of recurrent palpitations. Growth
restriction was noted during her obstetric care and she eventually gave birth at
term to a healthy newborn weighing about 2242 g. Follow-up of the infant was
not mentioned (13).

New-onset ventricular tachycardia was diagnosed in seven pregnant women
among whom four were treated with metoprolol (250–450 mg/day) throughout
the remainder of their pregnancy (14). Metoprolol therapy in a fifth patient did
not resolve the arrhythmia and it was discontinued. Treatment was started in
the 1st trimester in one, during the 2nd trimester in one, and in the 3rd trimester
in two. All four were delivered at term of healthy newborns with birth weights (in
grams) (daily metoprolol dose shown in parentheses) of 3380 (250 mg), 3462
(350 mg), 3560 (250 mg), and 2535 (450 mg), respectively (14).

A retrospective study published in 1992 reported the follow-up of 35 very low
birth weight (≤1500 g) infants who had been exposed in utero to maternal
antihypertensive therapy (15). Nineteen of the infants (mean birth
weight 1113 g) had been exposed to β-blockers (metoprolol N = 15,
propranolol N = 4; combination with hydralazine or clonidine in 17 cases)
whereas in 16 cases (mean birth weight 1102 g), other antihypertensives
(hydralazine alone N = 11, hydralazine plus clonidine N = 3, hydralazine plus
methyldopa N = 1, and diuretics N = 1) had been used. The metoprolol dose
ranged from 100 to 200 mg/day while that of hydralazine varied from 30 to 150
mg/day. The mean duration of therapy was similar in both groups (12 vs. 11
days). Among the 19 infants exposed to β-blockers, 7 died, 4 within 15 days of
birth, compared with no deaths in the other group (p = 0.006). The authors
speculated that the β-blockade might have impaired the infant’s adaptation to
the postnatal environment by inhibition of the sympathoadrenal system (15).

BREASTFEEDING SUMMARY
Metoprolol is concentrated in breast milk (1,3,16–18). Milk concentrations are



approximately 3 times (range 2.0–3.7) those found simultaneously in the
maternal serum. No adverse effects have been observed in nursing infants
exposed to metoprolol in milk. Based on calculations from a 1984 study, a
mother ingesting 200 mg/day of metoprolol would provide only about 225 mcg
in 1000 mL of her milk (3). To minimize this exposure even further, one
reference suggested waiting 3–4 hours after a dose to breastfeed (18).
Although these levels are probably clinically insignificant, nursing infants should
be closely observed for signs or symptoms of β-blockade. The long-term
effects of exposure to β-blockers from milk have not been studied but warrant
evaluation. The American Academy of Pediatrics classifies metoprolol as
compatible with breastfeeding (19).
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METRIZAMIDE

[Withdrawn from the market. See 9th edition.]



METRIZOATE

[Withdrawn from the market. See 9th edition.]



METRONIDAZOLE
Anti-infective/Amebicide/Trichomonacide
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding (Single Dose)
Limited Human Data—Potential Toxicity (Divided Dose)

PREGNANCY SUMMARY

Although some of the available reports have arrived at conflicting
conclusions as to the safety of metronidazole in pregnancy, most of the
published evidence suggests that the anti-infective does not represent a
significant risk of structural defects to the fetus. At present, it is not
possible to assess the risk to the fetus from the carcinogenic potential of
metronidazole. The answer to the question of transplacental carcinogenic
potential of metronidazole has major public health implications, but may
never be answered because of the rarity of childhood cancers and the
inability to identify potentially confounding environmental factors in older
children and adults. The manufacturer considers metronidazole to be
contraindicated during the 1st trimester in patients with trichomoniasis or
bacterial vaginosis (1). The use of metronidazole for trichomoniasis or
vaginosis during the 2nd and 3rd trimesters is acceptable. For other
indications, metronidazole can be used during pregnancy if there are no
other alternatives with established safety profiles.

FETAL RISK SUMMARY
Metronidazole possesses trichomonacidal and amebicidal activity as well as
effectiveness against certain bacteria. The drug crosses the placenta to the
fetus throughout gestation with a cord:maternal plasma ratio at term of
approximately 1.0 (2–4). The pharmacokinetics of metronidazole in pregnant
women has been reported (5,6).

Reproduction studies conducted in mice (at oral doses about 0.1 times the
human dose) and in rats (at doses up to 5 times the human dose) revealed no
fetal harm. After intraperitoneal administration in mice, however, some fetal
deaths were noted (1).



The use of metronidazole in pregnancy is controversial. The drug is
mutagenic in bacteria and carcinogenic in rodents, and although these
properties have never been shown in humans, concern for these toxicities have
led some to advise against the use of metronidazole in pregnancy (7,8).
However, no association with human cancer has been proven (8,9).

A 1995 case report described a 32-year-old woman who was treated with
metronidazole during the 12th and 13th weeks of pregnancy with 500 mg/day
orally plus 500 mg/day intravaginally for 10 days (10). She eventually delivered
an apparently normal, 3640-g male infant at term. Fifteen days later, the infant
was diagnosed with adrenal neuroblastoma with hepatic metastasis (eventual
outcome not mentioned). The authors acknowledged that neuroblastoma was
the second most common malignant solid tumor in childhood and that a causal
relationship between the tumor and metronidazole in this case could not be
established (10).

A retrospective cohort study of childhood cancer and in utero exposure to
metronidazole was reported in 1998 (11). The cohort included 328,846 children
under 5 years of age who had been born to women (ages 15–44 years)
enrolled from 1975 through 1992 in Tennessee Medicaid at any time between
the last menstrual period and the date of delivery. Exposure to metronidazole
was based on Medicaid pharmacy prescription records. A statewide childhood
cancer database was developed to identify study cases. In the cohort, 8.1%
were exposed in utero to metronidazole and 91.9% were not exposed. From
952 children younger than 5 years of age in the cancer database, 175 met the
criteria for the study (first primary cancer before age 5 years, a Tennessee
resident, and seen at a Tennessee hospital at the time of diagnosis). The study
was limited to children under the age of 5 years to minimize the loss to out-of-
state migration (expected to be no more than 6% (12)). None of the study
cases had a history of therapeutic radiation or exposure to chemotherapy
before their cancer diagnosis. The cancer type, number of cases, adjusted
relative risk (RR), and 95% confidence interval (CI) were, for all cancers: N =
175, RR 0.81, 95% CI 0.41–1.59; for leukemia: N = 42, no exposed cases; for
central nervous system tumors: N = 30, RR 1.23, 95% CI 0.29–5.21; for
neuroblastoma: N = 28, RR 2.60, 95% CI 0.89–7.59; and other cancers: N =
75, RR 0.57, 95% CI 0.18–1.82. Although none of the observed relative risks
were statistically significant, the authors stated that the increased risk for
neuroblastoma needed further evaluation (11).

In a brief comment, other investigators agreed with the conclusions of the
above study but expressed concern that the frequent use of medications during



pregnancy combined with the rarity of childhood cancer made it difficult to
establish a carcinogenic effect (12). In addition, limiting the study to children
less than 5 years of age prevented the identification of potential effects on later
developing cancers such as Hodgkin’s disease, Ewing’s sarcomas, and
osteosarcoma.

Several studies, individual case reports, and reviews have described the safe
use of metronidazole during pregnancy (13–27). Included among these is a
1972 review summarizing 20 years of experience with the drug and involving
1469 pregnant women, 206 of whom were treated during the 1st trimester
(27). No association with congenital malformations, abortions, or stillbirths was
found. Some investigations, however, found an increased risk when the agent
was used early in pregnancy (9,28–30).

In a 1979 report, metronidazole was used in 57 pregnancies including 23
during the 1st trimester (9). Three of the 1st trimester exposures ended in
spontaneous abortion (a normal incidence), and in the remaining 20 births,
there were 5 congenital anomalies: hydrocele (two), congenital dislocated hip
(female twin), metatarsus varus, and mental retardation (both parents mentally
slow). Analysis of the data is not possible because of the small numbers and
possible involvement of genetic factors (9).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 31
of whom had 1st trimester exposure to metronidazole (28). A possible
association with malformations was found (RR 2.02) based on defects in four
children, but independent confirmation is required.

Two mothers, treated with metronidazole during the 5th–7th weeks of
gestation for amebiasis, gave birth to infants with midline facial defects (29).
Diiodohydroxyquinoline was also used in one of the pregnancies. One of the
infants had holotelencephaly and one had unilateral cleft lip and palate.

A mother treated for trichomoniasis between the 6th and 7th weeks of
gestation gave birth to a male infant with a cleft of the hard and soft palate,
optic atrophy, a hypoplastic, short philtrum, and a Sydney crease on the left
hand (30). The mother was also taking an antiemetic medication (Bendectin) on
an “as needed” basis. Chromosomal analysis of the infant was normal. The
relationship between metronidazole and the defects is unknown.

As of May 1987, the FDA had received reports of 26 adverse outcomes with
metronidazole: spontaneous abortions (N = 3), brain defects (N = 6), limb
defects (N = 5), genital defects (N = 3), unspecified defects (N = 3), and
1 each of craniostenosis, peripheral neuropathy, ventricular septal defect,
retinoblastoma, obstructive uropathy, and a chromosomal defect (31). In this



same report, the authors, from data obtained from the Michigan Medicaid
program between 1980 and 1983, cited 1020 other cases in which
metronidazole use in the 1st trimester for treatment of vaginitis was not linked
with birth defects. In an additional 63 cases, use of the agent for this indication
was linked to a birth defect diagnosis. Based on these data, the estimated RR
of a birth defect was 0.92 (95% CI 0.7–1.2). Of the 122 infants with oral clefts,
none was exposed to metronidazole. An estimated RR for spontaneous
abortion of 1.67 (95% CI 1.4–2.0) was determined from 135 exposures among
4264 spontaneous abortions compared to 1020 exposures among 55,736
deliveries (31).

In a continuation of the study cited immediately above, 229,101 completed
pregnancies of Michigan Medicaid recipients were evaluated between 1985 and
1992 (F. Rosa, personal communication, FDA, 1993). Of this group, 2445
newborns had been exposed to metronidazole during the 1st trimester. A total
of 100 (4.1%) major birth defects were observed (97 expected). Specific data
were available for six defect categories, including (observed/expected) 23/24
cardiovascular defects, 1/1 spina bifida, 4/7 polydactyly, 2/4 limb reduction
defects, 7/6 hypospadias, and 8/4 oral clefts. Only with oral clefts is there a
suggestion of a possible association, but in view of the outcomes observed
between 1980 and 1983, other factors, such as the mother’s disease,
concurrent drug use, and chance, are probably involved.

Using data from the Tennessee Medicaid program, pregnancy outcomes of
women (N = 1307) who had filled a prescription for metronidazole between 30
days before and 120 days after the onset of their last normal menstrual period
were compared with those of women who had not filled such a prescription
(32). The groups were matched for age, race, year of delivery, and hospital.
Data were available for 1322 exposed (1318 live births; 4 stillbirths) and 1328
nonexposed (1320 live births; 8 stillbirths) infants. The occurrence of birth
defects was similar in the two groups; 96 in the exposed group and 80 in the
nonexposed group (adjusted odds ratio [OR] 1.2; 95% CI 0.9–1.6). Similar
results were obtained when congenital malformations were analyzed by specific
types, including those of the central nervous system, heart, gastrointestinal
tract, musculoskeletal system, urogenital system, respiratory tract,
chromosomal, and by multiple organ systems. The investigators concluded that
the use of metronidazole was not associated with an increased risk for birth
defects (32).

A study published in 1995 conducted a meta-analysis of seven studies (from
a total of 32 references identified in their search) that met their criteria for



assessing the safety of metronidazole use in human pregnancy (33). The
criteria required exposure during the 1st trimester and comparison of these
outcomes with the outcomes of pregnancies that were not exposed or only
exposed during the 3rd trimester. Six of the studies were prospective and one
was retrospective. The OR (exposure vs. no exposure during the 1st trimester)
for the seven studies was 0.93 (95% CI 0.73–1.18) and for the six prospective
studies was 1.02 (95% CI 0.48–2.18). Based on these findings, the
investigators concluded that the use of metronidazole during the 1st trimester
was not associated with an increased risk of congenital defects (33).

A second meta-analysis, similar in design to the study above, evaluated the
risk for birth defects after the use of metronidazole early in pregnancy (34). A
total of five studies, one unpublished case–control study and four published
cohort studies, met the inclusion criteria. As in the study immediately above, the
OR 1.08 (95% CI 0.90–1.29) indicated that exposure to metronidazole during
the 1st trimester was not associated with birth defects (34).

A large ethnically homogeneous population-based dataset (Hungarian Case–
Control Surveillance of Congenital Abnormalities, 1980–1991) was used in a
study published in 1998 to evaluate whether the use of metronidazole in the 1st
trimester was associated with congenital anomalies (35). The background rate
of congenital malformations in the dataset was 4.0%–4.7% (liveborn, stillborn,
and selectively terminated fetuses). Minor abnormalities and congenital
abnormality syndromes of known origin were excluded. Among 17,300 cases
with birth defects, 665 (3.8%) were treated with metronidazole (oral and IV) in
the 2nd to 3rd months of gestation (dating from last menstrual period). In
comparison, among 30,663 matched controls, 1041 (3.4%) were treated with
metronidazole (oral and IV) during this period of gestation. Using the McNemar
analysis of case–control pairs, the only defect with a positive association was
cleft lip ± palate (nine cases) (adjusted OR 8.54, 95% CI 1.06–68.86). The
investigators concluded that the most likely reasons for the association were
recall bias or chance alone, but that a true association could not be ruled out.
However, based on the prevalence of isolated cleft lip (with or without cleft
palate) in their population and the prevalence of exposure to metronidazole
during the 2nd and 3rd months of pregnancy, their analysis suggested that even
a true association would only increase the prevalence of the defect from
100 cases/100,000 births to 103 cases/100,000 births. Moreover, the finding
was not confirmed when the comparison was made with the total control group
(35).

In a second study from the above group, the teratogenic potential of vaginal



metronidazole plus miconazole treatment during the 2nd and 3rd months of
pregnancy was evaluated using the 1980–1996 dataset of the Hungarian Case–
Control Surveillance of Congenital Abnormalities (36). Their analysis included
21 groups of congenital anomalies. They compared 22,843 women who had
newborn infants or fetuses with congenital anomalies (cases) with 38,151
pregnant women who had newborns without defects (controls). Vaginal
treatment with the drug combination occurred in 2.5% (576) cases and 2.2%
(846) controls. The analysis of cases and their matched controls found an
association between the drug combination and polysyndactyly (21 cases) with
an adjusted prevalence OR 6.0, 95% CI 2.4–15.2. The authors thought that
recall bias was unlikely and considered their findings to be a signal of the
defect, although they had no plausible biological mechanism (36).

A population-based cohort study on the use of metronidazole during
pregnancy from 1991 to 1996 was conducted in Denmark and reported in 1999
(37). An estimated 35,000 pregnancies were used in the risk analysis for the
specific outcomes of congenital abnormalities, low birth weight (<2500 g), and
preterm birth (<37 weeks). Data on the use of metronidazole were determined
from a prescription database and classified as either exposure from 30 days
before conception to the end of the 1st trimester (group 1) or during the 2nd
and 3rd trimesters (group 2). A total of 138 prescriptions to the agent were
obtained by 124 women during the study period. A control group of 13,327
pregnancies was used for comparison. Outcome data were determined
independently from exposure information. Based on prevalence rates of
congenital anomalies in the exposed (group 1) and control groups of 2.4% and
5.2%, respectively, no increased risk for malformations was found (OR 0.44,
95% CI 0.11–1.81). The two birth defects in group 1 were transposition
vasorum with ventricular septum defect and hypertelorism. Preterm birth
occurred in 6 of the 124 exposed women (4.8%) and in 793 of 13,327 controls
(6.0%) (adjusted OR 0.80, 95% CI 0.35–1.83). After adjustment for maternal
age, birth order, gestational age, and smoking, there was no difference in
mean birth weight between those exposed and the controls. The investigators
acknowledged the major limitations of their study: low statistical power due to
the small number of exposed subjects; the inability to control for potentially
confounding factors; and the lack of information on spontaneous abortions and
fetuses aborted for prenatal diagnosis of malformations. They concluded,
however, that their results showed no evidence of major teratogenicity and no
indication for the termination of pregnancies because of exposure to
metronidazole (37).



Metronidazole has been shown to markedly potentiate the fetotoxicity and
teratogenicity of alcohol in mice (38). Human studies of this possibly clinically
significant interaction have not been reported.

A 2001 prospective, controlled cohort study evaluated the pregnancy
outcomes of 217 women exposed to metronidazole (86.2% exposed in 1st
trimester) (39). The women had consulted a Teratogen Information Service
concerning their exposure to the drug. A matched control group consisted of
612 women who had called about nonteratogenic exposures. There were no
statistical differences between the groups in terms of spontaneous abortions
(7.8% vs. 7.2%), stillbirths (0.0% vs. 0.2%), preterm delivery (6.8% vs. 5.7%),
or rate of major birth defects (2.6% vs. 2.1%). However, exposed cases had a
lower birth weight than controls (3253 vs. 3375 g, p = 0.004) (39).

A number of reports have described the use of metronidazole in pregnant
women with bacterial vaginosis in attempts to reduce the incidence of preterm
births (40–50). A 1994 randomized, double-blind, placebo-controlled study
found that two courses of oral metronidazole (400 mg twice daily for 2 days)
administered at 24 and 29 weeks’ gestation, respectively, were effective in
suppressing Gardnerella vaginalis for 2–3 months in the majority of women with
bacterial vaginosis (40).

A prospective, randomized, double-blind, placebo-controlled study first
published in abstract form in 1993 (41) and then in full in 1994 (42) compared a
7-day course of oral metronidazole (750 mg/day) to a 7-day course of placebo
in women with bacterial vaginosis and a history of preterm birth (<37 weeks’
gestation) in the preceding pregnancy from either idiopathic preterm labor or
premature rupture of membranes. The women were enrolled between 13 and
20 weeks’ gestation. Compared to the placebo group (N = 36), the pregnancy
outcomes of the active drug group (N = 44) included significantly fewer
admissions for preterm labor (27% vs. 78%, p <0.05), fewer preterm births
(18% vs. 39%, p <0.05), fewer newborns with birth weight <2500 g (14% vs.
33%, p <0.05), and fewer cases of premature rupture of membranes (5% vs.
33%, p <0.05) (42).

Another prospective randomized, double-blind, placebo-controlled study first
published in abstract form in 1993 (43) and then in full in 1995 (44) described
the effect of a 7-day course of oral metronidazole (750 mg/day) combined with
a 14-day course of oral erythromycin base (999 mg/day) in pregnant women at
increased risk for preterm delivery (based on a history of spontaneous preterm
delivery or prepregnancy body weight less than 50 kg). At enrollment (at a
mean 23 weeks’ gestation for both groups), 41% of the 433 women in the



active drug group had bacterial vaginosis compared with 46% of the 191
women receiving placebo. If a second examination (at a mean 27.6 weeks’
gestation for both groups) revealed bacterial vaginosis, a second course of
active drugs or placebo was administered. Eight women were lost to follow-up.
A total of 110 women (26%) in the active group delivered preterm (<37 weeks)
compared with 68 women (36%) in the placebo group (p = 0.01). However, the
rates of preterm delivery in those without bacterial vaginosis were nearly
identical (22% in the active drug group vs. 25% in the placebo group, p = 0.55).
In contrast, in those with bacterial vaginosis, the rates of preterm delivery were
31% for the active drug group compared with 49% in those receiving placebo,
p = 0.006. The positive association with anti-infective treatment existed both for
women with a history of preterm birth (39% vs. 57%, p = 0.02) and
prepregnancy body weight less than 50 kg (14% vs. 33%, p = 0.04) (44).

A 1997 randomized, placebo-controlled study also found that the beneficial
effect of a 2-day course of oral metronidazole (400 mg twice daily) on
prolonging pregnancy was restricted to those women with bacterial vaginosis
and a previous history of spontaneous preterm birth (45). Metronidazole
therapy was started at 24 weeks’ gestation and repeated at 29 weeks’ if G.
vaginalis was still present.

Another 1997 randomized, double blind, placebo-controlled study
administered a combination of metronidazole and ampicillin to 59 women and
placebo to 51 women (46). The subjects in both groups had threatened
idiopathic preterm labor and intact membranes. The anti-infective regimen was
an 8-day course of metronidazole (500 mg IV every 8 hours for 24 hours, then
400 mg orally every 8 hours for 7 days) and ampicillin (2 g IV every 6 hours for
24 hours, then pivampicillin 500 mg orally every 8 hours for 7 days). The
women were enrolled in the study at 26–34 weeks’ gestation from six clinics in
the Copenhagen area. Treatment with the anti-infectives was associated with
prolongation of gestation (47.5 vs. 27 days, p <0.05), higher gestational age at
birth (37 vs. 34 weeks, p <0.05), reduced preterm birth rate (40% vs. 63%, p
<0.05), and a lower rate of admission to neonatal intensive care unit (40% vs.
63%, p <0.05). The incidences of maternal (5% vs. 0%, p = 0.30) and neonatal
(10% vs. 22%, p = 0.18) infectious morbidity, however, were statistically
similar between the groups (46). In four other reports, all from the same
source, gestational metronidazole treatment of women with asymptomatic
bacterial vaginosis, but without a history of previous preterm birth, either did not
reduce the risk of preterm birth (47–49) or increased the risk for that outcome
(50).



Metronidazole was not effective in preventing preterm delivery among
pregnant women with asymptomatic Trichomonas vaginalis infection in a 2001
report (51). Women were screened for the infection at 16–23 weeks’ gestation
and then randomized to either metronidazole (N = 320) or placebo (N = 297).
The metronidazole group received two 2-g doses 48 hours apart at
randomization and then again at 24–29 weeks’. Preterm delivery (<37 weeks’)
occurred in 19% of the treated group and about 11% of the controls (51).

BREASTFEEDING SUMMARY
Metronidazole is excreted into breast milk. Following a single 2-g oral dose in
three patients, peak milk concentrations in the 50–60 mcg/mL range were
measured at 2–4 hours (52). With normal breastfeeding, infants would have
received about 25 mg of metronidazole during the next 48 hours. By interrupting
feedings for 12 hours, infant exposure to the drug would have been reduced to
9.8 mg, or 3.5 mg if feeding had been stopped for 24 hours (52).

In women treated with divided oral doses of either 600 or 1200 mg/day, the
mean milk levels were 5.7 and 14.4 mcg/mL, respectively (53). The
milk:plasma ratios in both groups were approximately 1.0. The mean plasma
concentrations in the exposed infants were about 20% of the maternal plasma
drug level. Eight women treated with metronidazole rectal suppositories, 1 g
every 8 hours, produced a mean milk drug level of 10 mcg/mL with maximum
concentrations of 25 mcg/mL (54).

One report described diarrhea and secondary lactose intolerance in a
breastfed infant whose mother was receiving metronidazole (55). The
relationship between the drug and the events is unknown. Except for this one
case, no reports of adverse effects in metronidazole-exposed nursing infants
have been located. However, because the drug is mutagenic and carcinogenic
in some test species (see Fetal Risk Summary), unnecessary exposure to
metronidazole should be avoided. However, topical or vaginal use of
metronidazole during breastfeeding does not appear to represent a risk to a
nursing infant.

A 1988 report analyzed the milk and plasma concentrations of metronidazole
and its metabolite (hydroxymetronidazole) in 12 breastfeeding women who had
been taking 400 mg 3 times daily for 4 days (56). The mean milk:plasma ratios
for the parent drug and metabolite were 0.9 and 0.76, respectively. In seven of
the nursing infants, the plasma concentrations for the parent drug and
metabolite ranged from 1.27 to 2.41 mcg/mL and 1.1 to 2.4 mcg/mL,
respectively. The investigators also monitored 35 other women under treatment



with metronidazole while nursing. There were no significant increases in
adverse effects in their infants that could be attributed to the drug therapy (56).

If a single, 2-g oral dose of metronidazole is used for trichomoniasis, the
American Academy of Pediatrics recommends discontinuing breastfeeding for
12–24 hours to allow excretion of the drug (57).
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METYROSINE
Antihypertensive
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Metyrosine, an enzyme inhibitor, is used for preoperative preparation in
patients with pheochromocytoma management when surgery is
contraindicated, or as chronic treatment of malignant pheochromocytoma.
Because these indications are relatively rare in pregnancy, the human
pregnancy experience is very limited and there are no animal reproduction
data. However, if required, the drug should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Metyrosine inhibits tyrosine hydroxylase, the enzyme that catalyzes the
conversion of tyrosine to dihydroxyphenylalanine, the first transformation in
catecholamine biosynthesis (1).

No reproduction studies in animals have been located. The molecular weight
of the compound (195) is low enough that transfer to the fetus should be
expected.

A case report published in 1986 described the pregnancy of a 24-year-old
woman at 30 weeks’ gestation who was treated for recurrent
pheochromocytoma with a combination of metyrosine, prazosin (α1-adrenergic
blocker), and timolol (β-adrenergic blocker) (2). Hypertension had been noted
at her first prenatal visit at 12 weeks’ gestation. Because of declines in fetal
breathing, body movements, and amniotic fluid volume that began 2 weeks
after the start of therapy, a cesarean section was conducted at 33 weeks’. The
1450-g female infant had Apgar scores of 3 and 5 at 1 and 5 minutes,
respectively. Mild metabolic acidosis was found on analysis of umbilical cord
blood gases. Multiple infarcts were noted in the placenta but no evidence of



metastatic tumor. The growth-restricted infant did well and was discharged
home on day 53 of life (2).

BREASTFEEDING SUMMARY
No reports describing the use of metyrosine during human lactation have been
located. The molecular weight (195) is low enough that excretion into breast
milk probably occurs. The effects of this exposure on a nursing infant are
unknown.
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MEXILETINE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Based on the very limited published information in humans, mexiletine does
not appear to present a significant risk to the fetus. However, three reviews
on the use of cardiovascular drugs during pregnancy caution that too few
data are available to assess the safety of this agent during pregnancy
(1–3).

FETAL RISK SUMMARY
Mexiletine is a local anesthetic, orally active, antiarrhythmic agent structurally
similar to lidocaine. It is indicated for the treatment of documented ventricular
arrhythmias, such as sustained ventricular tachycardia. The drug is metabolized
to inactive metabolites. Depending on hepatic or renal function, the elimination
half-life is in the range of about 13–25 hours (6).

The drug is not teratogenic in pregnant mice, rats, and rabbits given doses
up to and including maternal toxicity (4–6). Human pregnancy experience with
mexiletine is limited to three women, one treated throughout gestation, one
starting during the 14th week, and one at 32 weeks (7–9). No adverse effects
attributable to mexiletine were mentioned in these reports.

A healthy 2600-g male infant was delivered at 39 weeks’ gestation (Apgar
scores 9 and 10 at 1 and 5 minutes, respectively) to a 26-year-old primigravida
woman who had been treated throughout her pregnancy with mexiletine (200
mg 3 times daily) and atenolol (50 mg/day) for ventricular tachycardia with
multifocal ectopic beats (7). A serum mexiletine level obtained from the infant 9
hours after birth was 0.4 mcg/mL (normal therapeutic range 0.75–2.0 mcg/mL).
Heart rates during a normal newborn course were 120–160 beats/minute
(bpm). Postpartum, the mother continued both mexiletine and atenolol. The



infant was fed breast milk only, and by 17 days of age, his weight had
decreased to 2155 g. The weight loss was attributed to failure to feed and was
corrected with maternal education and formula supplementation. Breastfeeding
was halted at 3 months of age. Gastroesophageal reflux, presenting with
seizure-like episodes but with a normal neurologic examination and
electroencephalogram, was diagnosed at 8 months of age. The condition
responded to corrective measures, and growth and development were
appropriate at 10 months of age (7).

A 1981 report described the treatment of a 30-year-old woman with cardiac
palpitations with mexiletine (600 mg/day) and propranolol (60 mg/day) starting
at approximately 14 weeks’ gestation (8). A healthy infant (birth weight and sex
not specified) was delivered 5 months later.

A 34-year-old woman was treated at 32 weeks’ gestation with a combination
of mexiletine 200 mg 3 times daily and propranolol 40 mg 3 times daily for
paroxysmal ventricular tachycardia (9). A normal male infant (birth weight not
given) was delivered by spontaneous vaginal birth at 39 weeks’ gestation.
Bradycardia, most likely as a result of propranolol, was noted in the infant
during the first 6 hours after birth. The heart rate was 90 bpm, before
increasing to a normal rate of 120 bpm. An electrocardiogram was normal. The
cord blood and maternal serum mexiletine concentrations at birth were both 0.3
mcg/mL.

A 27-year-old woman was treated with mexiletine during pregnancy (10). Her
initial dose was 100 mg 3 times daily but her symptoms required higher doses
as her pregnancy progressed, eventually requiring 200 mg every 4 hours. At
about 38 weeks’, a repeat cesarean section was performed to deliver a 3750-g
male infant with Apgar scores of 4 and 9 at 1 and 5 minutes, respectively. After
5 minutes, the infant’s extremities were still blue. The low 1-minute Apgar was
explained by the 9-minute general anesthesia induction to delivery time. The
infant was large for gestational age and had hypoglycemia. The mother had no
history of diabetes and there was no glucosuria noted during pregnancy. At
delivery, maternal and fetal cord blood mexiletine concentrations were 0.6 and
0.4 mcg/mL (therapeutic concentrations are 0.7–2.0 mcg/mL), respectively. At
2 years of life, the child was developing normally (10).

A 1990 case report described the postoperative use of mexiletine (200 mg 3
times a day) in a 27-year-old woman who had undergone an aortic valve
replacement under general anesthesia at 29 weeks’ gestation (11). A normal
2510-g female infant was born by cesarean section at 28 weeks’ with Apgar
scores of 8 and 9 at 1 and 5 minutes, respectively. The postoperative course



after delivery was uneventful (11).

BREASTFEEDING SUMMARY
Mexiletine is excreted into breast milk in concentrations exceeding those in the
maternal serum (8,9). Three cases have been reported in which a nursing infant
was exposed to the drug via the milk with drug levels determined in two of
these cases. All three infants had been exposed to mexiletine in utero, and no
adverse effects attributable to the drug were noted.

Milk and serum mexiletine concentrations in a woman described above, who
was taking 600 mg/day in divided doses, were 0.6 and 0.3 mcg/mL,
respectively, 2 days postpartum, and 0.8 and 0.7 mcg/mL, respectively, 6
weeks after delivery (9). These levels represented milk:plasma ratios of 2.0
and 1.1, respectively. Mexiletine was not detected in serum samples from the
breastfed infant at either sampling time, nor were adverse effects observed in
the infant. A second report, appearing 1 year later, described the excretion of
the antiarrhythmic agent into breast milk of a woman also taking 600 mg/day in
divided doses (8). Again, no adverse effects were noted in the breastfed infant.
Twelve paired milk and serum levels, collected from the mother between the
2nd and 5th postpartum days, yielded peak concentrations of 0.959 mcg/mL in
the milk compared with 0.724 mcg/mL in the serum, a ratio of 1.32 (mean ratio
1.45, range 0.78–1.89) (8).

Failure to feed was observed in a wholly breastfed infant whose mother was
taking mexiletine (600 mg/day) and atenolol (50 mg/day) (7). The infant’s
weight dropped from 2600 g at birth to 2155 g at 17 days of age. An
acceptable growth curve was obtained with maternal education and formula
supplementation for the next 2.5 months, after which breastfeeding was
stopped (7).

The American Academy of Pediatrics classifies mexiletine as compatible with
breastfeeding (12).
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MICAFUNGIN
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of micafungin in human pregnancy have been
located. The single animal species studied for developmental toxicity
suggests moderate risk. However, the absence of pregnancy experience
prevents an assessment of the risk in human embryos and fetuses.
Although animal data do not always predict human risk, the safest course is
to avoid micafungin in the 1st trimester.

FETAL RISK SUMMARY
Micafungin is a semisynthetic lipopeptide (echinocandin) hydrophilic antifungal
agent derived from Coleophoma empetri F-11899 that is administered by IV
infusion. It is in the same antifungal class as caspofungin. Micafungin is
indicated for the treatment of patients with esophageal candidiasis and for the
prophylaxis of Candida infections in patients undergoing hematopoietic stem cell
transplantation. The mean elimination half-life ranges from 14 to 17 hours.
Micafungin is highly bound to plasma proteins (>99%), mainly to albumin. At
therapeutic concentrations, it does not competitively displace bilirubin binding
from albumin. The antifungal agent undergoes partial metabolism before
excretion in the feces (primary route) and urine (1).

Reproduction studies have been conducted in rabbits. During organogenesis,
an IV dose equivalent to about 4 times the recommended human dose based
on BSA (RHD) resulted in visceral abnormalities and abortions. The visceral
abnormalities observed included abnormal lobation of the lung, levocardia,
retrocaval ureter, anomalous right subclavian artery, and dilatation of the ureter
(1).

Micafungin was not mutagenic or clastogenic in a number of assays. In male



rats, IV dosing at 0.6 times the RHD over 9 weeks resulted in vacuolation of
the epididymal ductal epithelial cells. Doses about twice the RHD resulted in
higher epididymis weights and reduced numbers of sperm cells. In a 39-week
study in dogs, doses about 2 and 7 times the RHD resulted in seminiferous
tubular atrophy and decreased sperm in the epididymis, respectively. However,
fertility was not impaired in these species (1).

It is not known if micafungin crosses the human placenta. The high molecular
weight (about 1292 for the sodium salt), low lipid solubility, and very high
protein binding should limit transfer to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of micafungin during human lactation have been
located. The high molecular weight (about 1292 for the sodium salt), low lipid
solubility, and very high protein binding suggest that excretion into breast milk
will be limited. The antifungal agent is given as an IV infusion and this may imply
that the oral bioavailability is low. Although the effect of exposure to micafungin
in breast milk on a nursing infant is unknown, the risk appears to be low, if it
exists at all.
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MICONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Compatible (Topical)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Miconazole is normally used as a topical antifungal agent. Small amounts
are absorbed from the vagina (1). Use in pregnant patients with
vulvovaginal candidiasis (moniliasis) has not been associated with an
increase in congenital malformations (1–7). Effects following IV use are
unknown. However, one study did find a significant increase in the risk of
spontaneous abortions (SABs) with 1st trimester vaginitis treatment (8). A
later study speculated that this effect might have been due to inhibition of
the critical enzyme aromatase (9). Until there are data on this potential
association, the best course is to avoid the use of miconazole for vaginitis
treatment in the 1st trimester or the application of the antifungal to large
areas of skin at any time in pregnancy.

FETAL RISK SUMMARY
Miconazole is in the same antifungal class of imidazole derivatives as
butoconazole, clotrimazole, econazole, ketoconazole, oxiconazole,
sertaconazole, sulconazole, and tioconazole.

In data obtained from the Michigan Medicaid program between 1980 and
1983, a total of 2092 women were exposed to miconazole during the 1st
trimester from a total sample of 97,775 deliveries not linked to a birth defect
diagnosis (8). Of 6564 deliveries linked to such a diagnosis, miconazole was
used in 144 cases. The estimated relative risk for birth defects from these data
was 1.02 (95% confidence interval [CI] 0.9–1.2). An estimated relative risk for
SABs of 1.38 (95% CI 1.2–1.5) was calculated based on 250 miconazole
exposures among 4264 abortions compared with 2236 1st trimester exposures
among 55,736 deliveries. No association was found between miconazole use
and oral clefts, spina bifida, or cardiovascular defects. Although the relative



risks for total birth defects or the three specific defects were not increased, the
authors could not exclude the possibility of an association with other specific
defects (8).

In an extension of the above investigation, data were obtained for 229,101
completed pregnancies between 1985 and 1992, in which 7266 newborns had
been exposed to miconazole administered vaginally during the 1st trimester (F.
Rosa, personal communication, FDA, 1993). A total of 304 (4.2%) major birth
defects were observed (273 expected). Specific data were available for six
defect categories, including (observed/expected) 77/73 cardiovascular defects,
14/12 oral clefts, 3/4 spina bifida, 22/21 polydactyly, 12/12 limb reduction
defects, and 20/17 hypospadias. These data do not support an association
between the drug and congenital defects.

A 2002 study evaluated azole antifungals commonly used in pregnancy for
their potential to inhibit placental aromatase, an enzyme that is critical for the
production of estrogen and for the maintenance of pregnancy (9). The authors
speculated that the embryotoxicity observed in animals and humans (see also
Clotrimazole and Sulconazole) might be explained by inhibition of placental
aromatase. They found that the most potent inhibitors of aromatase were
(shown in order of decreasing potency) econazole, bifonazole (not available in
the United States), sulconazole, clotrimazole, and miconazole. However, an
earlier study reported a pregnancy that was maintained even when there was
severe fetal and placental aromatase deficiency (<0.3% of that of controls)
caused by a rare genetic defect (10). In this case, both the fetus and mother
were virilized because of diminished conversion of androgens to estrogen.
Because the pregnancy was maintained and because of the virilization, the
case suggested that the main function of placental aromatase was to protect
the mother and fetus from exposure to adrenal androgens (10).

A 2005 report evaluated the teratogenic potential of vaginal metronidazole +
miconazole treatment during the 2nd and 3rd months of pregnancy using the
population-based dataset of the Hungarian Case–Control Surveillance of
Congenital Abnormalities, 1980–1996 (11). Their analysis included 21 groups of
congenital anomalies. They compared 22,843 women who had newborn infants
or fetuses with congenital anomalies (cases) with 38,151 pregnant women who
had newborns without defects (controls). Vaginal treatment with the drug
combination occurred in 2.5% (576) cases and 2.2% (846) controls. The
analysis of cases and their matched controls found an association between the
drug combination and poly/syndactyly (21 cases) with an adjusted prevalence
odds ratio of 6.0, 95% CI 2.4–15.2. The authors thought that recall bias was



unlikely and considered their findings to be a signal, although they had no
plausible biological mechanism (11).

BREASTFEEDING SUMMARY
No reports describing the use of miconazole during human lactation have been
located. No risk for a nursing infant is expected if the mother is applying the
agent topically.
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MIDAZOLAM
Sedative
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible*
*Potential Toxicity If Combined with Other CNS Depressants

PREGNANCY SUMMARY

Midazolam is a short-acting benzodiazepine used for anesthetic induction.
No reports have been located that describe the use of midazolam in
humans during the 1st or 2nd trimesters. Use immediately near birth has
resulted in adverse neonatal neurobehavior.

FETAL RISK SUMMARY
Reproduction studies in rats and rabbits at 10 and 5 times the human dose,
respectively, found no evidence of teratogenicity in either species or impairment
of fertility in rats (1).

Midazolam crosses the human placenta, but this transfer, at least after oral
and IM use, appears to be slower than that experienced with other
benzodiazepines, such as diazepam, oxazepam, or lorazepam (2). In 13
patients given 15 mg of midazolam orally a mean of 11.4 hours (range 10.5–
12.4 hours) before cesarean section, only 1 had measurable levels of the drug
at the time of surgery. Maternal venous level was 12 ng/mL and cord venous
level was 7 ng/mL. No patient had detectable levels of the drug in the amniotic
fluid. A second group of patients (N = 11) was administered 15 mg of
midazolam orally a mean of 34.3 minutes (15–60 minutes) before cesarean
section. The mean serum concentrations in maternal venous, umbilical venous,
and umbilical arterial blood were 12.7, 8.4, and 5.7 ng/mL, respectively. The
cord venous:maternal venous and cord arterial:maternal venous ratios were
0.74 and 0.45, respectively. Six patients in a third group were administered
midazolam, 0.05 mg/kg IM, 18–45 minutes (mean 30.5 minutes) before
cesarean section. Drug levels from the same sampling sites and ratios obtained
in the second group were measured in this group, with results of 40.0, 21.7,



and 12.8 ng/mL, respectively, and 0.56 and 0.32, respectively. None of the 1-
and 5-minute Apgar scores of the 30 infants was less than 7, and no adverse
effects attributable to midazolam were observed in the newborns (2).

The placental transfer of midazolam and its metabolite, α-hydroxymidazolam,
was described in a 1989 reference (3). (See reference 7 for the clinical and
physiologic condition of the newborns.) Twenty women were given 0.03 mg/kg
of midazolam IV for anesthesia induction before cesarean section. The mean
concentrations of midazolam in the mothers’ serum and cord blood were 339
and 318 ng/mL (ratio 0.66), respectively. Similar measurements of the
metabolite produced values of 22 and 5 (ratio 0.28), respectively. The
elimination half-life of midazolam in the newborn infants was 6.3 hours (3).

Plasma levels of midazolam were measured at frequent intervals up to 2
hours after a 5-mg IV dose administered to two groups of pregnant patients in
a study published in 1985 (4). Levels were significantly higher in 12 patients in
early labor than in 8 women undergoing elective cesarean section. No reason
was given for the significant difference. Data on the exposed newborns were
not given.

Midazolam, 0.2 mg/kg (N = 26), or thiopental, 3.5 mg/kg (N = 26), was
combined with succinylcholine for rapid-sequence IV induction before cesarean
section in a study examining the effects of these agents on the newborn (5).
Five of the newborns exposed to midazolam required tracheal intubation
compared with one in the thiopental group, a significant difference (p <0.05).
The authors concluded that thiopental was superior to midazolam for this
procedure.

A 1989 study compared the effects of midazolam 0.3 mg/kg (N = 20) with
thiopental 4 mg/kg (N = 20) in mothers undergoing induction of anesthesia
before cesarean section (6). The only difference found between the groups
was a significantly higher (mean 7.9 mmHg) diastolic blood pressure in the
midazolam group during, but not after, induction. Characteristics of the
newborns from the midazolam and thiopental groups (both N = 19) were
compared in the second part of this study (7). Oxygen via face mask was
required in five midazolam-exposed newborns compared with three in the
thiopental group. Respiratory depression on day 1 and hypoglycemia and
jaundice on day 3 were also observed in the midazolam group. Moreover, three
statistically significant (p <0.05) neurobehavioral adverse effects, from the 19
tested, consisting of body temperature, general body tone, and arm recoil,
were noted after midazolam exposure during the first 2 hours after birth. Other
parameters that were inferior in the midazolam group, but that did not reach



statistical significance, were palmar grasp, resistance against pull, and startle
reaction (7). Although these differences do not meet all of the criteria for
“floppy infant syndrome” (see Diazepam), they do indicate that the use of
midazolam before cesarean section has a depressant effect on the newborn
that is greater than that observed with thiopental.

BREASTFEEDING SUMMARY
Midazolam is excreted into breast milk. In a study published in 1990, 12 women
in the immediate postpartum period took 15 mg midazolam orally at night for 5
nights (8). No measurable concentrations of midazolam or the metabolite,
hydroxy-midazolam, were detected (<10 nmol/L) in milk samples collected a
mean 7 hours (range 6–8 hours) after drug intake during the 5-day period. One
mother, however, who was accidentally given a second dose (total dose 30
mg) did have a milk concentration of 30 nmol/L (milk:plasma ratio 0.20) at 7
hours. The authors estimated that the exposure of the infant would be nil in
early breast milk if nursing was held for 4 hours after a 15-mg dose. Two
women also were studied at 2–3 months postpartum. In six paired milk and
serum samples collected up to 6 hours after a 15-mg dose, the mean
milk:plasma ratio was 0.15. Based on an average milk concentration of 10
nmol/L, a nursing infant would ingest an estimated 0.33 mcg of midazolam and
0.34 mcg of metabolite per 100 mL of milk if nursed within 4–6 hours of the
maternal dose (8).

The effects of exposure to benzodiazepines during breastfeeding were
reported in a 2012 study (9). In a 15-month period, spanning 2010–2011, 296
women called the Motherisk Program in Toronto, Ontario, seeking advice on
the use of these drugs during lactation and 124 consented to the study. The
most commonly used benzodiazepines were lorazepam (52%), clonazepam
(18%), and midazolam (15%). Neonatal sedation was reported in only two
infants. Midazolam was not used by either mother. There was no significant
difference between the characteristics of these 2 and the 122 that reported no
sedation in terms of maternal age, gestational age at birth, daily amount of time
nursing, amount of time infant slept each day, and the benzodiazepine dose
(mg/kg/day). The only difference was in the number of CNS depressants that
the mothers were taking: 3.5 vs. 1.7 (p = 0.0056). The investigators concluded
that their results supported the recommendation that the use of
benzodiazepines was not a reason to avoid breastfeeding (9).

The American Academy of Pediatrics classifies midazolam as a drug for
which the effect on a nursing infant is unknown but may be of concern if



exposure is prolonged (10).

References
1. Product information. Versed. Roche Laboratories, 1997.
2. Kanto J, Sjovall S, Erkkola R, Himberg J-J, Kangas L. Placental transfer and maternal midazolam

kinetics. Clin Pharmacol Ther 1983;33:786–91.
3. Bach V, Carl P, Ravlo O, Crawford ME, Jensen AG, Mikkelsen BO, Crevoisier C, Heizmann P, Fattinger

K. A randomized comparison between midazolam and thiopental for elective cesarean section
anesthesia. III. Placental transfer and elimination in neonates. Anesth Analg 1989;68:238–42.

4. Wilson CM, Dundee JW, Moore J, Collier PS, Mathews HLM, Thompson EM. A comparison of plasma
midazolam levels in non-pregnant and pregnant women at parturition. Br J Clin Pharmacol
1985;20:256P–7P.

5. Bland BAR, Lawes EG, Duncan PW, Warnell I, Downing JW. Comparison of midazolam and thiopental
for rapid sequence anesthetic induction for elective cesarean section. Anesth Analg 1987;66:1165–8.

6. Crawford ME, Carl P, Bach V, Ravlo O, Mikkelsen BO, Werner M. A randomized comparison between
midazolam and thiopental for elective cesarean section anesthesia. I. Mothers. Anesth Analg
1989;68:229–33.

7. Ravlo O, Carl P, Crawford ME, Bach V, Mikkelsen BO, Nielsen HK. A randomized comparison between
midazolam and thiopental for elective cesarean section anesthesia: II. Neonates. Anesth Analg
1989;68:234–7.

8. Matheson I, Lunde PKM, Bredesen JE. Midazolam and nitrazepam in the maternity ward: milk
concentrations and clinical effects. Br J Clin Pharmac 1990;30:787–93.

9. Kelly LE, Poon S, Madadi P, Koren G. Neonatal benzodiazepines exposure during breastfeeding. J
Pediatr 2012;161:448–51.

10. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



MIDODRINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report has described the use of midodrine during human pregnancy.
The active metabolite, desglymidrodrine, is an α1-adrenergic receptor
agonist that increases the vascular tone to raise blood pressure. It is
indicated for the treatment of symptomatic orthostatic hypotension. Marked
increases in systolic blood pressure greater than 200 mmHg may occur,
which in itself could jeopardize the fetus. (Withdrawn from the market in
September 2010).

FETAL RISK SUMMARY
Reproduction studies have been conducted in pregnant rats and rabbits (1). At
doses 13 and 7 times, respectively, the maximum human dose based on BSA,
embryo toxicity (resorptions) and reduced fetal weights occurred in both
species, and decreased fetal survival was noted in rabbits. No teratogenicity
was observed in either species.

It is not known if midodrine or its metabolite cross the human placenta. The
molecular weight (about 255 for the free base) is low enough that transfer to
the fetus should be expected.

A 26-year-old woman with postural orthostatic tachycardia syndrome
(POTS) became pregnant while taking midodrine 10 mg 5 times daily (2).
Because her disease was partially controlled, she continued the midodrine
throughout pregnancy. She had hyperemesis gravidarum that was treated with
ondansetron. A scheduled cesarean section at 37 weeks’ gave birth to a
healthy, about 3.5-kg, male infant (2).

BREASTFEEDING SUMMARY



No reports describing the use of midodrine in human lactation have been
located. The molecular weight (about 255 for the free base) suggests that the
drug will be excreted into breast milk. The effect of this exposure on a nursing
infant is unknown. Because severe systolic hypertension is a potential effect in
an infant, women who are taking midodrine should probably not breastfeed.
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MIFEPRISTONE
Antiprogestogen
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Mifepristone (RU 486) is a potent antiprogestogen compound that is mainly
used for the termination of pregnancy, usually in combination with a
prostaglandin agent. It has also been used for cervical ripening before
abortion and is currently being studied as an aid in the induction of labor at
term. It is teratogenic in one animal species, but not in two others, one of
which is a primate species. Data are too limited to determine whether the
drug is a human teratogen. Because the incidence of successful abortion
after mifepristone is high, but not total, women should be informed of the
risk for embryotoxicity if their pregnancy continues after use of this drug.

FETAL RISK SUMMARY
Mifepristone (RU 38486; RU 486) is an orally active, synthetic antiprogestogen
that has been used primarily to terminate pregnancy. At higher doses, the drug
also has antiglucocorticoid effects. The mechanism of action of mifepristone,
which exerts its antiprogestogen effect at the level of the receptor, and the
physiologic effects it produces in both animals and humans have been studied
and reviewed in a number of references (1–16). A 1993 review summarized the
drug’s antiprogestin and other pharmacologic effects in humans (17).

Mifepristone rapidly crosses the placenta to the fetus in both monkeys (18)
and humans (19,20). The fetal:maternal ratio decreased from 0.31 to 0.18 in
monkeys between the 2nd and 3rd trimesters (18). In 13 women undergoing
2nd trimester abortions, a single 100-mg oral dose produced fetal cord blood
concentrations of mifepristone ranging from 20 ng/mL (30 minutes) to 400
ng/mL (18 hours) (19). The peak maternal concentration (1500 ng/mL) was
attained in 1–2 hours, and the average fetal:maternal ratio was approximately
0.33. In contrast to a simple diffusion process observed in monkeys (18), an
active transport mechanism was suggested because the fetal concentration



increased exponentially (19). In the second human study, a lower mean
fetal:maternal ratio (0.11) was measured at 17.2 hours in six women treated
with 600 mg of mifepristone for 2nd trimester abortion (20). Maternal plasma
concentrations of aldosterone, progesterone, estradiol, or cortisol did not
change significantly 4 hours after mifepristone, but a significant increase in fetal
aldosterone occurred at this time, rising from 999 to 1699 pmol/L. Mean
changes in the fetal levels of the other three steroids were not significant.

A large number of studies have investigated the use of mifepristone as an
abortive agent, either when given alone (21–36), or when combined with a
prostaglandin analog (24,30,37–51). The drug has also been studied for labor
induction after 2nd trimester intrauterine death (52,53), and as a cervical
ripening agent in the 1st trimester (54–59), in the 2nd trimester (60), and at
term (61–63). Although mifepristone, especially when combined with a
prostaglandin analog, is an effective abortive agent, it has not been effective
when used for the termination of ectopic pregnancies (64,65). The use of
mifepristone as a postcoital contraceptive or for routine administration during
the mid- to late luteal phase to prevent a potential early pregnancy by induction
of menses (i.e., contragestation) has also been frequently investigated
(22,66–79).

Mifepristone is teratogenic in rabbits and the effect is both dose and duration
dependent (80). Abnormalities observed included growth restriction, nonfused
eyelids and large fontanelle, opened cranial vault with exposure of the
meninges and hemorrhagic or necrotic nervous tissue, necrotic destruction of
the upper part of the head and brain, and absence of closure of the vertebral
canal (80). At doses approximating those used in clinical practice, no evidence
of teratogenicity was observed in postimplantation rat embryos exposed to
mifepristone in culture (81). Similarly, no teratogenicity was observed after in
vitro exposure of monkey embryos to mifepristone (82,83).

In humans, only six cases have been reported of exposure to mifepristone
that was not followed by subsequent abortion. Although specific details were
not provided, in the United Kingdom Multicenter Trial (gestational age <36–
69 days from last menstrual period), one woman changed her mind after taking
mifepristone and her pregnancy continued until a normal infant was delivered at
term (41). In 1989, brief mention was made of fetal malformations discovered
after pregnancy termination at 18 weeks’ gestation (84). Additional information
on this and one other case was published in 1991 (85–87). A 25-year-old
primigravida was treated with 600 mg of mifepristone at 5 weeks’ gestation,
but then decided not to proceed with termination (85,86). Severe malformations



were observed by ultrasound examination at 17 weeks’ gestation, consisting of
an absence of amniotic sac, stomach, gallbladder, and urinary tract, and the
pregnancy was stopped with prostaglandin at 18 weeks’ (85). The 190-g fetus
had typical features of the sirenomelia sequence (sympodia; caudal regression
syndrome): fused lower limbs with a single flexed foot containing seven toes;
no external genitalia or anal or urethral openings; and absence of internal
reproductive organs, lower urinary tract, and kidneys. Other anomalies were
hypoplastic lungs, a cleft palate, and a cleft lip. Sirenomelia is thought to date
back to the primitive streak stage during the 3rd week of gestation, and, thus,
in this case, before exposure to mifepristone (85). However, induction of cleft
palate and cleft lip occurs at approximately 36 days of gestation (85) and may
have been a consequence of drug exposure.

A normal outcome was achieved in the second case in which a 30-year-old
woman was treated with 400 mg of mifepristone 6 weeks after her last
menstrual period, but then decided to continue her pregnancy (85). She
eventually delivered a healthy, 3030-g male baby at 41 weeks’ gestation. Three
other normal infants have been described after in utero exposure to
mifepristone (59,88). All three were participants in clinical trials who decided to
continue their pregnancies after treatment with mifepristone at 8, 8, and 9
weeks’ gestation (88). The latter patient vomited 1.5 hours after taking the drug
and reported seeing at least one partially digested tablet in the vomit. Delivery
occurred at 40 weeks (4150-g male), 39 weeks (3930-g male), and 41 weeks
(3585 g, female), respectively. Follow-ups of the infants at 15, 9, and 6
months, respectively, were completely normal.

BREASTFEEDING SUMMARY
No data have been located on the excretion of mifepristone in breast milk.
Because the drug is well absorbed after oral administration, it should not be
used during breastfeeding because of its potent antihormonal effects. However,
as a result of the limited indications for this agent, the opportunities for its use
during lactation should be infrequent.
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MIGLITOL
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of miglitol during human pregnancy have
been located. Miglitol is normally used either alone or in combination with
oral hypoglycemic agents, and these hypoglycemic drugs are not indicated
for the pregnant diabetic as they may not provide good control in patients
who cannot be controlled by diet alone. Carefully prescribed insulin therapy
provides better control of the mother’s glucose, thereby preventing the fetal
and neonatal complications that occur with this disease. Moreover, insulin,
unlike most oral agents, does not cross the placenta to the fetus, thus
eliminating the additional concern that the drug therapy itself will adversely
affect the fetus. High maternal glucose levels, as may occur in diabetes
mellitus, are closely associated with a number of maternal and fetal
adverse effects, including fetal structural anomalies if the hyperglycemia
occurs early in gestation. To prevent this toxicity, the American College of
Obstetricians and Gynecologists recommends that insulin be used for types
1 and 2 diabetes in pregnancy and, if diet therapy alone is not successful,
for gestational diabetes (1,2).

FETAL RISK SUMMARY
Miglitol is an oral α-glucosidase inhibitor, in the same class as acarbose (see
Acarbose), that delays the digestion of ingested carbohydrates within the
gastrointestinal tract, thereby reducing the rise in blood glucose following
meals. It is used either alone or in combination with a sulfonylurea as an adjunct
to diet in the management of type 2 diabetes (non-insulin-dependent diabetes
mellitus). In contrast to acarbose, miglitol is readily absorbed into the systemic
circulation, but the absorption is saturable at high doses. In addition, miglitol is



not metabolized and is excreted unchanged in the urine with an elimination half-
life of approximately 2 hours (3).

Reproduction studies have been conducted in animals with miglitol. In rats
and rabbits at doses up to 12 and 10 times, respectively, the maximum
recommended human exposure based on BSA (MRHE), no evidence of
teratogenicity was observed. In addition, no evidence of impaired fertility or
fetal harm was noted at doses up to 4 and 3 times the MRHE, respectively, in
these species. At 12 and 10 times the MRHE in rats and rabbits, respectively,
maternal and/or fetal toxicity were noted. In rats, fetotoxicity was characterized
by a slight but significant reduction in fetal weight. In rabbits, a slight reduction
in fetal weight, an increased number of nonviable fetuses, and delayed
ossification of the fetal skeleton were evident. In the rat peri-postnatal study,
an increase in stillborns occurred at 4 times the MRHE (3).

It is not known if miglitol crosses the human placenta. The molecular weight
(about 207) is low enough that exposure of the embryo and/or fetus should be
expected.

BREASTFEEDING SUMMARY
Miglitol is excreted into breast milk. This is consistent with its relatively low
molecular weight (about 207). The total amount excreted, however, is very
small, accounting only for 0.02% of a 100-mg dose (only 50%–70% of a 100-
mg dose is bioavailable). The estimated exposure of a nursing infant was about
0.4% of the mother’s dose (3).

The effects of this exposure on a nursing infant are unknown, but the
manufacturer recommends that miglitol should not be used during lactation (3).
A 2000 review also stated that miglitol should not be used during breastfeeding
(4). Nevertheless, based on the single study above, the exposure of a nursing
infant appears to be clinically insignificant.
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MIGLUSTAT
Endocrine/Metabolic Agent (Gaucher Disease)
PREGNANCY RECOMMENDATION: No Human Data—Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of miglustat in human pregnancy have been
located. The animal data suggest risk for embryotoxicity and decreased
fetal weight at exposure levels comparable to human systemic exposure.

FETAL RISK SUMMARY
Miglustat is an oral medication that inhibits the enzyme glucosylceramide
synthase and is used for the treatment of type I Gaucher disease in individuals
for whom enzyme replacement therapy is not an option. Miglustat does not bind
to plasma proteins. The effective elimination half-life is 6–7 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats,
miglustat was given by oral gavage at doses up to ≥2 times the human
therapeutic systemic exposure based on BSA (HTSE) beginning 14 days before
mating and continuing through day 17 (organogenesis). At the mid-to-high
doses that were ≥2 times the HTSE, decreased fetal survival, including
complete litter loss, and decreased fetal weights were observed. Delayed
parturition and dystocia were observed in another rat study that used the same
mid-to-high doses and route of administration from gestation day 6 through
lactation. In addition, decreased survival and reduced fetal weights were seen
at doses comparable to or below the HTSE. In rabbits, doses that were less
than the HTSE during gestation days 6–18 resulted in maternal toxicity and
death (1).

In 2-year carcinogenicity studies conducted in mice, mucinous
adenocarcinomas of the large intestine were observed in male and female mice
given oral doses that were 3 and 6 times the recommended human dose
(RHD), respectively. In rats, an increased incidence of interstitial cell adenomas
of the testis was observed in males at doses equivalent to the RHD. Miglustat



was not mutagenic or clastogenic in multiple in vitro and in vivo assays. Fertility
studies in rats demonstrated decreased spermatogenesis in males who were
treated 14 days prior to mating and at doses below the HTSE. In females,
decreased corpora lutea were noted, as well as increased postimplantation
loss at the lowest dose (1). However, in a study conducted in seven normal
human males who were administered 100 mg of miglustat twice a day for 6
weeks, no effects on sperm concentration, motility, and morphology were seen
(2).

It is not known if miglustat crosses the human placenta. The molecular weight
(about 200), lack of plasma protein binding, and prolonged elimination half-life
suggest that the drug will cross the placenta throughout gestation.

No reports of human pregnancy exposure to miglustat have been located.
Because the drug is contraindicated in pregnancy, pregnancy exposures should
be rare. One pharmacovigilance study in Europe followed 122 type I Gaucher
disease patients for 5 years and identified 1 woman who discontinued the drug
for a planned pregnancy (3).

BREASTFEEDING SUMMARY
No reports describing the use miglustat during human lactation have been
located. The molecular weight (about 200), lack of plasma protein binding, and
relatively long elimination half-life (6–7 hours) suggest that the drug will be
excreted into breast milk.
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MILNACIPRAN
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of milnacipran in human pregnancy have
been located. Neither the animal reproduction data nor the human data
from other selective norepinephrine and serotonin reuptake inhibitors
(SNRIs) suggest that this class of drugs is a risk for structural anomalies.
However, other SNRIs (e.g., see Venlafaxine) as well as selective
serotonin reuptake inhibitors (SSRIs) have been associated with
developmental toxicity, including spontaneous abortions, low birth weight,
prematurity, neonatal serotonin syndrome, neonatal behavioral syndrome
(withdrawal including seizures), possibly sustained abnormal neurobehavior
beyond the neonatal period, and respiratory distress. Persistent pulmonary
hypertension of the newborn (PPHN) is an additional potential risk, but
confirmation is needed.

FETAL RISK SUMMARY
Milnacipran is an SNRI that is indicated for the management of fibromyalgia.
Although not indicated for depression, it is in the same class of SNRI
antidepressants as desvenlafaxine, duloxetine, and venlafaxine. The drug
partially undergoes metabolism before urinary excretion. Plasma protein binding
is low (13%). Milnacipran is racemic mixture with an elimination half-life of
about 6–8 hours. However, the half-life of the active enantiomer, d-milnacipran,
is 8–10 hours, whereas it is 4–6 hours for the l-enantiomer (1).

Reproduction studies have been conducted in rats, mice, and rabbits. In rats,
doses that were 0.25 times the maximum recommended human dose based on
BSA (MRHD) increased the incidence of dead fetuses in utero. In mice and
rabbits during organogenesis, doses up to 3 and 6 times, respectively, the



MRHD did not cause embryotoxicity or teratogenicity. However, a dose one-
fourth of the above dose in rabbits increased the incidence of an extra single
rib, a skeletal variation (1).

In a 2-year carcinogenicity study in rats, a dose twice the MRHD caused a
statistically significant increase in the incidence of thyroid C-cell adenomas and
combined adenomas and carcinomas in males. A 6-month study in mice did not
induce tumors at any dose tested. Milnacipran was not mutagenic or
clastogenic in various assays. No significant effects on mating or fertility were
observed in males and females given doses up to 4 times the MRHD. However,
there was an apparent dose-related decrease in the fertility index at clinically
relevant doses based on BSA (1).

It is not known if milnacipran crosses the human placenta. The molecular
weight (about 247 for the free base), the terminal elimination half-life of 6–8
hours (both enantiomers), and the very low plasma protein binding suggest that
the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use milnacipran during human lactation have been
located. The molecular weight (about 247 for the free base), the terminal
elimination half-life of 6–8 hours (both enantiomers), and the very low plasma
protein binding suggest that the drug will be excreted into breast milk. The
effects of this exposure on a nursing infant are unknown. However, the long-
term effects on neurobehavior and cognitive development from exposure to
SNRIs during a period of rapid central nervous system development have not
been adequately studied. The American Academy of Pediatrics classifies other
antidepressants as drugs for which the effect on nursing infants is unknown but
may be of concern (2).
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MILRINONE
Cardiac Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Milrinone is used IV in the treatment of congestive heart disease. No
reports describing the use of this drug in human pregnancy have been
located.

FETAL RISK SUMMARY
Reproductive studies in rats (doses up to 40 mg/kg/day) and rabbits (doses up
to 12 mg/kg/day) have revealed an increased resorption rate, but no
teratogenic effects (1).

In an experiment with four pregnant baboons at 155–165 days’ gestation
(term 175 days), milrinone was given as an IV bolus of 75 mcg/kg followed by
a continuous infusion of 1 mcg/kg/minute for 180 minutes (loading and
maintenance doses considered maximal in humans) (2). Placental transfer was
demonstrated as early as 5 minutes after beginning. At steady state (60
minutes), the maternal:fetal concentration ratio was 4:1. Although a significant
increase in maternal heart rate was measured during the experiment, no
significant changes were observed in the maternal mean arterial pressure or in
the fetal heart rate and arterial blood gasses or pH values. All four fetuses
appeared normal at birth.

BREASTFEEDING SUMMARY
No reports describing the use of milrinone during human lactation have been
located.
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MINERAL OIL
Laxative
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Mineral oil is an emollient laxative. The drug is generally considered
nonabsorbable. Chronic use may lead to decreased absorption of fat-
soluble vitamins.

BREASTFEEDING SUMMARY
No reports describing the use of mineral oil during lactation have been located.
The product probably is harmless, but chronic use may cause deficiencies of
fat-soluble vitamins in the mother.



MINOCYCLINE
Antibiotic (Tetracycline)

See Tetracycline.



MINOXIDIL
Antihypertensive
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Minoxidil is not teratogenic in rats and rabbits, but some fetotoxicity was
observed in rabbits. The human pregnancy experience is too limited, after
both oral dosing and topical application, to determine the risk of
teratogenicity. A possible exception involves the two infants exposed in
utero to oral minoxidil who had hypertrichosis. This is a known adverse
effect in adults and, indeed, one of the mothers had hypertrichosis.
However, the causes of the multiple congenital malformations observed in
one of these infants and the heart defects in the other are unknown.
Similarly, the causes of the multiple anomalies observed in two fetuses
after minoxidil topical application also are unknown. Although the doses
applied in these two cases were not specified, only small amounts of
topically applied minoxidil are absorbed into the systemic circulation. Of
interest, both mothers had a flu-like illness in the 1st trimester. Even if
these malformations are not related to drug exposure, the potential toxicity
of oral minoxidil is severe enough to preclude its use in pregnancy. One of
these toxicities includes large orthostatic decreases in blood pressure that
could severely jeopardize placental perfusion. Although the possibility of a
causal relationship to malformations after topical application appears to be
remote, the safest course is to avoid applying the agent during the 1st
trimester.

FETAL RISK SUMMARY
Minoxidil is a potent antihypertensive peripheral vasodilator. It is indicated for
the treatment of hypertension that is symptomatic or associated with target
organ damage. Minoxidil is considered a second-line antihypertensive therapy



because of the potential for severe adverse effects. After oral dosing, minoxidil
is nearly completely (90%) metabolized to metabolites that have much less
antihypertensive effects. The average plasma elimination half-life of the parent
compound is 4.2 hours (1).

Minoxidil is also used topically for the treatment of androgenetic alopecia
(male baldness) and alopecia areata. After topical application, it is poorly
absorbed from normal intact skin, with an average of 1.4% (range 0.3%–4.5%)
entering the systemic circulation. Steady state concentrations in the plasma are
reached at the end of the third dosing interval (36 hours) (2).

Reproduction studies have been conducted in rats and rabbits (1–3). In rats,
no evidence of teratogenicity or fetotoxicity was observed after an oral dose
that was 5 times the human dose (1,2). Similarly, no teratogenicity was
observed with an SC dose (80 mg/kg/day) that produced maternal toxicity (1).
The oral dose, however, reduced the conception rate (2). There also was no
teratogenicity in the offspring of pregnant rabbits given an oral dose that was 5
times the human dose, but an increased incidence of fetal resorptions was
noted (1,2).

Pregnant rats were administered minoxidil at doses of 3 and 10 mg/kg/day
on gestational days 6–15 (3). No evidence of teratogenicity or acute toxicity
was observed. However, in the 10 mg/kg/day group, there was a higher than
expected incidence of retinal folds in the eyes of offspring. Additional studies
did not confirm this finding. In pregnant rabbits, similar doses administered on
gestational days 6–18 resulted in fewer live pups per litter. At the highest dose,
there was a higher incidence of resorptions (3).

It is not known if minoxidil crosses the human placenta. The molecular weight
(about 209) is low enough that fetal exposure should be expected. Moreover,
the moderately long elimination half-life (4.2 hours) should increase the
opportunity for the drug to cross to the fetal compartment. In addition, the two
cases of hypertrichosis described below suggest that minoxidil crosses the
placenta.

Information on the use of oral minoxidil in human pregnancy is very limited,
and only four cases of fetal exposure have been located (4–6). In one report,
minoxidil was used throughout gestation with no effect seen in the healthy
newborn (4). A second report involved a mother with a history of renal artery
stenosis and malignant hypertension who was treated throughout gestation with
minoxidil, captopril, and propranolol (5). Three of her four previous pregnancies
had ended in midgestation stillbirths. The most recent stillbirth, her fourth
pregnancy, involved a 500-g male infant with low-set ears but no gross



anomalies. The mother had been treated with the above regimen plus
furosemide. In her second pregnancy, she was treated only with
hydrochlorothiazide, and delivered a normal term infant. No information was
available on the first and third pregnancies, both of which ended in stillbirths.

In her current pregnancy, daily doses of the three drugs were 10, 50, and
160 mg, respectively. The infant, delivered by cesarean section at 38 weeks’
gestation, had multiple abnormalities, including an omphalocele (repaired on the
2nd day), pronounced hypertrichosis of the back and extremities, depressed
nasal bridge, low-set ears, micrognathia, bilateral fifth finger clinodactyly,
undescended testes, a circumferential midphallic constriction, a large
ventriculoseptal defect, and a brain defect consisting of slightly prominent sulci,
especially the basal cisterns and interhemispheric fissure. Growth restriction
was not evident, but the weight (3170 g, 60th percentile), length (46 cm, 15th
percentile), and head circumference (32.5 cm, 25th percentile) were
disproportionate. Neurologic, skeletal, and kidney examinations were normal.
Marked hypotension (30–50 mmHg systolic) was present, which resolved after
24 hours. Heart rate, blood glucose, and renal function were normal.

The infant’s hospital course was marked by failure to thrive, congestive heart
failure, prolonged physiologic jaundice, and eight episodes of hyperthermia
(>38.5°C without apparent cause) at 2–6 weeks of age. The hypertrichosis,
which was much less prominent at 2 months of age, is a known side effect of
minoxidil therapy in both children and adults, and the condition in this infant was
thought to be caused by that drug. The cause of the other defects could not be
determined, but a chromosomal abnormality was excluded based on a normal
male karyotype (46,XY) determined after a midgestation amniocentesis (5).

It is interesting that captopril (see Captopril) is known to cause structural
defects (hypocalvaria or acalvaria) and severe renal toxicity (anuria), but none
of the anomalies observed in the above infant have been reported with
captopril. The relatively low dose of 50 mg/day (recommended dose 50–
150 mg/day) may have protected the fetus from the characteristic renal toxicity
observed with angiotensin 1-converting enzyme inhibitors.

Two additional cases of in utero exposure to oral minoxidil were reported to
the FDA and published in 1987 (6). The first infant was the product of a 32
weeks’ gestation in a 22-year-old woman with severe uncontrolled renal
hypertension who was treated during pregnancy with minoxidil, methyldopa,
hydralazine, furosemide, and phenobarbital. The 1770-g infant died of
congenital heart disease the day after delivery. Defects noted at autopsy were
transposition of the great vessels and pulmonic bicuspid valvular stenosis.



Hypertrichosis was not observed. No conclusions can be drawn on the cause of
the cardiac defects. The second infant, delivered near term and weighing 3220
g, was exposed throughout gestation to minoxidil (5 mg/day) plus metoprolol
(100 mg/day) and prazosin (20 mg/day). The mother had severe hypertension
secondary to chronic nephritis. Hypertrichosis was evident in both the mother
and the newborn, but no other abnormalities were noted in the infant. The
excessive hair growth, which was longest in the sacral area, gradually
disappeared during the following 2–3 months. Normal development was noted
at 2 years of age (6).

Two reports have described the outcomes of pregnancies exposed to topical
minoxidil (7,8). A 14 weeks’ gestation was diagnosed in a nondiabetic 28-year-
old, primigravid, woman who had used minoxidil 2% topical solution to treat hair
loss during the 1st trimester (7). Her pregnancy was terminated at 17 weeks’
gestation because an ultrasound examination had revealed oligohydramnios, a
single umbilical artery, and multiple, severe anomalies. The woman also had
experienced a flu-like upper respiratory disease during the 7th to 9th weeks of
gestation which had been treated with trimethoprim-sulfamethoxazole (2 tablets
twice daily for 2 weeks) and erythromycin (500 mg 4 times daily for 1 week).
At termination, no evidence of infection was found, with a negative TORCH
(toxoplasmosis, other infections, rubella, cytomegalovirus, and herpes simplex)
test. Malformations in the male fetus included a transverse reduction deformity
of the lower limbs and pelvis, agenesis of the cloacal membrane, imperforate
anus, absence of external genitalia and bladder, renal agenesis, esophageal
atresia, tracheoesophageal fistula, hypoplastic left thumb and thenar eminence,
11 ribs and absence of L5, sacrum and pelvis (7). There was no evidence of an
amniotic band, and the cause of the malformations remained unknown.
Trimethoprim is a folate antagonist and is believed to cause congenital
anomalies but not of the type observed in this infant. (See Trimethoprim.) The
constellation of defects was thought to represent a severe form of caudal
regression syndrome, although the most severe form of this syndrome, the
sirenomelia complex, could not be completely excluded (7).

A 28-year-old woman applied a 2% solution of minoxidil on her whole scalp
to treat a diffuse bristly hair condition for at least 1 year and throughout her
current pregnancy (8). She experienced a brief flu-like syndrome at the 9th
week of gestation (maximum temperature 38.5°C). The woman elected to
terminate her pregnancy at about 22 weeks’ gestation after an ultrasound
examination had revealed a fetus with multiple anomalies. The 450-g female
fetus had extradural occipital hematomas, funnel-like posterior cranial base,



hypoplastic middle cranial base, underdeveloped cerebellar lobes, fourth
ventricle dilation, and diffuse intracerebral hemorrhages. Other defects included
a globose heart, partial subaortic stenosis, mesentery commune, and a
significantly increased length of the sigmoid colon. Histologic examination of the
brain revealed multiple areas of necrosis, diffuse areas of white matter
demyelinization with reactive gliosis, with capillary agglomerates. There also
was dilation and congestion of cerebral small vessels and capillaries. The
woman stopped the minoxidil and gave birth to a normal infant 2 years later.
The cause of the malformations could not be determined, but the authors
thought they were secondary to minoxidil (8).

BREASTFEEDING SUMMARY
Minoxidil is excreted into breast milk (4). Levels in the milk ranged from 41.7
ng/mL (1 hour) to 0.3 ng/mL (12 hours), with milk:plasma ratios during this
interval varying from 0.67 to 1.0. No adverse effects were observed in the
infant. The American Academy of Pediatrics classifies minoxidil as compatible
with breastfeeding (9).
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MIRABEGRON
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of mirabegron in human pregnancy have
been located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk.

FETAL RISK SUMMARY
Mirabegron is an oral agonist of the human β3-adrenergic receptor but, at
higher doses, also stimulates the β1-adrenergic receptor. The primary action
increases bladder capacity. It is indicated for the treatment of overactive
bladder with symptoms of urge urinary incontinence.

The drug is metabolized to inactive metabolites. Plasma protein binding to
albumin and α-1 acid glycoprotein is about 71% and the terminal elimination
half-life is about 50 hours (1).

Reproduction studies have been conducted in rats and rabbits. No embryo or
fetal toxicity was observed in rats given daily oral doses from implantation to
closure of the fetal hard palate (gestational days 7–17) that resulted in
maternal exposures that were 1–6 times the systemic exposure in women
treated with the maximum recommended human dose of 50 mg based on AUC
(MRHD). At systemic exposures 22 times the MRHD, an increased incidence of
delayed ossification and wavy ribs were observed. These findings were
reversible. When the drug was given daily from day 7 of gestation until 20 days
after birth, maternal exposures up to 6 times the MRHD had no discernable
adverse effects on the offspring. At exposures 22 times the MRHD, a slight but
statistically significant decrease in pup survival, as well as a decrease in pup
body weight gain were noted. In utero or lactational exposure at exposures 22



times the MRHD had no effect on behavior or fertility of offspring (1).
No embryo or fetal toxicity was noted in rabbits given daily oral doses from

implantation to closure of the fetal hard palate (gestational days 6–20) that
resulted in maternal exposures similar to those in women at the MRHD.
Reduced fetal body weight was observed at exposures that were 14 times
exposures at the MRHD. At exposures that were 36 times the systemic
exposures at the MRHD, maternal toxicity (reduced maternal body weight gain
and food consumption, and 1 of 17 pregnant rabbits died), an increased
incidence of fetal death, and fetal findings of dilated aorta and cardiomegaly
were reported (1).

In long-term studies in mice and rats, mirabegron showed no carcinogenic
potential. Assays for mutagenic and clastogenic effects also were negative. No
impairment of fertility was observed in male and female rats given high but
nonlethal doses (1).

It is not known if mirabegron crosses the human placenta. The molecular
weight (about 397), long terminal elimination half-life, and moderate plasma
protein binding suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of mirabegron during human lactation have been
located. The molecular weight (about 397), long terminal elimination half-life (50
hours), and moderate plasma protein binding (about 71%) suggest that the
drug will be excreted into breast milk. Moreover, the drug is concentrated in the
milk of rats (twice the maternal plasma level) (1) and may be in humans. The
effect of this exposure on a nursing infant is unknown. The most common
(>2%) adverse reactions in adults were hypertension, nasopharyngitis, urinary
tract infections, and headache. If the mother receiving this drug is nursing, her
infant should be monitored for these effects.
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MIRTAZAPINE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the limited human pregnancy experience suggests that the
embryo–fetal risk is low, at least for the more common major defects,
additional data are needed to make a better assessment of the overall risk
of developmental toxicity.

FETAL RISK SUMMARY
Mirtazapine is a tetracyclic antidepressant in the same subclass as maprotiline.
It is chemically unrelated to selective serotonin reuptake inhibitors, tricyclic
antidepressants, and monoamine oxidase inhibitors. Mirtazapine is also a
potent inhibitor of histamine (H1) receptors, a property that probably explains
the marked sedation often seen with this agent (1).

Mirtazapine has an active metabolite, desmethylmirtazapine. Plasma protein
binding is 85% and the mean plasma elimination half-life is 20–40 hours (2).

No teratogenic effects were observed in rats and rabbits given doses up to
20 and 17 times, respectively, the maximum recommended human dose based
on BSA (MRHD). However, toxicity was observed in rats at the maximum dose
that included an increase in postimplantation losses, increased pup deaths
during the first 3 days of lactation, and lower pup birth weights. This
developmental toxicity was not observed with a dose that was 15% of the
maximum dose (about 3 times the MRHD) (1).

It is not known whether mirtazapine crosses the placenta to the fetus.
Because of its low molecular weight (about 265) and prolonged elimination half-
life, transfer to the embryo and/or fetus should be anticipated.

A brief 2002 report described the use of mirtazapine in two women very
early in gestation (3). The first patient took mirtazapine 60 mg/day and



trifluoperazine 8 mg/day in gestational weeks 1–5. The second woman took
mirtazapine 30 mg/day for three consecutive days and trifluoperazine 4 mg/day
for two consecutive days in the 4th gestational week. In both cases, healthy
infants were delivered at term (one female and one male). The infants were
followed for 6 months and were developing normally (3).

A 2003 study reported the use mirtazapine in the 1st trimester of 41
pregnancies (4). The pregnancy outcomes were 8 spontaneous abortions
(SABs), 8 elective abortions (EABs), 1 unknown outcome, and 24 live births.
Four of the live births were premature, one of whom had patent ductus
arteriosus. No birth defects were observed (4).

A woman at 15 weeks’ gestation with treatment-resistant hyperemesis
gravidarum requested termination of her pregnancy because of the severe
symptoms (5). Treatment with IV mirtazapine 6 mg/day stopped the
nausea/vomiting and she no longer desired termination. After 3 days of IV
therapy, she was changed to oral 30 mg/day. The oral dose was weaned over
4 weeks and then stopped. A second course was required at 27 weeks’
gestation. Healthy male twins were delivered at 36 weeks’ with normal Apgar
scores. At 6 months of age, the twins were normal (5). A second report
involving three women with intractable hyperemesis treated with mirtazapine
resulted in similar outcomes (6).

A 2004 report described the pregnancy outcomes of nine women who had
taken mirtazapine (doses 30 mg/day in eight, 60 mg/day in one) during the 1st
trimester (7). None of the exposures went beyond 12 weeks’ gestation. In five
cases, mirtazapine was combined with other psychotropic agents and one
patient took illicit drugs. The outcomes included one EAB, two SABs, and seven
healthy infants that were normal at 12 months of age (7).

An international prospective study compared pregnancy outcomes in
mirtazapine-exposed women with two control groups (disease-matched
pregnant women with depression taking other antidepressants and
nonteratogen exposed) (8). There were 104 pregnancy outcomes in each of
the three groups. Mirtazapine was taken in the 1st trimester by 95% of the
women with 25% taking it throughout gestation. The outcomes in subjects were
20 SABs, 6 EABs, 1 stillbirth, and 77 live births. Two major malformations were
observed (no details provided), but the prevalence was similar to the two
control groups. There were significantly fewer live births in subjects compared
with nonteratogen-exposed controls and the number of SABs were higher, but
not significantly so, in both antidepressant groups. Compared with
nonteratogen-exposed controls, the mirtazapine group had significantly more



preterm births. There were no significant differences between the groups in
terms of EABs, stillbirths, gestational age at birth, or birth weight (8).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (9). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 68 mirtazapine cases,
the other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 52 fluvoxamine, 39 nefazodone, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio 0.9,
95% CI 0.5–1.61). There were two major anomalies in the mirtazapine group:
tracheomalacia and vesicoureteral reflux. There were no major defects in the
pregnancies exposed to bupropion, escitalopram, or trazodone (9).

BREASTFEEDING SUMMARY
Mirtazapine is excreted into breast milk (9,10). A 27-year-old woman, 3 weeks
postpartum, suffered a severe depressive episode with suicidal thoughts and
was admitted to a psychiatric hospital (10). She was treated with mirtazapine
30 mg/day while breastfeeding her infant 6 times a day. Maternal blood and
milk samples were drawn at steady state 22 and 15 hours postdose. At 22
hours, the maternal plasma level was 7 ng/mL (therapeutic range 5–100 ng/mL)
and fore- and hind-milk levels were 7 and 18 ng/mL, respectively. At 15 hours,
the three levels were 25, 28, and 34 ng/mL, respectively, and the infant’s
plasma level was 0.2 ng/mL. No adverse effects in the nursing infant were
observed over a 6-week interval while the woman was hospitalized (10).

A 2007 study investigated the excretion of mirtazapine into milk of eight
breastfeeding women (11). The median dose was 38 mg/day. The mean
milk:plasma ratio based on AUC was 1.1 for mirtazapine and 0.6 for the active
metabolite, desmethylmirtazapine. The mean relative infant dose for
mirtazapine and the active metabolite were 1.5% and 0.4%, respectively, of the
maternal weight-adjusted dose. Only one of the four infants tested had a
detectable mirtazapine plasma level (1.5 mcg/L). No toxicity was observed in
the nursing infants (11).

Although no adverse effects have been reported, the long-term effects on
neurobehavior and development from exposure to this class of agents during a
period of rapid central nervous system development have not been studied. The



American Academy of Pediatrics classifies other antidepressants as drugs for
which the effect on nursing infants is unknown but may be of concern (12).
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MISOPROSTOL
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Contraindicated (Oral) Human Data
Suggest Low Risk (Term Cervical Ripening)
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Misoprostol is a potent uterine stimulant that induces abortion after either
oral or vaginal administration early in pregnancy. The drug has been used
as an illicit abortifacient and most cases of birth defects have been
associated with abortion attempts. However, congenital malformations
have also been associated with the therapeutic use of the drug. The
teratogenic mechanism appears to be related to the induction of uterine
contractions that deform the embryo, resulting in vascular disruption,
hemorrhage, and cell death. Investigational and clinical use during the 2nd
and 3rd trimesters has demonstrated the utility of misoprostol for labor
induction and cervical ripening. Misoprostol appears to be superior, in
terms of maternal morbidity and cost, to prostaglandin E2 (PGE2) when
used for 2nd trimester pregnancy terminations and for cervical ripening.

FETAL RISK SUMMARY
Misoprostol, a synthetic prostaglandin E1 analog, is used to prevent gastric
ulcers induced by nonsteroidal anti-inflammatory agents. It is contraindicated in
pregnancy because of the risk of uterine bleeding and contractions that may
result in abortion. Although not indicated for such, misoprostol is routinely used
for cervical ripening in term pregnancies and for 2nd trimester pregnancy
termination.

In reproduction studies reported by the manufacturer, misoprostol was not
teratogenic in rats and rabbits at doses 625 and 63 times the maximum
recommended human dose (MRHD), respectively (1). At 6.25–625 times the
MRHD, dose-related pre- and postimplantation losses and a significant
decrease in the number of live pups were seen in rats (1). In another study,



teratogenicity observed in pregnant rabbits given doses of 300–1500 mcg/kg
on days 7–19 included spinal bifida, caudal vertebral defects, umbilical hernia,
and gastroschisis (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 5 newborns had
been exposed to misoprostol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (20.0%) major birth defect was observed
(none expected)—a cardiovascular defect.

During the initial clinical trials, menstrual complaints were higher among
nonpregnant women treated with misoprostol (3.7%) than with placebo (1.7%)
(3). In a clinical study designed to assess the effect of misoprostol on the
pregnant uterus, 111 women, who had consented to an elective 1st trimester
abortion, were treated with either placebo or one or two 400-mcg doses of the
prostaglandin. All six of the women who aborted spontaneously the day
following treatment had received misoprostol. Uterine bleeding occurred in 45%
(25 of 56) of the women treated with misoprostol compared with 4% (2 of 55)
of the placebo-treated women (3).

Misoprostol has been combined with the antiprogestogen mifepristone (RU
486) to induce legal abortion (see also Mifepristone) (4–7). Some of the
advantages of this prostaglandin analog over similar agents are that it is
effective, active by the oral route, inexpensive, and stable at room temperature
(4,5). In one study, 40 women were treated with 400 mcg of the drug 7 days
before surgical termination of pregnancy (6). Only two of the women from this
group had a complete abortion. In a second part of the study, 21 women were
given 200–1000 mcg of misoprostol 48 hours after a 200-mg dose of
mifepristone, resulting in a complete abortion in 18 women (6). Similar
effectiveness was found in a large study published in 1993 involving 895 women
who received misoprostol either 4 or 48 hours after a dose of mifepristone (7).

A 1991 reference cited the use of misoprostol as an illegal abortifacient in
Brazil (8). The drug is freely available as an over-the-counter product in the
country, where abortions are illegal. At one university hospital maternity unit, 20
women sought emergency treatment for uterine bleeding in 1988 after an
unsuccessful attempt to induce abortion with misoprostol. In 1990, the number
rose to 525. The usual dose consumed was 800 mcg (two 200-mcg tablets
orally plus two tablets vaginally), but some women may have taken as much as
9200 mcg (46 tablets) (8).

Five infants with congenital malformations who had been exposed during the
1st trimester to misoprostol in unsuccessful attempts at abortion were



described in a 1991 case report (9). The total dose was 1200 mcg in two of
the mothers and 400–600 mcg in the other three cases. The five infants had an
unusual defect of the frontotemporal region of the skull consisting of an
asymmetric, well-circumscribed anomaly of the cranium and overlying scalp,
exposing the dura mater and underlying cerebrum. Surgical correction of the
defect was attempted within 4 days of birth in each of the cases, but one infant
died of severe infection. Although the authors conceded that a later-acting
agent was suggested by the nature of the defect, three of the mothers denied
any further attempts to terminate their pregnancies after the use of misoprostol
(9). In a later publication, two of the authors described more fully the defects of
the scalp and cranium in three of the newborns (10).

Two additional reports describing the use of misoprostol as an abortifacient
by Brazilian women appeared in 1993 (11,12). In Rio de Janeiro during a 9-
month period of 1991, of 803 women admitted to hospitals with abortion
complications, 458 (57%) had self-administered misoprostol to induce abortion
(11). Most (80%) of these women had used the drug alone. The median dose
used was 800 mcg (range 200–16,800 mcg) with 65% taking it orally, 29%
orally and vaginally, and 6% vaginally only. The most frequently cited reasons
by the women for seeking medical care were vaginal bleeding (80%) and
uterine cramps (78%). Only 8% of the women reported vomiting and diarrhea.
Morbidity among the 458 women included heavy bleeding (19%) (1% required
blood transfusion), infection (17%), curettage required (85%), uterine
perforation after curettage (1%), and systemic collapse (1%). In Fortaleza,
Brazil, misoprostol use accounted for 444 (75%) of 593 incomplete abortions
treated in a hospital by uterine evacuation during 1991 (12). Complications
observed in the 444 women included 144 (32%) with infection, 1 with septic
shock, 3 with hypovolemic shock, and 1 with uterine perforation.

A 1992 report from Brazil questioned the teratogenicity of misoprostol (13).
Since 1990, 29 women had contacted a teratogen information counseling
service after unsuccessful attempts at inducing abortion with misoprostol during
the 1st trimester. The mean dose used by these women was 4000 mcg (20
tablets), with a range of 200 mcg (one tablet) to 11,200 mcg (56 tablets). The
women were monitored with ultrasonography during the remainder of their
pregnancies. The results of the pregnancies were: spontaneous abortions (2nd
trimester)—3; still pregnant—3; lost to follow-up—6; normal infants—17 (one
with preauricular tag). Of the 17 normal infants, 8 were examined by the
authors, 4 were examined by pediatricians not associated with the authors, and
in 5 cases verbal information was received from the mothers (13). The absence



of data for the 9 (31%) cases, however, lessens the ability to interpret this
report.

Seven cases of limb defects involving the hands and feet following 1st
trimester use of misoprostol (dose range 600–1800 mcg) as an unsuccessful
abortifacient were described in a 1993 report (14). Four of the infants
demonstrated bilateral palsy of cranial nerves, leading to a diagnosis of Möbius
sequence (6th and 7th nerve palsies). An additional five cases (one with limb
deficiency, one with limb deficiency and Möbius sequence, and three with
Möbius sequence) following failed abortion attempts with misoprostol were
appended to the report, but specific details were not given. In the seven
pregnancies with sufficient detail, misoprostol exposure was thought to have
occurred between 30 and 60 days following conception. The investigators
attributed the anomalies to misoprostol-induced vascular disruption (14). In a
1993 invited editorial on the strengths and weaknesses of case reports, the
publication of the above research was thought to be valid because the
association with birth defects was biologically plausible and there were other
reports supporting a causal association (15).

A brief report (16) and abstract (17) suggested that a possible mechanism
for Möbius syndrome was flexion of the embryo in the area of cranial nuclei 6
and 7 that resulted in vascular disruption of the region bent. The cranial nuclei 6
and 7 are located in a region of the embryo that would be bent if there was
pressure in a cephalocaudal direction. The hypothesis proposed that flexing of
the region would result in decreased blood flow and hemorrhage and/or cell
death of the cranial nuclei. It was hypothesized that misoprostol-induced uterine
contractions early in gestation, before there was sufficient amniotic fluid to
cushion the embryo, would cause the flexing if the embryo was correctly
positioned. Experiments in rat embryos confirmed that hemorrhage would occur
in this region after mechanical flexion in the proposed direction. Although limb
reduction defects are often associated with Möbius syndrome and may also be
due to mechanical factors, the author’s hypothesis could not reasonably explain
these defects (16,17).

A 1998 study (18) and earlier abstract (19) compared the frequency of 1st
trimester misoprostol use in 96 infants with Möbius syndrome with 96 infants
with neural tube defects (NTD). In the 96 infants with Möbius syndrome, there
were no differences in the clinical appearance between those exposed to
misoprostol (N = 47; 46 for attempted abortion) and those not exposed (N =
49): bilateral facial-nerve (cranial nerve VII) paralysis, 34 vs. 36; unilateral
facial-nerve paralysis, 13 vs. 13; abducens-nerve (cranial nerve VI) paralysis,



39 vs. 37; other cranial nerve palsy, 10 vs. 8; all limb defects, 31 vs. 28; club
feet only, 25 vs. 18; limb reduction, 6 vs. 10; orofacial anomalies, 18 vs. 11;
mental retardation, 26 vs. 26; other defects, 15 vs. 14 (all ns). Misoprostol was
used in 47 cases of Möbius syndrome and 3 cases of NTD (odds ratio 29.7,
95% confidence interval [CI] 11.6–76.0). Among the 47 cases of misoprostol
use, 20 took the drug orally, 20 took it both orally and vaginally, 3 took it
vaginally only, and 4 could not recall how they took the drug. The authors
concluded that attempted abortion with misoprostol was associated with an
increased risk of Möbius syndrome (18,19).

A 1994 abstract reported a case of a woman who took misoprostol 600
mcg/day for 2 days at 7 weeks’ gestation in an unsuccessful attempt to induce
abortion (20). An elective abortion at 17 weeks’ gestation revealed a male fetus
with an omphalocele, left leg below-the-knee amputation, absence of the
middle and distal phalanges of four fingers of the right hand with distal fusion by
amniotic band, and evidence of early amniotic rupture. Although the mother had
had chicken pox at 12 weeks, there was no evidence in the placenta or fetus of
viral infection.

The Latin-America Collaborative Study of Congenital Malformations found 12
misoprostol-exposed newborns among 5708 malformed and 5708
nonmalformed matched controls (21). Each of the exposures involved
unsuccessful attempts by the women to induce abortion. Four of the infants
were in the control group, but the maternal dose (1000 mcg) was known in only
one case. Of the eight exposed infants, two had Down’s syndrome (doses
1400 and 4000 mcg) and two had minor anomalies (café-au-lait spot on right
leg, dose 600 mcg; extranumerary nipple on left, dose 400 mcg). These cases
do not appear to be related to misoprostol. In the remaining four infants, the
authors characterized the defects as suggestive of misoprostol-induced in utero
vascular disruption (maternal dose shown in parentheses) (21):

Missing metacarpals and phalanges; hypoplasia of thumbs and two fingers;
partial syndactyly of two fingers; peculiar face with prominent nasal bridge
and ocular hypertelorism; weak cry (400 mcg)

Complete bilateral cleft lip and palate; ocular hypertelorism; short limbs;
absence of thumbs and 5th fingers; skin tags on one finger; stiff knees;
bilateral talipes equinovarus (dose unknown)

Skin scar over T2–T3; no evidence of spina bifida by x-ray (dose unknown)
Gastroschisis (1400 mcg)

In a second report from the above group, they found 57 newborn infants



exposed to misoprostol among 9653 newborns: 34 in 4673 malformed infants
and 23 in 4980 control infants (ns) (22). In comparing exposed vs. nonexposed
malformed infants, significant differences were measured for four vascular
disruption malformations that had been reported by others: arthrogryposis
(5.88% vs. 0.73%), hydrocephalus (11.76% vs. 3.04%), terminal transverse
limb reduction (8.82% vs. 0.67%), and limb constriction ring or skin scars
(8.82% vs. 0.24%). No cases of cranial nerve palsies (e.g., Möbius sequence)
were in the registry because these types of defects would not be obvious at
birth. Significant associations with two other malformations that had not been
reported previously were holoprosencephaly (5.88% vs. 0.34%) and bladder
exstrophy (2.94% vs. 0.06%). However, the authors recommended caution in
interpreting these latter defects as causal associations. They concluded that
there was a causal association between the four vascular disruption defects
and the use of misoprostol as an abortifacient (22).

Of note, a 1996 report provided detailed descriptions of three cases of
arthrogryposis (i.e., arthrogryposis multiplex congenita; the use of the shorter
term, arthrogryposis, implies multiple, nonprogressive congenital joint
contractures) after failed mechanical attempts at pregnancy termination (23).
The cause of the defect was thought to be vascular disruption resulting in nerve
damage that led to fetal akinesia and subsequent contractures (23).

A relative risk of >7.0 for congenital malformations, particularly Möbius
sequence, was found among 732 children born after 1990 who were attending
5 outpatient genetic clinics in Brazil (24). About 10% of the children had been
exposed in utero to misoprostol. There were 25 cases of Möbius syndrome, 24
cases of reduction of phalanges, and 227 cases with isolated malformations.
Associations with misoprostol occurred in 17 (68%), 7 (29%), and 15 (6.6%),
respectively, of the cases (24).

A below-the-knee amputation was observed in a female newborn delivered at
29 weeks’ gestation because of fetal distress (25). An abortion had been
attempted at about 13 weeks’ under medical supervision. A single misoprostol
tablet (strength not specified) had been inserted vaginally for 4 days, but only
some vaginal bleeding had occurred on day 4. Spontaneous rupture of the
membranes was documented at about 26 weeks’ gestation (25).

A 1998 study proposed that the abnormalities observed in children exposed
in utero during the 1st trimester to misoprostol were induced by uterine
contractions that caused vascular disruption in the fetuses, including ischemia of
the brain-stem (26). Of the 42 infants with congenital malformations, 17 had
equinovarus with cranial nerve defects (usually of nerves V, VI, and VII), 10 had



equinovarus as part of a more extensive arthrogryposis, and 9 had terminal
transverse limb defects. Five children had a distinctive arthrogryposis, without
cranial nerve injury, that was confined to the legs. Severe amyoplasia of the
legs was confirmed in five children by electromyography, and two of the cases
had deficient anterior horn cell activity. Eight had hydrocephalus associated
with increased pressure that required shunt placement to relieve. One child had
an omphalocele, but no evidence of cranial nerve defects of arthrogryposis
(26).

A 1997 abstract and 1999 full report described a prospective, observational
cohort study of 86 misoprostol-exposed pregnancies compared with 86 pair-
matched controls (27,28). All of the women had called a teratogen information
service regarding pregnancy exposure to either misoprostol or nonteratogenic
agents. There were no statistical differences between the groups in the rates
of major (2/67 vs. 2/81) or minor (7/67 vs. 3/81) malformations, gestational age
at birth, prematurity, birth weight, low birth weight, sex ratio, or rates of
cesarean section. However, there were more abortions in the exposed group,
17.1% vs. 5.8%, relative risk 2.97, 95% CI 1.12–7.88. The sample size had
limited power as it was only able to detect an eightfold increase in the risk of
major malformations (28).

A study published in 2000 reported the clinical evaluations of 15 children (8
males, 7 females; average age 2 years) from Salvador and Brazil with
misoprostol-induced arthrogryposis (29). Their mothers had taken 400–4800
mcg of misoprostol, orally or vaginally, from 8 to 12 weeks’ gestation for
attempted abortions. Common pathologic features in the children were growth
restriction, underdeveloped bones, short feet with equinovarus, rigidity of joints
with skin dimples and webs, neurologic impaired leg movement, bilateral
symmetrical hypoplasia or atrophy of limb muscles, and absent tendon reflexes.
Twelve had normal intelligence (information not available for the other three).
Other abnormalities included neurogenic bladder/bowel (N = 9), hip dislocation
(N = 6), upper and lower limb deformity (N = 5), cryptorchidism (N = 2), inguinal
hernia (N = 2), and single cases of medullar stenosis/syringomyelia, spina
bifida, abdominal muscle hypoplasia, and nail hypoplasia. Neurogenic patterns
suggestive of anterior horn cell defects were observed on electromyogram in
five children (29).

In another 2000 report, a multicenter, case–control study compared the
frequency of misoprostol exposure in 93 children with vascular disruption
anomalies (subjects) and 279 children with other types of defects (controls)
(30). All of the children were born after 1992. Congenital malformations



classified as vascular disruptions in the subject cases were Möbius syndrome
(N = 29), transverse limb reduction (N = 27), hemifacial microsomia (N = 16),
arthrogryposis (N = 9), microtia (N = 9), porencephalic cyst (N = 2), and
hypoglossia hypodactyly (N = 1). Misoprostol exposure (all for attempted
abortion) occurred in 32 subject cases (34.4%) compared with 12 controls
(4.3%), p <0.0000001. In 16 subjects, misoprostol was used between the 5th
and 8th week after the last menstrual period, and in two the exposure occurred
after the 1st trimester. There was no difference between the two groups in the
misoprostol dose taken. Based on their data, the investigators concluded that
misoprostol was associated with vascular disruption defects (30).

A case of maternal misoprostol overdosage resulting in fetal death was
reported in 1994 (31). In a suicide attempt, a 19-year-old woman at 31 weeks’
gestation ingested 6000 mcg (thirty 200-mcg tablets) and 8 mg of
trifluoperazine. She was seen 2 hours later at a hospital complaining of feeling
hot, chills, shortness of breath, restlessness, and discomfort. A tetanic uterus
was observed, and physical examination revealed her cervix to be dilated to 5
cm with 80% effacement. Fetal movements and heart motion (by sonogram)
were absent 1 hour after admission (3 hours after ingestion), and 1 hour later
she delivered a stillborn 1800-g fetus that was diffusely ecchymotic.
Postmortem examination was remarkable only for diffuse head and upper body
bruising (31).

A 2006 meta-analysis reviewed the risk of specific birth defects when
misoprostol was used in the 1st trimester (32). The data source consisted of
case–control studies through June 2005. The analysis of 4899 cases of
congenital malformations and 5742 controls revealed the following odds ratios
(OR): any congenital defect OR 3.56, 95% CI 0.98–12.98; Möbius sequence
OR 25.31, 95% CI 11.11–57.66; and terminal transverse limb defects OR
11.86, 95% CI 4.86–28.90 (32).

Misoprostol has been used for the induction of labor in cases involving
intrauterine fetal death (IUFD) or when medical or genetic reasons existed for
pregnancy termination (33–35). In 20 cases of IUFD, pregnancy termination
was conducted a mean 9.2 hours after the start of oral misoprostol, 400 mcg
every 4 hours (mean total dose 1000 mcg) (33). Maternal adverse effects were
common. A second study, involving 72 women with IUFD at 18–40 weeks’
gestation, used a lower dose (100 mcg) introduced into the vaginal posterior
fornix every 12 hours (up to 48 hours) until effective contractions and cervical
dilatation were obtained (34). Only 6 women (8%) required treatment between
24 and 48 hours and all had delivered within 48 hours (mean 12.6 hours; range



2–48 hours). None of the women required surgical intervention. Other than one
case of abruptio placentae, no complications were observed. A dose of 200
mcg, also administered vaginally, was used in a third study with a comparison
group receiving a 20-mg PGE2 vaginal suppository every 3 hours (35).
Successful abortions were obtained within 24 hours in 89% (25 of 28) of
women treated with misoprostol and in 81% (22 of 27) of women administered
PGE2 (ns). The remaining three misoprostol-treated women had successful
abortions within 38 hours (similar data for PGE2 were not given). Complete
abortions (passage of the fetus and the placenta simultaneously) occurred in
43% and 32% of the misoprostol- and PGE2-treated groups, respectively.
Significantly more women experienced adverse effects (pyrexia, uterine pain,
vomiting, and diarrhea) with PGE2 than with misoprostol, and the difference in
average cost between the treatments was large ($315.30 for PGE2 vs. $0.97
for misoprostol). Two other studies have described the use of intravaginal
misoprostol (200–800 mcg) to successfully induce legal abortion at gestational
ages ranging from 11 to 23 weeks (36,37).

Several reports and communications have described the use of misoprostol
for cervical ripening and labor induction in the 3rd trimester (38–44). The doses
used were 50–100 mcg administered either as a single dose or at 4-hour
intervals, but one group of investigators was studying a 25-mcg dose (43).
Tachysystole was observed in some cases, but the uterine hyperstimulation
was not associated with an increased incidence of fetal distress or a higher
rate of operative deliveries. The American College of Obstetricians and
Gynecologists considers low-dose (e.g., 25 mcg) intravaginal misoprostol to be
effective for inducing labor in pregnant women who have unfavorable cervices
(45,46).

Some authors consider the potential teratogenicity of misoprostol following
an unsuccessful abortion attempt a reason to proceed cautiously with the use
of the drug for this purpose, particularly in countries with limited medical
services (47).

BREASTFEEDING SUMMARY
No studies describing the use of misoprostol during human lactation have been
located. The manufacturer considers the drug to be contraindicated during
nursing because of the potential for severe, drug-induced diarrhea in the
nursing infant (1). Naturally occurring PGE1, however, is excreted into milk in
concentrations similar to that in maternal plasma and may have an important



function (e.g., cytoprotection) in the gastrointestinal tract of the nursing infant
(48).

References
1. Product information. Cytotec. G.D. Searle, 2001.
2. Clemens GR, Hilbish KG, Hartnagel RE Jr, Schluter G, Reynolds JA. Developmental toxicity including

teratogenicity of E1 prostaglandins in rabbits. The Toxicologist 1997;36:260. As cited in Gonzalez CH,
Marques-Dias MJ, Kim CA, Sugayama SMM, Da Paz JA, Huson SM, Holmes LB. Congenital
abnormalities in Brazilian children associated with misoprostol misuse in first trimester of pregnancy.
Lancet 1998;351:1624–7.

3. Lewis JH. Summary of the 29th meeting of the Gastrointestinal Drugs Advisory committee, Food and
Drug Administration—June 10, 1985. Am J Gastroenterol 1985;80:743–5.

4. Anonymous. Misoprostol and legal medical abortion. Lancet 1991;338:1241–2.
5. Baird DT, Norman JE, Thong KJ, Glasier AF. Misoprostol, mifepristone, and abortion. Lancet

1992;339:313.
6. Norman JE, Thong KJ, Baird DT. Uterine contractility and induction of abortion in early pregnancy by

misoprostol and mifepristone. Lancet 1991;338:1233–6.
7. Peyron R, Aubeny E, Targosz V, Silvestre L, Renault M, Elkik F, Leclerc P, Ulmann A, Baulieu E-E.

Early termination of pregnancy with mifepristone (RU 486) and the orally active prostaglandin
misoprostol. N Engl J Med 1993;328:1509–13.

8. Schonhofer PS. Brazil: misuse of misoprostol as an abortifacient may induce malformations. Lancet
1991;337:1534–5.

9. Fonseca W, Alencar AJC, Mota FSB, Coelho HLL. Misoprostol and congenital malformations. Lancet
1991;338:56.

10. Fonseca W, Alencar AJC, Pereira RMM, Misago C. Congenital malformation of the scalp and cranium
after failed first trimester abortion attempt with misoprostol. Clin Dysmorphol 1993;2:76–80.

11. Costa SH, Vessey MP. Misoprostol and illegal abortion in Rio de Janeiro, Brazil. Lancet 1993;341:1258–
61.

12. Coêlho HLL, Teixeira AC, Santos AP, Forte EB, Morais SM, Vecchia CL, Tognoni G, Herxheimer A.
Misoprostol and illegal abortion in Fortaleza, Brazil. Lancet 1993;341:1261–3.

13. Schuler L, Ashton PW, Sanseverino MT. Teratogenicity of misoprostol. Lancet 1992;339:437.
14. Gonzalez CH, Vargas FR, Perez ABA, Kim CA, Brunoni D, Marques-Dias MJ, Leone CR, Neto JC,

Llerena JC Jr, Cabral de Almeida JC. Limb deficiency with or without Möbius sequence in seven
Brazilian children associated with misoprostol use in the first trimester of pregnancy. Am J Med Genet
1993;47:59–64.

15. Brent RL. Congenital malformation case reports: the editor’s and reviewer’s dilemma. Am J Med Genet
1993;47:872–4.

16. Shepard TH. Möbius syndrome after misoprostol: a possible teratogenic mechanism. Lancet
1995;346:780.

17. Shepard TH, Lemire RJ. Möbius syndrome: a possible teratogenic mechanism (abstract). Teratology
1996;53:86.

18. Pastuszak AL, Schuler L, Speck-Martins CE, Coelho KEFA, Cordello SM, Vargas F, Brunoni D,
Schwarz IVD, Larrandaburu M, Safattle H, Meloni VFA, Koren G. Use of misoprostol during pregnancy
and Möbius’ syndrome in infants. N Engl J Med 1998;338:1881–5.

19. Pastuszak AL, Schuler L, Coelho KA, Vargas F, Brunoni D, Speck-Martin C, Larrandaburu M.
Misoprostol use during pregnancy is associated with an increased risk for Möbius sequence (abstract).
Teratology 1997;55:36.

20. Genest DR, Richardson A, Rosenblatt M, Holmes L. Limb defects and omphalocele in a 17 week fetus
following first trimester misoprostol exposure (abstract). Teratology 1994;49:418.

21. Castilla EE, Orioli IM. Teratogenicity of misoprostol: data from the Latin-American Collaborative Study of
Congenital Malformations (ECLAMC). Am J Med Genet 1994;51:161–2.

22. Orioli IM, Castilla EE. Epidemiological assessment of misoprostol teratogenicity. Br J Obstet Gynaecol
2000;107:519–23.



23. Hall JG. Arthrogryposis associated with unsuccessful attempts at termination of pregnancy. Am J Med
Genet 1996;63:293–300.

24. Vargas FR, Brunoni D, Gonzalez C, Kim C, Meloni V, Conte A, Bortolotto E, Almeida JCC, Llerena JC,
Duarte A, Albano L, Oliveira S, Cavalcanti D, Castilla EE. Investigation of the teratogenic potential of
misoprostol (abstract). Teratology 1997;55:104.

25. Hofmeyr GJ, Milos D, Nikodem VC, de Jager M. Limb reduction anomaly after failed misoprostol
abortion. S Afr Med J 1998;88:566–7.

26. Gonzalez CH, Marques-Dias MJ, Kim CA, Sugayama SMM, Da Paz JA, Huson SM, Holmes LB.
Congenital abnormalities in Brazilian children associated with misoprostol misuse in first trimester of
pregnancy. Lancet 1998;351:1624–7.

27. Schuler L, Pastuszak A, Sanseverino MT, Orioli IM, Brunoni D, Koren G. Pregnancy outcome after
abortion attempt with misoprostol (abstract). Teratology 1997;55:36.

28. Schuler L, Pastuszak A, Sanseverino MTV, Orioli IM, Brunoni D, Ashton-Prolla P, Da Costa FS,
Giugliani R, Couto AM, Brandao SB, Koren G. Pregnancy outcome after exposure to misoprostol in
Brazil: a prospective, controlled study. Reprod Toxicol 1999;13:147–51.

29. Coelho KEFA, Sarmento MVF, Veiga CM, Speck-Martins CE, Safatle HPN, Castro CV, Niikawa N.
Misoprostol embryotoxicity: clinical evaluation of fifteen patients with arthrogryposis. Am J Med Genet
2000;95:297–301.

30. Vargas FR, Schuler-Faccini L, Brunoni D, Kim C, Meloni VFA, Sugayama SMM, Albano L, Llerena JC
Jr, Almeida JCC, Duarte A, Cavalcanti DP, Goloni-Bertollo E, Conte A, Koren G, Addis A. Prenatal
exposure to misoprostol and vascular disruption defects: a case-control study. Am J Med Genet
2000;95:302–6.

31. Bond GR, Zee AV. Overdosage of misoprostol in pregnancy. Am J Obstet Gynecol 1994;171:561–2.
32. de Silva Dal Pizzol T, Knop FP, Mengu SS. Prenatal exposure to misoprostol and congenital anomalies:

systematic review and meta-analysis. Reprod Toxicol 2006;22:666–71.
33. Mariani-Neto C, Leao EJ, Barreto EMCP, Kenj G, Aquino MMA, Tuffi VHB. Use of misoprostol for labor

induction in stillbirth. Rev Paul Med 1987;105:325–8.
34. Bugalho A, Bique C, Machungo F, Faúndes A. Induction of labor with intravaginal misoprostol in

intrauterine fetal death. Am J Obstet Gynecol 1994;171:538–41.
35. Jain JK, Mishell DR Jr. A comparison of intravaginal misoprostol with prostaglandin E2 for termination of

second-trimester pregnancy. N Engl J Med 1994;331:290–3.
36. Bugalho A, Bique C, Almeida L, Bergström S. Pregnancy interruption by vaginal misoprostol. Gynecol

Obstet Invest 1993;36:226–9.
37. Bugalho A, Bique C, Almeida L, Faúndes A. The effectiveness of intravaginal misoprostol (Cytotec) in

inducting abortion after eleven weeks of pregnancy. Stud Fam Plann 1993;24:319–23.
38. Margulies M, Perez GC, Voto LS. Misoprostol to induce labour. Lancet 1992;339:64.
39. Sanchez-Ramos L, Kaunitz AM, Del Valle GO, Delke I, Schroeder A, Briones DK. Labor induction with

the prostaglandin E1 methyl analogue misoprostol versus oxytocin: a randomized trial. Obstet Gynecol
1993;81:332–6.

40. Fletcher HM, Mitchell S, Frederick J, Brown D. Intravaginal misoprostol as a cervical ripening agent. Br J
Obstet Gynaecol 1993;100:641–44.

41. Sanchez-Ramos L, Chen A, Briones D, Del Valle GO, Gaudier FL, Delke I. Premature rupture of
membranes at term: induction of labor with intravaginal misoprostol tablets (PGE1) or intravenous
oxytocin (abstract). Am J Obstet Gynecol 1994;170:380.

42. Fletcher H, Mitchell S, Frederick J, Simeon D, Brown D. Intravaginal misoprostol versus dinoprostone
as cervical ripening and labor-inducing agents. Obstet Gynecol 1994;83:244–7.

43. Sanchez-Ramos L, Kaunitz A. Intravaginal misoprostol versus dinoprostone as cervical ripening and
labor-inducing agents. Obstet Gynecol 1994;83:799–800.

44. Fletcher H. Intravaginal misoprostol versus dinoprostone as cervical ripening and labor-inducing agents
(reply). Obstet Gynecol 1994;83:800–1.

45. Committee on Obstetric Practice, American College of Obstetricians and Gynecologists. Induction of
labor with misoprostol. Committee Opinion. No. 228, November 1999.

46. Committee on Obstetric Practice, American College of Obstetricians and Gynecologists. Response to



Searle’s drug warning on misoprostol. Committee Opinion. No. 248, December 2000.
47. Fonseca W, Misago C, Kanji N. Misoprostol plus mifepristone. Lancet 1991;338:1594.
48. Shimizu T, Yamashiro Y, Yabuta K. Prostaglandins E 1, E2, and F2á in human milk and plasma. Biol

Neonate 1992;61:222–5.



MITOMYCIN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

No reports describing the use of mitomycin in human pregnancy have been
located. Although the doses were not compared with the human dose in
terms of BSA or AUC, the drug was teratogenic or embryolethal in three
animal species. If the drug is indicated in a pregnant woman, avoidance of
the 1st trimester should be considered.

FETAL RISK SUMMARY
Mitomycin (mitomycin-C) is an antibiotic with antitumor activity isolated from
Streptomyces caespitosus. It is in the same antineoplastic subclass of
antibiotics as bleomycin and dactinomycin. Mitomycin is indicated in the therapy
of disseminated adenocarcinoma of the stomach and pancreas in proven
combinations with other approved chemotherapeutic agents and as palliative
treatment when other modalities have failed. It is given as a single IV dose at
6–8-week intervals. The drug is primarily metabolized in the liver, but
metabolism occurs in other tissues as well. However, metabolic pathways are
saturated at relatively low doses. After a 30-mg IV bolus injection, the serum
half-life was 17 minutes (1).

A number of reproduction studies in mice, rats, and dogs have been cited by
Shepard and Lemire (2) and Schardein (3). Mitomycin caused either congenital
malformations or embryolethality in these species when given during pregnancy
(2,3). The studies specified doses based on weight, but apparently did
compare them with the human dose based on BSA or AUC.

Mitomycin was carcinogenic in male rats and female mice. At doses
approximating the recommended human clinical dose (assumed to be based on
body weight), the tumor incidence in these species was increased by >100%
and >50%, respectively. Assays for mutagenicity and tests for impaired fertility



have not been conducted (1).
It is not known if mitomycin crosses the human placenta. The molecular

weight (about 334) and the high lipid solubility suggest that it will, but the short
serum half-life will limit the embryo–fetal exposure.

A 28-year-old nulliparous woman with squamous cell carcinoma of the uterine
cervix was treated with four courses of low-dose mitomycin, cisplatin,
bleomycin, and vincristine (4). The therapy produced a complete response.
Two years later, she became pregnant and gave birth to a healthy infant.

BREASTFEEDING SUMMARY
No reports describing the use of mitomycin during human lactation have been
located. The molecular weight (about 334) and the high lipid solubility suggest
that it will be excreted into breast milk, but the short serum half-life (17
minutes) will limit the amount in milk. Because the drug is given as a single IV
dose at 6–8-week intervals, pumping and dumping for a few hours after a dose
should prevent exposure of a nursing infant.
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MITOXANTRONE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

This synthetic anthracenedione, structurally related to doxorubicin, is an
antineoplastic antibiotic used in the treatment of acute nonlymphocytic
leukemia, refractory lymphomas, and cancers of the breast, ovary, and
liver. Reports describing the use of this agent in five pregnancies, all in the
2nd trimester, have been located. Mitoxantrone is toxic to DNA and has a
cytocidal effect on both proliferating and nonproliferating human cells (1).

FETAL RISK SUMMARY
The mean half-life of mitoxantrone is 5.8 days (range 2.3–13.0 days) and may
be longer in tissue. Moreover, the drug accumulates after multiple dosing in
plasma and tissue (1).

Mitoxantrone administration to pregnant rats at a dose 0.05 times the
recommended human dose based on BSA (RHD) caused decreased fetal
weight and retarded development of the fetal kidney (1). Although not
teratogenic in rabbits, a dose 0.01 times the RHD was associated with an
increased incidence of premature delivery (1).

Two case reports, both during the 2nd trimester, have described the use of
mitoxantrone in human pregnancy (2,3). A 26-year-old woman at 20 weeks’
gestation presented with acute myeloblastic leukemia and was treated with an
induction course of cytarabine and daunorubicin that failed to halt the disease
progression (2). At approximately 23 weeks’ gestation, a second induction
course was started with mitoxantrone (12 mg/m2, days 1–3) and cytarabine
(days 1–4). Complete remission was achieved 60 days from the start of
therapy. Weekly ultrasound examinations documented normal fetal growth.
Because of the long interval required for remission, treatment was changed to
idarubicin and cytarabine for the consolidation phase. Shortly after the start of
this therapy, the woman delivered a 2200-g stillborn infant (gestational age not



specified). No apparent congenital malformations were observed but
permission for an autopsy was refused. The authors speculated that the fetal
death was secondary to the use of idarubicin (2).

In the second case, a 28-year-old woman at 24 week’s gestation with acute
promyelocytic leukemia was treated with an induction course of behenoyl-
cytosine arabinoside (enocitabine; converted in vivo to cytarabine),
daunorubicin, and 6-mercaptopurine (3). Following a rapid, complete remission
and her first consolidation therapy with cytarabine and mitoxantrone (dose not
specified), a cesarean section was performed at 34 weeks’ gestation to deliver
a healthy 2960-g female infant who was alive and well at 16 months of age (3).

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (4).
The first cycle of chemotherapy occurred at a mean gestational age of 26
weeks with delivery occurring at a mean 34.7 weeks. A total of 38 cycles were
administered during pregnancy with a median of two cycles per woman. None
of the women received radiation therapy during pregnancy. The pregnancy
outcomes included two spontaneous abortions (both exposed in the 1st
trimester), one intrauterine death (exposed in the 2nd trimester), and 17 live
births, one of whom died at 8 days of age without apparent cause. The 16
surviving children were developing normally at a mean follow-up of 42.3 months
(4). Mitoxantrone, in combination with cyclophosphamide and fluorouracil, was
administered to two of the women at a mean dose of 12 mg/m2. The outcomes
were two surviving liveborn infants, both exposed in the 2nd trimester. One of
the infants was growth restricted (1460 g, born at 33 weeks’ gestation after
two cycles of chemotherapy) (4).

In a 2009 case report, a woman with relapse of acute myeloid leukemia at
22 weeks’ gestation was treated with mitoxantrone, fludarabine, cytarabine,
idarubicin, and gemtuzumab ozogamicin (5). The fetus developed signs of
idarubicin-induced cardiomyopathy, transient cerebral ventriculomegaly,
anemia, and intrauterine growth restriction. The newborn, delivered at 33
weeks’ by cesarean section, showed no congenital malformations (5).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY



Mitoxantrone is excreted in breast milk (3). After delivery at 34 weeks’
gestation, a 28-year-old woman with acute promyelocytic leukemia in remission
(case described above) was treated with a second consolidation therapy
course of cytarabine and mitoxantrone. She maintained milk secretion by
pumping her breasts during this and a third consolidation course consisting of
mitoxantrone (6 mg/m2, days 1–3), etoposide, and behenoyl-cytosine
arabinoside (enocitabine; converted in vivo to cytarabine). The milk
concentration of mitoxantrone on the 3rd day of this last course of therapy was
120 ng/mL and was still high (18 ng/mL) 28 days later. Although data on the
drug concentration in milk were not yet available, and against the authors’
advisement, the patient voluntarily began to breastfeed her infant 21 days after
drug administration. Her infant, exposed to mitoxantrone in utero and during
nursing was doing well at 16 months of age (3).

Although no adverse effects were observed in the above infant, the long-term
consequences of such exposure are unknown. Mitoxantrone accumulates in the
plasma and tissue after multiple doses and is slowly eliminated from the body
(1). Because of its long elimination time and the uncertainty over the potential
toxicity, women who have been treated with this agent should not breastfeed.
The American Academy of Pediatrics classifies doxorubicin, an antineoplastic
agent structurally related to mitoxantrone, as contraindicated during
breastfeeding (see Doxorubicin).
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MODAFINIL
Central Stimulant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Only one report, in addition to the nine cases mentioned by the
manufacturer, describing the use of modafinil in human pregnancy has been
located. The animal data suggest moderate risk, but the limited human
pregnancy experience prevents a full assessment of the embryo–fetal risk.
Avoiding modafinil during pregnancy is the best course, but inadvertent
exposure does not appear to represent a major risk of embryo–fetal harm.

FETAL RISK SUMMARY
Modafinil is a mixture of R- and S-enantiomers and the R-enantiomer,
armodafinil, also is available (see Armodafinil). Modafinil is indicated to improve
wakefulness in patients with excessive daytime sleepiness associated with
narcolepsy. Its pharmacologic profile is not identical to that of sympathomimetic
agents. Plasma protein binding, primarily to albumin, is moderate (about 60%).
Modafinil is extensively (>90%) metabolized by the liver. After chronic dosing,
the elimination half-life is about 15 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
10 times the maximum recommended human daily dose of 200 mg based on
BSA (MRHDD) given throughout organogenesis were associated with
increased resorptions, hydronephrosis, and skeletal variations. No maternal
toxicity was observed at this dose. The no-effect dose for these effects was 5
times the MRHDD. Doses up to 4.8 times the MRHDD given to male and
female rats before and during gestation had no effect on fertility. In rabbits, no
embryotoxicity was observed at doses up to 10 times the MRHDD during
organogenesis. However, the sample sizes and doses were inadequate to
assess the toxic effects on fertility or reproduction (1). (See Armodafinil for



additional animal data.)
It is not known if modafinil crosses the human placenta. The molecular weight

(about 273), moderate plasma protein binding, and long elimination half-life
suggest that the drug will cross to the embryo–fetus.

The manufacturer cited the outcomes of nine pregnancies that were exposed
to modafinil, but few details were given. There were seven normal births, one
healthy male infant delivered 3 weeks before the expected range of delivery
dates (based on ultrasound), and one spontaneous abortion (woman had
history of previous spontaneous abortions) (1).

A 16-year-old primigravid woman with narcolepsy, cataplexy, and glutaric
aciduria type II, an autosomal recessive disorder, was treated throughout
pregnancy with modafinil 200 mg/day, fluoxetine 20 mg/day, L-carnitine, and
riboflavin (2). Because the episodes of narcolepsy and cataplexy increased in
frequency, a cesarean section was conducted at 38 weeks’ to deliver 2.360-kg
infant (sex not specified) with Apgar scores of 7, 8, and 9. No signs of
withdrawal or abnormalities in vital signs or behaviour were noted in the infant.
The infant was discharged home with the mother after 3 days (2).

BREASTFEEDING SUMMARY
No reports describing the use of modafinil during human lactation have been
located. The relatively low molecular weight (about 273), moderate plasma
protein binding (about 60%), and long elimination half-life (about 15 hours)
suggest that the drug will be excreted in breast milk. The effects of this
exposure on a nursing infant are unknown. However, if a lactating woman uses
modafinil, her infant should be closely observed for adverse effects that are
commonly seen in adults (i.e., headache, nausea, nervousness, anxiety, and
insomnia).
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MOEXIPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of moexipril in the 2nd and 3rd trimesters is similar to
other angiotensin-converting enzyme (ACE) inhibitors. The use of this drug
during the 2nd and 3rd trimesters may cause teratogenicity and severe
fetal and neonatal toxicity. Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction (IUGR),
prematurity, and patent ductus arteriosus. Stillbirth or neonatal death may
occur. Anuria-associated oligohydramnios may produce fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, which is resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure.
Newborn renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
The prodrug, moexipril, is rapidly metabolized to the active drug, moexiprilat. It
is indicated in the management of hypertension either alone, or in combination
with thiazide diuretics. The active metabolite, moexiprilat, is an ACE inhibitor,
thus preventing the conversion of angiotensin I to angiotensin II.

Reproduction studies have been conducted in pregnant rats and rabbits (1).
Doses up to 90.9 and 0.7 times, respectively, the maximum recommended
human dose based on BSA revealed no embryotoxic, fetotoxic, or teratogenic
effects.

It is not known if moexipril or moexiprilat crosses the human placenta. The
molecular weight (about 535 for the hydrochloride salt forms) is low enough
that transfer to the fetus should be expected.

A retrospective study using pharmacy-based data from the Tennessee



Medicaid program identified 209 infants, born between 1985 and 2000, that
had 1st trimester exposure to ACE inhibitors (2). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives (N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no-antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were atrial septal
defect (N = 6) (includes three with pulmonic stenosis and/or three with patent
ductus arteriosus [PDA]), renal dysplasia (N = 2), PDA alone (N = 2), and one
each of ventricular septal defect, spina bifida, microcephaly with eye anomaly,
coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung disease,
and diaphragmatic hernia (2).

In an accompanying editorial, it was noted that neither previous reports of 1st
trimester exposure to ACE inhibitors nor the animal studies had observed an
increased risk of birth defects (3). It also was noted that no mechanism for
ACE inhibitor-induced teratogenicity was known. A subsequent communication
raising concerns about the validity of the study in terms of adequate exclusion
of diabetes, charting and coding errors in busy medical practices, and the
effects of maternal obesity (4) was addressed by the investigators (5).

Moexipril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent patent ductus arteriosus, craniofacial deformation, and
neonatal death (6,7). IUGR, prematurity, and severe neonatal hypotension may
also be observed. Two reviews of fetal and newborn renal function indicated
that both renal perfusion and glomerular plasma flow are low during gestation
and that high levels of angiotensin II may be physiologically necessary to



maintain glomerular filtration at low perfusion pressures (8,9). Moexipril
prevents the conversion of angiotensin I to angiotensin II and, thus, may lead to
in utero renal failure. Because the primary means of removal of the drug is
renal, impairment of this system in the newborn prevents elimination of the drug
resulting in prolonged hypotension. Newborn renal function and blood pressure
should be closely monitored. If oligohydramnios occurs, stopping moexipril may
resolve the problem but may not improve infant outcome because of irreversible
fetal damage (6). In those cases in which moexipril must be used to treat the
mother’s disease, the lowest possible dose should be used combined with
close monitoring of amniotic fluid levels and fetal well-being. Guidelines for
counseling exposed pregnant patients have been published and should be of
benefit to health professionals faced with this task (6,10).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies (3).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (11). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of moexipril in human lactation have been
located. The molecular weight (about 535 for the salt forms of the parent drug
and metabolite) suggests that excretion into breast milk should be expected.
The effects of this exposure on a nursing infant are unknown. However, other
ACE inhibitors are excreted into breast milk and are considered compatible with
breastfeeding by the American Academy of Pediatrics (see Captopril and
Enalapril).
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MOLINDONE

[Withdrawn from the market. See 9th edition.]



MOMETASONE
Corticosteroid
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of mometasone in human pregnancy have
been located. The animal data suggest risk, but the observed
developmental toxicity is similar to that observed after systemic exposure
to other corticosteroids (e.g., see Hydrocortisone). In addition, the animal
reproduction studies were not conducted with the inhaled or nasal spray
formulation of mometasone. These products are known to have very low
systemic bioavailability. Moreover, several large studies involving asthma
patients have found no association between inhaled corticosteroids and
adverse pregnancy outcomes, such as congenital anomalies (1),
intrauterine growth restriction (2), or preterm delivery, low birth weight,
small size for gestational age, and major malformations (3). Although
mometasone was not included in any of these studies, and allergic rhinitis
was not a condition studied, there is no reason to believe that the use of
this corticosteroid or the additional diagnosis would have resulted in
different outcomes. Because asthma is known to cause maternal and fetal
harm, the use of mometasone should not be withheld because of
pregnancy. However, beclomethasone or budesonide have been
considered the inhaled corticosteroids of choice for use during pregnancy
(4).

FETAL RISK SUMMARY
Mometasone is a corticosteroid in inhaled and nasal spray formulations. The
inhaled product is indicated for the maintenance treatment of asthma as
prophylactic therapy. It also is used to reduce or eliminate the need for oral
corticosteroids (5). The nasal spray is indicated for the treatment of the nasal



symptoms of seasonal allergic and perennial allergic rhinitis and for prophylaxis
in patients with a known seasonal allergen that precipitates nasal symptoms of
seasonal allergic rhinitis (6).

The mean absolute systemic bioavailability of a single inhaled 400-mcg dose,
compared with a similar IV dose, is less than 1% (5). Plasma concentrations in
most subjects were near or below the lower limit of quantitation (50 pg/mL).
After administration of the recommended highest inhaled dose (400 mcg twice
daily) for 28 days, the mean peak plasma concentrations were 94–114 pg/mL
(5). Systemic bioavailability after use of the nasal spray also is low, with
concentrations virtually undetectable at the quantitation limit (6). Moreover, any
of the drug that is swallowed and absorbed undergoes extensive metabolism in
the liver.

Reproduction studies have been conducted in mice, rats, and rabbits but not
with the inhaled or nasal spray formulations (5,6). In mice, SC doses less than
the maximum recommended daily inhaled dose in humans based on BSA
(MRDID-BSA) caused cleft palate. Fetal survival was reduced at doses about
equal to the MRDID-BSA. The no-toxicity dose was one-third the dose causing
cleft palate. In rats, a topical dermal dose about 6 times more than the MRDID-
BSA or higher resulted in umbilical hernia. A dose about 3 times the MRDID-
BSA produced delays in ossification, but no malformations. An SC dose about
6 times the maximum recommended daily inhalation dose based on AUC
(MRDID-AUC) or less than the MRDID-BSA, given throughout pregnancy or
during the later stages of pregnancy, caused prolonged and difficult labor. In
addition, this dose reduced the number of live births, birth weight, and early pup
survival. These effects were not observed when the dose was halved. In
rabbits, topical dermal doses about 3 times the MRDID-BSA caused multiple
anomalies including flexed front paws, gallbladder agenesis, umbilical hernia,
and hydrocephaly. When given orally in a dose less than the MRDID-AUC,
mometasone increased resorptions and caused cleft palate and/or head
defects (hydrocephaly and domed head). When the dose was increased to
about twice the MRDID-AUC, most litters were aborted or resorbed. The no-
toxicity dose was 20% of the dose causing cleft palate and/or head defects
(5,6).

It is not known if mometasone crosses the animal or human placenta. The
molecular weight (about 513) is low enough for passage, but the very low
systemic bioavailability suggests that little, if any, drug will reach the embryo or
fetus.



BREASTFEEDING SUMMARY
No reports describing the use of mometasone during human lactation have
been located. Other corticosteroids are excreted into breast milk in low
concentrations. (See Prednisone.) The molecular weight (about 513) suggests
that the drug, if it reached the plasma, would be excreted into breast milk.
However, the very low systemic concentrations obtained after use of the
inhaled or nasal spray formulations suggest that any excretion into milk will be
clinically insignificant.
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MONTELUKAST
Respiratory (Leukotriene Receptor Antagonist)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Montelukast is not teratogenic in animals, and the few adverse outcomes in
humans do not demonstrate a pattern that suggests a common etiology.
One source states that montelukast may be safe to use during pregnancy,
but this conclusion was based solely on animal studies (1). A 2000 position
statement of the American College of Obstetricians and Gynecologists and
the American College of Allergy, Asthma and Immunology recommended
that montelukast could be considered in patients with recalcitrant asthma
who had shown a uniquely favorable response to the drug prior to
becoming pregnant (2). The available data support this assessment. The
manufacturer maintains a pregnancy registry for women exposed to
montelukast. Health care professionals are encouraged to report
pregnancy exposures to the registry by calling the toll-free number 800-
986-8999.

FETAL RISK SUMMARY
Montelukast, an oral inhibitor of the cysteinyl leukotriene CysLT1 receptor, is
indicated for the prophylaxis and chronic treatment of asthma. It is extensively
metabolized and plasma protein binding is >99%. Excretion of montelukast and
its metabolites is almost exclusively via the bile with a mean plasma elimination
half-life of 2.7–5.5 hours (3).

Reproduction studies in rats and rabbits at doses up to about 100 and 110
times the maximum recommended human daily oral dose based on AUC
(MRHD), respectively, found no evidence of teratogenicity (1). The drug
impaired the fertility and fecundity of female rats at about 70 times, but not at
about 20 times, the MRHD. Fertility in male rats was not affected by oral doses



up to 160 times the MRHD. No evidence of carcinogenicity was found in long-
term animal studies, and assays for mutagenic and clastogenic effects were
negative (3).

It is not known if montelukast crosses the human placenta. The drug crosses
the placenta in rats and rabbits (3). The molecular weight (about 608) and
elimination half-life suggest that transfer to the embryo and fetus should be
expected. However, the extensive metabolism and high plasma protein binding
should limit the exposure.

The manufacturer maintains a pregnancy registry for montelukast (4). As of
July 2009, there were 391 prospective (reported before outcome of pregnancy
known) reports of exposure during gestation. The outcomes of these
pregnancies were: 3 pending, 140 lost to follow-up, 3 spontaneous abortions
(SABs), 2 elective abortions (EABs), and 245 live births (2 sets of twins). Of
the live births, 193 were known to have been exposed in the 1st trimester.
Congenital anomalies were observed in eight cases, seven in live births,
exposed in the 1st trimester: absent left hand (amniotic band deformity); two
cases of hypospadias; slight valgus foot deviation; mild chordee; polydactyly (a
tiny pedicle [skin] on the small finger of the left hand); multicystic dysplasia of
right kidney with compensatory left kidney hypertrophy and hydronephrosis,
small congenital hydroceles, and a cleft tongue; and triploidy 69XXY (EAB).
There were 11 congenital defects in retrospective reports (reported after the
outcome of pregnancy known), 5 of which involved 1st trimester exposures:
bilateral sensorineural hearing loss; partial right hand (thumb, three-fourths of
the palm and finger nubbins); large hole in heart (exposed in 2nd trimester; no
other details); 2 cases of polydactyly; cleft palate; 2 cases of hypospadias (1
required corrective surgery); 3 chromosomal abnormalities (trisomy 18 [SAB],
Down’s syndrome and fetal alcohol syndrome, and unspecified chromosomal
abnormalities [SAB]). When national and international studies were combined,
there were six reports of potential limb reduction defects after 1st trimester
exposure, two of which are described above. The other four (all from
retrospective reports) were: no left hand, left radius and cubitus were
incomplete; hypoplasia of distal phalanx of the thumb; missing or hypoplastic
fingers, camptodactyly, and syndactyly; and reduction defect of left arm. No
additional reports of limb reduction defects were received by the registry from
August 2006 through July 2009. A health insurance claims database study with
medical record review identified 1535 women dispensed montelukast during
pregnancy; none of their infants had a limb reduction defect. The report noted
that there was no plausible mechanism by which montelukast could have



caused limb reduction defects (4).
A 2007 report described the pregnancy outcomes of 96 women exposed to

leukotriene receptor antagonists (montelukast and zafirlukast) (5). The women
were enrolled in the Organization of Teratology Information Specialists (OTIS)
Asthma Medications in Pregnancy study. Two comparison groups were formed
consisting of 122 pregnant women who exclusively took short-acting β2-
sympathomimetics or 346 pregnant women without asthma (control group).
Among the 96 subjects, 72 took montelukast, 22 took zafirlukast, and 2 took
both drugs. Most subjects (89.6%) were exposed in the 1st trimester and 50%
were exposed throughout gestation. There were no differences between the
three groups in terms of preterm delivery, Apgar scores at 1 and 5 minutes,
birth weight and height ≤10th percentile, or ponderal index <2.2. The adjusted
mean birth weight in subject infants was significantly lower than that in infants
from controls without asthma, 3384 vs. 3529 g (p <0.05). There were also no
significant differences in pregnancy loss (SABs, ectopic pregnancies, and
stillbirths), gestational diabetes, preeclampsia, and maternal weight gain. There
was significantly (p <0.05) more birth defects in subjects (5.95%) compared
with the control group (0.3%), but the prevalence in the control group was
abnormally low. There was no significant difference in the prevalence of defects
between subjects and those treated with β2-agonists (3.9%). No birth defects
were reported in stillbirths, SABs, or EABs. Birth defects in liveborn infants of
subjects (specific exposure not given) were: Sturge-Weber sequence,
congenital hip dislocation, bilateral club foot, neurofibromatosis type 1 (an
autosomal-dominant inheritance pattern), and imperforate anus. The causes of
the other four defects are either unknown or multifactorial, but no specific
pattern of defects is evident (5).

A 2009 study enrolled 180 asthmatic pregnant women using montelukast
(usually in combination with other drugs such as short- and long-acting β-
agonists and inhaled corticosteroids) from six teratogen information services in
Canada, Israel, Italy, and the United States (6). The outcomes of these
pregnancies were compared with the outcomes from two controls: 180
disease-matched using inhalers and 180 healthy not exposed to any known
teratogens. In the montelukast group, 166 (92%) used the drug in the 1st
trimester and 56 (31%) continued to use it throughout pregnancy. There were
160 live births (3 sets of twins), 20 (11%) SABs, and 3 (1.7%) EABs (1 for a
trisomy 21). The only major birth defect among live births exposed in utero to
montelukast was a twin with patent ductus arteriosus, atrial septal defect, and
congestive heart failure. There were no statistical differences between the



three groups in the number of live births, SABs, and major birth defects, but the
number of birth defects in the montelukast and healthy control groups (1 vs. 0)
were unusually low. Compared with healthy controls, the montelukast group
had lower mean gestational age (37.8 vs. 39.3 weeks) and birth weight (3214
vs. 3425 g) among singleton outcomes. There were also significantly more
cases of fetal distress at birth compared with both control groups (25.6% vs.
13.6% vs. 8.7%). However, in a sub-analysis of women who continued to use
montelukast until the end of pregnancy, only birth weight remained significantly
lower than the healthy controls and that was thought to be due to disease
severity (6).

BREASTFEEDING SUMMARY
No reports describing the use of montelukast during human lactation have been
located. The molecular weight (about 608) and elimination half-life (2.7–5.5
hours) suggest that the drug will be excreted into breast milk. However, the
extensive metabolism and high plasma protein binding (>99%) should limit the
exposure. The effect on this potential exposure on a nursing infant is unknown.
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MORICIZINE
Antiarrhythmic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports of the use of moricizine in human pregnancy have been located.
It is an orally active agent used in the treatment of ventricular tachycardia.
The drug is neither teratogenic nor fetotoxic in rats and rabbits at doses up
to 6.7 and 4.7 times the maximum recommended human dose, respectively
(1).

BREASTFEEDING SUMMARY
The excretion of moricizine in human milk has been documented in one patient
(data on file, Roberts Pharmaceutical Corporation, 1993), but no details on the
amount in milk or its relationship to maternal levels are available. The clinical
significance to the nursing infant is unknown.
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MORPHINE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. Similar to other opioid analgesics,
the use of morphine late in pregnancy has the potential to cause respiratory
depression and withdrawal in the newborn.

FETAL RISK SUMMARY
Morphine is not teratogenic in rats at a dose 35 times the usual human dose
(1).

Bilateral horizontal nystagmus persisting for 1 year was reported in one
addicted newborn (2). Like all narcotics, placental transfer of morphine is very
rapid (3,4). Maternal addiction with subsequent neonatal withdrawal is well
known following illicit use (see also Heroin) (2,5,6). Morphine was widely used
in labor until the 1940s, when it was largely displaced by meperidine. Clinical
impressions that meperidine caused less respiratory depression in the newborn
were apparently confirmed (7,8). Other clinicians reported no difference
between narcotics in the degree of neonatal depression when equianalgesic IV
doses were used (4). Epidural use of morphine has been reported in women in
labor but with unsatisfactory analgesic effects (9). The intrathecal route,
however, has provided safe and effective analgesia without fetal or newborn
toxicity (10–12).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 70
of whom had 1st trimester exposure to morphine (13, pp. 287–295). For use
anytime during pregnancy, 448 exposures were recorded (13, p. 434). No
evidence was found to suggest a relationship to large categories of major or
minor malformations. A possible association with inguinal hernia (10 cases)



after anytime use was observed (13, p. 484). The statistical significance of this
association is unknown and independent confirmation is required.

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (14). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:



The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (14).

BREASTFEEDING SUMMARY
Although earlier reports had indicated that only trace amounts of morphine
enter breast milk and that the clinical significance of this was unknown (15–17),
in a 1990 report, much higher concentrations of morphine were measured in the
breast milk of one woman and in her infant’s serum (18). A 30-year-old, 75-kg
woman with systemic lupus erythematosus and severe arthritic back pain was
treated with morphine, 50 mg every 6 hours, during the 3rd trimester and then



with tapering doses during breastfeeding. At the time of the study, the normal,
healthy 3.5-kg infant was 21 days of age. One day before the study, the dose
was 10 mg every 6 hours and then was tapered to 5 mg every 6 hours on the
study day. Milk sampling times and morphine concentrations were: 4.5 hours
after a dose (before feeding), 100 ng/mL; 4.75 hours after a dose (at end of
feeding), 10 ng/mL; and 0.5 hours after a dose, 12 ng/mL (reported as 12
ng/L). A blood sample drawn from the infant 1 hour after a feeding (4 hours
after a dose) had a morphine concentration of 4 ng/mL, a close approximation
to the estimated therapeutic level. It was presumed that the infant had been
exposed to much higher morphine concentrations from the milk before dose
tapering and, thus, had higher therapeutic serum concentrations. Using
pharmacokinetic calculations, the authors estimated that the infant was
receiving between 0.8% and 12% of the maternal dose. No adverse effects of
the exposure were observed in the infant (18).

The American Academy of Pediatrics classifies morphine as compatible with
breastfeeding (19). However, the long-term effects on neurobehavior and
development are unknown but warrant study.
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MOXALACTAM

[Withdrawn from the market. See 9th edition.]



MOXIFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

There is limited human pregnancy experience with moxifloxacin. Only two
reports have been located and both involved single doses, one report in the
2nd trimester and the other just before delivery, to measure amniotic
concentrations and placental passage, respectively. There is no evidence
that fluoroquinolones are a major risk of developmental toxicity. Some
reviewers, however, have concluded that all fluoroquinolones should be
considered contraindicated in pregnancy (e.g., see Ciprofloxacin and
Norfloxacin), because safer alternatives are usually available. A 2013
review stated that fluoroquinolones are usually avoided in pregnancy
because of concerns for fetal cartilage damage, but there were no human
studies to validate this concern (1).

FETAL RISK SUMMARY
Moxifloxacin is a synthetic, broad-spectrum, fluoroquinolone anti-infective agent
that is available in oral and IV formulations. It is in the same anti-infective class
as ciprofloxacin, enoxacin, gatifloxacin, lomefloxacin, levofloxacin, norfloxacin,
ofloxacin, sparfloxacin, and trovafloxacin. About 52% of a dose is metabolized
and the plasma protein binding is moderate (30%–50%). Depending on the
number of doses and route, the elimination half-life varies between about 8 and
15 hours (2).

In reproduction studies with pregnant rats, oral doses up to 0.24 times the
maximum recommended human dose (MRHD) based on AUC (MRHD-AUC)
were not teratogenic. At this dose, fetal toxicity was observed, as indicated by
decreased fetal body weight and slightly delayed fetal skeletal development.
Moreover, in a pre- and postnatal development study, the highest dose (0.24
times the MRHD-AUC) was associated with increases in pregnancy duration



and prenatal loss, reduced pup birth weight, decreased neonatal survival, and
treatment-related maternal death during gestation. In rats, IV doses that were
about 2 times the MRHD based on BSA resulted in maternal toxicity and a
marginal effect on fetal and placental weights but no evidence of teratogenicity.
In pregnant rabbits given an IV dose during organogenesis that was about
equal to the MRHD-AUC (a maternal toxic dose), decreased fetal body weights
and delayed fetal skeletal ossification were observed. In addition, there was an
increased fetal and litter incidence of rib and vertebral malformations when
these effects were combined. No evidence of teratogenicity was seen when
cynomolgus monkeys were given oral doses up to 2.5 times the MRHD-AUC,
but fetal growth restriction was observed (2).

Consistent with the molecular weight (about 401 for the free base),
moxifloxacin crosses the human placenta. In a 2010 study, 10 women
scheduled for a cesarean section were given IV moxifloxacin 400 mg over 60
minutes (3). The transplacental passage rate calculated as a percentage of
fetal venous concentration to maternal blood concentration was about 75%,
whereas the transfetal passage rate calculated as a percentage of fetal arterial
drug concentration to fetal venous concentration was about 91% (3).

A second study, by the same group as above, measured moxifloxacin
amniotic fluid concentrations in 10 women given a 400 mg oral dose about 2
hours before amniocentesis (4). The study was conducted between the 16th
and 20th gestational weeks. The mean concentrations of moxifloxacin in
maternal blood and amniotic fluid were 3.53 mcg/mL and 0.27 mcg/mL,
respectively; a amniotic fluid passage rate of about 8% (4).

BREASTFEEDING SUMMARY
No reports describing the use of moxifloxacin in human lactation have been
located. The molecular weight (about 401 for the free base), moderate
metabolism (52%) and plasma protein binding (30%–50%), and long elimination
half-life (about 8–15 hours) suggest that the agent will be excreted into breast
milk. The effect of this exposure on a nursing infant is unknown. However, two
other fluoroquinolones are classified as compatible with breastfeeding by the
American Academy of Pediatrics (see Ciprofloxacin and Ofloxacin).
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MUPIROCIN
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of any of the three mupirocin formulations in
human pregnancy have been located. The animal data and the minimal
systemic concentrations in humans suggest that the embryo–fetal risk, if it
exists at all, is probably nil.

FETAL RISK SUMMARY
Mupirocin is an antibacterial agent produced by fermentation from
Pseudomonas fluorescens. It is active against many gram-positive bacteria,
including methicillin-resistant Staphylococcus aureus (MRSA), and some gram-
negative bacteria. Mupirocin is bactericidal at concentrations achieved by
topical application. Mupirocin cream is indicated for the treatment of
secondarily infected traumatic skin lesions (up to 10 cm in length or 100 cm2 in
area) due to susceptible strains of S. aureus and Streptococcus pyogenes. The
ointment formulation is indicated for the topical treatment of impetigo due to S.
aureus and S. pyogenes, whereas the nasal spray is indicated for the
eradication of nasal colonization with MRSA in adult patients and health care
workers (1).

Minimal amounts of mupirocin are absorbed into the systemic circulation after
use of cream, but not after use of the ointment. For the nasal spray, the
extrapolated systemic exposure, based on the concentration of the inactive
metabolite monic acid in urine, was 3.3% of the dose. Any antibiotic reaching
the circulation is rapidly metabolized to monic acid that is excreted in the urine.
The elimination half-lives of mupirocin and monic acid after IV administration in
healthy adults were 20–40 and 30–80 minutes, respectively (1).

Reproduction studies have been conducted in rats and rabbits. During



pregnancy in these species, SC doses up to 78 and 154 times, respectively,
the daily human topical dose of the cream based on BSA revealed no evidence
of fetal harm. For the ointment, the dose comparisons were 22 and 43 times,
respectively, the daily human topical dose based on BSA and, for the nasal
spray, 65 and 130 times, respectively, the daily human intranasal dose based
on BSA (1).

Studies for carcinogenicity have not been conducted with mupirocin. Multiple
assays for mutagenicity were negative. SC doses in male and female rats
revealed no evidence of impaired fertility or reproductive performance (1).

It is not known if mupirocin crosses the human placenta. The molecular
weight of the free acid (about 501) is low enough for passage, but the minimal
plasma concentrations and rapid metabolism and elimination suggest that
clinically significant amounts of the antibiotic will not reach the embryo or the
fetus.

BREASTFEEDING SUMMARY
No reports describing the use of mupirocin during human lactation have been
located. The molecular weight of the free acid (about 501) is low enough for
excretion into breast milk, but the minimal plasma concentrations and rapid
metabolism and elimination suggest that clinically significant amounts of the
antibiotic will not reach the milk.
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MUROMONAB-CD3
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of muromonab-CD3 in pregnancy have been
located. The absence of animal and human data prevents an assessment
of the risk to the embryo or fetus. If the antibody crosses the placenta, the
effects of cytokine release and immunosuppression in the embryo or fetus
are unknown. Preterm delivery is a potential complication because there
are increased amniotic fluid levels of cytokines in women with intra-amniotic
infections and subsequent preterm labor (1). The manufacturer lists known
or suspected pregnancy as a contraindication to the use of this agent (2).
Nonetheless, if a pregnant woman’s condition requires muromonab-CD3,
and there are no alternatives, the maternal benefit appears to outweigh the
unknown embryo or fetal effects.

FETAL RISK SUMMARY
The immunosuppressant muromonab-CD3 is a murine monoclonal antibody to
the CD3 antigen of human T cells. It is an IgG2a immunoglobulin that is given IV.
Muromonab-CD3 is indicated for the treatment of acute allograft rejection in
renal transplant patients. It is also indicated for the treatment of steroid-
resistant acute allograft rejection in cardiac and hepatic transplant patients.

Neither the effects on reproduction nor the carcinogenic potential has been
studied in animals (2) .

The placental passage of muromonab-CD3 has not been studied. However,
because it is an IgG antibody, it may cross the placenta (2).

BREASTFEEDING SUMMARY
No reports describing the use of muromonab-CD3 during lactation have been



located. As an IgG antibody, it probably is excreted into breast milk. The
effects of this exposure on a nursing infant are unknown, but it might be broken
down to its constituent amino acids or fragments thereof in the infant’s digestive
tract. However, the adverse effects observed in adults during clinical trials
involved most body systems and may be severe (2). In addition, the
manufacturer lists breastfeeding as a contraindication to the use of
muromonab-CD3 (2). Because of the potential for severe toxicity in a nursing
infant, women who require this agent should not breastfeed.
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MYCOPHENOLATE
Immunologic Agent (Immunosuppressive)
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The use of mycophenolate mofetil (MMF) during early pregnancy is
associated with spontaneous abortions (SABs) and major birth defects that
may represent a characteristic phenotype. Specific malformations involved
the external ear, facial anomalies, cleft lip/palate, and defects of the distal
limbs, heart, esophagus, and kidney. The animal data for both MMF and
mycophenolate sodium also suggest risk of embryo–fetal death and
structural defects. Although all of the reported adverse pregnancy
outcomes involved MMF, the lack of reports with mycophenolate sodium is
probably due to its later availability. MMF was approved by the FDA in
1995, whereas mycophenolate sodium was approved in 2004. The
embryo–fetal toxicity of the two agents probably is similar. Indeed, the
manufacturer of mycophenolate sodium states that there are no relevant
qualitative or quantitative differences in the teratogenic potential of the two
products (1). More data are needed to confirm the full spectrum of defects
and especially its magnitude, but women of childbearing potential should be
informed of the risks, and both agents should be avoided during pregnancy
(1–3). The manufacturers recommend that women of reproductive potential
should use effective contraception before and during therapy and for 6
weeks after therapy is stopped (1,2). However, the apparent half-lives
suggest that a shorter waiting period might be appropriate. If
mycophenolate is used in pregnancy, health care professionals are
encouraged to call the toll-free number 877-311-8972 for information about
patient enrollment in an Organization of Teratology Information Specialists
(OTIS) study.

FETAL RISK SUMMARY
Mycophenolate is a purine synthesis inhibitor that is used as an



immunosuppressant agent in the prophylaxis of organ rejection in patients
receiving allogeneic renal and liver transplants (1,2,4). It is available as MMF
(the 2-morpholinoethyl ester of mycophenolic acid) and mycophenolate sodium.
Following oral administration, mycophenolate mofetil undergoes rapid and
complete metabolism to mycophenolic acid (MPA), the active moiety. MPA is
further metabolized to an inactive metabolite, the phenolic glucuronide of MPA
(MPAG). Both MPA and MPAG are bound to plasma albumin, 97% and 82%,
respectively. The mean apparent half-life of MPA when mycophenolate mofetil
is used is 17.9 hours (2), whereas it ranges between 8 and 16 hours when
mycophenolate sodium is taken (1).

Reproductive studies have been conducted in rats and rabbits. In both
species, in the absence of maternal toxicity, fetal resorptions and
malformations were observed at MMF doses that were 0.03–0.92 times the
recommended clinical dose in renal transplant recipients based on BSA (RCD-
R) and 0.02–0.61 times the recommended clinical dose in cardiac transplant
recipients based on BSA (RCD-C). In rats, a dose 0.02 times the RCD-R or
0.1 times the RCD-C produced malformations, principally of the head and eyes
(2). Similar results have been observed with mycophenolate sodium (1).

In 2-year studies, mycophenolate was not carcinogenic in mice and rats but
was genotoxic in two of five assays. The drug had no adverse effects on
fertility or reproductive performance in male and female rats (2).

It is not known if MPA crosses the human placenta to the embryo–fetus. The
molecular weight of MPA (about 319) and the moderately long elimination half-
life suggest that exposure of the embryo–fetus will occur. The animal and
human data support this assessment.

A 2001 case report described the use of MMF during pregnancy (5). The 33-
year-old woman, with an unknown pregnancy at the time of surgery, had
received a renal transplant at about 6–7 weeks’ gestation. Postoperatively, she
had been treated with MMF, tacrolimus, corticosteroids, cefepime, and
vancomycin. After discharge from the hospital, she was maintained on
acyclovir, nifedipine, trimethoprim/sulfamethoxazole, tacrolimus (14 mg/day),
MMF (2 g/day), and prednisone (25 mg/day). The pregnancy was diagnosed
on posttransplant day 100, at which time the two anti-infectives were
discontinued and the MMF dose reduced to 1 g/day. The woman delivered a
2250-g female infant at about 34 weeks’ with Apgar scores of 5 and 8 at 1 and
5 minutes, respectively. The birth weight, length, and head circumference were
at the 75th, 75th–90th, and 10th–25th percentile, respectively. The infant had
hypoplastic fingernails and toenails and shortened fifth fingers bilaterally. An



aberrant blood vessel between the trachea and esophagus was found later.
The infant was hospitalized 3 times during her first year with pneumonia
(thought to have been due in part to aspiration of stomach contents). Since
then, the child has been healthy and growing and developing normally at 3
years of age (5).

Severe congenital malformations were detailed in a 2004 case report (6). A
27-year-old woman had received a renal transplant 2 years before her
pregnancy and had been maintained on MMF (500 mg/day), tacrolimus (9
mg/day), and prednisone (15 mg/day). Her pregnancy was diagnosed at 13
weeks’ gestation. At this time, azathioprine (50 mg/day) was substituted for
MMF. Multiple malformations were detected at 22 weeks, and the pregnancy
was terminated. Defects included complete agenesis of the corpus callosum,
cleft lip/palate, micrognathia, ocular hypertelorism, microtia and external
auditory duct atresia, and a left pelvic ectopic kidney. The fetus had a normal
male karyotype. One year later, the woman had another pregnancy and
delivered a normal 2640-g male infant who was growing and developing
normally at follow-up. During this pregnancy, she had been maintained on
azathioprine, tacrolimus, and prednisone (6).

A renal transplant unit in Spain reported the outcomes of 43 pregnancies in
35 recipients of a renal transplant that had occurred during 1976–2004 (7).
Four of the pregnancies were exposed to MMF and sirolimus. In 1996,
immunotherapy with these agents was stopped before conception and replaced
with other immunosuppressants, such as cyclosporine, azathioprine, tacrolimus,
and corticosteroids. There were 9 SABs, 10 elective abortions (EABs), and 24
successful pregnancies with healthy newborns (7).

A report from the National Transplantation Pregnancy Registry (NTPR) was
published in 2005 (8). MMF was used in 26 pregnancies in 18 women who had
received a kidney transplant. However, only 10 pregnancies were exposed to
MMF throughout gestation, whereas in 16, the dose was decreased,
discontinued, or changed to azathioprine. MMF also was used in three
pregnancies in three women after a liver transplant, and three pregnancies in
two women after a heart transplant. In the kidney transplant group, one or
more immunosuppressants were combined with MMF. These agents were
cyclosporine (N = 5), tacrolimus (N = 13), sirolimus (N = 1), and prednisone (N
= 15). The pregnancy outcomes in this group were 11 SABs (61%) and 15 live
births. Congenital malformations were observed in four newborns delivered
from four women (exposures in addition to MMF shown in parentheses):
hypoplastic nails with shortened fifth fingers (tacrolimus and prednisone) (might



be the same case described in reference 4); cleft lip and palate, microtia
(tacrolimus, sirolimus, and prednisone); multiple malformations, infant died on
day 1 (tacrolimus and prednisone); and microtia (tacrolimus and prednisone). In
the liver transplant group, there was one SAB (also exposed to tacrolimus), and
two live births without defects (also exposed to tacrolimus and prednisone in
one and tacrolimus in one). MMF was discontinued in two pregnancies, one
with a live birth and the other with an SAB (8).

In the heart transplant group, the pregnancy of one woman ended in an SAB,
as did the first pregnancy of a second woman. In her second pregnancy, the
latter woman had a live birth without defects. All three pregnancies also were
exposed to tacrolimus. The combined outcomes of the 32 pregnancies were 14
SABs (44%), 14 live births (44%) without defects, and 4 newborns (4 of 18;
22%) with birth defects. The average gestational age for the live births was
35.6 weeks (range 31–39), and the average birth weight was 2397 g (range
822–3487 g) (8).

A second report from the NTPR, published in 2006, described the same
pregnancy outcomes of the 26 pregnancies after kidney transplant but with
additional details on the dose and timing of the exposures (9). MMF was
continued in 11 pregnancies, not 10 as stated above, and the dose was
decreased in 1, discontinued in 9, changed to azathioprine in 4, or changed to
sirolimus in 1. Additional details were available on two of the four newborns
with birth defects. The infant with cleft lip/palate and microtia had surgical
repair of the clefts and, except for the need for bone conduction hearing aids,
was doing well at 4 years of age. The multiple defects in the infant who died at
1 day of age were cleft lip/palate, congenital diaphragmatic hernia, and
congenital heart defects. The defects might have been associated with Fryn’s
syndrome, an autosomal recessive anomaly (8). In addition to the six liver or
heart transplants mentioned in the 2005 report, an SAB at 6 weeks occurred in
a seventh woman that had been treated with MMF, tacrolimus, and prednisone
after a kidney–pancreas transplant. There were 15 SABs (45%) in the
combined 33 pregnancies and 4 (22%) of the 18 liveborn infants had birth
defects. The authors noted the higher incidence of birth defects in those
exposed to MMF compared with the overall incidence observed in kidney
transplant recipient offspring (9).

A brief 2006 report from the Sindh Institute of Urology and Transplantation in
Pakistan described 47 pregnancy outcomes from 31 women after kidney
transplant (10). All of the women received cyclosporine and prednisone, 82%
also received azathioprine, and four had MMF added. There were 7 SABs



(15%), 2 EABs, 6 preterm infants, and 32 full-term newborns. The specific
therapy in the pregnancies of these outcomes was not mentioned, but none of
the 38 live births had a birth defect (10).

A 36-year-old woman, 4 years after a kidney transplant, was treated with
MMF and prednisolone throughout gestation (11). The woman had a history of
psychoses that were treated with diazepam and haloperidol from the 4th month
of pregnancy. In the last months of her pregnancy (exact dates not specified),
she received darbepoetin alfa for anemia and methyldopa for hypertension.
Because of fetal distress, a cesarean section was performed at 35 weeks’
gestation to deliver a 2330-g male infant with Apgar scores of 5, 8, and 8 at 1,
5, and 10 minutes, respectively. Abnormalities found in the infant were severe
anemia, nonimmune hydrops fetalis, and a malformed right ear. An infectious
disease workup was negative. The infant had a normal 46,XY karyotype.
Myoclonic movements of both arms and legs were attributed to withdrawal
from diazepam and haloperidol. A magnetic resonance imaging scan of the
cerebrum revealed a complete absence of the right auditory pathway, without
other defects. Unable to find any other causes, the authors attributed the
anemia and resulting hydrops fetalis and the ear malformation to MMF (11).

A 21-year-old woman with lupus nephritis had been treated with two 6-month
courses of cyclophosphamide separated by 2 years (12). She had been on
MMF (2000 mg/day) maintenance therapy for 10 months when pregnancy was
diagnosed at 25 weeks’ gestation. She also was receiving prednisone,
hydroxychloroquine, and perindopril. The pregnancy was terminated because of
multiple malformations. The fetus had a normal karyotype. Malformations
affected the head (bilateral anotia, external auditory duct atresia), lower limb
(polydactylia and nail hypoplasia), heart (anterior positioning of the aorta,
interventricular communication), and kidneys (asymmetric) (12).

A 2008 case report described the pregnancy outcome of a woman, with
systemic lupus erythematosus involving the kidney, who had been treated with
cyclophosphamide and MMF before conception, and then with MMF (1500
mg/day) until pregnancy was diagnosed at 8 2/7 weeks’ gestation (13). MMF
was then discontinued and azathioprine 100 mg/day was started. The
pregnancy was electively terminated at 17 weeks because of major congenital
anomalies. The chromosomally normal female fetus (46,XX) had a large square
skull with extension of facial clefts that resulted in an almost complete defect of
the midface in the presence of severe mandibulofacial dysostosis and
ophthalmic anomalies. Preaxial limb defects with digitalization of the thumbs
also were observed, as was hypoplasia of the thymus and lungs, a subaortic



ventricular septal defect with overriding common truncus arteriosus of the heart,
an aberrant right subclavian artery, a single umbilical artery, esophageal atresia
with tracheoesophageal fistula, left renal agenesis with ipsilateral streak gonad,
agenesis of the corpus callosum, and mild hydrocephaly (13).

A woman with lupus nephritis took MMF (1000 mg/day) and adalimumab (40
mg every other week) during the first 8 weeks of pregnancy (14). She
underwent a cesarean section for transverse position at 32 weeks’ gestation to
give birth to a 4422-g female infant with normal karyotype (46,XX). The infant
had multiple birth defects including arched eyebrows, hypertelorism, epicanthic
folds, micrognathia, thick everted lower lip, cleft palate, bilateral microtia with
aural atresia, congenital tracheomalacia, and brachydactyly. Shortly after birth,
a tracheostomy was done for respiratory distress and a G-tube was placed
because of feeding difficulties. The cleft palate was repaired surgically. At 20
months of age, the infant had normal growth and slightly delayed motor
development. The tracheostomy was still required as were G-tube feedings.
She seemed to have some hearing, but had significant expressive speech
delay. The defects were attributed to MMF (14).

The 10-year experience of a renal transplant center in Iran was reported in
2008 (15). A total of 61 pregnancies were reported in 53 patients. In 38
patients (72%), immunosuppressive therapy consisted of MMF, cyclosporine,
and prednisolone, whereas in 15 patients (28%), therapy was azathioprine,
cyclosporine, and prednisone. Adverse outcomes included 11 small-for-
gestational-age newborns, 1 infant with a club foot, and 1 infant with a large
facial hemangioma. Early neonatal death occurred in four infants, one from
extreme prematurity. There were no significant differences in outcomes
between the MMF- and azathioprine-treated groups (15).

Additional evidence that MMF exposure during the 1st trimester is associated
with a recognizable phenotype was presented in a 2008 report (16). A 25-year-
old Spanish woman became pregnant for the first time 2 years after receiving
her second renal transplant. Immunosuppressive therapy consisted of MMF
500 mg/day and tacrolimus 12 mg/day until pregnancy was diagnosed at 10
weeks. MMF was discontinued while tacrolimus was continued until delivery by
cesarean section at 41 weeks. The infant, with a normal 46,XX female
karyotype, weighed 3050 g with a length of 52 cm and a head circumference of
33.5 cm. Structural anomalies evident at birth were a bilateral upper cleft lip
with complete cleft palate, bilateral microtia, hypertelorism, micrognathia, and
mild left ptosis. Later examinations revealed a large chorioretinal coloboma in
both eyes, bilateral absence of external ear canals, and small tympanic cavities



with abnormal auditory ossicles. Bilateral conductive hearing loss was
diagnosed. At 9 months of age, the infant wore hearing aids, but her physical
and neurodevelopment were normal for her age. The authors considered the
abnormalities to be a characteristic phenotype caused by exposure to MMF
(16).

In October 2007, the manufacturer of MMF and the FDA reported that
postmarketing data from the NTPR and the Roche worldwide adverse-event
reporting system had revealed that 1st trimester use of MMF was associated
with pregnancy loss and an increased risk of congenital malformations (17).
The FDA risk category was changed from C to D. The specific malformations
involved the external ear, facial anomalies, including cleft lip/palate, and
anomalies of the distal limbs, heart, esophagus, and kidney (17).

BREASTFEEDING SUMMARY
No reports describing the use of MMF or mycophenolate sodium during human
lactation have been located. The relatively low molecular weight of MPA (about
319), the active metabolite of MMF, and its moderately long elimination half-
lives (17.9 hours when MMF is taken and 8–16 hours when mycophenolate
sodium is used) suggest that excretion of MPA into breast milk should be
expected. There is a potential for serious adverse effects in a nursing infant,
including an increased frequency of infections and the possible development of
lymphoma that has been observed in adults. Until human data are available,
MMF and mycophenolate sodium should be classified as contraindicated during
breastfeeding.
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NABILONE
Gastrointestinal Agent (Antiemetic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of nabilone in human pregnancy have been
located. Dose-related developmental toxicity consisting of growth
restriction and death was observed in two animal species. In addition,
unspecified postnatal toxicity was observed in one species. Nabilone is
structurally related to delta-9-tetrahydrocannabinol (delta-9-THC), the
active ingredient in marijuana. Although additional studies are needed, there
is evidence that marijuana use in pregnancy is associated with
developmental toxicity, such as growth restriction, long-term
neurobehavioral deficits, and potentiation of the fetal effects of alcohol.
(See Marijuana.) Because of the potential for adverse effects in the
embryo and fetus, as well as the absence of human pregnancy experience,
the best course is to avoid nabilone during gestation. Nevertheless, the use
of this drug may be acceptable if other therapies, including hospitalization
and treatment with IV antiemetics, have failed.

FETAL RISK SUMMARY
Nabilone is a synthetic cannabinoid that is indicated for the treatment of nausea
and vomiting associated with cancer chemotherapy in patients who have failed
to respond to other antiemetic regimens. The chemical structure is similar to
delta-9-THC, the active ingredient in marijuana. The drug may produce
disturbing psychotomimetic reactions and psychological dependence, and has



the potential to be abused. Nabilone is extensively metabolized, but the activity
of the metabolites has not been characterized. The plasma half-lives of
nabilone and its metabolites are 2 and 35 hours, respectively. Terminal
elimination, mainly in the feces (67%) with smaller amounts in the urine (22%),
occurs within 7 days. Although no accumulation of nabilone after repeated
doses has been observed, accumulation of the metabolites may occur (1).

Reproduction studies have been conducted in rats and rabbits. There was no
evidence of structural defects in pregnant rats and rabbits receiving oral doses
up to about 16 and 9 times, respectively, the human dose based on BSA (HD).
However, dose-related developmental toxicity, consisting of embryo death, fetal
resorptions, decreased fetal weight, and pregnancy disruptions, was observed.
Unspecified postnatal developmental toxicity also was observed in rats (1,2).

Studies for carcinogenicity have not been conducted with nabilone, but
assays for genotoxicity were negative (2). Doses up to six times the HD had no
effect on fertility or reproductive performance of male and female rats (1,2).

It is not known if nabilone crosses the human placenta. The molecular weight
(about 373) and lipid solubility suggest that the drug will cross to the embryo
and fetus, but the very short plasma half-life of the parent compound should
limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of nabilone during human lactation have been
located. Nabilone is structurally similar to delta-9-THC, the active ingredient of
marijuana (2). Delta-9-THC is known to be excreted into breast milk. (See
Marijuana.) The molecular weight (about 373) and lipid solubility of nabilone
suggest that it also will be excreted into breast milk, but the very short plasma
half-life (2 hours) should limit the amount. The metabolites, whose activity has
not been characterized, have a longer plasma half-life (35 hours) and,
therefore, a greater potential for clinically significant concentrations in milk.
However, the metabolites of delta-9-THC have not been detected in milk; this
also could be the case for the metabolites of nabilone. The effects on the
nursing infant from exposure to nabilone or its metabolites in the milk are
unknown, but are of concern. Although no adverse effects of marijuana
exposure from breast milk have been reported, follow-up of exposed infants is
inadequate. Because of the potential for long-term toxicity in nursing infants,
women taking nabilone should not breastfeed.
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NABUMETONE
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy, as is inhibition of labor, prolongation of pregnancy, and
suppression of fetal renal function (see also Indomethacin) (1). Persistent
pulmonary hypertension of the newborn may occur if these agents are used
in the 3rd trimester close to delivery (1,2). Women attempting to conceive
should not use any prostaglandin synthesis inhibitor, including nabumetone,
because of the findings in several animal models that indicate these agents
block blastocyst implantation (3,4). Moreover, as noted in the discussion
below, nonsteroidal anti-inflammatory drugs (NSAIDs) have been
associated with spontaneous abortions (SABs) and congenital
malformations. The risk for these defects, however, appears to be small.

FETAL RISK SUMMARY
The NSAID nabumetone is used in the acute and chronic treatment of arthritis.
Nabumetone is a prodrug that partially undergoes hepatic conversion to an
active metabolite. It is in an NSAID subclass (naphthylalkanones) that contains
no other agents.

The drug was not teratogenic in rats and rabbits but did produce toxicity
similar to other agents in this class, including delayed parturition, dystocia,
decreased fetal growth, and decreased fetal survival (5,6). Increased
postimplantation loss in rats was observed at a dose equal to the average
human exposure at the maximum recommended dose (1).

It is not known if nabumetone crosses the human placenta. The molecular
weight (about 228) is low enough that passage to the embryo and fetus should



be expected.
A combined 2001 population-based, observational cohort study and a case–

control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (7). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (8). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (9). (See Ibuprofen
for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (10).

BREASTFEEDING SUMMARY
No reports describing the use of nabumetone during human lactation have been
located. The molecular weight (about 228) is low enough that excretion into
breast milk should be expected.

One reviewer listed several NSAIDs (diclofenac, fenoprofen, flurbiprofen,
ibuprofen, ketoprofen, ketorolac, and tolmetin) that were considered safer
alternatives to other agents (nabumetone not mentioned) if these drugs were
required during nursing (11). Because of the long serum elimination half-life
(≥22.5 hours) of the active metabolite in adults and the unknown amounts of the
drug that are excreted into milk, any of these choices probably is preferable.
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NADOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Some β-blockers may cause intrauterine growth restriction (IUGR) and
reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Treatment beginning
early in the 2nd trimester results in the greatest weight reductions, whereas
treatment restricted to the 3rd trimester primarily affects only placental
weight. Nadolol does not possess ISA. However, IUGR and reduced
placental weight may potentially occur with all agents within this class.
Although growth restriction is a serious concern, the benefits of maternal
therapy with β-blockers, in some cases, might outweigh the risks to the
fetus and must be judged on a case-by-case basis.

FETAL RISK SUMMARY
Nadolol is a nonselective β1,β2-adrenergic blocking agent used for hypertension
and angina pectoris. The drug is not teratogenic in rats, hamsters, and rabbits,
but embryotoxicity and fetotoxicity were observed in the latter species (1,2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 71 newborns had
been exposed to nadolol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (1.4%) major birth defect was observed
(three expected), a cardiovascular defect (one expected).

Only one published case of the use of nadolol in pregnancy has been located
(3). A mother with immunoglobulin A nephropathy and hypertension was treated
throughout pregnancy with nadolol, 20 mg/day, plus a diuretic
(triamterene/hydrochlorothiazide) and thyroid. The infant, delivered by
emergency cesarean section at 35 weeks’ gestation, was growth restricted



and exhibited tachypnea (68 breaths/minute) and mild hypoglycemia (20
mg/dL). Depressed respirations (23 breaths/minute), slowed heart rate (112
beats/minute), and hypothermia (96.5°F) occurred at 4.5 hours of age. The
lowered body temperature responded to warming, but the cardiorespiratory
depression, with brief episodes of bradycardia, persisted for 72 hours. Nadolol
serum concentrations in cord blood and in the infant at 12 and 38 hours after
delivery were 43, 145, and 80 ng/mL, respectively. The cause of some or all of
the effects observed in this infant may have been β-blockade (3). However,
maternal disease could not be excluded as the sole or contributing factor
behind the IUGR and hypoglycemia (3). In addition, hydrochlorothiazide may
have contributed to the low blood glucose (see Chlorothiazide).

The authors identified several characteristics of nadolol in the adult that could
potentially increase its toxicity in the fetus and newborn, including a long serum
half-life (17–24 hours), lack of metabolism (excreted unchanged by the
kidneys), and low protein binding (30%) (3). Because of these factors, other β-
blockers may be safer for use during pregnancy, although persistent β-
blockade has also been observed with acebutolol and atenolol. As with other
agents in this class, long-term effects of in utero β-blockade have not been
studied but warrant evaluation.

BREASTFEEDING SUMMARY
Nadolol is excreted into breast milk (3,4). A mother taking 20 mg of nadolol/day
had a concentration in her milk of 146 ng/mL 38 hours after delivery (3). In 12
lactating women ingesting 80 mg once daily for 5 days, mean steady-state
levels of nadolol, approximately 357 ng/mL, were attained at 3 days. This level
was approximately 4.6 times higher than simultaneously measured maternal
serum levels (4). By calculation, a 5-kg infant would have received 2%–7% of
the adult therapeutic dose, but the infants were not allowed to breastfeed (4).

Because experience is lacking, nursing infants of mothers consuming nadolol
should be closely observed for symptoms of β-blockade. Long-term effects of
exposure to β-blockers from milk have not been studied but warrant evaluation.
The American Academy of Pediatrics classifies nadolol as compatible with
breastfeeding (5).
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NADROPARIN

[Withdrawn from the market. See 9th edition.]



NAFCILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the reported pregnancy experience with nafcillin is limited, all
penicillins are considered low risk in pregnancy.

FETAL RISK SUMMARY
Nafcillin is a penicillin antibiotic (see also Penicillin G). No reports linking its use
with congenital defects have been located. The Collaborative Perinatal Project
monitored 50,282 mother–child pairs, 3546 of whom had 1st trimester
exposure to penicillin derivatives (1, pp. 297–313). For use anytime during
pregnancy, 7171 exposures were recorded (1, p. 435). In neither group was
evidence found to suggest a relationship to large categories of major or minor
malformations or to individual defects.

BREASTFEEDING SUMMARY
No reports describing the use of nafcillin during human lactation have been
located. (See also Penicillin G.)
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NAFTIFINE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of naftifine in human pregnancy have been
located. The animal data, although based on body weight, suggest low risk,
but the absence of human pregnancy experience prevents a more complete
assessment of the pregnancy risk. However, the low systemic
bioavailability suggests that the amounts reaching the embryo and/or fetus
are clinically insignificant. The topical use of this agent during pregnancy
probably is low risk.

FETAL RISK SUMMARY
Naftifine is a broad-spectrum, antifungal agent that is available as a 1% topical
cream. It has both fungicidal and fungistatic activity. Chemically, naftifine is a
synthetic allylamine derivative in the same class as terbinafine. Approximately
6% of an applied dose is absorbed systemically from healthy skin. The plasma
elimination half-lives of naftifine and its metabolites are about 2–3 days (1).

Reproduction studies have been conducted with oral doses in rats and
rabbits. In these species, oral doses 150 or more times the human topical dose
revealed no evidence of impaired fertility or fetal harm. Studies for
carcinogenicity have not been performed, but in vitro and animal studies did not
demonstrate mutagenicity (1).

It is not known if naftifine and/or its metabolites cross the human placenta.
The molecular weight of the parent drug (about 324) and the prolonged
elimination half-life suggest that the drug will cross to the embryo and/or fetus.
The low systemic bioavailability should prevent clinically significant exposure of
the embryo/fetus.



BREASTFEEDING SUMMARY
No reports describing the use of naftifine during human lactation have been
located. The low molecular weight (about 324) and the prolonged elimination
half-life from the systemic circulation suggest that it will be excreted into breast
milk. The systemic bioavailability after topical application of the 1% cream is
low (about 6%), so the amount in milk, if any, probably is clinically insignificant.
The cream should not be applied to the nipples or breasts if breastfeeding.

Reference
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NALBUPHINE
Narcotic Agonist–Antagonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No congenital defects have been reported in humans or in experimental
animals following the use of nalbuphine in pregnancy (1). Nalbuphine has
both narcotic agonist and antagonist effects. Prolonged use during
pregnancy could theoretically result in fetal addiction with subsequent
withdrawal in the newborn (see also Pentazocine). The use of the drug in
labor may produce fetal distress and neonatal respiratory depression
comparable with that produced by meperidine (1–6).

FETAL RISK SUMMARY
Nalbuphine is indicated for the relief of moderate-to-severe pain. It also is used
as a supplement to balanced anesthesia, for preoperative and postoperative
analgesia, and for obstetrical analgesia during labor and delivery. The plasma
half-life is 5 hours (2).

Reproduction studies in rats and rabbits at doses up to 6 and 4 times,
respectively, the maximum recommended human dose (MRHD) revealed no
evidence of impaired fertility or fetal harm (2). Administration to rats at doses 4
times the MRHD during at least the last third of gestation and during lactation
reduced both neonatal body weight and survival (2).

Nalbuphine crosses the placenta to the fetus (6–8). The cord:maternal serum
ratio in five women in active labor given 20 mg as an IV bolus ranged from 0.37
to 6.03 (7). A sixth patient given 15 mg had a ratio of 1.24. Umbilical cord
concentrations of nalbuphine obtained 3–10 hours after a dose varied from “not
detectable” to 46 ng/mL. The terminal half-life of the drug in the mothers was
2.4 hours. In another study, the fetal:maternal ratio was 0.74 at delivery and
the estimated neonatal plasma half-life was 4.1 hours (8).



A sinusoidal fetal heart rate pattern was observed after a 10-mg IV dose
administered to a woman in labor at 42 weeks’ gestation (9). The sinusoidal
pattern persisted for at least 2.25 hours, and periodic late decelerations
became evident. A cesarean section was performed to deliver a healthy female
infant with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively, who did
well following delivery. The authors attributed the persistent sinusoidal pattern
to the prolonged plasma half-life in adults (9).

A 1987 reference compared the use of nalbuphine administered during labor
via either a patient-controlled analgesia (PCA) IV pump or by direct IV-push
doses (10). No differences were observed between the groups in terms of fetal
distress, as evidenced by late decelerations or abnormal scalp blood pH, or in
Apgar scores, but specific details on the newborns were not given. However,
the fetuses of women receiving nalbuphine by the PCA system had a higher
incidence of variable heart rate decelerations (10).

In a 1991 study, IV nalbuphine (N = 70; 10 mg) and meperidine (N = 67; 50
mg) were compared for analgesia during the active phase of labor at term (11).
Neither regimen had an advantage over the other, but, in the nalbuphine group,
there were significantly more newborns with a 1-minute Apgar score <7 (10.6%
vs. 1.7%, p <0.05). Of note, the time interval between the dose of the two
drugs and delivery was not provided although it was >1 hour (11).

BREASTFEEDING SUMMARY
No reports describing the use of nalbuphine during breastfeeding have been
located. The manufacturer states that small amounts (<1% of the mother’s
dose) are excreted into breast milk and these amounts are clinically insignificant
(2).

In a 2007 report, 18 non-breastfeeding women immediately after delivery
were given IV nalbuphine (0.2 mg/kg every 4 hours) and ketoprofen (100 mg
every 12 hours) for postpartum pain (12). The mean and maximum nalbuphine
milk concentrations were 42 and 61 ng/mL, respectively. Assuming a milk
volume of 150 mL/kg/day, the estimated mean and maximum infant doses were
7.0 and 9.0 mcg/kg/day, respectively. The relative infant dose as a percentage
of the weight-adjusted maternal dose was 0.59% (12). (See Ketoprofen for
additional data.)

Because nalbuphine has poor oral absorption, it is unlikely to adversely affect
a nursing infant.
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NALIDIXIC ACID
Urinary Germicide
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The animal data suggest moderate risk, but the human data are limited. In
a large case–control study, a possible association, based on seven cases,
was found with pyloric stenosis. However, the association might have
occurred by chance. Because nalidixic acid has been available for many
years, the lack of other reports of developmental toxicity is reassuring.

FETAL RISK SUMMARY
No reports linking the use of nalidixic acid, a quinolone antibacterial agent, with
congenital defects have been located. At oral doses six times the human dose,
nalidixic acid was embryocidal and teratogenic in rats (1). Prolongation of
pregnancy was also noted, especially at four times the human dose. Similar to
other agents in this class, nalidixic acid causes arthropathy in immature animals
(1).

Chromosomal damage was not observed in human leukocytes cultured with
various concentrations of the drug (2). One author cautioned that the drug
should be avoided in late pregnancy because it may produce hydrocephalus
(3). However, a subsequent report examined the newborns of 63 patients
treated with nalidixic acid at various stages of gestation (4). No defects
attributable to the drug or intracranial hypertension were observed.

A study using the population-based dataset of the Hungarian Case-Control
Surveillance of Congenital Abnormalities 1980–1996 was published in 2001 (5).
There were 22,865 cases with congenital malformations and 38,151 controls
without birth defects in the dataset. The control group was 1.8% of the total
number of births (2,146,574) in Hungary during the study period. Exposure to
nalidixic acid during gestation occurred in 242 (1.1%) cases compared with 377
(1.0%) controls (crude odds ratio [OR] 1.1, 95% confidence interval [CI] 0.9–



1.3). Seventeen congenital abnormality groups were analyzed and OR and
95% CI were calculated for exposure in the 2nd and 3rd months and the entire
pregnancy. No increased risk was found with use of nalidixic acid in the 1st
trimester. However, there was an increased prevalence of pyloric stenosis
when the mother took the drug in the last few months of gestation (7 cases;
OR 8.0, 95% CI 1.0–66.4). Although the results suggested an association, a
chance relationship could not be excluded (5).

BREASTFEEDING SUMMARY
Nalidixic acid is excreted into breast milk in low concentrations (6–8). Hemolytic
anemia was reported in one infant with glucose-6-phosphate dehydrogenase
deficiency whose mother was taking 1 g 4 times a day (6). Milk levels were not
measured in this case, but the author noted data from the manufacturer in
which milk levels from four women taking a similar dose were found to be 4
mcg/mL. The milk:plasma ratio has been reported as 0.08–0.13 (7).

A 1980 report described the excretion of unmetabolized nalidixic acid into the
breast milk of 13 women, 3–8 days postpartum, following a 2-g oral dose (8).
Nursing was suspended on the day of the test. Milk was collected from each
woman for a 24-hour period and serum samples were taken 7 hours after the
dose. The highest milk concentration of the drug occurred in the sample
collected from 0 to 4 hours, 0.64 mcg/mL, but the total unchanged drug
excreted over 24 hours was only 0.003% of the mother’s dose. The milk:serum
ratio at 7 hours was 0.061, and the minimal inhibitory concentration of about 3
mcg/mL was never reached (8).

The quantities measured above are normally considered insignificant (9).
Although noting the single case of hemolytic anemia described above, the
American Academy of Pediatrics classifies nalidixic acid as compatible with
breastfeeding (10).
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NALORPHINE

[Withdrawn from the market. See 9th edition.]



NALOXONE
Narcotic Antagonist
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Naloxone is a narcotic antagonist that is used to reverse the effects of
narcotic overdose. The drug has no intrinsic respiratory depressive actions
or other narcotic effects of its own (1).

FETAL RISK SUMMARY
Reproduction studies in mice and rats at doses up to 50 times the usual human
dose revealed no evidence of impaired fertility or fetal harm (2).

Naloxone crosses the human placenta, appearing in fetal blood 2 minutes
after a maternal dose and gradually increasing over 10–30 minutes (3).

In three reports, naloxone was given to mothers in labor after the
administration of meperidine (4–6). One study found that 18–40 mcg/kg
(maternal weight) given IV provided the best results in comparison with controls
who did not receive meperidine or naloxone (5). In measurements of newborn
neurobehavior, groups treated in labor with either meperidine or meperidine
plus naloxone (0.4 mg) were compared with a nontreated control group (6).
The control group scored better in the first 24 hours than either of the treated
groups and, after 2 hours, no difference was found between meperidine and
meperidine plus naloxone-treated patients. Women in active labor received 1.0
mg of morphine intrathecal followed in 1 hour by a 0.4-mg IV bolus of naloxone
plus 0.6 mg/hr or placebo as constant infusion for 23 hours (7). A reduction in
some morphine-induced maternal side effects was seen with naloxone, but no
significant differences with placebo were found for fetal heart rate or variability,
Apgar scores, umbilical venous and arterial gases, neonatal respirations, or
neurobehavioral examination scores. The cord blood:maternal serum ratio for
naloxone was 0.50. Naloxone has also been safely given to newborns within a
few minutes of delivery (8–13).



Naloxone has been used at term to treat fetal heart rate baselines with low
beat-to-beat variability not caused by maternally administered narcotics (14).
This use was based on the assumption that the heart rate patterns were
caused by elevated fetal endorphins. In one case, however, naloxone may have
enhanced fetal asphyxia, leading to fatal respiratory failure in the newborn (14).
Based on the above data, naloxone should not be given to the mother just
before delivery to reverse the effects of narcotics in the fetus or newborn
unless narcotic toxicity is evident. Information on its fetal effects during
pregnancy, other than labor, is not available.

In a study of the effects of naloxone on fetal behavior, 54 pregnant women
with gestational ages between 37 and 39 weeks were evenly divided into two
groups (15). One group received 0.4 mg of naloxone and the other received an
equal volume of saline placebo. In the group receiving naloxone, significant
increases were observed in the number, duration, and amplitude of fetal heart
rate accelerations. Significant increases were also observed in the number of
fetal body movements and the percentage of time spent breathing. Moreover,
significantly more fetuses exposed to naloxone were actively awake than those
not exposed. The investigators attributed their findings to reversal of the effects
of fetal endorphins.

BREASTFEEDING SUMMARY
No reports describing the use of naloxone during human lactation have been
located.
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NALTREXONE
Narcotic Antagonist
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for the following reports in which the naltrexone was discontinued
very early in gestation, no other references describing the use of the agent
during human pregnancy have been located. Although naltrexone did not
produce gross structural abnormalities in any of the animal studies, it did
alter some opioid receptors in the brain that appeared to have long-lasting
consequences. This potential for behavioral alteration in humans cannot be
assessed because of the lack of data, but concern is warranted.

FETAL RISK SUMMARY
Naltrexone is an opioid antagonist that is indicated in the treatment of alcohol
dependence and for the blockade of the effects of exogenously administered
opioids. The agent is a synthetic congener of oxymorphone and is also related
to another opioid antagonist, naloxone. The major metabolite is 6-β-naltrexol.
Plasma protein binding is low (21%) and the mean elimination half-lives for
naltrexone and its major metabolite are 4 and 13 hours, respectively (1).

In fertility studies, a significant increase in pseudopregnancy and a decrease
in the pregnancy rate after mating were observed in rats given a dose that was
16 times the recommended human therapeutic dose based on BSA (RHTD). No
adverse effects on male rat fertility were seen at this dose. A significant
increase in early fetal loss was observed in rats and rabbits at 5 and 18 times
the RHTD, respectively. No evidence of teratogenicity was found in either
species at doses up to 32 and 65 times the RHTD, respectively, administered
during organogenesis. Because rats do not form appreciable amounts of the
major metabolite found in humans (6-β-naltrexol), the potential reproductive
toxicity of the metabolite is unknown (1).



An animal study published in 1984 evaluated the reproductive effects of
naltrexone in rats and rabbits (2). In rats, prolonged administration of
naltrexone at doses that did not affect body weight produced excitatory signs in
both sexes, increased production of seminal plugs in males, and decreased
estrus cycling and fertility in females. No adverse effect on mating activity was
observed, but there was an increase in pseudopregnancy in those receiving
100 mg/kg/day. Fertility was also reduced (i.e., fewer females became
pregnant) when both sexes received this dose. No evidence of teratogenicity or
embryo toxicity was noted in either pregnant rats or rabbits (2).

When administered to rats near term (20 days’ gestation), naltrexone
crossed the placenta and was measured in all fetal tissues (3).

In an experiment with stressed (noise and light at unpredictable frequency)
pregnant rats, a continuous infusion of naltrexone (10 mg/kg/day) was
administered by implanted minipumps from day 17 of gestation (4). Compared
with controls receiving an infusion of vehicle only, naltrexone prevented the
reduction in anogenital distance in male pups and restored the growth rate in
both sexes. Other adverse fetal effects of prenatal stress were also prevented
by naltrexone, leading the authors to conclude that some of the morphologic
and behavioral changes induced by prenatal stress may result from excess
opioid activity (4).

The effects of daily injections of naltrexone (50 mg/kg) administered to rats
throughout gestation on fetal growth were described in a 1997 publication (5).
Compared with controls given daily injections of saline, naltrexone-exposed
pups had greater body weights, crown–rump lengths, and organ and skeletal
muscle weights. Naltrexone had no effect on the length of gestation, course of
pregnancy, litter size, or viability of the mother or offspring (5). The effects on
growth were attributed to the blocking of endogenous opioids.

Decreased sensitivity to morphine has been observed in rat offspring
exposed in utero to naltrexone (6,7). The appreciation of pain was not affected.
However, insensitivity was not observed to butorphanol (7). These results raise
the possibility that, later in life, morphine would provide less-effective analgesia
in human offspring who were exposed during gestation to naltrexone.

Other rat studies have also demonstrated that naltrexone can modify
behavior of both the mother and the offspring (8–10). Naltrexone was
administered at parturition to ewes lambing for the first time (8). Compared
with controls, naltrexone significantly delayed the onset of maternal behavior
(licking and bleating) toward the newborn. The drug facilitated sexual behavior
in adult male rats who had been exposed in utero (9). Another study found that



naltrexone exposure throughout gestation modified postnatal behavioral
development of rat offspring (10). The investigators concluded that blocking the
endogenous opioid systems during embryogenesis altered the somatic,
physical, and behavioral development after birth. Of interest, a 1998 study
found that naltrexone was present in the brains and hearts of newborn rats
after maternal administration during gestation, but it was not present on
postnatal days 2 and 10 (11). The investigators concluded that the somatic and
neurobiological acceleration observed in previous studies was not due to opioid
receptor blockade during the postnatal period (11).

It is not known if naltrexone or its metabolite crosses the human placenta.
The molecular weight of naltrexone (about 342 for the free base), low plasma
protein binding, and long elimination half-lives of naltrexone and the major
metabolite suggest that one or both agents will cross to the embryo–fetus.

Two 1993 reports, from the same research group, described the use of
naltrexone (25–150 mg/day for 4–100 weeks) in 138 women with various
grades of hypothalamic or hyperandrogenic ovarian failure (12,13). A total of
24 pregnancies in 22 women were achieved. Naltrexone was discontinued as
soon as pregnancy had been diagnosed. Four pregnancies ended in an early
spontaneous abortion (SAB), six women had given birth (no data provided on
newborn condition), eight pregnancies were ongoing, and no information was
given for six cases. A 1995 study of women with functional hypothalamic
amenorrhea, however, found that even after priming with exogenous estradiol
and progesterone or pulsatile gonadotropin-releasing hormone, the continued
use of naltrexone alone did not maintain gonadotropin secretion and eventual
ovulation (14).

Continuous naltrexone (50 mg/day), either alone or with intermittent
clomiphene, has been used successfully in women with clomiphene-resistant
normogonadotrophic anovulation (15). In this study, 19 of 22 women achieved
ovulation and 12 singleton pregnancies were documented. Naltrexone was
discontinued when pregnancy was diagnosed. The outcomes of the
pregnancies included two SABs and eight ongoing pregnancies (15).

BREASTFEEDING SUMMARY
Consistent with the molecular weight of naltrexone (about 342), low plasma
protein binding (21%), and long elimination half-lives of naltrexone (4 hours) and
6-β-naltrexone (major metabolite) (13 hours), both agents are excreted into
breast milk.

In a 2004 case report, a 30-year-old woman was taking naltrexone (50



mg/day) for opiate addiction while breastfeeding her 1.5-month-old male infant
(16). The mother had started the drug during the latter part of pregnancy and
had been taking it for 135 days before the study. The mean milk concentrations
of the parent drug and metabolite were 1.6 and 46 mcg/L, respectively. The
measured relative infant doses as a percentage of the maternal dose were
0.03% (naltrexone) and 0.83% (metabolite). The healthy infant was achieving
expected milestones and had no adverse effects (16). Although this report is
reassuring, additional data are warranted and use during lactation should be
evaluated on a case-by-case basis.
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NAPHAZOLINE
Ophthalmic (Sympathomimetic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with naphazoline is very limited and
animal reproduction studies have not been conducted. In addition, reports
describing the amount of drug in the systemic circulation after nasal or
ophthalmic use have not been located. However, it is doubtful if appropriate
short-term use results in clinically significant systemic concentrations. Thus,
the occasional use of naphazoline does not appear to represent a risk to
the embryo and/or fetus.

FETAL RISK SUMMARY
Naphazoline is an α-adrenergic agonist that is used as a topical vasoconstrictor
to relieve eye redness and as an intranasal spray to treat symptoms of nasal
congestion. The drug is available over the counter (1,2).

Reproduction studies in animals have not been conducted (1,2). In addition,
no studies evaluating the carcinogenicity or mutagenicity of naphazoline, or its
effects on fertility have been located.

It is not known if clinically significant amounts of naphazoline cross the human
placenta. The molecular weight (about 210 for the free base) is low enough,
but the systemic concentrations after ocular or nasal use should be low.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 20
of whom had 1st trimester exposure to naphazoline (3, pp. 346–347). No
evidence was found to suggest a relationship between large categories of
major or minor malformations or to individual defects. However, an association
in the 1st trimester was found between the sympathomimetic class of drugs as
a whole and minor malformations (not life-threatening or major cosmetic
defects), inguinal hernia, and clubfoot (3, pp. 345–356).



A 1995 report described a case in which naphazoline nasal spray was used
repeatedly throughout pregnancy (4). The newborn had cyanosis, hypertension,
and ischemia of the foot. The cause of the outcome could not be determined
(4).

BREASTFEEDING SUMMARY
No reports describing the use of naphazoline during human lactation have been
located. The molecular weight (about 210 for the free base) is low enough for
excretion into breast milk, but the expected low systemic concentrations after
ocular or nasal use should limit the exposure of the infant. Thus, occasional use
of naphazoline during breastfeeding appears to be compatible.
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NAPROXEN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Exposure to nonsteroidal anti-inflammatory drugs (NSAIDs), including
naproxen, during the 1st trimester appears to be a risk for structural
anomalies and spontaneous abortions (SABs). The structural defects
usually involve the heart, especially septal defects, but associations with
oral clefts also have been reported. The absolute risk for these defects,
however, appears to be low. When used in the 3rd trimester, NSAIDs have
the potential to cause premature closure of the ductus arteriosus, which, in
some cases, may result in primary pulmonary hypertension of the newborn
(PPHN). In addition, the use of NSAIDs as tocolytics has been associated
with an increased risk of neonatal complications, such as necrotizing
enterocolitis, patent ductus arteriosus, and intraventricular hemorrhage (1),
but further studies are required to confirm the magnitude of these toxicities.
Because of the potential newborn toxicity, naproxen should not be used late
in the 3rd trimester (1–3). Moreover, women attempting to conceive should
not use any prostaglandin synthesis inhibitor, including naproxen, because
of the findings in various animal models, indicating that these agents block
blastocyst implantation (4,5).

Women who are pregnant or are at risk of pregnancy should be
counseled on these risks. Such counseling is especially important because
the use of NSAIDs during pregnancy, either prescribed or over the counter
(OTC), is very common. One report stated that the use of ibuprofen in
pregnancy occurred in 14.9% of the patients studied, 52% (45 of 86) of
whom were exposed in the first trimester (6). NSAIDs available as OTC
products in the United States include ibuprofen and naproxen, either as
single-ingredient products or in decongestant/analgesic combinations. Thus,
women might be exposed to NSAIDs at any time in gestation without



realizing they are taking a drug with the potential for developmental toxicity.

FETAL RISK SUMMARY
Naproxen is an NSAID used in the management of the signs and symptoms of
rheumatoid arthritis, osteoarthritis, ankylosing spondylitis, and juvenile arthritis.
It is in the same subclass (propionic acids) as five other NSAIDs (fenoprofen,
flurbiprofen, ibuprofen, ketoprofen, and oxaprozin). Drugs in this class have
been shown to inhibit labor and to prolong the length of pregnancy (1,7).

Animal reproduction studies have been conducted in mice, rats, and rabbits.
At 0.23–0.28 times, the human systemic exposure at the recommended dose,
no evidence of impaired fertility or fetal harm was seen in these species (1). It
was not stated if maternal toxicity prevented higher doses. A 1990 report
described an investigation on the effects of several NSAIDs on mouse palatal
fusion both in vivo and in vitro (8). The compounds, including naproxen, were
found to induce cleft palate.

Consistent with the relatively low molecular weight (about 230), naproxen
readily crosses the placenta to the fetal circulation. Twenty-eight women
received two 500-mg naproxen doses, the first within 10.5–15 hours and the
second within 4 hours of an elective 1st trimester pregnancy termination (9).
Mean naproxen levels in maternal serum, fetal tissue, coelomic fluid, and
amniotic fluid were 69.5, 6.4, 1.85, and 0.14 mcg/mL, respectively. The mean
fetal:maternal drug ratio was 0.092 (9). In a woman at 30 weeks’ gestation
treated with 250 mg of naproxen every 8 hours for four doses, plasma levels in
twins 5 hours after the last dose were 59.5 and 68 mcg/mL (10).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1448 newborns
had been exposed to naproxen during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 70 (4.8%) major birth defects were
observed (62 expected). Specific data were available for six defect categories,
including (observed/expected) 14/14 cardiovascular defects, 2/2 oral clefts, 0/1
spina bifida, 3/4 polydactyly, 2/2 limb reduction defects, and 3/3 hypospadias.
These data do not support an association between the drug and congenital
defects.

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (2). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive



association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations but did find a significant association with cardiac defects and
orofacial clefts (11). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (12). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (13).

A 2003 study using data from three Swedish health registers (1995–2001)
that included maternal drug history collected prospectively identified 1142
infants with orofacial clefts (isolated or with other malformations, excluding
chromosome anomalies) (14). Compared with the expected number (2.9) of
orofacial clefts, there were eight naproxen-exposed cases, a relative risk of
2.72 (95% confidence interval [CI] 1.17–5.36).

A 2003 case–control study, using data from the same Swedish registers as
the above study, was conducted to identify drug use in early pregnancy that
was associated with cardiac defects (15). Cases (cardiovascular defects
without known chromosome anomalies) (N = 5015) were compared with
controls consisting of all infants born in Sweden from 1995 to 2001 (N =
577,730). Associations were identified for several drugs, some of which were
probably due to confounding from the underlying disease or complaint or
multiple testing, but some were thought to be true drug effects. For NSAIDs,
the total exposed, number of cases, and odds ratios (ORs) with 95% CI were
NSAIDs (all) (7698; 80 cases; 1.24, 0.99–1.55), naproxen (1679; 24 cases;
1.70, 1.14–2.54), diclofenac (1362; 15 cases; 1.30, 0.78–2.16), ibuprofen
(4124; 37 cases; 1.08, 0.78–1.50), and aspirin (5920; 52 cases; 1.01, 0.76–
1.33). Five of the defects observed with naproxen were two infants with
transposition of the great vessels and three with endocardial cushion defects
(one infant had both defects). The authors noted that further studies were
needed to verify or reject the hypothesis (15).

A 2004 case report described a 24-year-old woman who took naproxen (550
mg about twice a week), bisoprolol (5 mg/day), and sumatriptan (100 mg about
once a week) for migraine headaches during the first 5 weeks of pregnancy
(16). An elective cesarean section was performed at 37 weeks’ for breech
presentation to deliver a 3125-g male infant. The infant had a wide bilateral
cleft lip/palate, marked hypertelorism, a broad nose, and bilateral but



asymmetric toe abnormalities (missing and hypoplastic phalanges) (16).
A 2006 case–control study found a significant association between congenital

anomalies, specifically cardiac septal defects, and the use of NSAIDs in the 1st
trimester (17). A population-based pregnancy registry (N = 36,387) was
developed by linking three databases in Quebec. The combined database
covered all of the pregnancies that occurred in Quebec from January 1997
through June 2003. Inclusion criteria were mothers of singleton infants, 15–45
years of age, who were prescribed an NSAID or other medications during
pregnancy. The use of OTC NSAIDs was a potential confounder but the
investigators provided reasonable arguments that such exposure was unlikely.
The data were adjusted for chronic comorbidities, including rheumatoid arthritis
and disease-modifying anti-rheumatic drugs, hypothyroidism and thyroid drugs,
and chronic or gestational hypertension. Adjustment also was made for 1st
trimester use of known human teratogens (17).

Case infants were those with any congenital anomaly diagnosed in the first
year of life (17). Up to 10 controls (infants without a congenital anomaly) were
selected for each case and matched with cases for maternal age, urban or
rural residence, gestational age, and diabetes status. There were 93 infants
(8.8%) with congenital defects from 1056 mothers who had filled prescriptions
for NSAIDs in the 1st trimester. In controls, there were 2478 infants (7%) with
anomalies from 35,331 mothers who had not filled such a prescription. The
adjusted OR (aOR) was 2.21 (95% CI 1.72–2.85). The aOR for cardiac septal
closure was 3.34 (95% CI 1.87–5.98). There also was a significant association
for anomalies of the respiratory system 9.55 (95% CI 3.08–29.63), but this
association disappeared when cases coded as “unspecified anomaly of the
respiratory system” were excluded. For the cases involving septal closure, 61%
were atrial septal defects and 31% were ventricular septal defects. There were
no significant associations for oral clefts or defects involving other major organ
systems. The five most common NSAIDs were naproxen (35%), ibuprofen
(26%), rofecoxib (15%), diclofenac (9%), and celecoxib (9%). Among these
agents, the only significant association was for ibuprofen prescriptions in the
1st trimester and congenital defects (p <0.01) (17).

Prostaglandin synthesis inhibitors may cause constriction of the ductus
arteriosus in utero, which may result in PPHN (18–22). The dose, duration, and
period of gestation are important determinants of these effects. Most studies of
NSAIDs used as tocolytics have indicated that the fetus is relatively resistant to
premature closure of the ductus before the 34th or 35th week of gestation (see
Indomethacin). However, three fetuses (one set of twins) exposed to naproxen



at 30 weeks for 2–6 days in an unsuccessful attempt to halt premature labor
had markedly decreased plasma concentrations of prostaglandin E. PPHN with
severe hypoxemia, increased blood clotting times, hyperbilirubinemia, and
impaired renal function were observed in the newborns. One infant died 4 days
after birth, probably because of subarachnoid hemorrhage. Autopsy revealed a
short and constricted ductus arteriosus. Use in other patients for premature
labor at 34 weeks or earlier has not resulted in neonatal problems (23,24).

In a case report published in 2000, a mother took an OTC preparation of
naproxen 220 mg twice a day over the 4 days immediately preceding birth of a
term 3790-g male infant (25). Within 2 hours of birth, the infant developed
typical signs and symptoms of PPHN with a closed ductus arteriosus.
Conservative management was initiated and the infant was improving by the
sixth postnatal day. At 6 weeks of age, the infant was doing well clinically
without cyanosis (25).

A 2012 report from the National Birth Defects Prevention Study found
associations between exposures to NSAIDs (aspirin, ibuprofen, and naproxen)
and several birth defects (26). The data for this case–control study came from
approximately 20,470 women with expected due dates in 1997–2004. Among
this group, 3173 women (15.5%) were exposed to NSAIDs in the 1st trimester.
Although the results suggested that NSAIDs are not a major cause of birth
defects, the study did find several small-to-moderate but statistically significant
increases in nine defects. The drug, aOR, and 95% CI for each defect were
anencephaly/craniorachischisis—aspirin (2.1; 1.1–4.3); spina bifida—ibuprofen
(1.6; 1.2–2.1); encephalocele—naproxen (3.5; 1.2–10);
anophthalmia/microphthalmia—aspirin (3.0; 1.3–7.3), ibuprofen (1.9; 1.1–3.3),
and naproxen (2.8; 1.1–7.3); cleft lip ± cleft palate—ibuprofen (1.3; 1.1–1.6)
and naproxen (1.7; 1.1–2.5); cleft palate—aspirin (1.8; 1.1–2.9); transverse
limb deficiency—naproxen (2.0; 1.0–3.8); amniotic bands/limb body wall—
aspirin (2.5; 1.1–5.6) and ibuprofen (2.2; 1.4–3.5); and a heart defect (isolated
pulmonary valve stenosis)—naproxen (2.4; 1.3–4.5). The analysis of the latter
defect was limited to term births only. The authors acknowledged that further
studies were needed because most of these associations had not been
reported from other databases (26).

BREASTFEEDING SUMMARY
Naproxen passes into breast milk in very small quantities. The milk:plasma ratio
is approximately 0.01 (1). Following 250 or 375 mg twice daily, maximum milk
levels were found 4 hours after a dose and ranged from 0.7 to 1.25 mcg/mL



and 1.76 to 2.37 mcg/mL, respectively (27,28). The total amount of naproxen
excreted in the infant’s urine was 0.26% of the mother’s dose. The effect on the
infant from these amounts is unknown.

The American Academy of Pediatrics classifies naproxen as compatible with
breastfeeding (29).
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NARATRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Naratriptan is not an animal teratogen but does produce dose-related
embryo and fetal developmental toxicity. Human pregnancy experience,
however, is too limited to assess the embryo–fetal risk. Although a 2008
review of triptans in pregnancy found no evidence for teratogenicity, the
data did suggest a possible increase in the rate of preterm birth (1).

FETAL RISK SUMMARY
Naratriptan is an oral selective serotonin (5-hydroxytryptamine; 5-HT) receptor
subtype agonist used for the acute treatment of migraine headaches. The
safety and effectiveness of naratriptan have not been established for cluster
headaches. Plasma protein binding is low (28%–31%) and the elimination half-
life is 6 hours (2).

Developmental toxicity was observed in pregnant rats and rabbits at oral
doses producing maternal plasma drug levels as low as 11 and 2.5 times,
respectively, the plasma levels in humans receiving the maximum recommended
daily dose of 5 mg (MRDD). Toxicity consisted of embryo lethality, minor fetal
structural variations, pup mortality, and offspring growth restriction. In pregnant
rats during the period of organogenesis, daily oral doses of 10, 60, and 340
mg/kg/day that resulted in maternal plasma levels 11, 70, and 470 times the
human plasma levels obtained with the MRDD, respectively, were associated
with dose-related increases in embryonic death and in the incidence of fetal
structural variations: incomplete, irregular ossification of skull bones,
sternebrae, and ribs. A no-effect dose for these toxicities was not established.
The highest dose was associated with maternal toxicity as evidenced by
decreased body weight gain. When naratriptan was administered before and



throughout the mating period at ≥60 mg/kg/day, there was an increase in
preimplantation loss. Impairment of fertility in both male (testicular effects) and
female (anestrus) rats occurred at higher doses. Exposure to the two highest
doses—60 and 340 mg/kg/day—late in gestation and during lactation resulted
in offspring behavioral impairment (tremors) and decreased viability and growth
(2).

Pregnant rabbits received daily oral doses during organogenesis, which
produced maternal plasma levels ranging from 2.5 to 140 times the human
levels produced by the MRDD. Developmental toxicity, observed at all doses,
consisted of embryonic death and fetal variations (major blood vessel
variations, supernumerary ribs, and incomplete skeletal ossification). Fetal
skeletal malformation (fused sternebrae) was observed in one rabbit
subspecies at the highest dose. A no-effect dose for these toxicities was not
established (2).

It is not known if naratriptan crosses the human placenta. The molecular
weight (about 336 for the free base), low plasma protein binding, and long
elimination half-life suggest that the drug will cross.

The Sumatriptan/Naratriptan/Treximet Pregnancy Registry, covering the
period January 1, 1996, through April 30, 2009, has outcome data for 57
prospectively enrolled (reported before pregnancy outcome was known)
pregnancies exposed to naratriptan. There were 52 with earliest exposure in
the 1st trimester and 5 in the 2nd trimester. Among those with earliest
exposure in the 1st trimester, the outcomes included 45 live births without
defects, 1 induced abortion without defect, 5 spontaneous abortions (SABs),
and 1 infant (also exposed to sumatriptan in the 1st trimester) with a small
ventricular septal defect that was expected to close spontaneously. There were
no birth defects in the five cases with earliest exposure in the 2nd trimester.
Excluding the fetal death and SABs, the observed proportion of birth defects in
the 1st trimester group was 2.2% (95% confidence interval 0.1%–13.0%). The
prevalence of birth defects in women with migraine has been estimated at 3.4%
(3,4).

Retrospective reports (reported after the outcome was known) are often
biased (only adverse outcomes are reported). There were three retrospective
reports of birth defects exposed in the 1st trimester. Review of all birth defects
from prospective and retrospective reports revealed no signal or consistent
pattern to suggest a common cause (4). (See Sumatriptan for required
statement.)

Data from the Norwegian Mother and Child Cohort Study were published in



2010 (5). Of the 1535 pregnant women exposed to triptans, 36 were exposed
to naratriptan. The exposed group was compared with 68,021 women who did
not use triptans. There were no significant associations between 1st trimester
exposure to triptans and major congenital anomalies (adjusted odds ratio [OR]
1.0, 95% confidence interval [CI] 0.7–1.2) or other adverse pregnancy
outcomes. However, exposure in the 2nd and 3rd trimesters was significantly
associated with atonic uterus (OR 1.4, 95% CI 1.1–1.8) and >500 mL blood
loss during labor (OR1.3, 95% CI 1.1–1.5) (5).

BREASTFEEDING SUMMARY
No reports describing the use of naratriptan during human lactation have been
located. The molecular weight (about 336 for the free base), low plasma
protein binding (28%–31%), and the long elimination half-life (6 hours) suggest
that the drug will be excreted into breast milk. The effect of this exposure, if
any, on a nursing infant is unknown. However, a brief 2010 review concluded
that the minimal amounts of other triptans excreted into breast milk are
insufficient to cause adverse effects in breastfeeding infants (6).

References
1. Soldin OP, Dahlin J, O’Mara DM. Triptans in pregnancy. Ther Drug Monit 2008;30:5–9.
2. Product information. Amerge. GlaxoSmithKline, 2007.
3. Cunnington M, Ephross S, Churchill P. The safety of sumatriptan and naratriptan in pregnancy: what

have we learned. Headache 2009;49:1414–22.
4. Sumatriptan/Naratriptan/Treximet Pregnancy Registry. Interim Report. 1 January 1996 through 30 April

2009. GlaxoSmithKline, August 2009.
5. Nezvalova-Henriksen K, Spigset O, Nordeng H. Triptan exposure during pregnancy and the risk of

major congenital malformations and adverse pregnancy outcomes: results from the Norwegian Mother
and Child Cohort Study. Headache 2010;50:563–75.

6. Duong S, Bozzo P, Nordeng H, Einarson A. Safety of triptans for migraine headaches during pregnancy
and breastfeeding. Can Fam Physician 2010;56:537–9.



NATALIZUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The extensive human pregnancy experience has not shown an increase in
structural anomalies, spontaneous abortions (SABs), or fetal death.
However, a study described below did find that exposure in the second half
of pregnancy impaired the immune system of two newborns, a finding
similar to the effect observed in adults treated with the drug. The clinical
significance of this impairment requires supportive data. In 2011, the World
Congress of Gastroenterology stated, “The safety of natalizumab during
pregnancy is unknown. Although human data show no increased risk of
birth defects, the agent is too new for adequate supportive data and there
are no drugs of similar mechanism with which to compare.” (1).
Nevertheless, if the maternal condition indicates that the drug is required, it
should not be withheld because of pregnancy. If natalizumab is used in
pregnancy, physicians are encouraged to enroll patients in the Tysabri
pregnancy exposure registry by calling 800-456-2255.

FETAL RISK SUMMARY
Natalizumab is a recombinant humanized immunoglobu lin G4-kappa (IgG4K)
monoclonal antibody produced in murine myeloma cells. It is an α-4 integrin
inhibitor that is indicated as monotherapy for the treatment of relapsing forms
of multiple sclerosis (MS) to delay the accumulation of physical disability and
reduce the frequency of clinical exacerbations. It also is indicated for inducing
and maintaining clinical response and remission in adult patients with
moderately to severely active Crohn’s disease and evidence of inflammation,
and who have had an inadequate response to, or are unable to tolerate,
conventional therapies. The recommended dose is 300 mg IV every 4 weeks.
The elimination half-life is approximately 10–11 days (2).



Reproduction studies have been conducted in pregnant guinea pigs and
cynomolgus monkeys. In these species, there was no evidence of
teratogenicity at doses up to seven times the human clinical dose based on
body weight (HCD). In guinea pigs given a dose seven times the HCD during
the second half of pregnancy, a small reduction in pup survival was noted at
postnatal day 14. At doses seven times the HCD, a doubling of abortions (33%
vs. 17%) was observed in one of five studies with monkeys, but no association
with abortion was seen in guinea pigs. At this dose in both species, serum
levels in fetal animals at delivery were approximately 35% of maternal levels. A
dose that was 2.3 times the HCD in monkeys produced drug-related changes in
the fetuses: mild anemia, reduced platelet count, increased spleen weights, and
reduced liver and thymus weights associated with increased splenic
extramedullary hematopoiesis, thymic atrophy, and decreased hepatic
hematopoiesis. Reduced platelet counts also were observed in offspring of
mothers given seven times the HCD, but this effect was reversed upon
clearance of the drug. Offspring exposed in utero had no drug-related changes
in the lymphoid organs and had normal immune response (2).

No carcinogenic, clastogenic, or mutagenic effects were observed in various
assays and tests conducted with natalizumab. The drug had no effect on male
guinea pig fertility, but, at a dose seven times the HCD, a 47% decrease in
pregnancy rate relative to controls was observed in females. No such effect
was observed at a dose that was 2.3 times the HCD (2).

A series of four research reports, conducted by the manufacturer, on the
effects of natalizumab in guinea pigs and cynomolgus monkeys was published
in 2009 (3–6). One concern was that the drug would interfere with pregnancy
because α-4 integrins and their ligands appear to be critically involved in
mammalian fertilization, implantation, and placental and cardiac development
(3–6). The results and conclusions of the four studies were similar to those
described above. However, the increase in monkey abortions in one cohort was
39.3% vs. 7.1% in controls but, in a second cohort, no increase was observed
(33.3% vs. 37.5%). In cynomolgus monkeys treated with doses up to seven
times the HCD, no adverse effects on the general health, survival, development,
or immunologic structure and function of exposed offspring were observed (6).

Natalizumab crosses the placentas of guinea pigs and monkeys producing
fetal drug concentrations approximately 35% of maternal concentrations at birth
(2). Because of the similarity to the human placenta and the very long
elimination half-life, passage to the fetus should be expected, regardless of the
very high molecular weight (about 149,000). Moreover, immune globulin



crosses the human placenta in significant amounts near term (see Immune
Globulin Intravenous).

Several reports have described the use of natalizumab during pregnancy
(1,7–12).

A 2011 review mentioned 164 pregnancies treated with natalizumab during
the 1st trimester for either Crohn’s disease (N = 35) or MS (N = 129) (1).
There was no increase in the rate of birth defects compared with the expected
background occurrence.

In another 2011 report, 35 women with MS became accidentally pregnant
while receiving natalizumab (7). Six of the women received the last dose before
the last menstrual period (21.3 ± 13.7 days) and 29 after the last menses (22.6
± 20 days). All of the women stopped the drug when they became aware of the
pregnancy. The mean number of doses before pregnancy was 11.7 (range 2–
35). The pregnancy outcomes were 28 healthy children, 1 case of hexadactyly,
5 SABs, and 1 elective abortion. There were no significant differences between
the outcomes of those exposed and a control group of 23 women with MS who
were not exposed to disease-modifying treatments (7).

In a 2011 case report, a 17-year-old patient, who had been treated with
natalizumab for MS since she was 16, received seven doses of the drug during
an unknown pregnancy (8). Pregnancy was diagnosed in the 31st gestational
week. She gave birth to a healthy 2830-g female infant at term with Apgar
scores of 10. The infant was doing well at 10 months of age (8).

The outcomes of two planned pregnancies were reported in 2011 (9). In the
first case, a 28-year-old woman with MS became pregnant while receiving
natalizumab; her last dose was on day 9 of the menstrual cycle. At 37 3/7
weeks, she gave birth to a healthy 3160-g baby girl with Apgar scores of 10
and 10. No abnormalities in the infant were found. The second case involved a
24-year-old woman with MS who did not notify her physician of her pregnancy
until 20 weeks’ gestation. Natalizumab, 300 mg every 4 weeks, was continued
throughout pregnancy. A cesarean section at 41 weeks’ delivered a 2940-g
female infant with Apgar scores of 5 and 8 at 1 and 5 minutes, respectively.
The infant was doing well at 6 weeks of age (9).

A preliminary report from the Tysabri (Natalizumab) Pregnancy Register was
described in two references (10,11). As of May 2011, 341 pregnant patients
had been prospectively enrolled with 277 known outcomes. There did not
appear to be a pattern of drug-related malformations and the rate of SAB
(11%) were consistent with the background rate (15%) in the US general
population (10,11). Several other pregnancy outcomes following use of



natalizumab were also described in one of the references (11).
A 2013 report described the effect of natalizumab on the immune system of

two neonates, both born at 38 weeks, whose mothers received the drug until
34 weeks’ for MS (12). In the first case, the mother received four doses
starting at 21 weeks’ gestation. The 2640-g infant had Apgar scores of 9, 10,
and 10. No structural anomalies were evident, but a minor intracerebral
hemorrhage was detected by ultrasound that later resolved. The infant was
anemic and had moderate thrombocytopenia. At age of 6 weeks, the infant
was admitted to the hospital with respiratory syncitial virus bronchiolitis that
resolved within a few days with symptomatic treatment. The infant was still
anemic but the platelet count had normalized. At 12 weeks of age, the infant
had mild anemia but otherwise was doing well. The mother in the second case
was treated with methylprednisolone up to 13 weeks but, because of relapsing
MS, was given four doses of natalizumab starting at 21 weeks’ similar to the
first case. The 2755-g newborn had Apgar scores of 9, 10, and 10. Because
adults treated with natalizumab have a significant decrease in T-lymphocyte
chemotaxis, both infants were examined for this decrease. The impaired effects
on the immune system were found in both infants at 2 weeks of age but, in both
cases, the impairment had resolved by 12 weeks of age. The authors
concluded that the clinical relevance of the impaired chemotaxis in the context
of host defense, especially against viral pathogens, was unclear because
chemotaxis was just one of several features of altered immune cell functions
under treatment with natalizumab (12).

BREASTFEEDING SUMMARY
No reports describing the use of natalizumab during human lactation have been
located. The molecular weight is very high (about 149,000), but
immunoglobulins are excreted into breast milk. Although given once every 4
weeks, the long elimination half-life (10–11 days) will assure that the drug is
available for excretion throughout the dosing period. The effects of this potential
exposure on a nursing infant are unknown.
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NATEGLINIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal data suggest a low risk for developmental toxicity, but only one
report of human pregnancy experience has been located. Insulin is the
treatment of choice for pregnant diabetics if diet and exercise cannot
control the maternal hyperglycemia. Insulin does not cross the placenta to
the fetus and, thus, eliminates the additional concern that the drug therapy
itself may adversely affect the fetus. Although a potential role in gestational
diabetes may exist for some oral hypoglycemics (e.g., see Glyburide),
carefully prescribed insulin therapy will provide better control of the
mother’s blood glucose, thereby preventing the fetal and neonatal
complications that occur with this disease. In general, if oral hypoglycemics
are used during pregnancy, consideration should be given to changing the
therapy to insulin to lessen the possibility of prolonged hypoglycemia in the
newborn. The rapid elimination and extensive protein binding of nateglinide,
however, may lessen the potential for this adverse effect.

FETAL RISK SUMMARY
Nateglinide is an amino acid derivative that is used as an oral insulin
secretagogue. It is structurally unrelated to the oral sulfonylurea agents.
Nateglinide is indicated for the management of type 2 diabetes mellitus (non-
insulin-dependent) as monotherapy to lower blood glucose when hyperglycemia
cannot be adequately controlled by diet and exercise. The drug is rapidly
cleared from the plasma with an elimination half-life of approximately 1.5 hours.
It is protein bound (98%) primarily by serum albumin and to a lesser degree by
α1-acid glycoprotein. Although the major metabolites are less-potent
antidiabetic agents, a minor metabolite has antidiabetic potency similar to that



of the parent compound (1).
Reproduction studies with nateglinide have been conducted in rats and

rabbits. In rats, no evidence of teratogenicity was observed at doses up to
approximately 60 times the human therapeutic exposure from the
recommended dose of 120 mg 3 times daily before meals (HTE). Decreased
body weights in offspring were observed when these doses were administered
in the perinatal and postnatal periods. In rabbits, a dose approximately 40
times the HTE adversely affected embryonic development and increased the
incidence of gallbladder agenesis or small gallbladder (1).

It is not known if nateglinide crosses the human placenta. The molecular
weight (about 317) suggests that exposure of the embryo and fetus is possible,
but the short plasma elimination half-life and extensive protein binding should
limit the amount of drug available to cross to the fetal compartment.

In a 2004 case report, a 39-year-old woman took pravastatin (80 mg/day),
metformin (2 g/day), and nateglinide (360 mg/day) during the first 24 weeks of
gestation (2). All therapy was discontinued and insulin was started for her
diabetes. At term, the woman delivered a healthy 2.4-kg male infant (head
circumference 34 cm, length 46 cm) with Apgar scores of 8 and 9 at 1 and 5
minutes, respectively. The infant’s growth and development were normal at
follow-up examinations during the first 6 months of life (2).

BREASTFEEDING SUMMARY
No reports describing the use of nateglinide during human lactation have been
located. The molecular weight (about 317) suggests that excretion into breast
milk may occur, but the short elimination half-life (1.5 hours) and extensive
protein binding (98%) should limit the amount of drug and active metabolites
available in milk. The effect on a nursing infant is unknown, but hypoglycemia is
a potential complication. Thus, if a woman plans to breastfeed, changing her
therapy to other agents, such as insulin or a second-generation sulfonylurea
(see Glipizide and Glyburide) might be appropriate. In any case, monitoring the
infant’s blood glucose should be conducted.
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NEBIVOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of nebivolol in human pregnancy have been
located.

Based on studies with other agents in the class, the use of nebivolol for
maternal disease probably does not pose a major risk of structural defects,
but the long-term effects of in utero exposure to β-blockers have not been
studied. Persistent β-blockade has been observed in newborns exposed
near delivery to other members of this class (see Acebutolol, Atenolol, and
Nadolol). Newborns exposed in utero to nebivolol should be closely
observed during the first 24–48 hours after birth for bradycardia and other
symptoms. Some β-blockers may cause intrauterine growth restriction
(IUGR) and reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist), and nebivolol does not
possess ISA. Treatment beginning early in the 2nd trimester results in the
greatest weight reductions, whereas treatment restricted to the 3rd
trimester primarily affects only placental weight. Although growth restriction
is a serious concern, the benefits of maternal therapy, in some cases,
might outweigh the risks to the fetus and must be judged on a case-by-
case basis.

FETAL RISK SUMMARY
Nebivolol, a β-adrenergic receptor blocking agent, is a racemic mixture of d-
and l-nebivolol. The active isomer (d-nebivolol) has an effective half-life of about
12 hours in CYP2D6-extensive metabolizers and 19 hours in poor metabolizers.
In extensive metabolizers (most of the population) and at doses ≤10 mg, the
drug is preferentially β1 selective, but at higher doses and in poor metabolizers,



it is a β1/β2 blocker. Nebivolol is indicated for the treatment of hypertension,
either alone or in combination with other antihypertensives. The drug has no
ISA but does have active metabolites. Plasma protein binding, primarily to
albumin, is about 98% and is independent of plasma concentrations (1).

Reproduction studies have been conducted in rats and rabbits. Pregnant rats
given nebivolol during organogenesis at maternally toxic doses that were 5 and
10 times the maximum recommended human dose of 40 mg/day based on BSA
(MRHD) resulted in reduced fetal body weights. Additionally, at 10 times the
MRHD, small reversible delays in sternal and thoracic ossification and a small
increase in resorptions were observed. Doses given during late gestation,
parturition, and lactation that were ≥1.2 times the MRHD caused decreased
birth and pup weights, prolonged gestation, dystocia, and reduced maternal
care with corresponding increases in late fetal deaths and stillbirths and
decreased pup survival. Insufficient numbers of pups survived at 1.2 times the
MRHD to evaluate the offspring for reproductive performance. In contrast, no
adverse effects on embryo–fetal viability, sex, weight, or morphology were
observed in pregnant rabbits given doses up to 10 times the MRHD (1).

Two-year studies for carcinogenicity were conducted in mice and rats. In
mice given a dose that was 5 times the MRHD, a significant increase in
testicular Leydig cell hyperplasia and adenomas was observed. The findings
were not observed with doses up to 1.2 times the MRHD. The Leydig cell
hyperplasia was consistent with an indirect luteinizing hormone–mediated effect
of the drug and was not thought to be clinically relevant in humans. No evidence
of carcinogenicity was observed in rats with doses up to 10 times the MRHD.
No evidence of mutagenicity was noted in several assays (1).

It is not known if nebivolol crosses the human placenta. The molecular weight
(about 406 for the free base) and moderately long effective half-life suggest
that the drug will cross to the embryo–fetus. Moreover, other β-blockers readily
cross the placenta (e.g., see Atenolol, Metoprolol, and Propranolol).

BREASTFEEDING SUMMARY
No reports describing the use of nebivolol during human lactation have been
located. The molecular weight (about 406 for the free base) and moderately
long effective half-life (12 or 19 hours) suggest that the drug will be excreted
into breast milk. Moreover, other β-blockers are excreted into milk (e.g., see
Atenolol, Metoprolol, and Propranolol). Although the amount in milk might not be
clinically significant, nursing infants should be closely observed for signs or
symptoms of β-blockade. The long-term effects of exposure to β-blockers from



milk have not been studied but warrant evaluation. The American Academy of
Pediatrics classifies other similar agents as compatible with breastfeeding
(e.g., see Metoprolol and Propranolol).
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NEDOCROMIL SODIUM
Respiratory Anti-inflammatory (Inhaled)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The absence of animal embryo–fetal toxicity, the limited human systemic
bioavailability, and the outcomes of the exposed human pregnancies
appear to suggest that nedocromil sodium is not a major teratogenic risk.
Although this assessment is based on limited pregnancy experience, the
benefits in preventing maternal asthma probably outweigh any potential
fetal harm. Because of the greater pregnancy experience, cromolyn sodium
may be the preferred choice (see Cromolyn Sodium).

FETAL RISK SUMMARY
Nedocromil sodium is an inhaled anti-inflammatory agent used in the prevention
of asthma. Because of its mast cell–stabilizing properties, it is also available as
a 2% ophthalmic solution for the treatment of itching associated with allergic
conjunctivitis. Its respiratory action appears to be similar to that of cromolyn
sodium. Each activation of the meter delivers 1.75 mg nedocromil from the
mouthpiece. In asthmatic patients, the absolute bioavailability after chronic
dosing (two activations 4 times a day for 1 month) was approximately 5% of
the administered dose (1). No accumulation was observed after chronic use.
With chronic administration in the eye, <4% of the total dose is absorbed
systemically (2).

No effects on fertility in male and female mice and rats were observed with
an SC dose of nedocromil sodium that was about 30 and 60 times,
respectively, the maximum recommended human daily inhalation dose based on
BSA (MRHID), respectively (1). In reproduction studies, no evidence of
teratogenicity or fetal harm was revealed when an SC dose was given to
pregnant mice, rats, and rabbits that was about 30, 60, and 116 times the



MRHID, respectively (1). The SC dose was >1600 times the maximum
recommended human daily ocular dose on a body weight basis (2).

It is not known if nedocromil sodium crosses the human placenta. The
molecular weight of the drug (about 415) is low enough that transfer to the
fetus should be expected. The low systemic bioavailability (e.g., mean peak
plasma concentrations in the 1.6- to 2.8-ng/mL range [1]) suggests that the
amounts reaching the embryo or fetus are clinically insignificant.

A report published in 1988 described three women who became pregnant
while enrolled in a trial of nedocromil (3). All three were withdrawn from the
study because of their pregnancy. One woman stopped the therapy 5 weeks
after her last menstrual period. She and another woman (gestational age when
therapy stopped not specified) had normal pregnancies. The third woman
stopped nedocromil therapy at 8 weeks’ gestation and had a spontaneous
abortion 5 days later. The abortion was thought to be unrelated to treatment
(3).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed one or more of 34 newly
marketed drugs by general practitioners in England (4). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Nedocromil was taken during the 1st
trimester in 35 pregnancies. The outcomes of these pregnancies included 1
spontaneous abortion, 8 elective abortions, 3 cases lost to follow-up, 22
normal-term infants, and 1 newborn with a birth defect (4). The birth defect, in
an infant born to a 22-year-old woman, was categorized as congenital heart
disease (no details given). Other maternal drug exposures in this case included
aminophylline, corticosteroids, and salbutamol. Although the cause of the one
major congenital malformation observed is unknown, the study lacks the
sensitivity to identify minor anomalies because of the absence of standardized
examinations. Late-appearing major defects may also have been missed
because of the timing of the questionnaires.

BREASTFEEDING SUMMARY
No reports describing the use of nedocromil sodium during human lactation
have been located. Although the molecular weight of the drug (about 415) is



low enough to allow excretion into breast milk, the very small amounts in the
systemic circulation (see above) suggests that the potential for harm in a
nursing infant is nil.
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NEFAZODONE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Nefazodone, a phenylpiperazine antidepressant, is structurally related to
trazodone. Although its exact mechanism of action is unknown, it inhibits
neuronal reuptake of serotonin and norepinephrine. Although the animal
data suggest moderate risk, the limited human pregnancy experience
suggests that the risk of developmental toxicity is low. However, long-term
studies on functional and/or neurobehavioral deficits have not been
conducted.

FETAL RISK SUMMARY
No teratogenic effects were observed with the use of nefazodone in
reproductive toxicity studies involving rats and rabbits dosed, respectively, at 5
and 6 times the maximum human daily dose based on BSA (MHDD) (1).
Increased early pup mortality was observed, however, when dosing at 5 times
the MHDD in rats began during gestation and continued until weaning.
Moreover, decreased pup weights were seen at this and lower doses. The no-
effect dose for pup mortality was 1.3 times the MHDD (1).

A 2003 prospective controlled study described the outcomes of 147
pregnancies exposed in the 1st trimester (52 exposed throughout gestation) to
either nefazodone or trazodone (2). The outcomes were compared with two
control groups (one exposed to other antidepressants and the other exposed to
nonteratogens). There were no significant differences among the three groups
in terms of spontaneous abortions, elective abortions, stillbirths, major
malformations, gestational age at birth, or birth weights. In the study group,
there were two (1.4%) major malformations: neural tube defect and
Hirschsprung’s disease (2).



A 2005 meta-analysis of seven prospective comparative cohort studies
involving 1774 patients was conducted to quantify the relationship between
seven newer antidepressants and major malformations (3). The
antidepressants were bupropion, fluoxetine, fluvoxamine, nefazodone,
paroxetine, sertraline, and trazodone. There was no statistical increase in the
risk of major birth defects above the baseline of 1%–3% in the general
population for the individual or combined studies (3).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (4). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 39 nefazodone cases,
the other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 52 fluvoxamine, 68 mirtazapine, 148 paroxetine, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio 0.9,
95% confidence interval 0.5–1.61). There was one major anomaly,
Hirschsprung disease, in the nefazodone group. There were no major defects in
the pregnancies exposed to bupropion, escitalopram, or trazodone (4).

BREASTFEEDING SUMMARY
Nefazodone is excreted into breast milk. A 1999 report described an analytical
method for determining the concentrations of nefazodone and its metabolites in
human plasma and milk (5). In addition, in one woman taking 200 mg twice
daily, the paired concentrations of nefazodone in milk and plasma (trough) were
57 and 617 ng/mL, respectively; the milk:plasma ratio was 0.09. In two other
subjects, one taking 50 mg twice daily and the other 50 mg in the morning and
100 mg in the evening, the trough plasma levels were <50 ng/mL, whereas the
paired milk concentrations were 687 and 213 ng/mL, respectively (5).

Two mothers breastfeeding their infants 21 and 4 weeks postpartum,
respectively, were being treated with nefazodone for depression (6). One
patient was taking 150 mg/day (50 mg in the morning and 100 mg in the
evening) and the other 400 mg/day (200 mg in the morning and evening). Milk
and plasma samples were obtained from both patients. Two of the metabolites
were not detected in any sample, and hydroxynefazodone was not detected in
the plasma of the first patient or in the milk of the second patient
(concentrations in both <50 ng/mL). Based on 150 mL/kg/day of milk



consumption, the infant doses as a percentage of the mothers’ weight-adjusted
doses were 2.2% and 0.4%. No adverse effects were observed in the two
nursing infants (6).

A 35-year-old woman gave birth to a premature female infant at 27 weeks’
gestation (7). The infant was fed the mother’s breast milk from a bottle while in
the hospital. The mother was started on nefazodone, 200 mg in the morning
and 100 mg at night, because of depression 7 weeks after delivery. One week
later, the mother began breastfeeding. At 9 weeks of age, the 2.1-kg infant
was readmitted to the hospital because of drowsiness, lethargy, failure to
maintain body temperature, and poor feeding. Breastfeeding was stopped 1
week later and the infant’s symptoms resolved gradually over 72 hours.
Maternal blood and breast milk were collected immediately before the 200-mg
morning dose and at intervals ≤6 hours (for milk) or 12 hours (for blood). The
milk:plasma ratio (based on AUC over 12 hours) for nefazodone was 0.27, and
0.02–0.19 for three metabolites that were identified. The maximum
concentrations in milk and plasma were 358 ng/mL (at 3 hours) and 1270
ng/mL (at 1 hour), respectively. The estimated infant dose, relative to the
weight-adjusted total daily maternal dose, was 0.3% for nefazodone and
0.45% for the parent drug plus metabolites. The investigators speculated that
the sedative effects might have resulted from reduced clearance of the drug
secondary to the infant’s prematurity (7).

The long-term effects on neurobehavior and development from exposure to
antidepressants during a period of rapid CNS development have not been
studied. The American Academy of Pediatrics classifies the effects of other
antidepressants on nursing infants as unknown but may be of concern (8).
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NELARABINE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of nelarabine in human pregnancy have been
located. The animal reproduction data and the properties of the drug
suggest that there are significant embryo–fetal risks. Nelarabine should be
avoided in pregnancy, especially in the 1st trimester. If a pregnant woman
requires this agent or if an inadvertent pregnancy occurs, the woman
should be advised of the potential risk for severe adverse effects in the
embryo and fetus.

FETAL RISK SUMMARY
Nelarabine is a prodrug of a cytotoxic deoxyguanosine analog, 9-β-D-
arabinofuranosylguanine (ara-G) that is given as an IV infusion. As a DNA
demethylation agent, it is in the same antineoplastic subclass as azacitidine and
decitabine. Nelarabine is indicated for the treatment of T-cell acute
lymphoblastic leukemia and T-cell lymphoblastic lymphoma that have not
responded to or have relapsed following treatment with at least two
chemotherapy regimens. Nelarabine is rapidly converted in vivo to ara-G, and
then to the active compound, 5′-triphosphate, ara-GTP. The ara-GTP
accumulates in leukemic blasts where the drug produces cell death. The
plasma half-lives of nelarabine and ara-G are about 30 minutes and 3 hours,
respectively, but the terminal elimination half-life could not be accurately
estimated because of the prolonged intracellular levels of ara-GTP. Plasma
protein binding is less than 25% (1).

Reproduction studies have been conducted in rabbits. Pregnant rabbits given
IV infusions of doses ranging from 0.25 to 2 times the human dose based on
BSA (HD) had increased incidences of fetal malformations and variations:
absent gall bladder, absent accessory lung lobes, fused or extra sternebrae,



and delayed ossification (all doses); cleft palates (about 2 times the HD); and
absent digits (about 0.75 times the HD). Maternal body weight gain and fetal
body weight were reduced at about 3 times the HD, but this toxicity could not
account for the increased incidence of malformations (1).

It is not known if nelarabine or ara-G can cross the human placenta. The
molecular weight (about 297) of nelarabine and the lack of protein binding
suggest that these agents will reach the embryo and fetus. The short plasma
half-lives should decrease the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of nelarabine during lactation have been located.
The molecular weight (about 297) and lack of protein binding suggest that
nelarabine and ara-G will be excreted into breast milk. The short plasma half-
lives, 30 minutes and 3 hours, respectively, should decrease the exposure, but
the terminal elimination half-life of the intracellular active metabolite ara-GTP
has not been determined. Severe neurologic toxicity has been observed in
adults receiving this drug, including severe somnolence, convulsions, peripheral
neuropathy, and ascending peripheral neuropathies similar in appearance to
Guillain-Barré syndrome (1). Therefore, the best course is to not breastfeed
while receiving nelarabine.
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NELFINAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The lack of animal toxicity and the human pregnancy data suggest that
nelfinavir is not a major teratogen. If indicated, the drug should not be
withheld because of pregnancy.

FETAL RISK SUMMARY
Nelfinavir is an inhibitor of HIV protease. In in vitro tests, the agent was found
to be active against both HIV types 1 and 2 (HIV-1 and HIV-2) (1). Other drugs
in this class are amprenavir, indinavir, ritonavir, and saquinavir. Protease is an
enzyme that is required for the cleavage of viral polyprotein precursors into
active functional proteins found in infectious HIV. Nelfinavir, usually in
combination with other antiretroviral agents, is indicated for the treatment of
HIV infections.

Reproduction studies with nelfinavir have been conducted in rats and rabbits
(1). No effects on fertility, mating, embryo survival, or fetal development were
observed in rats given doses that produced plasma concentrations comparable
with those measured in humans with therapeutic doses. Exposure of pregnant
rats from mid-gestation through lactation had no effect on survival, growth,
development to weaning, or subsequent fertility of the offspring (1). In rabbits,
doses up to a maternal toxic dose (decreased maternal body weight) had no
effect on fetal development. However, even at the highest dose, the systemic
exposure in rabbits was significantly less than that observed in humans (1).

It is not known if nelfinavir crosses the human placenta to the fetus. The
molecular weight of the free base (about 568) is low enough that transfer to the
embryo and fetus should be expected.

A 2004 study, using data (through July 2002) from the Antiretroviral
Pregnancy Registry (see below), reported 301 1st trimester exposures to



nelfinavir (2). The prevalence rate of birth defects, based on nine cases, was
3.0% (95% confidence interval [CI] 1.4–5.6). This rate was similar to the
expected rate of 3.1% in the CDC population-based surveillance system (2).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (3). Congenital defects were noted in 134,
a prevalence of 2.8% (95% CI 2.4–3.4). In the 6100 live births with earliest
exposure in the 2nd/3rd trimesters, there were 153 infants with defects (2.5%,
95% CI 2.1–2.9). The prevalence rates for the two periods did not differ
significantly. There were 288 infants with birth defects among 10,803 live births
with exposure anytime during pregnancy (2.7%, 95% CI 2.4–3.0). The
prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 3272 outcomes exposed to nelfinavir (1075
in the 1st trimester and 2197 in the 2nd/3rd trimesters) in combination with
other antiretroviral agents. There were 98 birth defects (37 in the 1st trimester
and 61 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective
and retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (3). (See Lamivudine for
required statement.)

A study published in 1999 evaluated the safety, efficacy, and perinatal
transmission rates of HIV in 30 pregnant women receiving various combinations
of antiretroviral agents (4). Many of the women were substance abusers.
Protease inhibitors (nelfinavir [N = 7], indinavir [N = 6], and saquinavir [N = 1] in
combination with nelfinavir) were used in 13 of the women. Antiretroviral
therapy was initiated at a median of 14 weeks’ gestation (range preconception
to 32 weeks). In spite of previous histories of extensive antiretroviral
experience and of vertical transmission of HIV, combination therapy was
effective in treating maternal disease and in preventing transmission to the
current newborns. The outcomes of the pregnancies treated with protease
inhibitors appeared to be similar to the 17 cases that did not receive these
agents, except that the birth weights were lower (4).

The FDA issued a public health advisory in 1998 on the association between
protease inhibitors and diabetes mellitus (5). Because pregnancy is a risk
factor for hyperglycemia, there was concern that these antiviral agents would
exacerbate this risk. The manufacturer’s product information also notes the



potential risk for new-onset diabetes, exacerbation of preexisting diabetes, and
hyperglycemia in HIV-infected patients receiving protease inhibitor therapy (1).
An abstract published in 2000 described the results of a study involving 34
pregnant women treated with protease inhibitors (30 with nelfinavir) compared
with 41 controls that evaluated the association with diabetes (6). No
association between protease inhibitors and an increased incidence of
gestational diabetes was found.

A 1999 abstract reported the effect of protease inhibitors (nelfinavir,
indinavir, ritonavir, or saquinavir) in combination with two or more other
antiretroviral agents in 39 pregnant women (7). Nelfinavir was the most
commonly used protease inhibitor. The mean gestational age at the start of
protease inhibitor therapy was 31 weeks (range 8–39 weeks). All of the
newborns tested HIV-negative. Based on these outcomes, and the lack of
congenital anomalies and serious neonatal complications, and the mother’s
response to therapy, the authors concluded that protease inhibitor therapy
during pregnancy was effective for maternal HIV disease and contributed to the
very low rate of perinatal HIV transmission (7).

A multicenter, retrospective survey of pregnancies exposed to protease
inhibitors was published in 2000 (8). There were 92 liveborn infants delivered
from 89 women (3 sets of twins) at six healthcare centers. One nonviable
infant, born at 22 weeks’ gestation, died. The surviving 91 infants were
evaluated in terms of adverse effects, prematurity rate, and frequency of HIV-1
transmission. Most of the infants were exposed in utero to a single protease
inhibitor, but a few were exposed to more than one because of sequential or
double combined therapy. The number of newborns exposed to each protease
inhibitor was indinavir (N = 23), nelfinavir (N = 39), ritonavir (N = 5), and
saquinavir (N = 34). Protease inhibitors were started before conception in 18,
and during the 1st, 2nd, or 3rd trimester in 12, 44, and 14, respectively, and
not reported in 1. Other antiretrovirals used with the protease inhibitors
included four nucleoside reverse transcriptase inhibitors (NRTIs) (didanosine,
lamivudine, stavudine, and zidovudine). The most common NRTI regimen was a
combination of zidovudine and lamivudine (65% of women). In addition, seven
women were enrolled in the AIDS Clinical Trials Group Protocol 316 and, at the
start of labor, received either a single dose of the non-NTRI nevirapine, or
placebo. Maternal conditions thought possibly or likely to be related to therapy
were mild anemia in eight, severe anemia in one (probably secondary to
zidovudine), and thrombocytopenia in one. Gestational diabetes mellitus was
observed in three women (3.3%), a rate similar to the expected prevalence of



2.6% in a nonexposed population. One mother developed postpartum
cardiomyopathy and died 2 months after birth of twins, but the cause of death
was not known. For the surviving newborns, there was no increase in adverse
effects over that observed in previous clinical trials of HIV-positive women,
including the prevalence of anemia (12%), hyperbilirubinemia (6%; none
exposed to indinavir), and low birth weight (20.6%). Premature delivery
occurred in 19.1% of the pregnancies (close to the expected rate). The
percentage of infants infected with HIV was 0 (95% CI 0%–3%) (8).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (9,10). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (11). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (12). If indicated, therefore, protease inhibitors, including nelfinavir,
should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. Updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (13). Women receiving antiretroviral
therapy during pregnancy should continue the therapy, but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (13).

BREASTFEEDING SUMMARY
No reports describing the use of nelfinavir during human lactation have been
located. The molecular weight of the free base (about 568) is low enough that
excretion into breast milk should be expected.

Reports on the use of nelfinavir during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infections. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (9,10,12,14–16). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study of



zidovudine measured a 38% reduction in vertical transmission of HIV-1 infection
in spite of breastfeeding when compared with controls (see Zidovudine).
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NEOMYCIN
Antibiotic (Aminoglycoside)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Neomycin is an aminoglycoside antibiotic. Ototoxicity, which is known to
occur in patients after oral, topical, and parenteral neomycin therapy, has
not been reported as an effect of in utero exposure. However, eighth
cranial nerve toxicity in the fetus is well known following exposure to
kanamycin and streptomycin and may potentially occur with neomycin.

FETAL RISK SUMMARY
Small amounts of neomycin (about 3%) are absorbed from the normal
gastrointestinal (GI) tract after oral and rectal administration (1). Larger
systemic amounts may be obtained if GI motility is impaired. A single 4-g oral
dose has produced peak plasma concentrations of 2.5–6.1 mcg/mL 1–4 hours
after the dose (1).

No reports describing the passage of neomycin across the placenta to the
embryo and fetus have been located, but this should be expected (see other
aminoglycosides: Amikacin, Gentamicin, Kanamycin, Streptomycin, and
Tobramycin).

Oral neomycin therapy, 2 g daily, depresses urinary estrogen excretion,
apparently by inhibiting steroid conjugate hydrolysis in the gut (2). The fall in
estrogen excretion resembles the effect produced by ampicillin but occurs
about 2 days later. Urinary estriol was formerly used to assess the condition of
the fetoplacental unit with depressed levels being associated with fetal distress.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 30
of whom had 1st trimester exposure to neomycin (3). No evidence was found to
suggest a relationship to large categories of major or minor malformations or to
individual defects.

The population-based dataset of the Hungarian Case-Control Surveillance of



Congenital Abnormalities, covering 1980–1996, was used to evaluate the
teratogenicity of aminoglycoside antibiotics (parenteral gentamicin,
streptomycin, tobramycin, and oral neomycin) in a study published in 2000 (4).
A case group of 22,865 women who had fetuses or newborns with congenital
malformations were compared with 38,151 women who had newborns with no
structural defects. A total of 38 cases and 42 controls were treated with
aminoglycosides. There were 12 cases (0.05%) and 14 controls (0.04%)
treated with oral neomycin (odds ratio 1.4, 95% confidence interval 0.7–3.1). A
case–control pair analysis for the 2nd and 3rd months of gestation also failed
to show a risk for teratogenicity. The investigators concluded that there was no
detectable teratogenic risk for structural defects for any of the aminoglycoside
antibiotics (4). They also concluded, although it was not investigated in this
study, that the risk of deafness after in utero aminoglycoside exposure was
small.

BREASTFEEDING SUMMARY
No reports describing the use of neomycin during human lactation have been
located. Small amounts of other aminoglycosides (e.g., see Gentamicin) are
excreted into breast milk and absorbed by the nursing infant. The very limited
systemic bioavailability of oral neomycin (about 3% for a normal GI tract)
suggests that the amounts of neomycin in breast milk are clinically insignificant.
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NEOSTIGMINE
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Neostigmine is a quaternary ammonium compound with anticholinesterase
activity used in the diagnosis and treatment of myasthenia gravis and to
reverse muscle relaxation from competitive (nondepolarizing) muscle
relaxants. Multiple studies have reported its use for this indication without
observing embryo–fetal harm.

FETAL RISK SUMMARY
Although neostigmine is ionized at physiologic pH, the molecular weight (about
223) is low enough that transfer of the nonionized fraction to the embryo and
fetus should be expected. Circumstantial evidence for neostigmine placental
transfer was presented in a 1996 case report (1). A woman at 31 weeks’
gestation, undergoing surgery for a fractured elbow, was given IV neostigmine
(5 mg) and glycopyrrolate (1 mg) to reverse muscle paralysis at the end of the
procedure. The fetal heart rate immediately decreased from 115–130
beats/minute to 90–110 beats/minute and then gradually returned to 130 bpm
within 1 hour. Four days later, surgical repair of the elbow was again required.
At the end of this surgery, neostigmine (5 mg) and atropine (0.4 mg) were
given IV and no change in the fetal heart rate was observed. The authors
attributed the different effects on the fetal heart rate to the greater placental
transfer of atropine in comparison with glycopyrrolate (see also
Glycopyrrolate), which resulted in blocking the transplacental muscarinic effects
of neostigmine (1).

The safe use of neostigmine in the treatment of maternal myasthenia gravis
or other conditions has been reported (2–12). One study described 22
exposures to neostigmine in the 1st trimester (2). No relationship to congenital



defects was found. A 1973 study reported the use of IM neostigmine (0.5
mg/day) for 3 days as a pregnancy test in 27 women with “uncertain
pregnancies” at 5–14 weeks’ gestation (3). Although vaginal bleeding occurred
in 7 (26%) patients, only 1 aborted and the remaining 26 went to term without
complications. In a 1983 report, two women with myasthenia gravis were
treated throughout gestation with neostigmine, 105 mg/day (combined with
pyridostigmine and ambenonium) and 300 mg/day (combined with
pyridostigmine), respectively, without apparent fetal harm (12).

One investigator considers neostigmine to be one of the drugs of choice for
pregnant patients with myasthenia gravis (4). This author also cautioned that IV
anticholinesterases should not be used in pregnancy because of the
potential for inducing premature labor and suggested that IM neostigmine be
used in place of IV edrophonium for diagnostic purposes (4). This
recommendation, however, should be approached with caution in view of the
high rate of vaginal bleeding following IM neostigmine described above.

Transient muscular weakness has been observed in about 20% of newborns
of mothers with myasthenia gravis (10). The neonatal myasthenia is caused by
transplacental passage of anti-acetylcholine receptor immunoglobulin G
antibodies (10).

BREASTFEEDING SUMMARY
No reports describing the use of neostigmine during lactation have been
located. Two publications have stated that the drug is not excreted into breast
milk (11,13). However, pyridostigmine, another quaternary ammonium
compound, is found in breast milk (see Pyridostigmine). Thus, although
neostigmine is ionized at physiologic pH, the molecular weight (about 223) is
low enough that the nonionized fraction should be excreted into milk. The
effects, if any, on a nursing infant from exposure to neostigmine in milk are
unknown.
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NEPAFENAC
Ophthalmic Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of the nonsteroidal anti-inflammatory drug
(NSAID) nepafenac in human pregnancy have been located. The animal
reproduction data suggest low risk, but the absence of human pregnancy
experience prevents a more complete assessment of the embryo–fetal
risk. The manufacturer recommends avoiding use of the drug in late
pregnancy because of the known toxicity on the fetal cardiovascular system
(premature closure of the ductus arteriosus) (1).

FETAL RISK SUMMARY
Nepafenac is an NSAID available as an ophthalmic suspension. It is indicated
for the treatment of pain and inflammation associated with cataract surgery.
The drug penetrates the cornea and is converted by ocular tissue enzymes to
the NSAID drug amfenac, the active agent. After bilateral 3-times-daily dosing,
low concentrations of nepafenac and amfenac were detected in the plasma
with peak concentrations of 0.3 and 0.4 ng/mL, respectively, 2–3 hours
postdose. No information on plasma protein binding or elimination half-life was
provided (1).

Reproduction studies with nepafenac and amfenac have been conducted in
rats and rabbits. When rats were given oral doses of nepafenac and amfenac
that produced plasma exposures up to about 260 and 2400 times, respectively,
the human plasma exposures at the recommended human ophthalmic dose
(RHOD), no evidence of teratogenicity was observed. However, maternal
toxicity, observed at the highest dose or higher, was associated with dystocia,
increased postimplantation loss, reduced fetal weights and growth, and
reduced fetal survival. No evidence of teratogenicity was observed in rabbits



with oral doses producing exposures up to about 80 and 680 times,
respectively, the human plasma exposures at the RHOD. Maternal toxicity also
was observed at the highest dose (1).

Nepafenac has not been evaluated in long-term carcinogenicity studies. The
drug increased chromosomal aberrations in hamster ovary cells but was not
mutagenic in multiple assays. No effects on fertility in male and female rats
were observed with nepafenac or amfenac (1).

It is not known if nepafenac or amfenac crosses the human placenta. The
molecular weight of nepafenac (about 254) is low enough to cross the placenta.
Although the molecular weight of amfenac was not provided, it is probably
similar to the prodrug and also should cross. However, the systemic
concentrations of both drugs are very low.

BREASTFEEDING SUMMARY
No reports describing the use nepafenac during human lactation have been
located. The molecular weight of nepafenac (about 254) is low enough for
excretion into breast milk. Although the molecular weight of the active agent,
amfenac, was not provided, it is probably similar to the prodrug and also should
be excreted into milk. However, the systemic concentrations of both drugs are
very low. Consequently, the risk to a nursing infant from exposure is probably
low or nonexistent.

Reference
1. Product information. Nevanac. Alcon Laboratories, 2008.



NESIRITIDE
Vasodilator
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of nesiritide in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents an accurate assessment of the embryo–
fetal risk. However, nesiritide is a recombinant formulation of human B-type
natriuretic peptide, a naturally occurring peptide produced in the ventricular
myocardium. Although the indication suggests that use in pregnancy will be
uncommon; if indicated, it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Nesiritide is indicated for the IV treatment of patients with acutely
decompensated congestive heart failure who have dyspnea at rest or with
minimal activity. Nesiritide is metabolized to inactive metabolites and the
terminal elimination half-life is about 18 minutes (1).

Reproduction studies have been conducted in rabbits. In this species, no
adverse effects on live births or fetal development were observed at a dose
given by continuous infusion for 13 days, producing exposures that were about
70 times higher than the human exposure at the recommended dose (1).

Studies of carcinogenicity or effects on fertility have not been conducted. The
drug was not mutagenic in an in vitro assay (1).

It is not known if nesiritide crosses the human placenta. The relatively high
molecular weight (3464) and very short terminal elimination half-life suggest
that exposure of the embryo and/or fetus will be minimal.

BREASTFEEDING SUMMARY
No reports describing the use of nesiritide during human lactation have been



located. The relatively high molecular weight (3464) and very short terminal
elimination half-life (about 18 minutes) suggest that the peptide will not be
excreted into breast milk in clinically significant amounts. Moreover, as a
peptide, any amounts in milk probably will be digested in the infant’s gut.

Reference
1. Product information. Natrecor. Scios, 2009.



NEVIRAPINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The human data for nevirapine suggest that the risk for embryo–fetal harm
is low. At least at term, the drug readily crosses the human placenta. If
indicated, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Nevirapine is used in combination with other antiviral agents in the treatment of
HIV infections. It is a non-nucleoside reverse transcriptase inhibitor (nnRTI).
Other agents in this class include delavirdine and efavirenz (1).

No teratogenic effects were observed in reproductive studies with rats and
rabbits. In rats, however, a significant decrease in fetal weight occurred at
doses producing systemic levels approximately 50% higher (based on AUC)
than those seen with the recommended human dose. Moreover, impaired
fertility was noted in female rats at doses producing levels approximately equal
to those seen with the recommended human dose (1).

Nevirapine readily crosses the human placenta to the fetus. In a study
reported by the manufacturer, nevirapine crossed the placentas of 10 HIV type
1 (HIV-1)-infected women given a single oral dose of 100 or 200 mg a mean
5.8 hours before delivery (1). The placental transfer is consistent with the low
molecular weight of about 266.

A study published in 1998 described the pharmacokinetics of nevirapine in 18
HIV-1-infected women who received the drug in active labor (2). In the first
cohort, 10 women were treated with 100 or 200 mg of nevirapine, but no drug
was given to their infants. Based on the pharmacokinetic data in the first
cohort, eight additional women were given a 200-mg dose of nevirapine during
active labor and their infants received a 2-mg/kg dose 48–72 hours after birth.
In this latter cohort, delivery was a median 5.4 hours after dosing. The median



cord blood nevirapine concentration was 1106 ng/mL, resulting in a median
ratio of cord blood:maternal plasma of 82.9% (range 71.9%–120.2%). The
median calculated nevirapine concentration 7 days after birth was 215 ng/mL
(range 112–275 ng/mL). Maintaining the concentration above 100 ng/mL (10
times the in vitro 50% inhibitory concentration [IC50] against HIV) during labor
and in the neonate during the 7 days of life was a specific goal of the study. No
adverse effects due to nevirapine or HIV-infected infants were observed (2).

A 1999 study also described the pharmacokinetics of a single 200-mg dose
of nevirapine given to 20 HIV-infected women during labor and to 13 of the
neonates at 72 hours (3). The median cord:maternal blood ratio was 0.75. The
target drug level (>100 ng/mL; 10 times the IC50) in the neonates was
maintained in all infants at 7 days of age, whether or not they received
nevirapine at 72 hours. No serious adverse effects attributable to nevirapine
were observed (3).

The Antiretroviral Pregnancy Registry reported, for January 1989 through
July 2009, prospective data (reported before the outcomes were known)
involving 4702 live births that had been exposed during the 1st trimester to one
or more antiretroviral agents (4). Congenital defects were noted in 134, a
prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 2007 outcomes exposed to nevirapine
(842 in the 1st trimester and 1165 in the 2nd/3rd trimesters) in combination with
other antiretroviral agents. There were 45 birth defects (18 in the 1st trimester
and 27 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective
and retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (4). (See Lamivudine for
required statement.)

A 2000 case report described the pregnancy outcomes of two pregnant
women with HIV infection who were treated with the anti-infective combination,
trimethoprim/sulfamethoxazole, for prophylaxis against Pneumocystis carinii,
concurrently with antiretroviral agents (5). One of the cases involved a 31-year-
old woman, who presented at 15 weeks’ gestation. She was receiving



trimethoprim/sulfamethoxazole, didanosine, stavudine, nevirapine, and vitamin B
supplements (specific vitamins and dosage not given) that had been started
before conception. A fetal ultrasound at 19 weeks’ gestation revealed spina
bifida and ventriculomegaly. The patient elected to terminate her pregnancy.
The fetus did not have HIV infection. Defects observed at autopsy included
ventriculomegaly, an Arnold-Chiari malformation, sacral spina bifida, and a
lumbo-sacral meningomyelocele. The authors attributed the neural tube defects
to the antifolate activity of trimethoprim (5).

A study published in 1999 evaluated the safety, efficacy, and perinatal
transmission rates of HIV in 30 pregnant women receiving various combinations
of antiretroviral agents (6). Many of the women were substance abusers.
Nevirapine was used in combination with zidovudine, didanosine, and/or
lamivudine in two of the women. Antiretroviral therapy was initiated at a median
of 14 weeks’ gestation (range preconception to 32 weeks). Despite previous
histories of extensive antiretroviral experience and of vertical transmission of
HIV, combination therapy was effective in treating maternal disease and in
preventing transmission to the current newborns. No adverse outcomes were
noted in the two nevirapine-exposed cases (6).

A 1999 study compared the safety and efficacy of a short course of
nevirapine to zidovudine for the prevention of mother-to-child transmission of
HIV-1 (7). At the onset of labor, women were randomly assigned to receive
either a single dose of nevirapine (200 mg) plus a single dose (2 mg/kg) to their
infants 24–72 hours after birth (N = 310) or zidovudine (600 mg then 300 mg
every 3 hours until delivery) plus 4 mg/kg twice daily for 7 days to their infants
(N = 308). Nearly all (98.8%) of the women breastfed their infants immediately
after birth. Up to age 14–16 weeks, significantly fewer infants in the nevirapine
group were HIV-1 infected, lowering the risk of infection or death, compared
with zidovudine, by 48% (95% CI, 24–65) (7). The prevalence of maternal and
infant adverse effects was similar in the two groups. In an accompanying study,
the nevirapine regimen was shown to be cost-effective in various
seroprevalence settings (8).

If nevirapine is used in the 2nd/3rd trimesters, in utero exposure may induce
hepatic cytochrome P450 CYP3A metabolism, thereby increasing the drug’s
clearance in the newborn (9). Therefore, offspring of pregnant women
chronically treated with nevirapine may not receive protection from HIV infection
for the full 7 days observed in those not exposed to chronic dosing (9).

A review published in 2000 reviewed seven clinical trials that have been
effective in reducing perinatal transmission, five with zidovudine alone, one with



zidovudine plus lamivudine, and one with nevirapine (10). Six of the trials were
in developing countries. Prolonged use of zidovudine in the mother and infant
was not only the most effective for preventing vertical transmission, but also the
most expensive. Single-dose nevirapine (in the mother and infant) was the least
expensive and the simplest regimen to administer (10).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (11,12). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (13). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (14). If indicated, nevirapine should not be withheld in pregnancy
because the expected benefit to the HIV-positive mother outweighs the
unknown risk to the fetus. Updated guidelines for the use of antiretroviral drugs
to reduce perinatal HIV-1 transmission also were released in 2010 (15).
Women receiving antiretroviral therapy during pregnancy should continue the
therapy, but, regardless of the regimen, zidovudine administration is
recommended during the intrapartum period to prevent vertical transmission of
HIV to the newborn (15).

BREASTFEEDING SUMMARY
Nevirapine is excreted into breast milk. In a study reported by the
manufacturer, nevirapine was found in the breast milk of 10 women with HIV-1
infection given a single oral dose of 100 or 200 mg a mean 5.8 hours before
delivery (1). In 21 HIV-infected women who had received a single 200-mg dose
of nevirapine during labor, the median milk:maternal plasma ratio was 60.5%
(range 25.3%–122.2%) (3). At 48 hours after birth, the median breast milk
concentration was 454 ng/mL (range 219–972 ng/mL), declining to 103 ng/mL
(range 50–309 ng/mL) 7 days after birth (3).

HIV-1 is transmitted in milk, and in developed countries, breastfeeding is not
recommended (11,12,14,16–18). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Zidovudine, zidovudine plus lamivudine, and nevirapine have all been
shown to reduce, but not eliminate, the risk of HIV-1 transmission during
breastfeeding (see also Lamivudine and Zidovudine) (10).
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NIACIN
Vitamin/Antilipemic Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Niacin, a B complex vitamin, is converted in humans to niacinamide, the
active form of vitamin B3. See Niacinamide.

BREASTFEEDING SUMMARY
See Niacinamide.



NIACINAMIDE
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Niacinamide, a water-soluble B complex vitamin, is an essential nutrient
required for lipid metabolism, tissue respiration, and glycogenolysis (1).
Both niacin, which is converted to niacinamide in vivo, and niacinamide are
available commercially and are collectively known as vitamin B3. The
National Academy of Sciences’ recommended dietary allowance (RDA) for
niacin in pregnancy is 17 mg (1).

FETAL RISK SUMMARY
Only two reports have been located that link niacinamide with maternal or fetal
complications. A 1948 study observed an association between niacinamide
deficiency and pregnancy-induced hypertension (PIH) (2). Other B complex
vitamins have also been associated with this disease, but any relationship
between vitamins and PIH is controversial (see other B complex vitamins). One
patient with hyperemesis gravidarum presented with neuritis, reddened tongue,
and psychosis (3). She was treated with 100 mg of niacin plus other B complex
vitamins, resulting in the rapid disappearance of her symptoms. The authors
attributed her response to the niacin.

Niacinamide is actively transported to the fetus (4,5). Higher concentrations
are found in the fetus and newborn, rather than in the mother (5–8). Deficiency
of niacinamide in pregnancy is uncommon except in women with poor nutrition
(6,7). At term, the mean niacinamide value in 174 mothers was 3.9 mcg/mL
(range 2.0–7.2 mcg/mL) and in their newborns was 5.8 mcg/mL (range 3.0–
10.5 mcg/mL) (6). Conversion of the amino acid, tryptophan, to niacin and then
to niacinamide is enhanced in pregnancy (9).

BREASTFEEDING SUMMARY



Niacin, the precursor to niacinamide, is actively excreted into breast milk (10).
Reports on the excretion of niacinamide in milk have not been located, but it is
probable that it also is actively transferred. In a study of lactating women with
low nutritional status, supplementation with niacin in doses of 2.0–60.0 mg/day
resulted in mean milk concentrations of 1.17–2.75 mcg/mL (10). Milk
concentrations were directly proportional to dietary intake. A 1983 English
study measured niacin levels in pooled human milk obtained from mothers of
preterm (26 mothers, 29–34 weeks) and term (35 mothers, ≥39 weeks) infants
(11). Niacin in milk from preterm mothers rose from 0.65 (colostrum) to 2.05
mcg/mL (16–196 days), whereas that in milk from term mothers increased
during the same period from 0.50 to 1.82 mcg/mL.

The National Academy of Sciences’ RDA for niacin during lactation is 20 mg
(1). If the diet of the lactating woman adequately supplies this amount,
supplementation with niacinamide is not needed. Maternal supplementation with
the RDA for niacinamide is recommended for those patients with inadequate
nutritional intake.
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NICARDIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Nicardipine has caused dose-related embryo toxicity, but not teratogenicity,
in animals. Human data early in gestation are insufficient to assess the risk
to the embryo or fetus. Only a few of the 10 calcium channel blockers have
any human data on exposure during early gestation. Based on this very
limited information, these agents do not appear to be major human
teratogens. However, more information is required before any conclusion
can be reached as to the potential teratogenic risk of these agents. In
addition, maternal hypotension caused by nicardipine is a theoretical
complication that could jeopardize the fetus.

FETAL RISK SUMMARY
Nicardipine is a calcium channel-blocking agent used in the treatment of angina
and hypertension. The drug has also been used as a tocolytic in premature
labor.

Dose-related embryotoxicity, but not teratogenicity, was observed in
reproduction studies using IV nicardipine in rats and rabbits (1). Embryotoxic
doses were about 2.5 and 0.5 times, respectively, the maximum recommended
human dose (MRHD). At 50 times the MRHD in rats, dystocia, reduced birth
weights, reduced neonatal survival, and reduced neonatal weight gain were
noted (1). In one type of rabbit, but not in another, high doses (about 75 times
the MRHD) were embryocidal (1). Two studies with rats reported that in utero
exposure had no effect on postnatal function or subsequent fertility (2,3).

Nicardipine 20 mcg/kg/minute was infused for 2 minutes in 15 near-term
ewes given angiotensin II 5 mcg/minute (4). Transient bradycardia was
observed in the fetuses, followed by hypercapnia and acidemia. These changes



were associated with a decrease in fetal placental blood flow and an increase
in fetal vascular resistance, and five fetuses died 65 minutes after nicardipine
was given. In the second part of this study in the pregnant ewe, nicardipine was
found to reverse maternal angiotensin II-induced systemic vasoconstriction,
including that of the renal and endomyometrial vascular beds, but it caused a
significant increase in placental vascular resistance (5).

The use of nicardipine as a tocolytic agent was first investigated in an
experiment using excised rabbit uterus and in laboring (either spontaneous or
induced) rats (6). In both species, the calcium channel blocker was effective in
abolishing uterine contractions. A 1983 study investigated the effect of
nicardipine and nifedipine on isolated human pregnant-term and nonpregnant
myometrium (7). Nicardipine was a more potent tocolytic than nifedipine in
pregnant myometrium, but its onset of action was slower.

Because the cardiovascular and myometrial responses of pregnant rabbits
are similar to those observed in human pregnancies (8), a series of studies was
conducted in the rabbit with nicardipine to determine its effectiveness as a
tocolytic agent and its safety for the mother and the fetus (8–10). A statistically
significant inhibition of uterine contractions was recorded in each study, but this
effect was accompanied by maternal tachycardia, an increase in cardiac
output, a drop in both diastolic and systolic blood pressure and mean arterial
pressure, and a decrease in uteroplacental blood flow. The authors of these
studies cautioned that further trials were necessary because the decrease in
uteroplacental blood flow would seriously jeopardize the fetus (9,10).

In a study to determine the tocolytic effects of nicardipine in a primate
species, pregnant rhesus monkeys with spontaneous uterine contractions were
treated with an IV bolus of 500 mcg, followed by a continuous infusion of 6
mcg/kg/minute for 1 hour (11). Placental transfer of nicardipine was
demonstrated with peak fetal concentrations ranging from 7 to 35 ng/mL
compared with maternal peak levels of 175 to 865 ng/mL. Although a marked
tocolytic effect was observed, significant acidemia and hypoxemia developed in
the fetuses.

It is not known if nicardipine crosses the human placenta. The molecular
weight (about 480 for the free base) suggests that exposure of the embryo–
fetus should be expected.

The tocolytic effects of nicardipine have been reported (12–14). The agent
compared favorably with albuterol (12) and magnesium sulfate (13,14). No
adverse effects in the newborns attributable to nicardipine were observed.

The direct effects of nicardipine on the fetus were investigated in a study



using fetal sheep (15). Infusions of nicardipine, either 50 or 100 mcg, had
minimal, nonsignificant effects on mean arterial and diastolic blood pressure
and no effect on fetal heart rate, fetal arterial blood gas values, and maternal
cardiovascular variables. The authors concluded that the fetal hypoxia observed
in other animal studies, when nicardipine was administered to the mother, was
not due to changes in umbilical or ductal blood flow but to a decrease in
maternal uterine blood flow (15).

A single 10-mg dose of nicardipine was given to eight women with acute
hypertension (diastolic blood pressure >105 mmHg) in the 3rd trimester of
pregnancy (16). A significant decrease in maternal diastolic, but not in systolic,
pressure was observed during the next 60 minutes with an onset at 15 minutes.

Nicardipine has been used in human pregnancy for the treatment of
hypertension (17,18). Forty women with mild or moderate hypertension (25
with gestational hypertension, 3 with preeclampsia, and 12 with chronic
hypertension) were treated with oral nicardipine 20 mg 3 times a day, beginning
at 28 weeks’ gestation through the 7th postpartum day, a mean duration of 9
weeks (17). An additional 20 women were treated with IV nicardipine for
severe preeclampsia, 5 of whom also had chronic hypertension, beginning at a
mean 33 weeks’ gestation (range 27–40 weeks). The IV dose used was based
on body weight: 2 mg/hr (N = 9; <80 kg), 4 mg/hr (N = 8; 80–90 kg), and 6
mg/hr (N = 3; >90 kg). The mean duration of IV therapy was 5.3 days (range
2–15 days). Low placental passage of nicardipine was demonstrated in 10
women, 7 on oral therapy, and 3 receiving IV therapy, but no accumulation of
the drug was observed in the fetus. No perinatal deaths, fetal adverse effects,
or adverse neonatal outcomes attributable to nicardipine were observed during
treatment. Both umbilical and cerebral Doppler velocimetry remained stable
throughout the study (17).

A study published in 1994 compared nicardipine and metoprolol in the
treatment of hypertension (gestational, preeclampsia, and chronic) during
pregnancy (18). Fifty patients were treated in each group starting at a
gestational age of about 29 weeks. Nicardipine decreased maternal systolic
and diastolic blood pressure and umbilical artery resistance significantly more
than metoprolol and significantly fewer patients required a cesarean section for
fetal distress (6% vs. 28%). The difference in birth weights in the two groups
was 201 g (2952 vs. 2751 g) (ns) (18).

A prospective, multicenter, cohort study of 78 women (81 outcomes; 3 sets
of twins) who had 1st trimester exposure to calcium channel blockers (none of
whom took nicardipine) was reported in 1996 (19). Compared with controls, no



increased risk of congenital malformations was found.

BREASTFEEDING SUMMARY
No reports describing the use of nicardipine during human lactation have been
located. The molecular weight (about 480 for the free base) suggests that the
drug will be excreted into breast milk. The effect of this exposure on a nursing
infant is unknown.
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NICOTINE REPLACEMENT THERAPY
Central Nervous System Agent (Smoking Deterrent)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk Contraindicated (with any use of tobacco)
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Nicotine is a toxic, highly addictive compound. Although additional studies
are needed to determine the magnitude of the embryo/fetal risk from using
nicotine replacement therapy (NRT), the risk from cigarette smoking is well
known. Cigarette smoke contains more than 3000 different compounds,
including nicotine, carbon monoxide, ammonia, polycyclic aromatic
hydrocarbons, hydrogen cyanide, and vinyl chloride (see Cigarette
Smoking).

Nonpharmacologic approaches to smoking cessation are the safest for
the mother and her embryo/fetus, but if these methods have failed, the use
of nicotine replacement therapy (NRT) during pregnancy might be
reasonable. Women must be counseled that if they continue to smoke while
using NRT, such as the dermal patch, the risk to their embryo and/or fetus
might be greater than when either is used alone. Reducing smoking before
or early in gestation and before starting the dermal patch should be
attempted. Other strategies that might lessen the fetal risk include starting
the patches after organogenesis, wearing the patches for 16 hours a day,
and adherence to the tapering schedule so that the patches can be
discontinued after 8–10 weeks. These strategies apply to all NRTs.
Nevertheless, a pregnant woman should be informed that exposure to any
nicotine, whatever the source, carries a risk of embryo and/or fetal harm.

FETAL RISK SUMMARY
Nicotine is a stimulant that is a major component of tobacco smoke. NRT is
used to reduce withdrawal symptoms, including nicotine craving, associated
with quitting smoking. The products include skin patches (nicotine transdermal



patches), chewing gum (nicotine polacrilex [nicotine resin complex]), nicotine
inhaler, and nicotine nasal sprays. Only the inhaler and nasal sprays require a
prescription in the United States.

Shepard (1) briefly reviewed a number of animal studies that found
widespread nicotine-induced toxicity during pregnancy. The animal species
included mice, rats, and rabbits, and accidentally exposed swine. Toxicity
included stillbirths, reduced fetal body weight, skeletal defects, cleft palate,
limb deformities, hydrocephalus, changes in the brain, toxicity to germ cells and
oocytes, and retarded placental development. Schardein also discusses the
teratogenicity of tobacco in livestock and experimental animals (2).

The pharmacokinetics of nicotine, its effects on uterine blood flow, and its
presence in the fetal compartment are described in the review of cigarette
smoking (see Cigarette Smoking). NRT avoids the high nicotine levels
associated with cigarette smoking (1). However, it may actually deliver more
nicotine to the embryo and fetus (see reference 12 below).

In 2006, a study using data from the Danish National Birth Cohort (1997–
2003) evaluated the outcomes of 20,603 women who smoked during the first
12 weeks of pregnancy compared with 56,165 nonexposed controls (3). In the
smoking group, there were 1034 (5.0%) liveborn infants with congenital
malformations compared with 2733 (4.9%) liveborn infants in the control group
(not significant). Malformations of cleft lip, the digestive tract, and the
cardiovascular system had significantly high odds ratios. There were 19 (7.6%)
liveborn infants with congenital malformations among 250 women who used
NRT during the first 12 weeks of pregnancy. Six of the defects were major
musculoskeletal congenital malformations. After exclusion of seven cases of
dislocation of the hip and one minor defect, the relative prevalence rate ratio
(RPR) for major malformations was 1.13 (95% confidence interval [CI] 0.62–
2.07) and for musculoskeletal defects was 2.05 (95% CI 0.91–4.63). For
smokers, the RPR ranged from 1.01 to 1.09 with no indication of a dose–
response association. However, early spontaneous abortions in smokers may
have altered the findings. The authors concluded that the data suggested an
increased risk of congenital defects in nonsmokers using NRT (3).

Four groups of authors criticized the above study for various reasons, but all
were most concerned over the study’s conclusion that smoking may be safer
for the fetus than NRT (4–7). Other concerns included the small size of the NRT
group, the absence of maternal history, when the NRT was started, the levels
of nicotine obtained with smoking compared with NRT, lack of a statistical
power estimation, lack of statistical significance, differences between subjects



and controls, and the potential for misclassification. In a reply, the authors
responded to the concerns and stated that while they did not claim the
association to be causal, causality could not be excluded (8).

Women who are attempting to conceive and those who are pregnant should
be encouraged to stop smoking (9–13). In addition to the obvious health
benefits for the woman, smoking cessation can significantly decrease the
known risks to the embryo, fetus, newborn, infant, and adolescent. For
example, women who quit smoking in the first 3 or 4 months of pregnancy can
lower the risk of a low-birth-weight infant to that of nonsmoking women (9).
Smoking cessation also reduces the risk of prematurity and perinatal deaths,
and results in fewer infant/adolescent complications (9). Many different
strategies have been developed to promote smoking cessation (9–13). A
nonpharmacologic approach is preferred, but many women may be heavily
addicted to smoking and require NRT and other agents. However, NRT has not
been adequately studied in pregnancy. One concern is the potential for
nicotine-induced decreased uterine blood flow and increased uterine vascular
resistance that could result in impaired fetal growth and other complications.

Transdermal systems appear to be more effective than chewing gum
because of improper use and taste of the latter (10). On the other hand,
transdermal patches may actually deliver more nicotine to the embryo/fetus
because continuous blood levels of nicotine, in contrast to periodic levels from
episodic smoking, are available to cross the placenta (12). One strategy to
reduce the amount of embryo–fetal nicotine exposure is to apply the patches
for only 16 hours a day (4).

Based on four published studies of NRT in pregnancy, two involving patches,
gum in one, and any type of NRT in one, a 2010 review concluded that the
therapy decreased the risk for low birth weight and preterm delivery compared
with continued smoking (14).

BREASTFEEDING SUMMARY
No reports describing the use of NRT during lactation have been located.
Nicotine is excreted into breast milk (see Cigarette Smoking). Although there
are significant risks from cigarette smoking for the mother and her nursing
infant, the risks of exposure to NRT have not been defined. The American
Academy of Pediatrics encourages smoking cessation during lactation, but
makes no recommendation for or against NRT because of insufficient data
(15).
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NICOUMALONE
Anticoagulant

See Coumarin Derivatives.



NIFEDIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The experience with nifedipine in human pregnancy is limited, although the
agent has been used for tocolysis and as an antihypertensive agent in
pregnant women. The agent does not appear to be a major human
teratogen based on the results of two studies. Severe adverse reactions,
however, have occurred when the drug was combined with IV magnesium
sulfate.

FETAL RISK SUMMARY
The use of nifedipine, a calcium channel-blocking agent, during pregnancy is
controversial. Studies in pregnant sheep with IV infusions of the drug indicate
that a progressive decrease in mean maternal arterial blood pressure occurs
without a significant alteration of uterine vascular resistance (1). The
hypotensive effect of nifedipine resulted in a decrease in uterine blood flow and
fetal arterial oxygen content. Other investigators have reported similar results in
animals with other calcium channel blockers (2). Although these studies
indicated the potential problems with nifedipine, the investigators cautioned that
their findings were preliminary and needed to be confirmed in humans (1,3).

Reproduction studies with nifedipine have been conducted in mice, rats, and
rabbits (4). The drug was teratogenic (digital anomalies similar to those
reported with phenytoin) in rats and rabbits, an effect that might have resulted
from compromised uterine blood flow. Other toxicities were noted in the
embryos and fetuses of mice, rats, and rabbits at doses 3.5 to 42 times the
maximum recommended human dose (MRHD) on a weight basis, or doses
higher or lower than the MRHD based on BSA (4). These toxicities included
stunted fetuses (mice, rats, rabbits), rib deformities (mice), cleft palate (mice),
embryo and fetal deaths (mice, rats, rabbits), and prolonged pregnancy and



decreased neonatal survival (rats; not evaluated in other species) (4). Small
placentas and underdeveloped chorionic villi were observed in monkeys at
doses equivalent to or less than the MRHD based on BSA (4). IV nifedipine in
pregnant rhesus monkeys has been associated with fetal hypoxemia and
acidosis (5).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 37 newborns had
been exposed to nifedipine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (5.4%) major birth defects were observed
(two expected), one of which was a cardiovascular defect (0.5 expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available.

A human study was reported in 1988 in which nine hypertensive pregnant
women in the 3rd trimester were treated with 5 mg of nifedipine sublingually
and compared with nine hypertensive women treated with placebo (6). The
women were randomly assigned to the two groups, but treatment was not
blinded. Both maternal arterial blood pressure and uterine artery perfusion
pressure were significantly lowered by nifedipine, but no apparent reduction in
uteroplacental blood flow was detected. The investigators interpreted their
findings as suggestive of a relative uterine vasodilation and a relative decrease
in uterine vascular resistance that was proportional to the decrease in blood
pressure (6).

Nifedipine has been used during the 2nd and 3rd trimesters for the treatment
of severe hypertension (7). No fetal heart rate changes were observed after
reduction of maternal blood pressure, nor were other adverse effects noted in
the fetus or newborn. In a 1987 study, 23 women with severe hypertension of
various causes (4 gestational, 17 essential, 1 renal, and 1 systemic lupus
erythematosus) who either failed to respond to first-line therapy (atenolol,
methyldopa, or hydralazine) and had slow-release nifedipine, 40–120 mg/day,
added to their regimens (N = 22), or nifedipine, 40 mg/day, was used as initial
therapy (N = 1) (8). Good blood pressure control was obtained in 20 women.
The mean duration of therapy was 8.75 weeks (range 1–24 weeks). There
were three perinatal deaths (rate 130/1000), but none could be attributed to
drug therapy. The mean gestational age at delivery was 35 weeks (range 29–
39 weeks), and 15 (71%) of the 21 liveborn infants were delivered by cesarean
section. A high percentage of the 22 infants with accessible data were growth
restricted, 9 (41%) had birth weights at or below the 3rd percentile, and 20



(91%) were at or below the 10th percentile for body weight. The investigators
could not determine whether this outcome was caused by the severe maternal
disease, drug therapy, or a combination of both (8).

Nifedipine has been used as a tocolytic agent. An in vitro study using
pregnant human myometrium found that nifedipine caused a dose-related
decrease in contraction strength and lengthened the period of contraction in a
non-dose-related manner (9). In three studies totaling 31 women, nifedipine
was used for this purpose (10–12). In one patient, nifedipine, 20 mg 3 times
daily combined with terbutaline, was given for a total of 55 days (11). A study
involving 60 women in presumed early labor was reported in 1986 (12). Women
were included in this open trial if they had a singleton pregnancy and intact
membranes, were between 20 and 35 weeks’ gestation, and were contracting
at least once every 10 minutes, and if their cervix was <4 cm dilated. Included
among the various exclusions was a history of mid-trimester abortion or
previous preterm delivery. The women were equally divided into three groups:
nifedipine, ritodrine, and no treatment. Nifedipine dosage was 30 mg orally
followed by 20 mg every 8 hours for 3 days. Ritodrine was initially administered
as a standard IV infusion, followed by 48 hours of oral therapy. The days from
presentation to delivery in the nifedipine, ritodrine, and no treatment groups
were 36.3, 25.1, and 19.3 days (p <0.001 nifedipine compared with the other
two groups), respectively (12). No complications of the therapy were found in
any of the infants from the three studies. Two of the studies conducted follow-
up examinations of the infants at 5–12 months of age and all were alive and
well (10,11).

Two apparently clinically significant drug interactions when nifedipine and
magnesium were used concurrently have been reported (13,14). A woman, at
32 weeks’ gestation in premature labor, was treated with 60 mg of nifedipine
orally for 3 hours, followed by 20 mg every 8 hours. Uterine contractions
returned 12 hours later and IV magnesium sulfate was started, followed by the
onset of pronounced muscle weakness after 500 mg had been administered.
Her symptoms consisted of jerky movements of the extremities, difficulty in
swallowing, paradoxical respirations, and an inability to raise her head from the
pillow (13). The muscle weakness resolved 25 minutes after the magnesium
was stopped. The effects were attributed to nifedipine potentiation of the
neuromuscular-blocking action of magnesium. In a second report, two women
were hospitalized for hypertension at 30 and 32 weeks’ gestation (14). In both
cases, oral methyldopa (2 g) and IV magnesium sulfate (20 g) daily were
ineffective in lowering the mother’s blood pressure. Oral nifedipine 10 mg was



given and a marked hypotensive response occurred 45 minutes later. The blood
pressures before nifedipine were 150/110 and 140/105 mmHg, respectively,
and then decreased to 80/50 and 90/60 mmHg, respectively, after
administration of the calcium channel blocker. The blood pressures returned to
the previous levels 25–30 minutes later. Both infants were delivered following
the hypotensive episodes, but only one survived.

The pharmacokinetics of nifedipine in pregnant women have been studied
(15).

A prospective, multicenter, cohort study of 78 women (81 outcomes; 3 sets
of twins) who had 1st trimester exposure to calcium channel blockers, including
44% to nifedipine, was reported in 1996 (16). Compared with controls, no
increase in the risk of major congenital malformations was found.

BREASTFEEDING SUMMARY
Nifedipine is excreted into breast milk (17). A woman with persistent
hypertension after premature delivery at 26 weeks’ gestation was treated with
nifedipine 30 mg every 8 hours for 48 hours, then 20 mg every 8 hours for 48
hours, then 10 mg every 8 hours for 36 hours. Concentrations of the drug in
milk were related to dosage and the time interval between the dose and milk
collection. Peak concentrations and time of occurrence were 53.35 ng/mL 30
minutes after 30 mg, 16.35 ng/mL 1 hour after 20 mg, and 12.89 ng/mL
30 minutes after 10 mg. The estimated milk half-lives after the three doses
were 2.4 hours (30 mg), 3.1 hours (20 mg), and 1.4 hours (10 mg). In
comparison with controls, nifedipine had no effect on milk composition. The
authors concluded that these amounts, representing <5% of a therapeutic
dose, posed little risk to a nursing infant. If desired, delaying breastfeeding by
3–4 hours after a dose would significantly decrease the amount of drug
ingested by the infant (17). The American Academy of Pediatrics classifies
nifedipine as compatible with breastfeeding (18).
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NILOTINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of nilotinib in human pregnancy have been
located.

In animal studies, developmental toxicity (embryo–fetal death) without
maternal toxicity was observed in one species. The absence of human
pregnancy experience prevents a complete assessment of the embryo–
fetal risk. However, the drug should be avoided in pregnancy. If it must be
given for the mother’s benefit, avoiding the 1st trimester should be
considered.

FETAL RISK SUMMARY
Nilotinib is an oral tyrosine kinase inhibitor. It is in the same subclass as several
other agents (see Appendix). Nilotinib is indicated for the treatment of chronic-
phase and accelerated-phase Philadelphia chromosome-positive chronic
myelogenous leukemia in adults resistant to or intolerant to prior therapy that
include imatinib. It is metabolized to inactive metabolites. Serum protein binding
is about 98%, and the apparent elimination half-life is about 17 hours (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, doses producing systemic exposures that were about ≥1.7 times the
exposure (AUC) from the recommended human dose (RHD) resulted in
increased resorptions and postimplantation losses. Maternal toxicity
(decreased body weight, uterine weight, weight gain, and food consumption)
was evident at exposures that were about 5.7 times the RHD. At this exposure,
there was a decrease in viable fetuses. In pregnant rabbits, a dose about half
of the RHD was maternal toxic (death and decreased weight and food
consumption) and was associated with embryo death (resorptions) and minor
skeletal anomalies. Nilotinib did not cause structural anomalies in these two
species (1).



Carcinogenicity studies have not been conducted with nilotinib. The drug was
not mutagenic or clastogenic in multiple assays. Nilotinib had no effect on
mating or fertility in male and female rats at doses up to about 4–7 times the
RHD or in female rabbits at doses that were about half the RHD. When male
and female rats were given doses that were about 1–6.6 times the RHD during
pre-mating and mating and then continued in pregnant rats through gestation
day 6, there was an increase in postimplantation loss and early resorption, and
a decrease in the number of viable fetuses and litter size at all doses tested
(1).

It is not known if nilotinib crosses the human placenta. Although the serum
protein binding is high, the molecular weight (about 512 for the nonhydrated
free base) and long elimination half-life suggest that the drug will cross to the
embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of nilotinib during human lactation have been
located. Although the serum protein binding (98%) is high, the molecular weight
(about 512 for the nonhydrated free base) and long elimination half-life (about
17 hours) suggest that the drug will be excreted into breast milk. The effects of
this exposure on a nursing infant are unknown, but there is potential for severe
toxicity based on the adult data. The most common adverse reactions in adults
were rash, pruritus, nausea, vomiting, fatigue, headache, and constipation
and/or diarrhea. Thrombocytopenia and neutropenia also have been observed
(1). Because of the risk, women receiving nilotinib should not breastfeed.
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NIMODIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Nimodipine is teratogenic and toxic in experimental animals. However,
human data early in gestation are insufficient to assess the risk to the
embryo or fetus. Only a few of the 10 calcium channel blockers have any
human data on exposure during early gestation. Based on this very limited
information, these agents do not appear to be major human teratogens.
However, more information is required before any conclusion can be
reached as to the potential teratogenic risk of these agents.

FETAL RISK SUMMARY
Nimodipine is a dihydropyridine calcium channel blocker used to reduce the
incidence and severity of ischemic deficits in patients with subarachnoid
hemorrhage after rupture of congenital aneurysms. Nimodipine shares similar
hemodynamic effects with other calcium channel blockers, but does not usually
produce a marked lowering of blood pressure. In clinical studies involving
nonpregnant patients, only about 5% of the subjects experienced a marked
lowering of blood pressure (1).

In studies with male and female rats, nimodipine had no effect on fertility or
reproductive performance at doses up to about four times the equivalent human
dose of 60 mg every 4 hours in a 50-kg patient (EHD) (1). Reproduction
studies have been conducted in rats and rabbits. Nimodipine was teratogenic in
rabbits, producing an increase in the incidence of malformations and stunted
fetuses at oral doses of 1–10 mg/kg/day (1). In rats, nimodipine dosing during
organogenesis was embryotoxic, causing resorptions and stunted fetal growth,
but except for skeletal variations, caused no malformations (1). The dose used
in rats was about 12 times the EHD. Oral doses about 4 times the EHD



administered late in organogenesis and continued to nearly the end of gestation
or for 21 days after delivery were associated with an increase in skeletal
variations, stunted fetuses, and stillbirths but no malformations (1).

The placental transfer of nimodipine early in human gestation has apparently
not been studied. Consistent with its molecular weight (about 418), nimodipine
crosses the human placenta at term.

An abstract and later full report described the use of nimodipine for the
management of preeclampsia (2,3). Ten women at about 38 weeks’ gestation
with preeclampsia were treated with nimodipine, 30 mg orally every 4 hours.
Delivery occurred within 24 hours of starting nimodipine and continued for 24
hours after delivery. Both systolic and diastolic blood pressures were
significantly reduced after nimodipine administration without evidence of fetal
distress. At delivery, the median nimodipine concentrations in the maternal and
umbilical cord serum were 7.32 and 2.6 ng/mL, respectively (fetal:maternal
ratio 0.36). In four patients who were delivered by cesarean section within 2
hours of the first dose, the maternal and cord serum levels were 9.68 and 3.46
ng/mL, respectively (fetal:maternal ratio 0.36). The median Apgar scores were
8 (range 6–10) and 9 (range 8–10) at 1 and 5 minutes, respectively. No
adverse effects of the drug treatment were observed in the newborns and all
were doing well at 6-week follow-up (3). One newborn was excluded from the
above data because the mother suffered a ruptured uterus. Although severely
depressed at birth (Apgar scores 1 and 5 at 1 and 5 minutes, respectively), the
infant was successfully resuscitated and was developing normally at 6 weeks
of age (3).

A prospective, multicenter, cohort study of 78 women (81 outcomes; 3 sets
of twins) who had 1st trimester exposure to calcium channel blockers, including
11% to nimodipine, was reported in 1996 (4). Compared with controls, the
women experienced no increase in major congenital malformations.

Nimodipine also has been used for its cerebral vasodilator characteristics in
the treatment of eclampsia complicated by cerebral vasospasm and edema
(5–7). In the first two cases, delivery of the fetus had occurred before initiation
of therapy (5,6). The use of nimodipine in combination with magnesium sulfate
was not recommended because of the risk for maternal heart block (6). In the
third report, seizures in four pregnant patients were halted with IV clonazepam
(average dose 3 mg, range 1–5 mg), followed by IV nimodipine (1 mg/hr for 20
minutes, then 2 mg/hr) to control blood pressure (mean dose 1.83 mg) (7). The
four liveborn infants were delivered by cesarean section once maternal blood
pressure was controlled. The mean birth weight was 1822 g (range 1460–



2800 g). Individual Apgar scores were not provided, but two infants had 5-
minute Apgar scores <7. One mother died of severe postpartum complications,
and another developed multiorgan disease secondary to severe
preeclampsia/eclampsia (7).

A 1998 abstract described an ongoing international, multicenter, randomized,
controlled trial comparing the effects of nimodipine and magnesium sulfate in
the prevention of eclampsia (8). Another study involving 21 women with severe
preeclampsia compared oral nimodipine with IV magnesium sulfate for the
prevention of seizures (9). Neither report provided data on newborns.

Maternal hypotension caused by nimodipine is a potential, but yet
unreported, complication that could jeopardize the fetus. An in vitro study has
examined the potential use of nimodipine as a tocolytic agent (10). Thus,
additional data on the potential for nimodipine-induced maternal hypotension
may be forthcoming.

BREASTFEEDING SUMMARY
Nimodipine is excreted into breast milk. In a 1996 case report, a 36-year-old
woman at 3 weeks postpartum experienced a transient clinical syndrome of
paresthesias (arm and face) associated with motor dysphasia (11). The
symptoms resolved, but perioral dysesthesia and motor dysphasia recurred
after cerebral angiography. Because the symptoms were thought possibly to
be vascular spasm secondary to angiographic examination, the woman was
treated with IV nimodipine (formulation not available in the United States). Over
a 24-hour interval, she received a total dose of 46 mg (1 mg/hr for 2 hours,
then 2 mg/hr). Milk samples were collected (50–60 mL/collection) by the
patient every 3–4 hours during nimodipine therapy and blood samples were
drawn about every 6 hours. The infant was not allowed to nurse during this
period. Nimodipine milk concentrations ranged from 0.42 ng/mL (0.5 hours) to
4.70 ng/mL (26 hours; 2 hours after the infusion ended), whereas the maternal
serum concentrations ranged from 3.54 to 10.83 ng/mL. The milk:serum ratios
at 0.5, 7.5, and 13.5 hours were 0.12, 0.06, and 0.15, respectively. Assuming
a milk intake of 150 mL/kg/day, the authors estimated that the infant would
have received 0.008% to 0.092% of the mother’s weight-adjusted dose. This
exposure was thought to be clinically insignificant (11).
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NISOLDIPINE
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the lack of human pregnancy experience prevents a complete
assessment of the embryo–fetal risk, the absence of teratogenicity and the
observance of fetotoxicity only at maternal toxic doses in animals are
reassuring. Other calcium channel blockers have been extensively used in
human pregnancy as antihypertensives and tocolytics without evidence of
major congenital defects or fetal toxicity (see Nicardipine, Nifedipine, and
Verapamil).

FETAL RISK SUMMARY
Nisoldipine is a calcium channel blocker indicated for the treatment of
hypertension, either alone or in combination with other antihypertensive agents.
The elimination half-life (about 7–12 hours) of this agent allows for once-daily
dosing.

Animal reproduction studies have been conducted in three species (1). No
teratogenicity was observed in rats and rabbits, but fetotoxicity, most likely due
to maternal toxicity, did occur in both species. Decreased fetal weight was
observed in pregnant rats given doses about 5 and 16 times the maximum
recommended human dose based on BSA (MRHD). At the higher dose,
increased postimplantation loss (resorption) was also noted. In pregnant
rabbits, decreased fetal and placental weights occurred at doses
approximately 10 times the MRHD. At a dose 30 times the MRHD in pregnant
monkeys, the only surviving fetus had forelimb and vertebral abnormalities not
previously seen in control monkeys of the same strain (1). In this particular
study, control monkeys also had increased rates of abortion and mortality (1).

It is not known if nisoldipine crosses the human placenta. The molecular



weight (about 388) is low enough that placental transfer should be expected.
No reports describing the use of nisoldipine during human pregnancy have

been located. A 1992 abstract did report the successful use of the agent in 12
women for the treatment of severe postpartum pregnancy-induced
hypertension (2). Other calcium channel blockers (e.g., see Nicardipine,
Nifedipine, and Verapamil) have been used for maternal hypertension and as
tocolytic agents.

BREASTFEEDING SUMMARY
No reports describing the use of nisoldipine in human lactation have been
reported. The molecular weight (about 388) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. Other calcium channel blockers are excreted in milk and are
classified as compatible with breastfeeding by the American Academy of
Pediatrics (see Diltiazem, Nifedipine, and Verapamil).
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NITAZOXANIDE
Anti-Infective (Antiprotozoal)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of nitazoxanide in human pregnancy have
been located. Although the animal data are suggestive of low risk, the
absence of human pregnancy experience prevents an assessment of risk
that the drug represents to an embryo or fetus. If indicated, nitazoxanide
should not be withheld during pregnancy. However, until human pregnancy
data are available, exposure to the agent should be avoided in the 1st
trimester, if possible.

FETAL RISK SUMMARY
Nitazoxanide is an oral synthetic antiprotozoal agent approved for the treatment
of diarrhea caused by Cryptosporidium parvum and Giardia lamblia in pediatric
patients between the ages of 1 and 11 years (1). However, the drug has been
used in children and adults for a wide variety of gastrointestinal and hepatic
infections, including those associated with AIDS (2–10). Nitazoxanide is a
prodrug that is rapidly hydrolyzed during absorption to the active metabolites,
tizoxanide and tizoxanide glucuronide (1). The parent compound, nitazoxanide,
is not detected in plasma. Tizoxanide is extensively bound to plasma proteins
(>99.9%) (1). The terminal elimination half-life of tizoxanide is 7.3 hours (11).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
up to 48 times the human clinical dose based on BSA (HCD) revealed no
evidence of fetal harm. Higher doses (up to 66 times the HCD) had no effect on
fertility in male and female rats. In rabbits, doses up to three times the HCD
revealed no evidence of impaired fertility or fetal harm (1).

It is not known if the active metabolites of nitazoxanide cross the human
placenta (nitazoxanide itself is not detected in the plasma). The molecular



weight of one of the active metabolites, tizoxanide (about 265), is low enough
for placental passage, but the extensive plasma protein binding will limit the
amount of drug transferred to the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of nitazoxanide during human lactation have been
located. It is not known if the active metabolites of nitazoxanide are excreted
into breast milk (nitazoxanide itself is not detected in the plasma). The
molecular weight of one of the active metabolites, tizoxanide (about 265), is low
enough to be excreted into breast milk, but the extensive plasma protein binding
(>99.9%) will limit the amount. The effect of this exposure on a nursing infant is
unknown, but probably is not clinically significant. However, the nursing infant
should be monitored for gastrointestinal symptoms.
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NITROFURANTOIN
Urinary Germicide
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Nitrofurantoin is not an animal teratogen with doses close to those used in
humans and, although two retrospective studies reported associations with
congenital anomalies, there are no confirmed data suggesting that it is a
human teratogen. The two studies require confirmation. However, there
appears to be risk of hemolytic anemia in newborns, including those who
are not glucose-6-phosphate dehydrogenase (G6PD) deficient, who are
exposed in utero to nitrofurantoin close to delivery. Although the incidence
is unknown, the rare reports of this toxicity combined with the popularity of
the drug for urinary tract infections in pregnant women suggest that the risk
is rare. The safest course, however, is to avoid nitrofurantoin close to
delivery.

FETAL RISK SUMMARY
The anti-infective agent nitrofurantoin is commonly used in pregnancy for the
treatment and prophylaxis of urinary tract infections.

Neither impaired fertility, teratogenicity, nor other fetal adverse effects were
observed in rats and rabbits treated with nitrofurantoin before and during
gestation (1,2). Doses used were up to six times the human dose based on
body weight (HD) (1). In mice, a dose 68 times the HD was associated with
fetal growth restriction and a low incidence of minor and common
malformations (1). When a dose 25 times the HD was administered, fetal
malformations were not observed (1). A dose 19 times the HD induced lung
papillary adenomas in mice offspring, but the relationship of this to potential
human carcinogenesis is unknown (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101



completed pregnancies conducted between 1985 and 1992, 1292 newborns
had been exposed to nitrofurantoin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 52 (4.0%) major birth defects were
observed (55 expected). Specific data were available for six defect categories,
including (observed/expected) 15/12 cardiovascular defects, 1/2 oral clefts, 0/2
spina bifida, 4/4 polydactyly, 3/2 limb reduction defects, and 5/3 hypospadias.
These data do not support an association between the drug and congenital
defects.

One manufacturer (Norwich-Eaton Laboratories) has collected more than
1700 case histories describing the use of this drug during various stages of
pregnancy (95 references) (personal communication, 1981). None of the
reports observed deleterious effects on the fetus. In a published study, a
retrospective analysis of 91 pregnancies in which nitrofurantoin was used
yielded no evidence of fetal toxicity (3). Other studies have also supported the
safety of this drug in pregnancy (4).

In a 1995 report, 22 studies of nitrofurantoin use in pregnancy were
evaluated for a meta-analysis (5). Only four of the studies met the inclusion
criteria of the investigators. The pooled odds ratio (OR) for malformations after
use of the drug in the 1st trimester was 1.29 (95% confidence interval [CI]
0.25–6.57). These results demonstrated no significant correlation between
nitrofurantoin use in early gestation and congenital malformations (5).

In contrast to the above reports, a 2003 case–control study, using data from
three Swedish health registers, was conducted to identify drug use in early
pregnancy that was associated with cardiac defects (6). Cases (cardiovascular
defects without known chromosome anomalies) (N = 5015) were compared
with controls consisting of all infants born in Sweden from 1995 to 2001 (N =
577,730). Associations were identified for several drugs, some of which were
probably due to confounding from the underlying disease or complaint or
multiple testing, but some were thought to be true drug effects. For
nitrofurantoin, there were 30 cases in 2060 exposures (OR 1.68, 95% CI 1.17–
2.40) (6).

A 2009 report from the National Birth Defects Prevention Study estimated the
association between antibacterial agents and more than 30 selected birth
defects (7). The authors conducted a population-based, multiple site, case–
control study of women who gave birth to an infant with one of >30 selected
defects. The outcomes were identified in a 10-state birth defect surveillance
program and involved 13,155 cases and 4941 controls selected from the same
geographical regions. Exposure to an antibacterial was determined by a



detailed telephone interview conducted within 24 months after the estimated
date of delivery. Women were considered exposed if they had used an
antibacterial drug during the month before the estimated date of conception
through the end of the 1st trimester (defined as the end of the 3rd month of
pregnancy). Significant associations with multiple selected birth defects were
found (total number of exposed cases/controls) with sulfonamides (145/42)
(probably combined with trimethoprim) and nitrofurantoin (150/42). The
adjusted ORs and 95% CIs (in parentheses) for nitrofurantoin were
anophthalmia or microphthalmos 3.7 (1.1–12.2), hypoplastic left heart
syndrome 4.2 (1.9–9.1), atrial septal defects 1.9 (1.1–3.4), and cleft lip with
cleft palate 2.1 (1.2–3.9). Significant associations (total number of exposed
cases–controls; number of associations) also were found for penicillins (716–
293; 1), erythromycins (202–78; 2), cephalosporins (128–47; 1), quinolones
(42–14; 1) and tetracyclines (36–6; 1). The results for quinolones and
tetracyclines, however, were based on small numbers of exposed cases and
controls (7).

As with all retrospective case–control studies, the data can determine
associations, but not causative associations (7). Moreover, several limitations
were identified by the authors, including spurious associations caused by the
large number of analyses, interviews were conducted 6 weeks to 2 years after
the pregnancy making recall difficult for cases and controls, recall bias, and
inability to distinguish between drug-induced defects and defects resulting from
the infection (7).

Nitrofurantoin may induce hemolytic anemia in G6PD-deficient patients and in
patients whose red blood cells are deficient in reduced glutathione (8). One
manufacturer considers nitrofurantoin to be contraindicated in pregnant women
at term (38–42 weeks’ gestation), when the onset of labor is imminent, or
during labor and delivery, because of the risk of hemolytic anemia in the
newborn secondary to immature erythrocyte enzyme systems (glutathione
instability) (1). A 1990 reference, citing data from a manufacturer’s database,
mentioned nine cases of hemolytic anemia in newborns whose mothers had
taken the drug late in pregnancy (9). None of the mothers or infants were
tested for G-6-PD deficiency and there was no information available as to
whether the mothers were also affected. A 2000 case report published in
France described hemolytic anemia in a full-term newborn whose mother had
taken nitrofurantoin during the last month of pregnancy (10). The authors
attributed the toxicity to the drug.

Nitrofurantoin has been reported to cause discoloration of the primary teeth



when given to an infant; by implication, this could occur from in utero exposure
(11). However, the fact that the baby was also given a 14-day course of
tetracycline, an antibiotic known to cause this adverse effect, and the lack of
other confirming reports make the likelihood of a causal relationship remote
(12).

The effect of postcoital prophylaxis with a single oral dose of either
cephalexin (250 mg) or nitrofurantoin macrocrystals (50 mg) starting before or
during pregnancy in 33 women (39 pregnancies) with a history of recurrent
urinary tract infections was described in a 1992 reference (13). A significant
decrease in the number of infections was documented without fetal toxicity.

Long-term, low-dose (50 mg at bedtime) nitrofurantoin for prophylaxis after
acute pyelonephritis was shown to be effective in pregnant women (14).
Nitrofurantoin was started after treatment of the infection and continued until 1
month after delivery. There were no additional cases of pyelonephritis (14). No
mention was made on the fetal outcomes.

When given orally in high doses of 10 mg/kg/day to young males,
nitrofurantoin may produce slight-to-moderate transient spermatogenic arrest
(15). The lower doses used clinically do not seem to have this effect.

BREASTFEEDING SUMMARY
Nitrofurantoin is excreted into breast milk. In one study, the drug could not be
detected in 20 samples from mothers receiving 100 mg 4 times daily (16). In a
second study, nine mothers were given 100 mg every 6 hours for 1 day, then
either 100 mg or 200 mg the next morning (17). Only two of the four patients
receiving the 200-mg dose excreted measurable amounts of nitrofurantoin, 0.3–
0.5 mcg/mL. Although these amounts are negligible, infants with G6PD
deficiency may develop hemolytic anemia from this exposure (17).

A 2001 study concluded that nitrofurantoin is actively transported into milk, by
an unknown mechanism, resulting in a milk:plasma ratio of 6.21 (18). The
observed milk:plasma ratio was about 22-fold greater than the predicted ratio
(0.28) that was determined in the study. Four lactating women, who did not
breastfeed during the study, were given a single 100-mg capsule of
nitrofurantoin macrocrystals with a standardized high-fat breakfast. Nine serum
and milk samples were drawn after the dose over a 12-hour interval. The mean
milk drug concentration in each patient during the 12-hour interval was
approximately 1.3 mcg/mL. Based on this, the investigators estimated that if a
60-kg woman was taking 100 mg twice daily, the infant dose would be 0.2
mg/kg, or about 6% of the mother’s weight-adjusted dose. Although this



exposure was thought to be low, nursing infants younger than 1 month of age
and those with a high frequency of G6PD deficiency or sensitivity to
nitrofurantoin may be at risk for toxicity (18).

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (19). For the six
women taking nitrofurantoin, decreased milk volume was observed in one
woman and diarrhea was observed in two (33%) infants. Both effects were
considered minor because they did not require medical attention (19).

The above studies suggest that there is a potential for nitrofurantoin-induced
toxicity from exposure to the drug in breast milk. Determining the magnitude of
the risk will require more data, but the risk appears to be rare. The American
Academy of Pediatrics classifies nitrofurantoin as compatible with
breastfeeding (20).
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NITROFURAZONE
Anti-infective
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The reported human pregnancy experience is limited to one large
surveillance study that found 1 (0.4%) major defect among 234 1st
trimester exposures. The animal studies in one species used systemic
exposures that probably were much higher than those obtained in humans
from topical application and, most likely, have little clinical significance.
Based on these data, if the drug is indicated, it should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
Nitrofurazone is a bactericidal nitrofuran anti-infective that is used topically (1)
and as bladder irrigation (2). It is available as 0.2% topical solution, ointment,
and cream. Nitrofurazone is indicated as adjunctive therapy for patients
undergoing treatment for severe burns when bacterial resistance to other
agents is a real or potential problem. It also is indicated for patients undergoing
skin grafting when contamination with resistant bacteria might cause graft
rejection (1,2).

In mice, reproduction studies with systemic nitrofurazone induced a low
frequency of limb reduction defects in one study (3,4), but not in another (3). In
rabbits, doses up to 30 times the usual human dose (assumed to be based on
weight) were embryocidal (5).

It is not known if nitrofurazone is absorbed into the systemic circulation or if it
crosses the human placenta. However, some absorption should be expected
when it is used topically for burns or as bladder irrigation. The molecular weight
(about 198) and lipid solubility suggest that the drug will cross the placenta if it
is absorbed, but the clinical significance of this is unknown.



The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 234
of whom had exposure to nitrofurazone in lunar months 1–4 (6). Structural
anomalies were observed in seven cases, one major and six minor defects.
These outcomes were not statistically significant.

BREASTFEEDING SUMMARY
No reports describing the use of nitrofurazone during human lactation have
been located. It is not known if nitrofurazone is absorbed into the systemic
circulation or if it is excreted into breast milk. However, some absorption should
be expected when it is used topically for burns or as bladder irrigation. The
molecular weight (about 198) and lipid solubility suggest that the drug will be
excreted into milk, but the clinical significance of this is unknown.
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NITROGLYCERIN
Vasodilator
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of nitroglycerin during pregnancy does not seem to present a risk
to the fetus. However, the number of women treated during pregnancy is
limited, especially during the 1st trimester. With the smaller doses
reported, transient decreases in the mother’s blood pressure may occur,
but these do not appear to be sufficient to jeopardize placental perfusion.
Nitroglycerin appears to be a safe, effective, rapid-onset, short-acting
tocolytic agent. The use of transdermal nitroglycerin patches may also
prove to be effective when longer periods of tocolysis are required. With
any route of administration, however, additional studies are required to
determine the safest effective dose.

FETAL RISK SUMMARY
Nitroglycerin (glyceryl trinitrate) is primarily indicated for the treatment or
prevention of angina pectoris. Because of the nature of this use, experience in
pregnancy is limited. The drug, a rapid-onset, short-acting vasodilator, has
been used to control severe hypertension during cesarean section (1,2). The
use of nitroglycerin sublingually for angina during pregnancy without fetal harm
has also been reported (3). Recent investigations, discussed below, have
explored the use of nitroglycerin as both an emergency and a routine tocolytic
agent.

Reproductive studies in rats and rabbits have been conducted with
nitroglycerin (4–6). No adverse fetal effects or postnatal changes were
observed in these experiments.

The Collaborative Perinatal Project recorded seven 1st trimester exposures
to nitroglycerin and amyl nitrite plus eight other patients exposed to other
vasodilators (7). From this small group of 15 patients, 4 malformed children



were produced, a statistically significant incidence. The data did not indicate
whether nitroglycerin was taken by any of the mothers of the affected infants.
Because of the lack of specific information and the small number of patients, no
conclusions as to the relative safety of nitroglycerin in the 1st trimester can be
made from this study. Moreover, the authors of this study emphasized that
statistical significance could not be used to infer causal relationships and that
independent confirmation from other studies was required.

The use of nitroglycerin in gestational hypertension has been described
(8–11). In three patients, IV infusions of nitroglycerin were effective in rapidly
correcting the hemodynamic disturbances of gestational hypertension
complicated by hydrostatic pulmonary edema, but a rapid improvement in
arterial oxygenation did not occur (8). In another study by the same
investigators, the effectiveness of IV nitroglycerin to decrease blood pressure
in six women with gestational hypertension was dependent on the patient’s
volume status (9). When volume expansion was combined with nitroglycerin
therapy, a marked resistance to the hypotensive effect of the drug was
observed. In two of the women treated with IV nitroglycerin alone, significant
reductions in blood pressure occurred, resulting in fetal heart rate changes that
included late decelerations and bradycardia. Recovery occurred after
nitroglycerin therapy was terminated and then restarted at a lower dose. In
three other fetuses, a loss of beat-to-beat variability (average variability <5
beats/minute) was noted. Therapy was continued and no abnormalities were
observed in the umbilical blood gases or Apgar scores.

An abstract published in 1996 described the use of transdermal nitroglycerin
patches (releasing 10 mg in 24 hours) in the treatment of gestational
hypertension (10). The 24-hour mean systemic and diastolic blood pressures
were significantly decreased (5% and 7%, respectively). In a 1995 study, 12
women with severe preeclampsia received an infusion of nitroglycerin starting
at 0.25 mcg/kg/minute with stepwise dosage increases until a diastolic blood
pressure of 100 mmHg was achieved (11). The mean systolic blood pressure
decreased from 161 to 138 mmHg, whereas diastolic pressure decreased from
a mean of 116 to 103 mmHg. The umbilical artery pulsatility index changed
significantly but not the uterine pulsatility index, implying vasodilation in the
umbilical circulation and avoidance of adverse impairment of fetoplacental
perfusion (11).

Lowering of maternal blood pressure and a lessening of the hemodynamic
responses to endotracheal intubation were beneficial effects obtained from IV
nitroglycerin in six women with severe preeclampsia (12). A progressive



flattening of fetal heart rate beat-to-beat variability was observed in all six
patients. Prevention of an increase in mean arterial pressure of >20% was
achieved in only two of the women, and all had nausea, retching, and vomiting
that was apparently not dose-related.

Myocardial infarction, secondary to development of a thrombus on an
artificial aortic valve, occurred in a 25-year-old woman at 26 weeks’ gestation
(13). A portion of her initial treatment consisted of both oral and IV
nitroglycerin, with the latter being continued for an unspecified interval. Maternal
diastolic blood pressure was maintained above 50 mmHg while on nitroglycerin
and, apparently, no fetal distress was observed. A viable 2608-g male infant
was eventually delivered at 35 weeks’ gestation, but specific details were not
provided on his condition.

A 1993 reference described two women, one with triplets, who suffered
myocardial infarctions during pregnancy, at 16 and 28 weeks’ gestation, and
who were treated with IV nitroglycerin and other agents (14). In addition, mild
chest pain occurring during labor was successfully treated with sublingual
nitroglycerin in one of the women. Both patients survived and eventually
delivered infants apparently unaffected by the treatment. Another report
described a woman at 26 weeks’ gestation who was treated with IV
nitroglycerin and other agents for a myocardial infarction (15). She eventually
delivered a healthy female infant by cesarean section at 39 weeks.

In gravid ewes, IV nitroglycerin was effective in counteracting norepinephrine-
induced uterine vasoconstriction (16). The antihypertensive effect resulted in a
significantly decreased mean aortic pressure but did not significantly change
uterine blood flow or uterine vascular conductance. A 1994 abstract reported
no adverse effects on fetal cardiorespiratory function in sheep from a 2-hour IV
infusion of nitroglycerin at 3 times the minimum effective tocolytic dose (17).

The use of nitroglycerin during cesarean section to allow delivery of babies
entrapped by a contracted uterus has been described in two case reports
(18,19). In the first case, the head of a baby presenting as a double footling
breech was trapped in the hypertonic upper segment (18). Uterine relaxation
was achieved with a 1000-mcg IV bolus of nitroglycerin. The mother’s blood
pressure fell to 70/30 mmHg but responded to ephedrine. The Apgar scores of
the 3090-g, term infant were 5 and 9 at 1 and 5 minutes, respectively. In the
second case, a woman received a 100-mcg bolus of nitroglycerin to quickly
relax a contracted uterus and to allow the successful delivery of her twins (19).
Other than a systolic blood pressure decrease (preoperative pressure 120
mmHg; after nitroglycerin 85 mmHg) that responded rapidly to ephedrine, no



other adverse effects from nitroglycerin were encountered in the mother or her
newborns.

Two references have discussed the use of IV nitroglycerin as a short-acting
tocolytic agent during intrapartum external cephalic version (20,21) and one
involving internal podalic version (22). A woman in premature labor (uterine
contractions every 2 minutes with the cervix dilated to 9 cm) at 30 weeks 5
days was given a 50-mcg IV bolus of nitroglycerin (20). The uterus relaxed
palpably within 20 seconds and the fetus was repositioned to allow for vaginal
delivery. A decrease in the maternal blood pressure was noted (145/100 to
130/75 mmHg, then stabilizing at 130/85 mmHg within 2 minutes), but the heart
rate and oxygen saturation remained unchanged. The premature infant was
delivered vaginally shortly after rupture of the membranes and start of an
oxytocin infusion. A second mother at 39 weeks 4 days of gestation received a
100-mcg IV bolus dose before external cephalic version (blood pressure
decreased from 120/60 to 112/60 mmHg within 1 minute) and subsequently
underwent a vaginal delivery of a healthy infant.

In the second report, a woman delivered one twin vaginally and then received
a 50-mcg IV nitroglycerin bolus to allow external version of the second
transverse-lie twin (21). No significant maternal adverse effects (e.g.,
headache or dizziness) or changes in blood pressure or heart rate were
observed. The healthy twin was delivered vaginally 45 minutes after the
version.

Internal podalic version and total breech extraction of the second twin was
accomplished in a third case with sublingual nitroglycerin by aerosol after the
uterus had contracted down on the operator’s forearm (22). Two 400-mcg
boluses were given, resulting in uterine relaxation within 30 seconds. No
adverse effects on the newborn were observed.

Three cases of total breech extraction, with internal podalic version in two, of
the second twin were aided by the use of nitroglycerin spray (0.4 mg)
administered sublingually after either contraction of the uterine corpus and
lower segment or uterine or cervical contractions with failure of the fetal head
to engage (23). Minimal changes were observed in the maternal blood
pressures and pulses. All three newborns were doing well.

A 1996 report described nine cases of internal podalic version of a second
nonvertex twin with the assistance of an IV bolus of nitroglycerin (1 mg in eight
and 1.5 mg in one) (24). One of the women had a panic attack that required
general anesthesia for sedation, although the version was successful. In
another case, nitroglycerin failed to induce uterine relaxation and an emergency



cesarean section was required for fetal distress. Postpartum hemorrhage
(2000 mL) occurred in a third woman. A significant fall in maternal blood
pressure was observed in all cases, but no adverse effects from the decrease
occurred in the mothers or newborns (24).

Transdermal patches of nitroglycerin have been tested as tocolytics in 13
women in preterm labor (23–33 weeks’ gestation) (25). Most of the women
received a single patch that delivered 10 mg of nitroglycerin for 24 hours, but
some patients were given a second patch if uterine contractions had not
subsided within 1 hour. Patches were changed every 24 hours. The mean
prolongation of pregnancy, as of the date of a subsequent report (one woman
was still pregnant), was 59 days (26). The babies who had been delivered
were all doing well.

Small IV bolus doses of nitroglycerin (60 or 90 mcg for one or two doses)
were used in 24 laboring women for severe fetal distress, related to uterine
hyperactivity that was unresponsive to standard measures (27). Six of the
patients developed hypotension with a mean nadir of 93.2 mmHg (minimum 85
mmHg) that was reversed with a single dose of ephedrine (4.5–6 mg). Four
newborns had low 1-minute Apgar scores (3, 4, 5, and 6, respectively), but all
newborns had Apgar scores of 9 or 10 and were vigorous at 5 minutes.

Nitroglycerin has also been used to relax the uterus in postpartum cases with
retained placenta (28–31), two of which occurred in patients with an inverted
uterus (30,31). The IV bolus dose was 500 mcg in 15 women (28), 50 mcg
(some patients required two doses) in 23 cases (29,30), and 100 mcg in 1
woman (31). No significant changes in blood pressure or heart rate were
recorded, and no adverse effects, such as headache, palpitations, or prolonged
uterine relaxation, were observed.

BREASTFEEDING SUMMARY
No reports describing the use of nitroglycerin during human lactation have been
located. The molecular weight (about 227) suggests that the drug will be
excreted into breast milk.
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NITROPRUSSIDE
Antihypertensive
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports linking the use of sodium nitroprusside with congenital defects
have been located. Nitroprusside has been used in pregnancy to produce
deliberate hypotension during aneurysm surgery or to treat severe
hypertension (1–8). Transient fetal bradycardia was the only adverse effect
noted (1). One advantage of nitroprusside is the very rapid onset of action
and the return to pretreatment blood pressure levels when the drug is
stopped (8). Balanced against this is the potential accumulation of cyanide
in the fetus.

FETAL RISK SUMMARY
Nitroprusside crosses the placenta and produces fetal cyanide concentrations
higher than maternal levels in animals (9). This effect has not been studied in
humans.

A 1984 article reviewed the potential fetal toxicity of nitroprusside (6).
Avoidance of prolonged use and the monitoring of serum pH, plasma cyanide,
red blood cell cyanide, and methemoglobin levels in the mother were
recommended. Standard doses of nitroprusside apparently do not pose a
major risk of excessive accumulation of cyanide in the fetal liver (6).

BREASTFEEDING SUMMARY
No reports describing the use of nitroprusside during human lactation have been
located.
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NITROUS OXIDE
General Anesthetic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The animal reproduction data suggest risk, but the exposures to the gas
were usually much higher and longer than the exposures that occur in
humans. In animals, nitrous oxide is an embryo and fetal toxin that may
have long-lasting consequences. The evidence for human reproductive and
developmental toxicity is not as clear. Much of the data relating to
spontaneous abortions (SABs), infertility, and decreased birth weight are
based on voluntary responses to surveys that involved self-reported
outcomes. These retrospective reports are subject to self-selection and/or
recall bias. Moreover, many studies have evaluated exposure to nitrous
oxide in operating rooms or dental offices, rather than in individuals and
have not quantified the amount and type of anesthetic gas exposure (1,2).
In addition, the studies have not always accounted for confounding
variables, such as the introduction of scavenging equipment and ventilation,
maternal age, smoking, and other drug exposures, and have characterized
nitrous oxide exposure based only on job title (3). Nevertheless, there does
appear to be an increase in the incidence of SAB and infertility related to
chronic exposure to nitrous oxide, but the dose and magnitude of these
effects need further study. Moreover, general anesthesia in the 1st and 2nd
trimesters has been associated with reduced birth weight, but the causative
agents have not been identified.

The information for nitrous oxide and congenital malformations is less
confusing, but many of the limitations identified earlier also apply to this
population. However, the available data do not appear to suggest that
acute or chronic exposure to nitrous oxide at any time in pregnancy
represents a major risk for structural anomalies. Although nitrous oxide is
the most commonly used general anesthetic agent, it is never administered
alone, being combined with several other agents. Therefore, the safest
course is to postpone elective surgical procedures until after pregnancy or,



at the minimum, until after the period of organogenesis. Moreover, because
even operating rooms that are scavenged and ventilated are not entirely
free of waste anesthetic gases, women who might become pregnant and
are working in these areas should be counseled as to the potential risks
and offered positions in areas free of nitrous oxide contamination. Recent
data have shown that offspring of mothers with occupational exposure
could have long-term neurodevelopmental deficits. Finally, long-term
neurotoxicity studies of infants exposed in utero to nitrous oxide during the
3rd trimester or during the first few years after birth are warranted.

FETAL RISK SUMMARY
Nitrous oxide (N2O; laughing gas) is a nonflammable, nonexplosive gas that is
widely used as an analgesic and general anesthetic. It is always administered
with at least 20% oxygen to prevent hypoxia. The blood–gas coefficient is
relatively low (0.47) as is tissue solubility (brain–gas coefficient 0.50) (4).

Animal Studies
In a 1967 study, pregnant rats were exposed to 45%–50% nitrous oxide for 2,
4, or 6 days starting on gestational day 8 (5). Compared with nonexposed
controls, there was a dose-related increase in embryonic death and
resorptions, growth restriction, and skeletal malformations (vertebrae and ribs),
and the male–female sex ratio of surviving fetuses was lower (5). Resorptions
and fetal deaths were significantly increased in rats exposed to nitrous oxide
(0.1% or 1.5%) mixed with oxygen for 8 or 24 hours per day for several days
during mid-gestation (6). A lower concentration (0.01%) had no effect on the
incidence of resorptions but did increase the number of fetal deaths.

A 1978 study did not observe teratogenic effects, changes in surviving fetal
sex ratio, or increased fetal loss in pregnant rats exposed 8 hours/day
throughout gestation to nitrous oxide (1%, 10%, or 50%) or nitrous oxide (10%)
plus halothane (0.16%) (7). However, fetal growth restriction was observed in
all four groups exposed to nitrous oxide. Exposure of pregnant rats to 50%
nitrous oxide for 25 minutes/day for three consecutive days in mid-gestation
resulted in an increase in fetal death rate, but no effects on fetal growth were
observed (8). In another study, pregnant rats were exposed to nitrous oxide
either alone (0.005% or 0.05%) or a mixture of nitrous oxide (0.05%) and
halothane (0.001%) for 7 hours/day during the first 15 days of gestation (9,10).
No adverse embryo or fetal effects were observed.



Continuous exposure of gravid rats to nitrous oxide (0.5%) from gestational
day 1 to day 19 resulted in a significant increase in the incidence of resorptions,
growth restriction, and skeletal anomalies, and a lower male–female sex ratio
of surviving fetuses (11). In a follow-up to this study, the threshold dose
required to produce some of these effects was determined using exposures of
0%, 0.1%, 0.05% and 0.025% (12). Only the group exposed to 0.1% had an
increased incidence of resorptions and growth restriction. The same group of
investigators reported a third study in which gravid rats were intermittently
exposed (6 hours per day, 5 days per week) to nitrous oxide 0%, 0.025%,
0.05%, 0.1%, and 0.5% throughout gestation (13). A significant reduction in
litter size was noted only in the highest exposure group, but no signs of fetal
resorption or skeletal malformations were found in any group.

Pregnant hamsters were exposed to nitrous oxide (70%–95%) mixed with
oxygen for 24 hours during organogenesis (14). An increased incidence of fetal
death was observed only at concentrations of 90%–95%, but hypoxia-induced
mortality could not be excluded. A small but significant number of fetuses had
malformations (cleft palate, limb defects, gut herniation, and fetal edema), but
a dose–effect relationship was not observed (14). The effects on pregnant
hamsters from exposure to a combination of nitrous oxide (60%) and halothane
(0.6%) for 3 hours per day on gestational days 9, 10, or 11 was reported in
1974 (15). No effects were noted on the sex ratio of surviving fetuses.
Compared with controls, resorptions were increased on day 11, and decreased
fetal weight was noted in the groups exposed on days 10 and 11 (15).

In a 1980 study, pregnant rats were exposed to nitrous oxide (70%–75%) or
xenon (70%–75%) for 24 hours on gestational day 9 (16). Compared with
controls and the xenon-exposed group, the nitrous oxide group had a significant
increase in the incidence of resorptions and congenital malformations (delayed
maturation of the skeletal system, fused ribs, encephalocele, hydrocephalus,
anophthalmia, microphthalmia, gastroschisis, and gonadal agenesis) (16). The
above experiment was repeated by another group with four different
concentrations of nitrous oxide: 0.75%, 7.5%, 25%, and 75% (17). The
threshold for toxicity was determined to be >25% because only those animals
exposed to the 75% concentration had increased incidences of resorptions and
both major and minor congenital malformations. However, all exposures caused
a significant increase in minor variants involving the ribs and sternum (17).

In another study by the above investigators, the effect of nitrous oxide in
pregnant rats was compared with three other general anesthetic agents (see
also Enflurane, Halothane, and Isoflurane) (18). The nitrous oxide dose was



75% (0.55 minimum alveolar anesthetic concentration [MAC]). (Note: MAC is
the concentration that causes immobility in 50% of patients exposed to a
noxious stimulus such as a surgical incision; it represents the ED50 [19].) Each
agent was administered for 6 hours on each of three consecutive days in one of
three periods: gestational days 8–10, 11–13, or 14–16. Compared with
controls, significantly decreased maternal weight gain was observed in three of
the groups (nitrous oxide, isoflurane, and enflurane) after exposure on days 14–
16. Exposure on those days resulted in significantly decreased fetal weight in
all four groups; when exposure occurred on days 8–10, the effect was noted in
three groups (all except nitrous oxide). Nitrous oxide exposure during days 14–
16 resulted in significant increases in total fetal wastage and resorptions
(threefold increase). However, no major or minor congenital defects were
observed in any of the groups (18).

No evidence of reproductive toxicity was observed in mice exposed to nitrous
oxide (0.5%, 5%, or 50%) for 4 hours per day on days 6–15 of gestation (20).
In the same experiment, the fertility of male mice exposed in the same way for
9 weeks was not affected. Based on their previous work, they concluded that
the order of reproductive toxicity was halothane > enflurane > methoxyflurane >
nitrous oxide (20). Of interest, a 1990 study found that brief exposure of two-
cell mouse preimplantation embryos to nitrous oxide/oxygen (60%/40%) caused
disruption to subsequent embryo cleavage and blastocyst development (21).

A 1989 study determined the susceptible period for nitrous oxide
teratogenicity in rats (22). Pregnant rats were exposed to 60% nitrous oxide for
24 hours on each of gestational days 6–12. There were no differences among
the seven groups in the number of live fetuses, fetal weight, and sex ratio.
However, compared with controls, there was a significant increase in the mean
percentage of resorptions/litter and number of litters with resorptions on days 8
and 11. Major skeletal anomalies (ribs and vertebrae) were increased only on
day 9, but minor skeletal defects were increased on days 8 and 9. Right-sided
aortic arch and left-sided umbilical artery, defects indicative of altered laterality,
were increased on day 8 and hydrocephalus was increased on gestational day
9 (22).

A 1986 mouse study tested the hypothesis that prenatal nitrous oxide
exposure (75% with 25% oxygen for 6 hours on gestational day 14) or
postnatal exposure (same mixture for 4 hours on postnatal day 2) would cause
permanent damage to the developing brain and behavioral effects (23).
Compared with controls, offspring (postnatal day 6 to 6 months of age)
exposed prenatally or postnatally were noted to have several abnormal



behavioral effects that included preweaning motor development and general
activity. When they reached adulthood, their brains were also noted to have
significant morphologic changes (23). A 1986 rat study also found that in utero
exposure caused permanent alterations in the spontaneous motor output of the
brain that affected females more than males (24). Using a slightly different
exposure protocol during rat pregnancy, these same investigators did observe
subtle differences from controls in growth rates at 14 and 21 days and reduced
reflex suspension, indicating that normal development had been interrupted
(25). In a fourth study, mouse offspring exposed in utero to nitrous oxide during
organogenesis had hyporeactivity of the startle reflex at 60 and 95 days of age
(26).

The effects of nitrous oxide on growing neural tips (growth cones) in the
forebrains of neonatal rat pups were described in a 1993 report (27). The pups
were exposed to three concentrations of nitrous oxide (25%, 50%, and 75%)
over a 6-hour period on postnatal day 1. A dose–response on the activity of a
growth cone enzyme (protein kinase C, PKC) was found, with the lowest
concentration having no effect on the enzyme. The 75% concentration,
however, reduced the activity to about 63%. The 50% dose also reduced the
PKC activity but to a lesser degree. The authors thought that the reduced
enzyme activity could be related to long-term morphologic or behavioral
neuroabnormalities in the pups (27).

The effect of nitrous oxide on rat fertility was described in a 1990 study (28).
Adult virgin female rats were exposed to the gas during their 4-day ovulatory
cycles. Nitrous oxide disrupted luteinizing hormone-releasing hormone (LH-RH)
(now known as gonadotropin-releasing hormone) cells in the hypothalamus.
This disruption resulted in the inhibition of LH-RH release and, thus, ovulation
(28).

Human Studies
PLACENTAL PASSAGE  Nitrous oxide rapidly crosses the human placenta to the

fetus obtaining amounts in the fetal circulation nearly equivalent to those in the
mother (29–34). In a 1970 study, umbilical vein and artery nitrous oxide
concentrations ranged up to 91% of maternal levels and increased
progressively with increasing duration of anesthesia (30).

SPONTANEOUS ABORTION  A number of reports have described the association
between SAB and exposure to anesthetic gasses in the operating room, the
dental office, or during surgery (1,35–48). In addition, several reviews have
examined this topic (49–57).



The principal concern for chronic exposure to anesthetic gasses relates to
unscavenged environments in which high concentrations of gases, such as
nitrous oxide, have been measured. A 1972 reference cited studies that
measured levels of nitrous oxide in the operating room averaging 130 ppm
(0.013%) but with peak concentrations as high as 428 ppm (0.048%) (35).
Even higher levels (e.g., 9700 ppm or 0.97%) were measured in the
anesthesiologist’s inhalational zone. A 1970 report described the results of a
survey from a group of nurses (67 operating room/92 general duty) and
physicians (50 anesthetists/81 specialists other than anesthesia) that were
routinely exposed to anesthetics in the operating room (36). In the first group,
29.7% of the pregnancies of operating room nurses ended in SAB, compared
with 8.8% in the controls. In the second group, the SAB incidence was 37.8%
and 10.3%, respectively. In both exposed groups, the SAB occurred earlier
than that in the controls (8th vs. 10th week). However, the study could not
identify a specific anesthetic agent, nor could it establish a cause-and-effect
relationship (36).

The results of a national survey of operating room personnel was reported in
1974 (37). The survey included the memberships of four organizations,
essentially covering all personnel in the United States who were continuously
exposed to low levels of anesthetic gases: the American Society of
Anesthesiologists (ASA), the American Association of Nurse Anesthetists
(AANA), the Association of Operating Room Nurses (AORN), and the
Association of Operating Room Technicians (AORT). Two control groups were
surveyed: the American Academy of Pediatrics (AAP) and the American Nurses
Association (ANA). At the time of the survey, about 21% of the operating
rooms were ventilated and anesthetic-scavenged. The rates of SAB among the
respondents (organization and total number of pregnancies shown in
parentheses) were 17.1% (ASA; 468), 17.0% (AANA; 1826), and 19.5%
(AORN/AORT; 2781). The results were statistically significant when compared
with women working outside of the operating room. However, no difference
was found with the controls for the time (in gestational weeks) of the abortions
or for a decrease in the sex ratio of exposed pregnancies (37).

A survey of women physicians in England and Wales to determine the
outcome of pregnancies was reported in 1977 (38). The analysis involved 9044
pregnancies that were classified into three groups: working anesthetists (N =
670), other medical specialties (includes medical students but excludes
radiologists) (N = 6377), and physicians not currently working (N = 1997). The
adjusted SAB rates were 13.8%, 13.8%, and 12.0%, respectively. For



stillbirths, the rates were 17.3%, 8.3%, and 10.3% (ns), respectively (38).
Another survey in England of anesthetists exposed to anesthetics, male and
female, appeared in 1979 (39). The SAB rates (percentages of known
conceptions) for exposed fathers, mothers, both parents, and nonexposed
controls were 15.7%, 34.4%*, 23.1%*, and 9.8%, respectively (*significant
compared with controls).

Because dentists and their assistants may be exposed to even higher
concentrations of anesthetic gases than personnel in hospital operating rooms,
a survey of this population was undertaken and reported in 1980 (40). The
responding sample size involved >22,000 dentists (98.5% male) and >21,000
chairside assistants (99.1% female). Only about 19% of the individuals were
exposed to halogenated anesthetic gases in addition to nitrous oxide. The two
groups were further classified by the amount of exposure in the year before
conception (nonusers, light [1–2999 hours in the past decade], and heavy
[>3000 hours in the past decade]). After adjustment for smoking, age, and
pregnancy history, a significant association was found between use of
anesthetics and the rate of SAB in chairside assistants (8.1% nonusers, 14.2%
light, and 19.1% heavy). The association also was significant for wives of
dentists but the rates of SAB were about half of those for the assistants (40).
In a brief 1986 report, six SAB were observed in four female personnel over a
17-month interval (41). These persons worked in an oral surgery department
that used 35% nitrous oxide in oxygen as a sedative during procedures. In the
operating rooms, the range of nitrous oxide concentrations were 0.01%–0.04%
but were as high as 0.07% when the patient talked (41). A 1995 study found a
significant increase in SAB among female dental assistants who worked for 3
or more hours per week in offices not using scavenging equipment (42). After
adjustment for age, smoking, and number of amalgams prepared, the relative
risk (RR) was 2.6 (95% confidence interval [CI] 1.3–5.0).

In contrast to the above reports, two studies found no association between
chronic exposure to nitrous oxide and SAB, and a third found only a partial
association (43–45). In comparison with unexposed controls, the adjusted odds
ratios (ORs) for SAB in dental assistants working in unscavenged clinics or
dental school services in Denmark were 0.9 (95% CI 0.4–2.1) and 0.3 (95% CI
0.0–1.8), respectively (43). In a Swedish study of 1711 midwives, the use of
nitrous oxide (>50% of deliveries) was not associated with an increased risk of
SAB (OR 0.95, 95% CI 0.62–1.47) (44). The study could not determine if
scavenging equipment for waste gas was used. The investigators concluded
that night work and high workload increased the risk of SAB (44). In an earlier



study, the rates of SAB were compared for 563 married female anesthetists,
working and not working, to 828 female physician controls (45). The rates were
18.3%, 13.7%, and 14.7%, respectively.

A 1980 report described the outcomes of 187 women who had been
exposed to inhalational anesthetics (mostly nitrous oxide) during work or by
their husbands, and who had surgery during pregnancy (46). This was an
extension of the study involving occupational exposure to inhalational
anesthetics and SAB in wives of dentists and dental assistants (N = 12,929)
(see reference 37). The rates of 1st trimester SAB in four groups classified as
controls (N = 8654; no exposure or surgery), exposure/no surgery (N = 4088),
no exposure/surgery (N = 122), and exposure/surgery (N = 65) were 5.1%,
8.6%, 8.0%, and 14.8%, respectively. The rates for 2nd trimester SAB were
1.4%, 2.6%, 6.9%, and 0, respectively (46). A Canadian study compared
pregnant women undergoing incidental surgery with pregnant women not
undergoing surgery (47). Surgery (usually gynecologic) under general
anesthesia in the 1st or 2nd trimester was associated with an increased risk of
SAB (estimated risk ratio [ERR] 2.0, 95% CI 1.10–3.64). The risk was also
increased following procedures under general anesthesia that were remote
from the conceptus (ERR 1.54, 95% CI 1.03–2.30) (47). A 1986 study of
general anesthesia with nitrous oxide in 433 women (9 sets of twins) given in
the 1st and 2nd trimesters was unable to find an association between the
anesthetic and SAB (48).

Finally, a 1985 study combined the data from six studies to determine the
risk of SAB in operating room personnel (1). The low RR was 1.3 (95% CI 1.2–
1.4) for pregnant physicians and nurses.

INFERTILITY—FEMALE An increased rate of infertility in anesthetists was noted
in a 1972 study (45). In this survey of women anesthetists in the United
Kingdom, 65 (12%) of the 563 married anesthetists reported infertility of
unknown cause compared with 6% of controls. However, 36 (44%) eventually
conceived even though 92% of them continued to work (45). A 1979 survey
reported that 30% of anesthetists (includes both sexes) had difficulty in
conceiving, but unexpected infertility occurred in only 3% (40).

A 1992 study examined the effect of environmental nitrous oxide on the
fertility of dental assistants (58). A group of 7000 female dental assistants was
surveyed and 459 were determined to be eligible for the study because they
had met all inclusion criteria, including conception within the previous 4 years.
Of those eligible, 418 (91%) completed the telephone interview. Data were
collected over 13 menstrual cycles (about 1 year). The primary statistical



analysis involved a comparison of the adjusted fecundability ratio (an estimate
of the conception rate for exposed women relative to that for unexposed
women in each menstrual cycle of unprotected intercourse). No difference in
the ratio was observed in the 121 assistants who worked <5 hours/week (N =
85; ratio 1.05) or ≥5 hours/week (N = 36; ratio 1.15) in scavenged offices. In
contrast, among the 60 assistants who worked in unscavenged offices, the 41
working <5 hours/week had a significantly higher adjusted ratio (1.01) than the
19 working ≥5 hours/week (0.41). Thus, the latter group was only 41% as likely
as unexposed women to conceive during each menstrual cycle. In addition, the
study examined the occurrence of SAB. Among the 325 pregnancies (93
excluded because they were pregnant at the time of data collection), 10 were
in the “high exposure” unscavenged group. Their SAB rate was 50% (5/10),
whereas 25 (8%) of the remaining 315 pregnancies aborted (58). An
accompanying editorial and later correspondence discussed the implications of
the study (59–63).

A 1996 study involving Swedish midwives obtained results similar to those
above (64). As in the above study, data were collected over 13 menstrual
cycles. In the 84% of responders (N = 3985) to a mailed questionnaire, the
adjusted fecundability ratios of three groups, compared with those working in
the day time, were two-shift rotations 0.78, three-shift rotations 0.77, night-shift
only 0.82, respectively. The effect of nitrous oxide was noted only for midwives
exposed to >30 deliveries/month where the gas was used (ratio 0.64) (64).

The effects of general anesthesia on pregnancy rates in patients undergoing
embryo transfer after in vitro fertilization were described in a 1995 study (65).
Analgesia for ovum retrieval and embryo transfer was sedation (opiates,
diazepam, promethazine)/local anesthesia (120 cycles; 88 patients), epidural
block (139 cycles; 111 patients), and general anesthesia (nitrous oxide,
halothane, opiates, and barbiturates) (173 cycles; 112 patients). The groups
did not differ in embryo yield or number or quality of embryos transferred.
However, the clinical pregnancy rates for the general anesthesia group were
significantly lower than the other two groups: 25.8%, 23.7%, and 14.5%,
respectively. The delivery rate also was significantly lower for the general
anesthesia group: 19.2%, 20.1%, and 8.7%, respectively. The authors
concluded that the adverse effect of general anesthesia occurred after embryo
transfer and was probably related to nitrous oxide exposure (65). However, a
1999 study with data from seven fertility programs involving gamete
intrafallopian transfer found no significant difference in the clinical pregnancy or
delivery rates between women who had received nitrous oxide (or other



anesthetic agents) and those who did not (66).
INFERTILITY—MALE A survey of 5507 male anesthetists in the United Kingdom

found no association between paternal work in operating rooms and SAB,
infertility, or the frequency of congenital anomalies (67). However, if the mother
is also exposed, the risk of SAB may be increased by 158%–271%. A 1987
review suggested that male fertility could be affected by direct nitrous oxide-
inactivation of vitamin B12 (cyanocobalamine) (68). The inactivation of this
vitamin could result in a reduction of methionine synthetase that is essential for
normal cell division (68). A later review discussed the effect of nitrous oxide on
cyanocobalamine-dependent methionine synthetase and other factors that
eventually impair DNA synthesis and could cause infertility (69).

CONGENITAL MALFORMATIONS  Several studies have examined the relationship
between 1st trimester exposure to nitrous oxide and congenital malformations
(1,37–39,45–48,70–76). Two early studies did not find such a relationship, but
the number of exposed cases was small (70,71). A larger study also found no
relationship between surgical anesthesia and congenital malformations (47). In
another previously cited study, the overall rate of birth defects in live births was
no different in 583 anesthetists (5.2%) and 828 controls (4.9%) (45). However,
when analyzed separately, working anesthetists had a significantly higher rate
of offspring with defects (6.5%) than those who were not working (2.5%), but
not significantly higher than controls.

A 1974 survey of 621 female nurse-anesthetists, with a response rate of
84.5%, found an incidence of birth defects (major and minor) in offspring of
working mothers of 16.4%, compared with 5.7% when the mother was not
working (72). Nearly one-half of the defects in the exposed group were
cutaneous anomalies. In another 1974 national survey cited above, the
congenital abnormality rates (all skin anomalies were excluded) in the groups
(unexposed vs. exposed) were ASA (3.4% vs. 5.9%), AANA (5.9% vs. 9.6%),
and AORN/AORT (7.0% vs 7.7%) (37). The first two comparisons were
statistically significant. The survey also provided the congenital malformation
rates (excluding skin anomalies) for wives of the male survey respondents in
the three groups: 5.4%, 8.2%, and 6.4%, respectively (37). A 1977 survey
found a significant rate of heart/great vessels defects in working anesthetists
(13.8%) in comparison with a combined group of other physicians (3.6%), or an
earlier population-based study (6.6%) (38). However, no differences were
found for other congenital anomalies (neural tube defects [NTDs], oral clefts,
talipes, congenital hip dislocation, hydrocele, hypospadias, and epispadias, and
genitourinary). The rates of development or congenital abnormalities



(percentage of live births) in a 1979 survey of anesthetists exposed to
anesthetics were 9.3% (N = 22) for exposed fathers, 4.8% (N = 1) for exposed
mothers, and 15.0% (N = 3) when both parents were exposed (39). These
rates did not differ significantly from nonexposed controls.

No significant increase in the incidence of birth defects was found in a 1980
study of surgery during early pregnancy (46). Anesthetics for surgery were
used in 187 women during the 1st trimester and in 100 women during the 2nd
trimester. The rates of defects in the offspring of mothers who had surgery in
the 1st and 2nd trimesters, but no occupational exposure to inhalational
anesthetics, were 3.1% and 5.8%, respectively. For surgery plus occupational
exposure, the rates were 7.2% and 2.3%, respectively. The differences were
not significant (46). A 1986 study analyzed the outcomes of 375 cases (8 sets
of twins) of cervical cerclage and 58 other surgeries (1 set of twins) conducted
under general anesthesia with nitrous oxide (48). Cases were further stratified
by the gestational week when surgery was conducted (>16 weeks or ≤16
weeks). None of the observed birth defects could be attributed to anesthetic
exposure (48). A 1985 study combined the results from six studies to derive an
RR for congenital abnormalities of 1.2 (95% CI 1.0–1.4) for pregnant
physicians and nurses working in operating rooms (1).

Using data from three Swedish health care registries for 1973–1981, a 1989
study analyzed 5405 cases of nonobstetric surgical operations that occurred
during pregnancy (73). The types of anesthesia were general (about 54%; 99%
using combinations with nitrous oxide), regional (about 14%), and unknown
(32%). The rates of congenital malformations, stillbirths, infant death within 7
days of birth, and decreased birth weights were determined by the trimester of
operation. For congenital malformations, the RR and 95% CI (in parentheses)
for the 1st, 2nd, and 3rd trimesters and the total group were 1.0 (0.8–1.4), 0.9
(0.6–1.2), 1.5 (1.1–2.2) and 1.1 (0.9–1.3), respectively. The rate for all defects
was about 5%; and 1.9% for major anomalies. Both rates were similar to those
in the total Swedish population. The risk for stillbirths also was not significantly
different from the general population (RR 1.4, 95% CI 1.0–1.8), but the risk of
infant death within 7 days of birth was increased (RR 2.1, 95% CI 1.6–2.7).
Most of the infant deaths (70%) occurred in infants of very low birth weight.
The rates of low-birth-weight (<2500 g) and very-low-birth-weight (<1500 g)
infants were increased in all trimesters and for the total the RRs (95% CI) were
2.0 (1.8–2.2) and 2.2 (1.8–2.8). The reduced weights were due to prematurity
and intrauterine growth restriction. For all mothers operated on, the prematurity
rate was 7.47% vs. 5.13% in controls (p <0.001) (73).



Using the same data as in the above study, a possible association between
surgery in the 1st trimester and NTDs was published in 1990 (74). The
investigators studied 2252 infants whose mothers had surgery during the 1st
trimester. Six of the infants had NTD (expected 2.5), one of whom was thought
to have Meckel’s syndrome. An additional infant had a diagnosis of
hydranencephaly, but the autopsy report indicated the diagnosis was uncertain
and it may have been a very large encephalocele. In the total group, 572
infants had operations during the period of neural tube closure (gestational
weeks 4 and 5). Mothers of five of the six infants with NTD (expected 0.6) had
surgery during this period, but only three had been exposed to nitrous oxide.
The mother of the hydranencephaly case had surgery in gestational week 8 and
was not exposed to nitrous oxide. The authors could not determine whether the
findings represented a causal association with surgery or just a random
occurrence (74).

In a 1994 population-based, case–control study, 12 (1.7%) of 694 mothers
of infants with CNS defects had surgery under general anesthesia in the 1st
trimester, compared with 34 (1.1%) of 2984 controls (75). Analysis of total
CNS defects and 1st trimester exposure to general anesthesia revealed the
following: NTD (345 cases; 3 exposed), OR 0.7, 95% CI 0.2–2.4; microcephaly
(91 cases; 1 exposed), OR 1.7, 95% CI 0.2–13.5; and hydrocephalus (198
cases; 7 exposed), OR 3.8, 95% CI 1.6–9.1. When isolated CNS defects were
analyzed, the OR and 95% CI for the three defects were 1.1 (0.3–4.9), 3.8
(0.4–33.0), and 0.0 (0.00–4.1) (all ns). However, when the analysis included
multiple CNS defects, there were 70 cases (7 exposed) of hydrocephalus (OR
9.6, 95% CI 3.8–24.6), 8 cases (3 exposed) of hydrocephalus and eye defects
(OR 39.6, 95% CI 7.5, 209.2), and 2 cases (2 exposed) of hydrocephalus and
cataracts (OR infinity, 95% CI 1329, infinity). Although the investigators
identified several limitations of their study, including the inability to identify the
specific medications used for general anesthesia, the findings do warrant
additional study (75).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 76
of whom were exposed to nitrous oxide during the 1st trimester (76). Four
malformed infants were observed, a hospital standardized RR of 0.75. There
was no evidence of an association between the gas and the defects (76).

NEUROTOXICITY The mechanism of the action of nitrous oxide, at anesthetic
concentrations, is thought to involve blockade of N-methyl-D-aspartate (NMDA)
glutamate receptors (77–81). This action also produces neurotoxic effects,
which can be prevented by drugs (e.g., benzodiazepines, barbiturates,



halothane, isoflurane, propofol, scopolamine, and atropine) that enhance
GABAergic (γ-amino-n-butyric acid) inhibition (77,79). However, the addition of
ketamine, another NMDA antagonist, to nitrous oxide without concomitant use
of a GABA agonist has been shown in animals to potentiate the neurotoxicity of
nitrous oxide (82). Recent evidence has shown that the neurotoxicity of ethanol,
an NMDA antagonist and a potentiator of GABA transmission, is different in
immature brains from what it is in adult brains (83). Therefore, the potential
exists that the common use of nitrous oxide and GABAergic agents together
during general anesthesia in obstetrics and pediatrics could cause
neuroteratogenicity during human brain growth spurts (synaptogenesis; 3rd
trimester to several years after birth) (83–85). Animal studies in 7-day-old rats
have demonstrated this teratogenicity as evidenced by widespread apoptotic
neurodegeneration, deficits in hippocampal synaptic function, and persistent
impairment of memory and learning (86).

A 2004 study examined the association between exposure of mothers to
waste anesthetic gases during pregnancy and development of their offspring
(87). Although the specific gases were not identified, the timing of the
exposures (1983–1996) and practice patterns suggested that nitrous oxide,
halothane, and isoflurane were the most likely agents. Forty children (age 5–13
years) born to female anesthesiologists and operating room nurses who were
exposed to waste anesthetic gases were compared with 40 female physicians
and nurses (matched for children’s age, gender, and maternal occupation) who
worked in hospitals during their pregnancies but did not work in operating
rooms (unexposed controls). All children underwent standardized
developmental tests to evaluate their medical and neurodevelopmental state
and the mothers were interviewed. The developmental milestones in the two
groups were similar, but the exposed children had a significantly lower gross
motor ability and more evidence of inattention/hyperactivity. Moreover, the level
of exposure was significantly and negatively correlated with fine motor ability
and IQ performance. The investigators concluded that the results supported the
hypothesis that occupational exposure to waste anesthetic gases during
pregnancy might be a risk factor for minor neurological deficits in the offspring
(87).

MISCELLANEOUS EFFECTS Subanesthetic doses of nitrous oxide have been used
for analgesia in laboring patients (88–95). The effects on the fetus do not
appear to be any different from other general anesthetics (94). When used as
an analgesic, nitrous oxide has no direct effect on uterine activity (89,96). In
contrast, prolonged general anesthesia with nitrous oxide may cause neonatal



acidosis and an increased incidence of low Apgar scores (97). A 1988 study
concluded that the use of high intermittent doses of nitrous oxide used for
obstetric analgesia was associated with a risk of developing amphetamine
addiction in later life (98). The mechanism was thought to be an effect of
imprinting. However, this study has been criticized for several design flaws and
conclusions (90).

A 2-minute inhalation dose of 30% nitrous oxide with oxygen for analgesia at
term resulted in a decrease in both maternal and fetal central vascular
resistance (99). Although this dose is usually safe for the mother or fetus, the
cerebral hyperemia induced by nitrous oxide might increase the risk of
intracranial hemorrhage in preterm infants (99).

Decreased birth weight, but not preterm birth, was associated with
occupational exposure to nitrous oxide in a 1999 study based on a survey of
the Swedish Midwives Association (100). Chronic nitrous oxide exposure during
the 2nd trimester was associated with a 77-g decrease in birth weight (95% CI
–129, –24) and an increase in the odds of infants being small for gestational
age (OR 1.8, 95% CI 1.1–2.8) (98). In a 1977 survey, the offspring of working
anesthetists had significantly lower birth weights and a higher proportion of
infants weighing ≤2500 g than two other physician groups (38). Lower birth
weights also were observed in offspring of female anesthetists in a 1979
survey (39). Female infants were particularly underweight. Moreover, there
was a lower male:female sex ratio in the offspring of female anesthetists (36).
The author, however, has had to defend his research (101).

A 1991 population-based case–control study conducted in Sweden found an
association between childhood leukemia and nitrous oxide anesthesia during
delivery (102). Mothers of the 411 cases were more likely than controls to have
received the anesthetic (OR 1.3, 95% CI 1.0–1.6).

BREASTFEEDING SUMMARY
No reports describing the use of nitrous oxide during lactation have been
located. The solubility in blood and tissue is low. Moreover, the plasma half-life
is very short (<3 minutes) and, thus, it is unlikely that a nursing infant would be
exposed to the agent in milk or that it would be orally bioavailable to the infant
(103).
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NIZATIDINE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Nizatidine is an H2-receptor antagonist (H2 blocker) that inhibits gastric acid
secretion. Although the animal reproduction data suggest low risk, the
limited human pregnancy experience prevents a complete assessment of
the embryo–fetal risk. A study showing an association between in utero
exposure to gastric acid-suppressing drugs and childhood allergy and
asthma requires confirmation.

FETAL RISK SUMMARY
Nizatidine is a competitive, reversible H2 blocker, particularly those in the
gastric parietal cells. It is indicated for the treatment of active duodenal and
gastric ulcer, esophagitis, including erosive and ulcerative esophagitis, and
associated heartburn due to gastroesophageal reflux disease (GERD).
Nizatidine undergoes minimal metabolism (<7%) to an active metabolite.
Plasma protein binding, primarily to α1-acid glycoprotein, is low (about 35%)
and the elimination half-life is 1–2 hours (1).

In reproduction studies reported by the manufacturer, no evidence of
impaired fertility or fetal harm was observed in rats given oral doses up to 40.5
times the recommended human dose based on BSA (RHD) or rabbits at doses
up to 14.6 times the RHD (1). In a 1987 animal study, pregnant rats and rabbits
were given oral doses ≤506 mg/kg/day (2). No adverse effects were observed
on fertility, and no teratogenic effects occurred with doses ≤1500 mg/kg/day,
although some abortions occurred in rabbits, but not in rats, at the highest dose
(highest dose in rabbits is about 80 times the RHD) .

A single cotyledon perfusion model was used to determine the placental
transfer of nizatidine in both term human and preterm baboon placentas (3). In



both systems, nizatidine was transferred at about 40% of the freely diffusible
reference compound. Nizatidine transfer across the placentas was the same in
both directions (i.e., mother to fetus and fetus to mother). The transfer across
the placenta is consistent with the low molecular weight (about 331) and
plasma protein binding.

Based on studies in male humans (4) and animals (5,6), nizatidine does not
appear to have antiandrogenic effects like those observed with cimetidine (see
Cimetidine). Reversible impotence, however, has been described in men
treated with nizatidine for therapeutic indications (7).

A genetic counselor was consulted about a woman who had taken nizatidine
during the 14th through the 16th postconception weeks (T.M. Gardner,
personal communication, Jefferson Medical College, 1996). The woman
delivered a healthy, about 3547-g, male infant at 37 weeks’ gestation who was
doing well at 1 month of age.

A 1996 prospective cohort study compared the pregnancy outcomes of 178
women who were exposed during pregnancy to H2 blockers with 178 controls
matched for maternal age, smoking, and heavy alcohol consumption (8). All of
the women had contacted a teratology information service concerning
gestational exposure to H2 blockers (subjects) or nonteratogenic or
nonfetotoxic agents (controls). Among subjects (mean daily dose in
parentheses), 71% took ranitidine (258 mg), 16% cimetidine (487 mg), 8%
famotidine (32 mg), and 5% nizatidine (283 mg). There were no significant
differences between the outcomes of subjects and controls in terms of live
births, spontaneous abortions (SABs) and elective abortions (EABs),
gestational age at birth, delivery method, birth weight, infants small for
gestational age, or major malformations. Among subjects, there were 3 birth
defects (2.1%) among the 142 exposed to H2 blockers in the 1st trimester: one
each of atrial septal defect, ventricular septal defect, and tetralogy of Fallot.
There were 5 birth defects (3.0%) among the 165 exposed anytime during
pregnancy. For controls, the rates of defects were 3.5% (1st trimester) and
3.1% (anytime). There were also no differences between the groups in
neonatal health problems and developmental milestones, but two children (one
subject and one control) were diagnosed as developmentally delayed. The
investigators concluded that 1st trimester exposure to H2 blockers did not
represent a major teratogenic risk (8).

Data from the Swedish Medical Birth Registry were presented in 1998 (9). A
total of 553 infants (6 sets of twins) were delivered from 547 women who had
used acid-suppressing drugs early in pregnancy. Nizatidine was the only acid-



suppressing drug exposure in three infants, none of whom had birth defects
(see Omeprazole for additional details of this study) (9).

A population-based, observational cohort study formed by linking data from
three Swedish national healthcare registers over a 10-year period (1995–2004)
was reported in 2009 (10). The main outcome measures were a diagnosis of
allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2
blockers, prostaglandins, proton pump inhibitors, combinations for eradication
of Helicobacter pylori, and drugs for peptic ulcer and gastroesophageal reflux
disease. Of 585,716 children, 29,490 (5.0%) met the diagnosis and 5645 (1%)
had been exposed to gastric acid suppression therapy in pregnancy. Of these
children, 405 (0.07%) were treated for allergic disease. For developing allergy,
the odds ratio (OR) was 1.43, 98% confidence interval (CI) 1.29–1.59,
irrespective of the drug, time of exposure during pregnancy, and maternal
history of allergy. For developing childhood asthma, but not other allergic
diseases, the OR was 1.51, 95% CI 1.35–1.69, irrespective of the type of
acid-suppressive drug and the time of exposure in pregnancy. The authors
proposed three possible mechanisms for their findings: (a) exposure to
increased amounts of allergens could cause sensitization to digestion labile
antigens in the fetus; (b) the maternal Th2 cytokine pattern could promote an
allergy-prone phenotype in the fetus; and (c) maternal allergen-specific
immunoglobulin E could cross the placenta and sensitize fetal immune cells to
food- and airborne allergens. Several limitations of the study that might have
affected their findings were identified, including a general increase in childhood
asthma but not necessarily an increase in allergic asthma (10). The study
requires confirmation.

A 2005 study evaluated the outcomes of 553 pregnancies after exposure to
H2 blockers, 501 (91%) in the 1st trimester (11). The data were collected by
the European Network of Teratology Information Services (ENTIS). The agents
and number of cases were nizatidine 15, cimetidine 113, famotidine 75,
ranitidine 335, and roxatidine 15. No increase in the number of major
malformations were noted (11).

A 2009 meta-analysis of published studies was conducted to assess the
safety of H2 blockers that were used in 2398 pregnancies (12). Compared with
119,892 nonexposed pregnancies, the OR for congenital malformations was
1.14 (95% CI 0.89–1.45), whereas the ORs and 95% CIs for SABs, preterm
birth, and small for gestational age were 0.62 (0.36–1.05), 1.17 (0.94–1.147),
and 0.28 (0.06–1.22), respectively. The authors concluded that H2 blockers



could be used safely in pregnancy (12).
Five reviews on the treatment of GERD have concluded that H2 blockers,

with the possible exception of nizatidine, could be used in pregnancy with
relative safety (13–17). Nizatidine was not recommended because of the
adverse animal reproduction data (16). However, no consideration of the high
doses used in animals was mentioned. Nevertheless, the very limited human
pregnancy data suggest that other agents in this class are preferred.

A 2010 study from Israel identified 1148 infants exposed in the 1st trimester
to H2 blockers (18). No association with congenital malformations was found
(OR 1.03, 95% CI 0.80–1.32). Moreover, no association was found with EABs,
perinatal mortality, premature delivery, low birth weight, or low Apgar scores
(18).

BREASTFEEDING SUMMARY
Small amounts of nizatidine are excreted into breast milk (19). Three women,
who had been breastfeeding for 3–8 months, were administered nizatidine (150
mg) as a single dose and as multiple doses given every 12 hours for five
doses. Serum and milk samples from both breasts were collected at intervals
≤12 hours after a dose. The mean total amount of drug measured in the milk
from both breasts during a 12-hour interval was 96.1 mcg. This amount
represented 0.064% of the maternal dose. Peak concentrations of the drug in
milk occurred between 1 and 2 hours after a dose (19).

Although the infants were not allowed to breastfeed during the above study,
the small amounts excreted into the milk are probably not clinically significant.
Other drugs in this class are excreted into milk (see Cimetidine and Ranitidine).
The American Academy of Pediatrics classifies one of these agents as
compatible with breastfeeding (see Cimetidine).
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NONOXYNOL-9/OCTOXYNOL-9
Vaginal Spermicides
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Possible
Toxicity

PREGNANCY SUMMARY

The available evidence indicates that the use of vaginal spermicides, either
before or during early pregnancy, does not pose a risk of congenital
malformations to the fetus. Three authors of the original 1981 paper
reporting a relationship between spermicides and congenital defects (1)
have commented that available data now argue against a causal
association (2). In addition, the FDA has issued a statement that
spermicides do not cause birth defects (3). There is also controversy on
whether the 1981 study should have been published (4,5). The data for
spontaneous abortions (SABs), low birth weight, stillbirths, sex ratios at
birth, frequency of multiple births, and premature delivery also indicate that
it is unlikely that these factors are influenced by spermicide use.

FETAL RISK SUMMARY
Nonoxynol-9 and octoxynol-9 are vaginal spermicides used to prevent
conception. These agents, applied intravaginally, act by inactivating sperm after
direct contact. Although human data are lacking, nonoxynol-9 rapidly crossed
the vaginal wall into the systemic circulation in animals (6). Octoxynol should
also be expected to act in a similar manner. The use of vaginal spermicides just
before conception or inadvertently during the early stages of pregnancy has led
to investigations of their effects on the fetus. The effects studied include
congenital malformations, SABs, low birth weight, stillbirth, sex ratio at birth,
frequency of multiple births, and premature delivery.

A causal relationship between vaginal spermicides and congenital
abnormalities was first tentatively proposed in a 1981 study comparing 763
spermicide users and 3902 nonuser controls (1). The total number of infants
with malformations was low: 17 (2.2%) in the exposed group and 39 (1.0%) in



the nonexposed group. Malformations thought to be associated with spermicide
use were limb reduction deformities (3 cases), neoplasms (2 cases),
chromosomal abnormalities (Down’s syndrome) (3 cases), and hypospadias (2
cases). An earlier investigation, published in 1977, had concluded there was no
causal relationship between spermicides and congenital defects, although there
was an increased incidence of limb reduction defects in infants of users (11 of
93) as compared with nonusers (8 of 186) (7). Three reports appeared in 1982
that suggested a possible relationship between spermicide use and congenital
malformations (8–10). In a case–control study conducted by one of the co-
authors of the 1981 investigation, a positive association with Down’s syndrome
was proposed when in a group of 16 affected infants, 4 were from users of
spermicides (8). In another case–control study, increased risk ratios after
spermicide use, although not statistically significant, were reported for limb
reduction defects (relative risk 2.00; six infants) and hypospadias (relative risk
4.00; eight infants) (9). Finally, an English study observed, among other
defects, 2 cases each of hypospadias, limb reduction deformity, and Down’s
syndrome among infants of 1103 spermicide users (10). The authors stated
that their data were not conclusive, but the occurrence rates of these particular
defects were higher than those observed in a comparative nonuser group.

Several criticisms have been directed at the original 1981 study (11–14).
First, an infant was presumed exposed if the mother had a prescription filled at
a designated pharmacy within 600 days of delivery. No attempt was made to
ascertain actual use of the product or whether the mothers, either users or
nonusers, had purchased a spermicide without a prescription (11–13). In a
subsequent correspondence, all of the study’s exposed cases of limb reduction
deformity (three cases), Down’s syndrome (three cases), and neoplasm (two
cases) were reexamined in terms of the exact timing of spermicide use (14).
The data suggested that spermicides were not used near the time of
conception in these cases. However, this does not eliminate the possibility that
spermicides may act directly on the ovum before conception (15). Second, the
four types of malformations lack a common cause and time of occurrence (13).
Even a single type of defect, such as limb reduction deformity, has a varied
origin (13). Third, the total number of infants with malformations was low (2.2%
vs. 1.0%). Because these values are comparable with the 2%–5% reported
incidence of major malformations in hospital-based studies, the apparent
association may have been caused by a lower than expected rate of defects in
the nonexposed group rather than an increase in the exposed infants (11,13).
Fourth, no confounding variables other than maternal age were adjusted (13).



A number of investigators have been unable to reproduce the results
published in 1981 (12,16–23). In a study examining 188 infants with
chromosomal abnormalities or limb reduction defects, no relationship between
periconceptual use of spermicides and these defects was observed (12). No
association between spermicide use at conception and any congenital
malformation was observed in a study comparing 1427 cases with 3001
controls (16). In a prospective study of 34,660 women controlled for age, time
in pregnancy, concentration of spermicide used, and other confounding
variables, the malformation rate of spermicide users was no greater than in
users of other contraceptive methods (17–19). A cohort study, the
Collaborative Perinatal Project involving 50,282 mother–child pairs, found no
greater risk for limb reduction deformities, neoplasm, Down’s syndrome, or
hypospadias in children exposed in utero to spermicides (20). One group of
investigators interviewed 12,440 women during delivery and found no
relationship between the last contraceptive method used and congenital
malformations (21). Spermicides were the last contraceptive method used by
3891 (31%) of the women. A 1987 case–control study of infants with Down’s
syndrome (N = 265), hypospadias (N = 396), limb reduction defects (N = 146),
neoplasms (N = 116), or neural tube defects (N = 215) compared with 3442
control infants with a wide variety of other defects was unable to establish any
causal relationship to maternal spermicide use (22). The authors investigated
spermicide usage at three different time intervals—preconceptional (1 month
before to 1 month after the last menstrual period), first trimester (first 4 lunar
months), and any use during lifetime—without producing a positive association.
A similar study, involving 13,729 women who had produced 154 fetuses with
trisomy, 98 with trisomy 21 (i.e., Down’s syndrome), also failed to find any
association with spermicides (23). In addition, a letter correspondence from
one researcher argued that an association between vaginal spermicides, or any
environmental risk factor for that matter, and trisomies was implausible based
on an understanding of the origin of these defects (24).

An association between vaginal spermicides and SABs was found in five
studies (25–29). A strong association was found among subjects who had
obtained a spermicide within 12 weeks of conception (25). Another study
demonstrated approximately twice the rate of SABs in women who continued to
use spermicides after conception compared with users before or close to the
time of conception (26). However, a 1985 critique concluded that both sets of
investigators had seriously biased their results by failing to adjust for potentially
confounding variables (13). In a study involving women aborting spontaneously



before the 28th week of gestation and controls delivering after the 28th week,
women who used spermicides at the time of conception demonstrated a five-
fold increase in chromosomal anomalies on karyotype examinations in 929
cases (27). Although no association between spermicide use and
chromosomally normal abortion was found in a study involving 6339 women,
spermicide use of more than 1 year was more common in cases aborting
trisomic conception than in controls (28). In an earlier report, the same authors
observed an odds ratio of 4.8 for the association between abortuses with
anomalies and unexposed controls (29). Two of these latter studies (27,29) did
not adjust for confounding variables.

Three studies have found no association with SABs (10,18,30). No significant
risk for SAB was observed in a large cohort study involving 17,032 subjects
(10) or in another study examining periconceptional spermicide use (18). In a
well-designed, large prospective study involving 32,123 subjects, spermicide
use before conception was associated with a significant reduction in SAB
during the 2nd trimester (30).

Three studies found no association between spermicide use and birth weight
(10,18,26), but one study did find such an association (9). In this latter
investigation, spermicide use after the last menstrual period was significantly
associated with a lower mean birth weight among female infants of both
smoking and nonsmoking mothers. For male births, an association with lower
birth weight was found only when the mothers smoked. The authors were
unable to determine whether these relationships were causal. Spermicide use
before the last menstrual period had no effect on birth weight (9).

Under miscellaneous effects, a case–control study of 73 nontraumatic
stillbirths found no relationship with the use of vaginal spermicides (31). No
association between sex ratio at birth or frequency of multiple births and
spermicides was found in one study (10). However, in a 1976 national survey,
female births were approximately 25% higher among women using spermicides
near the time of conception compared with nonusers, a statistically significant
difference (26). Finally, a 1985 study found no evidence of a relationship
between spermicide use and preterm delivery (18).

A 1990 reference reported the meta-analysis of previous studies to
determine whether maternal spermicide use is detrimental to the developing
fetus (32). Negative associations were found between the periconceptual or
postconceptual maternal use of spermicides and teratogenicity, SAB, stillbirth,
reduced fetal weight, prematurity, or an increased incidence of female births.



BREASTFEEDING SUMMARY
No reports describing the use of nonoxynol-9 during human lactation have been
located. If excretion into milk occurs, the effect on the nursing infant is
unknown.

References
1. Jick H, Walker AM, Rothman KJ, Hunter JR, Holmes LB, Watkins RN, D’Ewart DC, Danford A, Madsen

S. Vaginal spermicides and congenital disorders. JAMA 1981;245:1329–32.
2. Jick H, Walker AM, Rothman KJ. The relation between vaginal spermicides and congenital disorders.

Reply. JAMA 1987;258:2066.
3. Anonymous. Data do not support association between spermicides, birth defects. FDA Drug Bull

1986;16:21.
4. Mills JL. Reporting provocative results; can we publish “hot” papers without getting burned? JAMA

1987;258:3428–9.
5. Holmes LB. Vaginal spermicides and congenital disorders: the validity of a study—in reply. JAMA

1986;256:3096.
6. Chvapil M, Eskelson CD, Stiffel V, Owen JA, Droegemueller W. Studies on nonoxynol-9. II. Intravaginal

absorption, distribution, metabolism and excretion in rats and rabbits. Contraception 1980;22:325–39.
7. Smith ESO, Dafoe CS, Miller JR, Banister P. An epidemiological study of congenital reduction

deformities of the limbs. Br J Prev Soc Med 1977;31:39–41.
8. Rothman KJ. Spermicide use and Down’s syndrome. Am J Public Health 1982;72:399–401.
9. Polednak AP, Janerich DT, Glebatis DM. Birth weight and birth defects in relation to maternal

spermicide use. Teratology 1982;26:27–38.
10. Huggins G, Vessey M, Flavel R, Yeates D, McPherson K. Vaginal spermicides and outcome of

pregnancy: findings in a large cohort study. Contraception 1982;25:219–30.
11. Oakley GP Jr. Spermicides and birth defects. JAMA 1982;247:2405.
12. Cordero JF, Layde PM. Vaginal spermicides, chromosomal abnormalities and limb reduction defects.

Fam Plann Perspect 1983;15:16–8.
13. Bracken MB. Spermicidal contraceptives and poor reproductive outcomes: the epidemiologic evidence

against an association. Am J Obstet Gynecol 1985;151:552–6.
14. Watkins RN. Vaginal spermicides and congenital disorders: the validity of a study. JAMA

1986;256:3095.
15. Jick H, Walker A, Rothman KJ. Vaginal spermicides and congenital disorders: the validity of a study.

Reply. JAMA 1986;256:3095–6.
16. Bracken MB, Vita K. Frequency of non-hormonal contraception around conception and association with

congenital malformations in offspring. Am J Epidemiol 1983;117:281–91.
17. Mills JL, Harley EE, Reed GF, Berendes HW. Are spermicides teratogenic? JAMA 1982;248:2148–51.
18. Mills JL, Reed GF, Nugent RP, Harley EE, Berendes HW. Are there adverse effects of periconceptional

spermicide use? Fertil Steril 1985;43:442–6.
19. Harlap S, Shiono PH, Ramcharan S. Congenital abnormalities in the offspring of women who used oral

and other contraceptives around the time of conception. Int J Fertil 1985;30:39–47.
20. Shapiro S, Slone D, Heinonen OP, Kaufman DW, Rosenberg L, Mitchell AA, Helmrich SP. Birth defects

and vaginal spermicides. JAMA 1982;247:2381–4.
21. Linn S, Schoenbaum SC, Monson RR, Rosner B, Stubblefield PG, Ryan KJ. Lack of association

between contraceptive usage and congenital malformations in offspring. Am J Obstet Gynecol
1983;147:923–8.

22. Louik C, Mitchell AA, Werler MM, Hanson JW, Shapiro S. Maternal exposure to spermicides in relation
to certain birth defects. N Engl J Med 1987;317:474–8.

23. Warburton D, Neugut RH, Lustenberger A, Nicholas AG, Kline J. Lack of association between
spermicide use and trisomy. N Engl J Med 1987;317:478–82.

24. Bracken MB. Vaginal spermicides and congenital disorders: study reassessed, not retracted. JAMA



1987;257:2919.
25. Jick H, Shiota K, Shepard TH, Hunter JR, Stergachis A, Madsen S, Porter JB. Vaginal spermicides and

miscarriage seen primarily in the emergency room. Teratogenesis Carcinog Mutagen 1982;2:205–10.
26. Scholl TO, Sobel E, Tanfer K, Soefer EF, Saidman B. Effects of vaginal spermicides on pregnancy

outcome. Fam Plann Perspect 1983;15:244, 249–50.
27. Warburton D, Stein Z, Kline J, Strobino B. Environmental influences on rates of chromosome

anomalies in spontaneous abortions (abstract). Am J Hum Genet 1980;32:92A.
28. Strobino B, Kline J, Lai A, Stein Z, Susser M, Warburton D. Vaginal spermicides and spontaneous

abortion of known karyotype. Am J Epidemiol 1986;123:431–43.
29. Strobino B, Kline J, Stein Z, Susser M, Warburton D. Exposure to contraceptive creams, jellies and

douches and their effect on the zygote (abstract). Am J Epidemiol 1980:112:434.
30. Harlap S, Shiono PH, Ramcharan S. Spontaneous foetal losses in women using different

contraceptives around the time of conception. Int J Epidemiol 1980;9:49–56.
31. Porter JB, Hunter-Mitchell J, Jick H, Walker AM. Drugs and stillbirth. Am J Public Health 1986;76:1428–

31.
32. Einarson TR, Koren G, Mattice D, Schechter-Tsafriri O. Maternal spermicide use and adverse

reproductive outcome: a meta-analysis. Am J Obstet Gynecol 1990;162:655–60.



NOREPINEPHRINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Uterine vessels are normally maximally dilated, and they have only α-
adrenergic receptors (1). Use of the α- and β-adrenergic stimulant,
norepinephrine, could cause constriction of these vessels and reduce
uterine blood flow, thereby producing fetal hypoxia (bradycardia).
Norepinephrine may also interact with oxytocics or ergot derivatives to
produce severe persistent maternal hypertension (1). Rupture of a cerebral
vessel is possible. If a pressor agent is indicated, other drugs, such as
ephedrine, should be considered.

FETAL RISK SUMMARY
Norepinephrine (noradrenaline; levarterenol) is a direct-acting adrenergic agent
that is used for acute hypotension and as an adjunct in the treatment of cardiac
arrest. It is a mixture of the racemic stereoisomer and is given by IV infusion.
Norepinephrine readily crosses the placenta (2), consistent with its relatively
low molecular weight (about 169).

In animal reproduction studies, norepinephrine has caused situs inversus (rat
embryos) (l-isomer only; no effect from d-form) (3); cataract (rat embryos) (4);
hemorrhages of cephalic, skin, and extremity structures (chick embryo) (5); and
microscopic liver abnormalities and delayed skeletal ossification (hamsters) (6).

In a 1995 study in pregnant ewes (123–137 days gestation), a high maternal
dose (40 mcg/minute) of norepinephrine given by IV infusion caused a
significant decrease in maternal placental blood flow (7). Although fetal arterial
pressure did not change, transient (≤2.5 hours) but statistically significant
decreases in fetal oxygenation, fetal urine flow, and lung liquid flow were
observed. Because the average human maintenance dose is much less (about
2–4 mcg/minute), the clinical significance of these changes to a human fetus is



unknown.

BREASTFEEDING SUMMARY
No reports describing the use of norepinephrine in lactation have been located.
Use of the agent during breastfeeding would not be expected because of the
indications for use.
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NORETHINDRONE
Progestogenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Norethindrone is a progestogen derived from 19-nortestosterone. It is used
in oral contraceptives and hormonal pregnancy tests (no longer available in
the United States). Masculinization of the female fetus has been associated
with norethindrone (1–3). One researcher observed an 18% incidence of
masculinization of female infants born to mothers given norethindrone (2). A
more conservative estimate for the incidence of masculinization caused by
synthetic progestogens has been reported as 0.3% (4).

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 866 mother–child pairs with 1st
trimester exposure to progestational agents (including 132 with exposure to
norethindrone) (5, pp. 389, 391). Evidence of an increased risk of malformation
was found for norethindrone. An increase in the expected frequency of
cardiovascular defects and hypospadias was also observed for progestational
agents as a group (5, p. 394; 6). Reevaluation of these data in terms of timing
of exposure, vaginal bleeding in early pregnancy, and previous maternal
obstetric history, however, failed to support an association between female sex
hormones and cardiac malformations (7). An earlier study also failed to find any
relationship with nongenital malformations (3). One investigator observed two
infants with malformations who were exposed to norethindrone (8). The
congenital defects included spina bifida and hydrocephalus. The relationship
between norethindrone and the anomalies is unknown.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 238 newborns had
been exposed to norethindrone (see also Oral Contraceptives) shortly before
or after conception (F. Rosa, personal communication, FDA, 1993). A total of



20 (8.4%) major birth defects were observed (10 expected). Specific data
were available for six defect categories, including (observed/expected) 2/2
cardiovascular defects, 1/0.5 oral clefts, 0/0 spina bifida, 0/1 polydactyly, 0/0.5
limb reduction defects, and 1/1 hypospadias. The total number of congenital
malformations suggests a moderate association between the drug and the
incidence of congenital defects, but the study could not determine the
percentage of women who presumably stopped the hormone before conception
or the number of anomalies as a result of prematurity (F. Rosa, personal
communication, FDA, 1993).

BREASTFEEDING SUMMARY
Norethindrone exhibits a dose-dependent suppression of lactation (9). Lower
infant weight gain, decreased milk production, and decreased composition of
nitrogen and protein content of human milk have been associated with
norethindrone and estrogenic agents (10–13). The magnitude of these changes
is low. However, the changes in milk production and composition may be of
nutritional importance in malnourished mothers. If breastfeeding is desired, the
lowest dose of oral contraceptives should be chosen. Monitoring of infant
weight gain and the possible need for nutritional supplementation should be
considered. The American Academy of Pediatrics classifies norethindrone as
compatible with breastfeeding (14).
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NORFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of norfloxacin during human gestation does not appear to be
associated with an increased risk of major congenital malformations.
Although various birth defects have occurred in the offspring of women who
had taken this drug during pregnancy, the lack of a pattern among the
anomalies is reassuring. However, a causal relationship with some of the
birth defects cannot be excluded. Because of this and the available animal
data, the use of norfloxacin during pregnancy, especially during the 1st
trimester, should be approached with caution. A 1993 review on the safety
of fluoroquinolones concluded that these antibacterials should be avoided
during pregnancy because of the difficulty in extrapolating animal
mutagenicity results to humans and because interpretation of this toxicity is
still controversial (1). The authors of this review were not convinced that
fluoroquinolone-induced fetal cartilage damage and subsequent
arthropathies were a major concern, even though this effect had been
demonstrated in several animal species after administration to both
pregnant and immature animals and in occasional human case reports
involving children (1). Others have also concluded that fluoroquinolones
should be considered contraindicated in pregnancy, because safer
alternatives are usually available (2).

FETAL RISK SUMMARY
Norfloxacin is an oral, synthetic, broad-spectrum antibacterial agent. As a
fluoroquinolone, it is in the same class as ciprofloxacin, enoxacin, levofloxacin,
lomefloxacin, ofloxacin, and sparfloxacin. Nalidixic acid is also a quinolone drug.

In rats, high doses of norfloxacin administered before and at various intervals
during gestation, including during organogenesis, did not produce an increase in



congenital abnormalities, adverse effects on fertility, fetotoxicity, or changes in
postnatal function in the offspring (3,4). Embryo lethality, but not teratogenicity,
was observed in rabbits given 100 mg/kg (1), and in cynomolgus monkeys
given 200 or 300 mg/day (≥200 mg/kg/day) (5). In the monkeys, plasma
concentrations (about three times human therapeutic levels) were high enough
to produce maternal toxicity (5). In the second part of this study, the cause of
the embryotoxicity was found to be directly related to a decrease in placental-
derived progesterone production (6).

In reproductive studies reported by the manufacturer, no evidence of
teratogenicity was found in mice, rats, rabbits, or monkeys at 6–50 times the
maximum daily human dose on a weight basis (MDHD). Embryonic loss was
observed in monkeys with doses 10 times the MDHD (peak plasma levels
about twice those obtained in humans) (7).

A 1991 reference evaluated the toxic effects of norfloxacin on rat liver and
kidney DNA in mothers and their fetuses (8). Single oral doses of the antibiotic,
ranging from 1 to 8 mmol/kg (319–2552 mg/kg), about 30 times the human
dose, were administered to pregnant rats on the 17th day of gestation. No DNA
damage was observed in the female rats at any dose, but at 4 and 8 mmol/kg,
a statistically significant decrease in the percentage of double-stranded DNA
(i.e., an increase in DNA damage) was observed in fetal tissues. Because a
dose–response relationship with the DNA fragmentation was lacking, and
because of the very high doses administered, the investigators concluded that
the results did not indicate genotoxicity, but most likely a nonspecific
consequence of fetal toxicity. Thus, the potential for mutagenic and
carcinogenic risk in humans was probably nil (8).

The effects of norfloxacin on spermatogenesis and sperm abnormalities were
studied using a mouse sperm morphology test following either single or five
consecutive daily doses of 2 and 4 mmol/kg (9). Norfloxacin stimulated
spermatogenesis, presumably through a hormonal action, and may have had a
mutagenic effect that resulted in an increase in abnormal sperm morphology.
However, because a significant dose–response relationship for adverse
morphology was not observed, the investigators could not conclude with
certainty that the antibiotic induced abnormal sperm (9).

In humans, norfloxacin crosses the placenta, appearing in cord blood and in
amniotic fluid (T.P. Dowling, personal communication, Merck & Co, Inc., 1987).
Following a single oral 200-mg dose given to nine patients, cord blood and
amniotic fluid levels varied from undetectable to 0.18 mcg/mL and undetectable
to 0.19 mcg/mL, respectively. Cord blood levels were about one-half of



maternal serum levels. In another 14 women administered a single 200-mg
dose, the peak maternal serum, cord blood, and amniotic fluid levels were 1.1,
0.38, and 0.92 mcg/mL, respectively.

No congenital malformations were observed in the infants of 38 women who
received either norfloxacin (N = 28) or ciprofloxacin (N = 10) during pregnancy
(35 in the 1st trimester) (10). Most (N = 35) received the drugs for the
treatment of urinary tract infections. Matched to a control group, the
fluoroquinolone-exposed pregnancies had a significantly higher rate of cesarean
section for fetal distress and their infants were significantly heavier. No
differences were found between the groups in infant development or in the
musculoskeletal system.

A surveillance study on the use of fluoroquinolones during pregnancy was
conducted by the Toronto Motherisk Program among members of the
Organization of Teratology Information Specialists (OTIS) and briefly reported
in 1995 (11). Pregnancy outcome data were available for 134 cases, of which
61 were exposed to norfloxacin, 68 to ciprofloxacin, and 5 to both drugs. Most
(90%) were exposed during the first 13 weeks postconception.
Fluoroquinolone-exposed pregnancies were compared with matched controls
and there were no differences in live births (87% vs. 86%), terminations (3%
vs. 5%), miscarriages (10% vs. 9%), abnormal outcomes (7% vs. 4%),
cesarean section rate (12% vs. 22%), fetal distress (15% vs. 15%), and
pregnancy weight gain (15 kg vs. 16 kg). The birth weights of exposed infants
were a mean 162 g higher than those in the control group and their gestations
were a mean 1 week longer (11).

In a prospective follow-up study conducted by the European Network of
Teratology Information Services (ENTIS), data on 549 pregnancies exposed to
fluoroquinolones (318 to norfloxacin) were described in a 1996 reference (2).
Data on another 116 prospective and 25 retrospective pregnancy exposures to
the antibacterials were also included. From the 549 follow-up cases, 509 were
treated during the 1st trimester, 22 after the 1st trimester, and in 18 cases the
exposure occurred at an unknown gestational time. The liveborn infants were
delivered at a mean gestational age of 39.4 weeks and had a mean birth
weight of 3302 g, length of 50.3 cm, and head circumference of 34.9 cm. Of
the 549 pregnancies, there were 415 liveborn infants (390 exposed during the
1st trimester), 356 of which were normal-term deliveries (including 1 set of
twins), 15 were premature, 6 were small for gestational age (intrauterine
growth restriction [IUGR], <10th percentile), 20 had congenital anomalies (19
from mothers exposed during the 1st trimester; 4.9%), and 18 had postnatal



disorders unrelated to either prematurity, low birth weight, or malformations. Of
the remaining 135 pregnancies, there were 56 spontaneous abortions or fetal
deaths (none late) (1 malformed fetus), and 79 elective abortions (4 malformed
fetuses) (2). A total of 116 (all involving ciprofloxacin) prospective cases were
obtained from a manufacturer’s registry (10). Among these, there were 91
liveborn infants, 6 of whom had malformations. Of the remaining 25
pregnancies, 15 were terminated (no malformations reported), and 10 aborted
spontaneously (1 embryo with acardia, no data available on a possible twin).
Thus, of the 666 cases with known outcome, 32 (4.8%) of the embryos,
fetuses, or newborns had congenital malformations. From previous
epidemiologic data, the authors concluded that the 4.8% frequency of
malformations did not exceed the background rate. Finally, 25 retrospective
reports of infants with anomalies, who had been exposed in utero to
fluoroquinolones, were analyzed, but no specific patterns of major congenital
malformations were detected (2).

The defects observed in 12 infants followed up prospectively and in 16
infants reported retrospectively who were exposed to norfloxacin were as
follows (2):

Source: Prospective ENTIS
Trisomy 18, heart defect
Diastasis recti, mild hypospadias
Patient ductus arteriosus (term)
CNS calcification, cataract
Urogenital malformation (no uterus and gonad)
Fossa posterior hypoplasia
Bilateral uretero-vesical reflux, hydronephrosis
Herniation of abdominal viscera, rudimentary umbilical cord, severe

kyphoscoliosis, absent diaphragma and pericardium, ectopia cordis,
imperforated anus, ambiguous genitalia, urinary bladder not identifiable
(pregnancy terminated)

Anencephaly (pregnancy terminated)
Trisomy 21
Unilateral cryptorchidism
Macroglossia (2nd trimester exposure) (pregnancy terminated)

Source: Retrospective Reports
1st trimester exposure:

Abdominal and thoracic wall defects, lungs outside of thoracic cavity,



pericardium visible (pregnancy terminated)
Achondroplastic dwarfism (pregnancy terminated)
Renal and ureteral agenesis, pulmonary hypoplasia
Supraumbilical hernia
Intestinal cystic duplication
Ventricular septal defect
Penoscrotal hypospadias

2nd trimester exposure:
Dysplastic hips
Hypertelorism, cryptorchism, small penis, short thorax, heart valves

dysplasia
Urachal abnormality

3rd trimester exposure:
Microretrognathia
Two nevi, 4 × 2 and 2 × 2 cm
Talipes valgus
Hands and feet syndactyly
Trisomy 21
Short limbs (possibly familial)

The authors of the above study concluded that pregnancy exposure to
quinolones was not an indication for termination, but that this class of
antibacterials should still be considered contraindicated in pregnant women (2).
Moreover, this study did not address the issue of cartilage damage from
quinolone exposure, and the authors recognized the need for follow-up studies
of this potential toxicity in children exposed in utero. Because of their own and
previously published findings, they further recommended that the focus of future
studies should be on malformations involving the abdominal wall and urogenital
system, and on limb reduction defects (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 139 newborns had
been exposed to norfloxacin, 79 during the 1st trimester (F. Rosa, personal
communication, FDA, 1994). Among those exposed in the 1st trimester, four
(5.1%) had a major birth defect (three expected). In addition, a brain defect
was noted in an infant whose mother consumed the drug after the 1st
trimester. Details of the remaining cases were not available, but none of the
abnormalities was included in seven other categories of defects (cardiovascular
defects, oral clefts, spina bifida, polydactyly, limb reduction defects,
hypospadias, and eye defects) for which specific data were available.



A 1998 prospective, multicenter study reported the pregnancy outcomes of
200 women exposed to fluoroquinolones compared with 200 matched controls
(12). Subjects were pregnant women who had called one of four teratogen
information services concerning their exposure to fluoroquinolones. The agents
and number of subjects, and daily doses (in parentheses) were ciprofloxacin (N
= 105; 500–1000 mg), norfloxacin (N = 93; 400–800 mg), and ofloxacin (N = 2;
200–400 mg). The most common infections involved the urinary tract (69.4%)
or the respiratory tract (24%). The fewer live births in the fluoroquinolone group
(173 vs. 188, p = 0.02) were attributable to the greater number of spontaneous
abortions (18 vs. 10, p = 0.17) and induced abortions (9 vs. 2, p =0.06). There
were no differences between the groups in terms of premature birth, fetal
distress, method of delivery, low birth weight (<2500 g), or birth weight. Among
the liveborn infants exposed during organogenesis, major malformations were
observed in 3 infants of 133 subjects and 5 of 188 controls (p = 0.54). The
defects in subject infants were two cases of ventricular septal defect and one
case of patent ductus arteriosus, whereas those in controls were two cases of
ventricular septal defect, one case of atrial septal defect with pulmonic valve
stenosis, one case of hypospadias, and one case of displaced hip. There were
also no differences between the children of the groups in gross motor
development milestone achievements (musculoskeletal functions: lifting, sitting,
crawling, standing, or walking) as measured by the Denver Developmental
Scale (12).

BREASTFEEDING SUMMARY
The administration of norfloxacin during breastfeeding is not recommended
because of the potential for arthropathy and other serious toxicity in the nursing
infant (7). Phototoxicity has been observed with some members of the
quinolone class of drugs when exposure to excessive sunlight (i.e., ultraviolet
[UV] light) has occurred. Well-differentiated squamous cell carcinomas of the
skin have been produced in mice who were exposed chronically to some
quinolones and periodic UV light (e.g., see Lomefloxacin), but studies to
evaluate the carcinogenicity of norfloxacin in this manner have not been
conducted (7).

The manufacturer reports that the drug was not detected in milk following a
single 200-mg oral dose administered to nursing mothers (7). However, this
dose is one-fourth of the normal recommended daily dose and, thus, may not
be indicative of excretion after normal use. Similarly, a 1991 review cited a
study that the antibacterial was undetectable in milk, but no details on dosage



were given (13).
Although it is not known whether norfloxacin is excreted into human milk, the

relatively low molecular weight (about 319), and the excretion of other
quinolones suggest that the drug will probably be present in milk. Both
ciprofloxacin and ofloxacin are classified by the American Academy of
Pediatrics as compatible with breastfeeding (see individual agents).
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NORGESTREL
Progestogenic Hormone

Norgestrel is commonly used as an oral contraceptive either alone or in
combination with estrogens (see Oral Contraceptives).



NORTRIPTYLINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Nortriptyline is a tricyclic antidepressant. The limited human pregnancy
experience does not support a major association with congenital defects.

FETAL RISK SUMMARY
Limb reduction anomalies have been reported with nortriptyline (1,2). However,
one of these children was not exposed until after the critical period for limb
development (3). The second infant was also exposed to sulfamethizole and
heavy cigarette smoking (1). Evaluation of data from 86 patients with 1st
trimester exposure to amitriptyline, the active precursor of nortriptyline, does
not support the drug as a major cause of congenital limb deformities (see
Amitriptyline). Urinary retention in the neonate has been associated with
maternal use of nortriptyline (4).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 61 newborns had
been exposed to nortriptyline during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (3.3%) major birth defects were observed
(two expected), both cardiovascular anomalies (0.5 expected).

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (5). Multiple drug therapy occurred in
about two-thirds of the mothers. There were four exposures to nortriptyline.
The outcomes of these pregnancies were four normal newborns (one
premature) without birth defects (5).

A 2002 prospective study compared two groups exposed to antidepressants
throughout gestation, either to tricyclics (N = 46 including 3 to nortriptyline) or to
fluoxetine (N = 40), with 36 nonexposed, not depressed controls (6). Offspring



were studied between the ages 15 and 71 months for effects of antidepressant
exposure in terms of IQ, language, behavior, and temperament. Exposure to
antidepressants did not adversely affect the measured parameters, but IQ was
significantly and negatively associated with the duration of depression, and
language was negatively associated with the number of depression episodes
after delivery (6).

BREASTFEEDING SUMMARY
Nortriptyline is excreted into breast milk in low concentrations (7–11). A milk
level in one patient was 59 ng/mL, representing a milk:serum ratio of 0.7 (8). A
second patient was treated with nortriptyline 100 mg daily during the 2nd and
3rd trimesters, and then stopped 2 weeks before an elective cesarean section
(10). Treatment was restarted at 125 mg every night on the first postpartum
day, then decreased to 75 mg nightly over the next 7 weeks. The mother was
also receiving flupenthixol. Milk concentrations of nortriptyline, measured 11–
13.5 hours after a dose on postpartum days 6 (four samples), 20 (two
samples), and 48 (two samples), ranged from 90 to 404 ng/mL, mean 230
ng/mL. The milk:serum ratios for these samples ranged from 0.87 to 3.71
(mean 1.62). No effects of the drug exposure were observed in the nursing
infant, who had normal motor development for the first 4 months. Infant serum
concentrations were not determined (10).

Nortriptyline was not detected in the serum of other breastfed infants when
their mothers were taking the drug (8,9,11); however, low levels (5–11 ng/mL)
of the metabolite, 10-hydroxynortriptyline, were measured in the serum of two
infants in one study (11). In this latter study, no evidence of accumulation in
nursing infants after long-term (e.g., >50 days) maternal use of the
antidepressant was observed (11). A 1996 review of antidepressant treatment
during breastfeeding found no information that nortriptyline exposure during
nursing resulted in quantifiable amounts of the parent compound in an infant or
that the exposure caused adverse effects (12).

The significance of chronic exposure of the nursing infant to the
antidepressant is unknown, but concern has been expressed about the effects
of long-term exposure on the infant’s neurobehavioral mechanisms (10). The
American Academy of Pediatrics classifies nortriptyline as a drug for which the
effect on nursing infants is unknown but may be of concern (13).

References
1. Bourke GM. Antidepressant teratogenicity? Lancet 1974;1:98.
2. McBride WG. Limb deformities associated with iminobenzyl hydrochloride. Med J Aust 1972;1:492.



3. Australian Drug Evaluation Committee. Tricyclic antidepressants and limb reduction deformities. Med J
Aust 1973;1:768–9.

4. Shearer WT, Schreiner RL, Marshall RE. Urinary retention in a neonate secondary to maternal
ingestion of nortriptyline. J Pediatr 1972;81:570–2.

5. McElhatton PR, Garbis HM, Elefant E, Vial T, Bellemin B, Mastroiacovo P, Arnon J, Rodriguez-Pinilla E,
Schaefer C, Pexieder T, Merlob P, Dal Verme S. The outcome of pregnancy in 689 women exposed to
therapeutic doses of antidepressants. A collaborative study of the European Network of Teratology
Information Services (ENTIS). Reprod Toxicol 1996;10:285–94.

6. Nulman I, Rovet J, Stewart DE, Wolpin J, Pace-Asciak P, Shuhaiber S, Koren G. Child development
following exposure to tricyclic antidepressants or fluoxetine throughout fetal life: a prospective,
controlled study. Am J Psychiatry 2002;159:1889–95.

7. Bader TF, Newman K. Amitriptyline in human breast milk and the nursing infant’s serum. Am J
Psychiatry 1980;137:855–6.

8. Erickson SH, Smith GH, Heidrich F. Tricyclics and breast feeding. Am J Psychiatry 1979;136:1483.
9. Brixen-Rasmussen L, Halgrener J, Jorgensen A. Amitriptyline and nortriptyline excretion in human

breast milk. Psychopharmacology (Berlin) 1982;76:94–5.
10. Matheson I, Skjaeraasen J. Milk concentrations of flupenthixol, nortriptyline and zuclopenthixol and

between-breast differences in two patients. Eur J Clin Pharmacol 1988;35:217–20.
11. Wisner KL, Perel JM. Serum nortriptyline levels in nursing mothers and their infants. Am J Psychiatry

1991;148:1234–6.
12. Wisner KL, Perel JM, Findling RL. Antidepressant treatment during breast-feeding. Am J Psychiatry

1996;153:1132–7.
13. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



NOVOBIOCIN

[Withdrawn from the market. See 9th edition.]



NUTMEG
Herb
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Nutmeg, the dried aromatic seeds of the tree Myristica fragrans, is used as
a common spice. The seeds contain a toxic chemical, myristicin, that has
anticholinergic properties.

FETAL RISK SUMMARY
A 1987 case report described an accidental overdose of grated nutmeg in a
pregnant woman at 30 weeks’ gestation (1). The woman used 1 tablespoon of
the spice (equivalent to approximately 7 g, or one whole grated nutmeg)
instead of the suggested amount of 1/8 teaspoon in a recipe for cookies (1).
After ingesting some of the cookies, she developed a sinus tachycardia (170
beats/minute), hypertension (170/80 mmHg), and a sensation of impending
doom, but no mydriasis. The fetal heart rate was 160–170 beats/minute with
loss of long-term variability. It returned to its normal baseline of 120–140
beats/minute within 12 hours. A diagnosis of atropine-like poisoning was made
based on the history and physical findings (1). Following nonspecific treatment
for poisoning, the mother made an uneventful recovery and was discharged
home after 24 hours. Approximately 10 weeks later, she delivered a healthy
infant.

BREASTFEEDING SUMMARY
No reports describing the use of nutmeg during human lactation have been
located. Because the herb is commonly used as a spice, the risk to a nursing
infant is probably nil.
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NYSTATIN
Antifungal
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Nystatin is poorly absorbed after oral administration and from intact skin
and mucous membranes. Animal studies have not been conducted with this
antifungal agent.

FETAL RISK SUMMARY
The Collaborative Perinatal Project found a possible association with congenital
malformations after 142 1st trimester exposures to nystatin, but this was
probably related to its use as an adjunct to tetracycline therapy (1, p. 313). No
association was found following 230 exposures anytime in pregnancy (1, p.
435). Other investigators have reported its safe use in pregnancy (2–5).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 489 newborns had
been exposed to nystatin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 20 (4.1%) major birth defects were
observed (21 expected). Specific data were available for six defect categories,
including (observed/expected) 3/5 cardiovascular defects, 1/1 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 1/1 limb reduction defects, and 2/1 hypospadias.
These data do not support an association between the drug and congenital
defects.

BREASTFEEDING SUMMARY
Because nystatin is poorly absorbed, if at all, serum and milk levels would not
occur.
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OCRIPLASMIN
Ophthalmic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ocriplasmin in human pregnancy have
been located. Animal reproduction studies have not been conducted.
However, detectable concentrations of the drug in the systemic circulation
drug are not expected. Use of the drug during pregnancy appears to be
compatible.

FETAL RISK SUMMARY
Ocriplasmin, given as a single intravitreal injection, is a recombinant truncated
form of human plasmin produced by recombinant DNA technology. It is
indicated for the treatment of symptomatic vitreomacular adhesion. Ocriplasmin
has proteolytic activity against components of the vitreous body and the
vitreoretinal interface, thereby dissolving the protein matrix responsible for the
vitreomacular adhesion. Because of the small dose (0.125 mg) and its rapid
inactivation, detectable concentrations in the systemic circulation are not
expected (1).

Animal reproduction studies have not been conducted. No carcinogenicity,
mutagenicity, or impairment of fertility studies have been conducted (1).

It is not known if ocriplasmin crosses the human placenta. The molecular
weight (about 27,000) and the predicted absence of detectable concentrations
in the systemic circulation indicate that exposure of the embryo–fetus to
clinically significant amounts will not occur.



BREASTFEEDING SUMMARY
No reports describing the use of ocriplasmin during human lactation have been
located. The molecular weight (about 27,000) and the predicted absence of
detectable concentrations in the systemic circulation indicate that the drug will
not be excreted into breast milk.
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OCTREOTIDE
Endocrine/Metabolic (Somatostatin Analog)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Octreotide is not teratogenic or toxic in two animal species, but published
reports have described only five women who were treated during portions
of their pregnancies. Although all of the outcomes were normal, the data
are too limited to assess the human embryo–fetal risk. The drug crosses
the placenta to the fetus and has been measured in the newborn.

FETAL RISK SUMMARY
This cyclic octapeptide (Octreotide; SMS-201-995), an analog of the natural
hormone somatostatin, is used to reduce blood levels of growth hormone and
somatomedin C in patients with acromegaly and for the symptomatic treatment
of patients with profuse watery diarrhea as a result of metastatic carcinoid
tumors or vasoactive intestinal peptide-secreting tumors. It has also been used
to reduce insulin requirements for patients with diabetes mellitus; to reduce
output from gastrointestinal, enteric, and pancreatic fistulas; to treat variceal
bleeding; and for various other indications.

No evidence of impaired fertility, teratogenicity, or fetal harm was observed
in pregnant rats and rabbits given up to 16 times the highest human dose based
on BSA (1).

Octreotide crosses the human placenta to the fetus (2,3). A 31-year-old
infertile woman was treated with octreotide 300 mcg/day for hyperthyroidism
induced by a thyroid-stimulating hormone (TSH)–secreting macroadenoma
(2,3). The patient became euthyroid, with return of normal menstruation, after 3
months of therapy. She was found to be pregnant 1 month later and octreotide
treatment was stopped. Because her symptoms recurred, therapy was
reinstated at 6 months’ gestation and continued until an elective cesarean



section at 8 months’ gestation delivered a normal infant (weight 3300 g, length
51 cm, sex not specified). The concentration of octreotide in umbilical cord
serum at delivery was 359 pg/mL compared with the mean maternal level
(measured on two different occasions 1 month earlier) of 890 pg/mL (range
764–1191 pg/mL) (2). Although the amount of drug in the newborn was only
about 40% that in the mother, the authors concluded that octreotide crossed
the placenta by passive diffusion for two reasons (3). First, only the unbound
fraction of octreotide is available for placental transfer and, second, the drug is
60%–65% bound to maternal lipoprotein. Thus, assuming that the mother’s
concentration had not changed significantly, the unbound maternal fraction and
the infant’s serum level were close to unity. Subsequently, the concentration of
octreotide in the infant’s serum decreased to 251 pg/mL at 3 hours of age and
was undetectable (<20 pg/mL) when next measured (at 40 days).

The cord serum concentrations of TSH, thyroid hormones, prolactin, and
growth hormone were normal at birth, at 3 hours, and at 40 and 104 days of
age (3). Because the infant’s pituitary–thyroid function was not affected by
exposure to octreotide at these concentrations, the authors speculated that the
somatostatin receptors on thyrotroph cells, as suggested by studies in animals,
are not completely functional at birth (3).

The pregnancy of a previously infertile 37-year-old woman who was treated
with octreotide for acromegaly during the first 8 weeks of gestation was
described in a 1989 reference (4). Treatment (100 mcg) SC 3 times daily, was
started within approximately 4 days of conception and discontinued when
pregnancy was diagnosed at 8 weeks. A healthy male infant (weight 2530 g,
length 46.0 cm) was delivered by cesarean section 2 weeks before term
because of the mother’s age and imminent fetal asphyxia. No malformations
were apparent and his subsequent development at the time of report (age not
specified but estimated to be about 9 months) was normal.

A 37-year-old woman with primary amenorrhea was discovered to have
acromegaly as a result of pituitary macroadenoma (5). She was treated with
octreotide and bromocriptine with reappearance of her menses occurring
7 months later. Treatment with octreotide (300 mcg) 3 times daily and
bromocriptine (20 mg/day) was continued for an additional 7 months until a 1-
month pregnancy was diagnosed. She eventually delivered, by emergency
cesarean section for fetal distress, a term 3540 g, 50 cm male infant with no
evidence of congenital defects. Except for requiring mechanical ventilation for 3
days because of neonatal asphyxia, his subsequent development was
satisfactory.



A 1999 case report described the pregnancy of a 36-year-old woman who
was treated with octreotide (240 mcg/day) for a pituitary adenoma (6). The
woman had clinical and laboratory signs of acromegaly. Treatment was started
at 13 weeks’ gestation and continued until delivery at 40 weeks’ of a 3288-g
normal female infant with Apgar scores of 8 and 9 at 1 and 5 minutes,
respectively, who was developing normally. Cord concentrations of growth
hormone, thyrotropin, and prolactin were within normal limits.

In another 1999 case report, a 27-year-old woman with acromegaly was
treated throughout the 1st trimester of an unknown pregnancy with SC
octreotide (7). At 4 months of pregnancy, she received a continuous infusion of
octreotide immediately before surgical resection of the tumor. Postoperative
treatment consisted of hydrocortisone, thyroxine, and bromocriptine. Pregnancy
was diagnosed at 6 months and at 39 weeks, she delivered a 3780-g healthy
female infant who was doing well (7).

BREASTFEEDING SUMMARY
It is not known whether octreotide is transferred to breast milk, but this should
be expected because of the documented placental passage. No reports have
been located that described the use of this agent during lactation. However,
because of probable digestion following oral therapy, the risk to the nursing
infant appears to be nonexistent.
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OFATUMUMAB
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ofatumumab in human pregnancy have
been located. In monkeys, the antibody caused fetal B-cell depletions, and
decreased placental, spleen, and thymus weights at doses similar to those
used in humans. The potential long-term effects of these toxic effects have
not been studied in animals. However, refractory chronic lymphocytic
leukemia is a serious disease and the maternal benefit appears to outweigh
the risks to the fetus. If the antibody must be used in pregnancy, the
woman should be informed of the absence of human pregnancy data and
the potential fetal risks.

FETAL RISK SUMMARY
Ofatumumab is an IgG1k human monoclonal antibody. It is indicated for the
treatment of chronic lymphocytic leukemia refractory to fludarabine and
alemtuzumab. The mean half-life, between the 4th and 12th IV infusion doses
was about 14 days (range 2.3–61.5 days). The antibody does not bind normal
human tissues other than B lymphocytes (1). Data on metabolism have not
been found.

Reproduction studies have been conducted in monkeys. Doses that were 0.7
and 3.5 times the recommended human dose (assumed to be based on body
weight) were given weekly during organogenesis (gestation days 20–50). No
maternal toxicity or teratogenicity was observed. However, both doses
depleted circulating B cells in the dams. Ofatumumab crossed the placenta and
fetuses, delivered at gestational day 100, had decreased mean peripheral B-
cell counts (about 10% of control values), splenic B-cell counts (about 15%–
20% of control values), spleen weights (15% for the low dose and 30% for the



high dose, compared with control values), and thymus weight (15% compared
with controls). In addition, there also was a 10% decrease in placental weights.
The potential long-term effects of B-cell depletions or decreases in spleen and
thymus weights have not been studied in animals (1).

Studies for carcinogenic or mutagenic potential or effects on fertility have not
been conducted (1).

It is not known if ofatumumab crosses the human placenta. The molecular
weight (about 149,000) is high, but immunoglobulin G crosses the placenta late
in pregnancy (see Immune Globulin Intravenous). Placental transfer of IgG was
a function of dose, as well as gestational age. Moreover, ofatumumab crossed
to the fetus in monkeys and, because the placentas in monkeys are similar to
those in humans, the antibody should be expected to cross to the human fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ofatumumab during human lactation have been
located. It is not known if the antibody is excreted into breast milk. The
molecular weight (about 149,000) is high, but the terminal half-life is very long
(about 14 days). Because immunoglobulins are excreted into milk, exposure of
a nursing infant might occur. The effect of this exposure is unknown, but
published data suggest that neonatal and infant consumption of breast milk
does not result in substantial absorption of maternal antibodies into the
circulation (1). Nevertheless, cytopenia, progressive multifocal
leukoencephalopathy, and small intestine obstruction have been observed in
human adults treated with ofatumumab and, if a woman chooses to nurse while
receiving this agent, her infant should be monitored for these toxicities.

Reference
1. Product information. Arzerra. GlaxoSmithKline, 2009.



OFLOXACIN
Anti-infective (Quinolone)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of ofloxacin during human gestation does not appear to be
associated with an increased risk of major congenital malformations.
Although a number of birth defects have occurred in the offspring of women
who had taken this drug during pregnancy, the lack of a pattern among the
anomalies is reassuring. However, a causal relationship with some of the
birth defects cannot be excluded. Because of this and the available animal
data, the use of ofloxacin during pregnancy, especially during the 1st
trimester, should be approached with caution. A 1993 review on the safety
of fluoroquinolones concluded that these antibacterials should be avoided
during pregnancy because of the difficulty in extrapolating animal
mutagenicity results to humans and because interpretation of this toxicity is
controversial (1). The authors of this review were not convinced that
fluoroquinolone-induced fetal cartilage damage and subsequent
arthropathies were a major concern, even though this effect had been
demonstrated in several animal species after administration to both
pregnant and immature animals and in occasional human case reports
involving children (1). Others have also concluded that fluoroquinolones
should be considered contraindicated in pregnancy, because safer
alternatives are usually available (2).

FETAL RISK SUMMARY
Ofloxacin is a synthetic, broad-spectrum antibacterial agent available in oral
and parenteral formulations. As a fluoroquinolone, it is in the same class as
ciprofloxacin, enoxacin, lomefloxacin, norfloxacin, and sparfloxacin.

A study published in 1986 observed no ofloxacin-induced malformations with
high doses in pregnant rats and rabbits (3). Similarly, no evidence of



teratogenicity was observed in pregnant rats and rabbits at doses 11 times the
recommended maximum human dose based on BSA (RMHD) or 4 times the
RMHD, respectively (4). These doses were fetotoxic, however, causing
reduced birth weight, increased mortality, and, in rats only, minor skeletal
variations. In rats dosed at 5 times the RMHD, no adverse effects were seen
on late fetal development, labor, delivery, lactation, neonatal viability, or
subsequent growth of the newborn (4).

In a study investigating the pharmacokinetics of ofloxacin, 20 pregnant
women, between 19 and 25 weeks’ gestation (mean 22.2 weeks), were
scheduled for pregnancy termination because the fetuses were affected with β-
thalassemia major (5). Two doses of ofloxacin, 400 mg IV every 12 hours,
were given before abortion. Serum and amniotic fluid concentrations were
determined concomitantly at 6, 10, and 12 hours after dosing. Mean maternal
serum concentrations at these times were 0.68, 0.21, and 0.07 mcg/mL,
respectively, compared with mean amniotic fluid levels of 0.25, 0.15, and 0.13
mcg/mL, respectively. The amniotic fluid:maternal serum ratios were 0.37,
0.71, and 1.86, respectively (5).

A 2005 study measured the amount of three fluoroquinolones (ciprofloxacin,
ofloxacin, levofloxacin) that crossed the perfused human placenta (6). All three
agents crossed the placenta from the maternal to the fetal compartment, but
the amounts crossing were small: 3.2%, 3.7%, and 3.9%, respectively.

In a prospective follow-up study conducted by the European Network of
Teratology Information Services (ENTIS), data on 549 pregnancies exposed to
fluoroquinolones (93 to ofloxacin) were described in a 1996 reference (2). Data
on another 116 prospective and 25 retrospective pregnancy exposures to the
antibacterials were also included. From the 549 follow-up cases, 509 were
treated during the 1st trimester, 22 after the 1st trimester, and in 18 cases, the
exposure occurred at an unknown gestational time. The liveborn infants were
delivered at a mean gestational age of 39.4 weeks’ and had a mean birth
weight of 3302 g, length of 50.3 cm, and head circumference of 34.9 cm. Of
the 549 pregnancies, there were 415 liveborn infants (390 exposed during the
1st trimester), 356 of which were normal term deliveries (including 1 set of
twins), 15 were premature, 6 were small for gestational age (intrauterine
growth restriction [IUGR], <10th percentile), 20 had congenital anomalies (19
from mothers exposed during the 1st trimester; 4.9%), and 18 had postnatal
disorders unrelated to either prematurity, low birth weight, or malformations. Of
the remaining 135 pregnancies, there were 56 spontaneous abortions or fetal
deaths (none late) (1 malformed fetus), and 79 elective abortions (4 malformed



fetuses). A total of 116 (all involving ciprofloxacin) prospective cases were
obtained from the manufacturer’s registry. Among these, there were 91 liveborn
infants, 6 of whom had malformations. Of the remaining 25 pregnancies, 15
were terminated (no malformations reported), and 10 aborted spontaneously (1
embryo with acardia, no data available on a possible twin). Thus, of the 666
cases with known outcome, 32 (4.8%) of the embryos, fetuses, or newborns
had congenital malformations. From previous epidemiologic data, the authors
concluded that the 4.8% frequency of malformations did not exceed the
background rate. Finally, 25 retrospective reports of infants with anomalies,
who had been exposed in utero to fluoroquinolones, were analyzed but no
specific patterns of major congenital malformations were detected (2).

The defects observed in seven infants followed up prospectively (no
ofloxacin-exposed cases among the retrospective reports), all exposed to
ofloxacin during the 1st trimester, were as follows (2):

Myelomeningocele, hydrocephaly
Ureterostenosis
Maldescensus testis
Hypospadias
Hernia inguinalis left side
Bilateral hip dysplasia
Small atrial septal defect

The authors of the above study concluded that pregnancy exposure to
quinolones was not an indication for pregnancy termination, but that this class
of antibacterials should still be considered contraindicated in pregnant women.
Moreover, this study did not address the issue of cartilage damage from
quinolone exposure and the authors recognized the need for follow-up studies
of this potential toxicity in children exposed in utero. Because of their own and
previously published findings, they further recommended that the focus of future
studies should be on malformations involving the abdominal wall and urogenital
system, and on limb reduction defects (2).

A 1998 prospective multicenter study reported the pregnancy outcomes of
200 women exposed to fluoroquinolones compared with 200 matched controls
(7). Subjects were pregnant women who had called one of four teratogen
information services concerning their exposure to fluoroquinolones. The agents,
number of subjects, and daily doses were ciprofloxacin, (N = 105; 500–1000
mg), norfloxacin (N = 93; 400–800 mg), and ofloxacin (N = 2; 200–400 mg).
The most common infections involved the urinary tract (69.4%) or the



respiratory tract (24%). The fewer live births in the fluoroquinolone group (173
vs. 188, p = 0.02) were attributable to the greater number of spontaneous
abortions (18 vs. 10, ns) and induced abortions (9 vs. 2, ns). There were no
differences between the groups in terms of premature birth, fetal distress,
method of delivery, low birth weight (<2500 g), or birth weight. Among the
liveborn infants exposed during organogenesis, major malformations were
observed in 3 infants of 133 subjects and 5 of 188 controls (ns). The defects in
subject infants were two cases of ventricular septal defect and one case of
patent ductus arteriosus, whereas those in controls were two cases of
ventricular septal defect, one case of atrial septal defect with pulmonic valve
stenosis, one case of hypospadias, and one case of displaced hip. There were
also no differences between the children of the groups in gross motor
development milestone achievements (musculoskeletal functions: lifting, sitting,
crawling, standing, or walking) as measured by the Denver Developmental
Scale (7).

BREASTFEEDING SUMMARY
When first marketed, ofloxacin use during lactation was not recommended
because of the potential for arthropathy and other serious toxicity in the nursing
infant (4). Phototoxicity has been observed with quinolones when exposure to
excessive sunlight (i.e., ultraviolet [UV] light) has occurred (4). Well-
differentiated squamous cell carcinomas of the skin have been produced in
mice exposed chronically to some fluoroquinolones and periodic UV light (e.g.,
see Lomefloxacin), but studies to evaluate the carcinogenicity of ofloxacin in
this manner have not been conducted.

Ofloxacin is excreted into breast milk in concentrations approximately equal
to those in maternal serum (4,5). The manufacturer reports that following a
single 200-mg dose, milk and serum concentrations of ofloxacin were similar
(4). Ten lactating women were given three oral doses of ofloxacin, 400 mg
each (5). Six simultaneous serum and milk samples were drawn between 2 and
24 hours after the third dose of the antibiotic. The mean peak serum level
occurred at 2 hours (2.45 mcg/mL), then steadily fell to 0.03 mcg/mL at 24
hours. Milk concentrations exhibited a similar pattern, with a mean peak level
measured at 2 hours (2.41 mcg/mL), and the lowest amount at 24 hours (0.05
mcg/mL). The mean milk:serum ratio varied from 0.98 to 1.66, with the highest
ratio occurring 24 hours after the last dose (5).

The American Academy of Pediatrics classifies ofloxacin as compatible with
breastfeeding (8).
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OLANZAPINE
Antipsychotic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although no structural malformations attributable to olanzapine or other
agents in this subclass have been reported, the number of exposures is too
low to fully assess the embryo–fetal risk. In addition, there is a risk of
extrapyramidal and/or withdrawal symptoms in the newborn if the drug is
used in the 3rd trimester. Nevertheless, olanzapine is indicated for severe
debilitating mental disease and the benefits to the mother appear to
outweigh the potential embryo–fetal risks. One inadvertent pregnancy was
attributed to olanzapine-induced normalization of prolactin levels, but the
opposite effect (i.e., hyperprolactinemia) is reported by the manufacturer.
More study of this potential concern is warranted. Olanzapine has been
associated with hyperglycemia and new-onset diabetes, and blood glucose
levels should be monitored because poorly controlled diabetes mellitus is a
well-known cause of developmental toxicity. A 1996 review on the
management of psychiatric illness concluded that patients with histories of
chronic psychosis or severe bipolar illness represent a high-risk group (for
both the mother and the fetus) and should be maintained on pharmacologic
therapy before and during pregnancy (1). However, a 2000 review stated
that the human pregnancy data were too limited to recommend olanzapine
(2). Folic acid 4 mg/day has been recommended for women taking atypical
antipsychotics because they may have a higher risk of neural tube defects
due to inadequate folate intake and obesity (3).

FETAL RISK SUMMARY
Olanzapine, a thienobenzodiazepine-class psychotropic agent, is indicated for
the management of schizophrenia and bipolar mania. The drug has a relatively



long elimination half-life (mean 30 hours, range 21–54 hours) (4). The long half-
life is partially a result of extensive protein binding to albumin (90%) and to α1-
acid glycoprotein (77%) (5).

In reproduction studies in rats and rabbits, no evidence of teratogenicity was
observed at doses up to 9 and 30 times the maximum recommended human
dose based on BSA (MRHD), respectively. In rats, early resorption and
increased numbers of nonviable fetuses were observed at 9 times the MRHD.
In addition, prolonged gestations were noted at 5 times the MRHD. In rabbits
administered a maternal toxic dose (30 times the MRHD), increased
resorptions and decreased fetal weight were indications of fetotoxicity (4).

Consistent with the molecular weight (about 312), an in vitro experiment
demonstrated that olanzapine crosses the human placenta (5). In a 1999 study
that used a near-term human placenta-perfused single-cotyledon system, up to
14% of [14C]-olanzapine crossed from the maternal to the fetal compartment
over 4 hours. The initial concentration (10 ng/mL) was equal to the peak human
plasma concentration observed after a 10-mg dose. Although no placental
oxidative metabolites were found, the glucuronide metabolite did cross the
placenta, but at a slightly slower rate than the parent drug (5). In another study,
14 women taking a staple dose (mean 8.9 mg/day) of olanzapine for a mean
18.4 weeks before delivery had maternal and cord concentrations of the drug
determined at birth (6). The cord blood concentration was 72.1% of the
maternal concentration. The pregnancy outcomes include three premature
infants (<37 weeks) and four growth-restricted infants (<2500 g). The mean
Apgar scores were 7.6 and 8.8 at 1 and 5 minutes, respectively. There were
eight neonatal complications (three cardiovascular, four respiratory, one
hypotonia; complications were not further described), and four infants were
admitted to the neonatal intensive care unit (reasons not provided) (6).

In its product information, the manufacturer reported seven pregnancies
exposed to olanzapine during clinical trials (4). The outcomes of these
pregnancies were one spontaneous abortion (SAB), three elective abortions
(EAs), one neonatal death due to a cardiovascular defect (no specific data
given), and two normal births.

A 2000 report expanded the above database, describing the outcomes of 37
prospectively identified pregnancies that had been exposed to olanzapine
during clinical trials (7). The mean daily maternal dose, in 30 of these
pregnancies, was 12.9 mg (range 5–25 mg/day). There were 3 SABs, 13 EAs,
and 1 ectopic pregnancy that was aborted. There was one stillbirth at 37
weeks’ gestation after premature rupture of the membranes. This pregnancy,



exposed to an unknown dose in the 2nd and 3rd trimesters, had been
complicated by gestational diabetes, thrombocytopenia, hepatitis, and polydrug
abuse. In 19 pregnancies, there were 16 normal newborns without
complications (exposure times: 8 in 1st trimester, 1 in 1st and 2nd trimesters, 6
throughout, and 1 unknown). Among the remaining three outcomes, one infant
exposed in utero to 20 mg/day was delivered by cesarean section at 30 weeks.
The birth weight and length were 2.13 kg and 40 cm, respectively. The
pregnancy had been complicated by gestational diabetes, hypothyroidism,
preeclampsia, and abnormal liver enzymes. The infant recovered from
respiratory distress and hypoglycemia after 2 weeks of therapy. A second
infant, whose mother had taken 10 mg/day throughout gestation, was delivered
10 days after term because of fetal distress (birth weight 3.66 kg). The
neonatal examination was normal. Finally, one infant, exposed only during the
1st trimester to an unknown dose, had meconium aspiration after a cesarean
section for postmaturity. The eventually neonatal outcome of this case was not
given. No congenital malformations were observed in the 19 newborns (7).

In addition to the prospective cases, the above report also described the
outcomes of 11 retrospectively identified olanzapine-exposed pregnancies (7).
Although retrospective reports are considered to be biased, they are useful as
early indicators of fetal risks if a cluster of defects or abnormalities is
observed. The results of these pregnancies were as follows: SABs (two cases;
1st trimester, dose unknown); fetal death (olanzapine and risperidone
overdose, timing and doses unknown); unilateral dysplastic kidney (1st
trimester, dose unknown); and Down’s syndrome (timing and dose unknown).
The case of unilateral dysplastic kidney does not appear to be related to the
drug exposure. Most likely, a chemical insult during development would have
produced bilateral kidney damage. Three infant complications also are worth
noting, but their relationship to olanzapine is unknown: (a) cardiomegaly,
jaundice, somnolence, heart murmur (1st and 3rd trimesters, 5 mg/day); (b)
convulsion at 12 days of age (1st and 3rd trimesters, 20 mg/day;
electroencephalogram and laboratory tests were normal); and (c) heart
murmur, sudden infant death at 2 months of age (throughout gestation, 10
mg/day) (7).

In a 2002 reference, the authors briefly reported the outcomes of 96
olanzapine-exposed pregnancies in a further expansion of the above
prospective case registry (8). The new material was based on a 2001 written
communication with the manufacturer. The outcomes included 69 normal births,
12 SABs, 3 stillbirths, 2 premature births, 7 had perinatal complications, and 1



major malformation. Neither the perinatal complications nor the malformation
were provided (8).

Another report of olanzapine use in human pregnancy appeared in 2000 (9).
A 40-year-old obese woman with a 24-year complicated history of
schizophrenia and chronic hypertension was treated throughout pregnancy with
olanzapine. During the first month she received 20 mg/day and then, because
of sedation, 15 mg/day for the remainder of gestation. Her mental disease was
stable throughout, but pregnancy was complicated by excessive weight gain
(79 lb; 35.9 kg), gestational diabetes, and severe preeclampsia (hypertension,
proteinuria, and elevated liver function tests). Because of worsening
preeclampsia, a cesarean section was performed at 30 weeks’ gestation to
deliver a female 2128-g infant. Apgar scores were 7 and 9 at 1 and 5 minutes,
respectively. No other information on the infant was provided (9).

A 31-year-old woman with paranoid schizophrenia was treated with
olanzapine (10 mg/day) from the 2nd trimester until delivery and then continued
during breastfeeding (10). The patient was hospitalized for treatment of a
psychotic episode in the 18th gestational week and olanzapine was started at
this time. Hospitalization was continued for over 3 months. A normal 3190-g
female infant was born at term with Apgar scores of 9, 10, and 10 at 1, 5, and
10 minutes, respectively. Olanzapine plasma levels in the mother and infant on
the first day after delivery were 33.4 and 11.3 ng/mL. The infant was breastfed
(see Breastfeeding Summary). At 7 months of age, the infant was not able to
roll from the back to the ventral position, possibly suggesting impaired motor
development. No impairment, however, was noted at 11 months. At this age,
head circumference was approximately at the 50th percentile, whereas height
and weight were around the 97th percentile (10).

A 2001 case report described the pregnancy of a 38-year-old woman who
was treated with olanzapine (7.5 mg/day) for maintenance treatment of
schizoaffective disorder (11). She took the drug throughout a 38-week
pregnancy, eventually delivering a 3883-g female infant by cesarean section.
Apgar scores were 9 and 9 at 1 and 5 minutes, respectively. The infant’s length
and head circumference were 21.75 and 14.75 inches, respectively. No
abnormalities were noted. The mother, who was advised not to breastfeed,
required a dose increase to 12.5 mg/day after delivery. The infant’s growth
was described as normal with weights at 6, 18, and 24 months of age of 6.8 kg
(25th percentile), 10.4 kg (50th percentile), and 12.2 kg (75th percentile),
respectively. No other measurements were available. She was doing well at
age 26 months (11).



A postmarketing surveillance study of olanzapine that was conducted in
England identified 18 pregnancies, 11 of the women took the drug in the 1st
trimester and 3 during the 2nd/3rd trimesters (12). The outcomes were 11 live
births, 2 SABs, 3 EAs, and 1 unknown outcome. In another case, exposure to
the drug was uncertain. One of the EAs was for a fetus with a lumbar
myelomeningocele (12).

A 37-year-old woman with paranoid schizophrenia was started on olanzapine
in the 8th week of gestation (13). She had not received antipsychotics for 3
months prior to this time. Her daily dose was titrated to 25 mg over the next 3
months. She discontinued therapy against medical advice at 32 weeks’
gestation because she felt well. She remained well and eventually delivered a
healthy 3-kg male infant at 39 weeks’ gestation. The Apgar scores were 9 and
10 at 1 and 5 minutes, respectively (13).

Concern that switching a patient from typical neuroleptics (e.g., fluphenazine)
to an atypical agent, such as olanzapine, may result in pregnancy was
expressed in a brief 1998 communication (14). An unmarried 41-year-old
woman with a 22-year history of schizophrenia, paranoid type, and bipolar
disorder had been unsuccessfully treated with multiple agents. Her regimen,
immediately prior to olanzapine, was depot fluphenazine decanoate (75 mg IM
every 2 weeks) and carbamazepine (400 mg/day). Because she remained
chronically delusional and thought disordered, her regimen was changed to
olanzapine, eventually reaching a maintenance dose of 12.5 mg/day. An 8-
week pregnancy was diagnosed 14 weeks after the start of olanzapine. An EA
was performed at the patient’s request. The authors attributed the pregnancy
to a normalization of prolactin levels, such as that observed with clozapine,
another atypical neuroleptic (14). However, the manufacturer states that
hyperprolactinemia does occur with olanzapine and that a modest elevation of
prolactin levels persists during chronic therapy (4).

A 27-year-old woman at 24 weeks’ gestation was started on olanzapine
when she developed a recurrence of her psychosis (15). The initial dose of 2.5
mg/day had to be gradually increased to 20 mg/day to control her symptoms.
After 1 month at 20 mg/day, her dose was tapered over a period of 8 weeks
and then discontinued 10 days before delivery. At term, she delivered 2.9-kg
male infant with Apgar scores of 8 and 9 at 1 and 5 minutes, respectively. The
infant was growing and developing normally at 3 months of age (15).

A 2005 study, involving women from Canada, Israeli, and England, described
151 pregnancy outcomes in women using atypical antipsychotic drugs (16). The
exposed group was matched with a comparison group (N = 151) who had not



been exposed to these agents. The drugs and number of pregnancies were
olanzapine (N = 60), risperidone (N = 49), quetiapine (N = 36), and clozapine (N
= 6). In those exposed, there were 110 live births (72.8%), 22 SABs (14.6%),
15 EAs (9.9%), and 4 stillbirths (2.6%). Among the live births, one infant
exposed in utero to olanzapine had multiple anomalies including midline defects
(cleft lip, encephalocele, and aqueductal stenosis). The mean birth weight was
3341 g. There were no statistically significant differences, including rates of
neonatal complications, between the cases and controls, with the exceptions of
low birth weight (10% vs. 2%, p = 0.05) and EAs (9.9% vs. 1.3%, p = 0.003).
The low birth weight may have been caused by the increased rate of cigarette
smoking (38% vs. 13%, p ≤0.001) and heavy/binge alcohol use (5 vs. 1) in the
exposed group (16).

A 2006 review of prophylactic therapy of bipolar disorder briefly described
the effects in pregnancy and breastfeeding of a number of drugs, including
olanzapine (17). Untreated pregnant and nursing women with the disorder are
at an increased risk of poor obstetrical outcomes and relapse of affective
symptoms. Although the limited data prevented conclusions on the relative
safety of the drugs, the author did state that each case needed to be
considered separately (17).

BREASTFEEDING SUMMARY
Consistent with the molecular weight (about 312) and the prolonged elimination
half-life (mean 30 hours, range 21–54 hours), olanzapine is excreted into breast
milk (18–20). Several reports have described the use of olanzapine in lactating
women.

One mother took 5 mg/day in the 1st and 3rd trimesters and continued the
drug during breastfeeding (7). The infant had cardiomegaly, jaundice,
somnolence, and a heart murmur. At 7 days of age, the infant was changed to
bottle-feeding, but sedation and jaundice continued. No other details were
provided, but the authors stated that the continued sedation and jaundice
suggested that they were not drug-induced. However, the elimination half-life of
olanzapine in adults is prolonged and, although the neonatal half-life is unknown,
it may be longer because of immature hepatic and renal function. If
comparable, it would take about 4–11 days for the infant to eliminate from its
system approximately 97% of the drug that was obtained during pregnancy
and/or nursing. Thus, a causal relationship cannot be excluded without knowing
additional information. In a second case, the mother started olanzapine 10
mg/day for paranoid schizophrenia 2 months after delivery (7). She was also



taking paroxetine, trifluoperazine, and procyclidine. No adverse effects were
reported in the infant.

The third case involved a woman who took olanzapine 10 mg/day throughout
the second half of pregnancy and during 2 months of lactation (10). Plasma
levels in the mother and infant 1 day after delivery were 33.4 and 11.3 ng/mL,
respectively. The infant’s level is attributable to drug acquired while in utero.
During nursing, the mother’s and infant’s plasma levels were determined at 2
and 6 weeks postpartum. Maternal levels were 39.5 and 32.8 ng/mL,
respectively, whereas those in the infant were <2 and <2 ng/mL, respectively.
No adverse effects of this exposure were noted in the infant (see Fetal Risk
Summary for development and growth measures at 11 months of age) (10).

In a 2002 study, five lactating women were started on olanzapine for
postpartum psychosis (18). After 5 days of therapy, one to three paired
samples per patient (nine samples) of maternal plasma and milk were drawn
11–23 hours after a dose. The mean milk:plasma ratio was 0.46 (range 0.2–
0.84). The median infant dose was 1.6% (range 0%–2.5%) of the weight-
adjusted maternal dose. The highest milk concentrations (21 mg/L at 11 hours
postdose and 16 mg/mL at 23 hours postdose) occurred in the woman taking
the highest dose (10 mg/day). The other women were taking 2.5 mg/day and
their milk levels ranged from <1 to 8 mg/L. The olanzapine plasma level in one
infant 15 hours after the mother’s 2.5-mg dose was <1 mcg/L. No adverse
effects in the infants were observed (18).

A 2003 study reported the milk concentrations of olanzapine in seven women,
two of whom started treatment during pregnancy (19). The women had been
taking olanzapine for a mean of 114 days (range 19–395 days) and the mean
age of the infants was 2.4 months (range 0.1–4.3 months). Multiple maternal
plasma and milk samples were collected over 12- or 24-hour intervals. In six
women, the median maternal dose was 7.5 mg/day (range 5–20 mg/day) or
131.5 mcg/kg (range 75–286 mcg/kg) and the median peak plasma
concentration and time postdose were 29 mcg/L (range 15–73 mcg/L) and 2.5
hours (1.5–4.5 hours), respectively. The median peak drug concentration in milk
occurred 5.2 hours (range 0.7–13.2 hours) after the dose and the median
concentration was 8.8 mcg/L (range 1.2–22.7 mcg/L). The median milk:plasma
AUC ratio was 0.38. Olanzapine plasma levels in the infants were below the
detection limit (1–5 mcg/L). No adverse effects were observed or measured in
the nursing infants. For the seventh woman, the milk:plasma ratio was 0.75 at
6 hours postdose based on a single sample collection. Sedation had been
noted in her infant 3 weeks before the study and her dose had been halved to 5



mg/day. Sedation was not observed in infant at the time of the study (19).
Olanzapine 20 mg/day was given to a 32-year-old woman hospitalized 9

days after delivery for a postpartum psychotic disorder (20). Although she had
been breastfeeding her infant, she decided to stop nursing on admission. Serial
milk samples were drawn for 10 days with olanzapine concentrations ranging
from 7.6 (day 2) to 27.5 ng/mL. The milk:plasma ratio ranged from 0.35 to
0.42. If nursing had been continued, the infant would have consumed a dose
that was approximately 4% of the maternal weight-adjusted dose, or about
0.011 mg/kg/day (18). Therefore, the infant exposure would have been very
low (20).

Sedation is a frequent adverse effect in adults treated with olanzapine and
has occurred in nursing infants whose mothers were taking the drug. Reducing
the maternal dose may eliminate this problem, but the potential effect on
control of the mother’s disease must be considered. The prolonged adult
elimination half-life and the potential for long-term neurodevelopment toxicity in
a nursing infant should be considered before olanzapine is prescribed during
lactation. The American Academy of Pediatrics classifies other antipsychotics
(e.g., see Clozapine) as drugs whose effect on the nursing infant is unknown
but may be of concern (21).
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OLEANDOMYCIN

[Withdrawn from the market. See 9th edition.]



OLMESARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The antihypertensive mechanisms of action of olmesartan and angiotensin-
converting enzyme (ACE) inhibitors are very close. That is, the former
selectively blocks the binding of angiotensin II to AT1 receptors, whereas
the latter prevents the formation of angiotensin II itself. Therefore, use of
this drug during the 2nd and 3rd trimesters may cause teratogenicity and
severe fetal and neonatal toxicity identical to that seen with ACE inhibitors
(see Captopril or Enalapril). Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
prematurity, and patent ductus arteriosus. Anuria-associated
oligohydramnios may produce fetal limb contractures, craniofacial
deformation, and pulmonary hypoplasia. Severe anuria and hypotension,
resistant to both pressor agents and volume expansion, may occur in the
newborn following in utero exposure to olmesartan. Newborn renal function
and blood pressure should be closely monitored.

FETAL RISK SUMMARY
The prodrug olmesartan medoxomil is hydrolyzed to olmesartan during
absorption from the gastrointestinal tract. No additional metabolism occurs.
Olmesartan is a selective angiotensin II receptor blocker (ARB) that is
indicated, either alone or in combination with other antihypertensive agents, for
the treatment of hypertension. Olmesartan blocks the vasoconstrictor and
aldosterone-secreting effects of angiotensin II by preventing angiotensin II from
binding to the AT1 receptors. Other drugs in this class include candesartan,
eprosartan, irbesartan, telmisartan, and valsartan. The terminal elimination half-
life is about 13 hours (1).



Reproduction studies with olmesartan have been conducted in rats and
rabbits. No evidence of teratogenicity was observed in either species at doses
up 240 and 0.5 times, respectively, the maximum recommended human dose
based on BSA (MRHD). Higher doses in rabbits could not be administered
because they caused maternal death. In rats, doses equal to or greater than
about 0.4 times the MRHD caused fetal toxicity (decreases in pup birth weight
and weight gain). Higher doses (equal to or greater than about twice the
MRHD) resulted in delays in developmental milestones and dose-related
increases in the incidence of dilation of the renal pelvis. The no-observed effect
dose for developmental toxicity was about 0.1 times the MRHD (1).

The case report below strongly suggests that olmesartan crosses the human
placenta. This would be consistent with the molecular weight (about 559) and
relatively long terminal elimination half-life.

A woman took olmesartan (dose not specified) for hypertension in the last
month of pregnancy (2). Severe oligohydramnios developed and she delivered
a 3.045-kg female infant by cesarean section at 36 weeks’ gestation. Apgar
scores were 7 and 7. The infant received dialysis for renal failure but died on
day 45. Autopsy revealed severe tubular dysgenesis and the renal arteries and
arteriole walls were thickened (2).

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (3). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of olmesartan during human lactation have been
located. The molecular weight (about 559) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. The American Academy of Pediatrics, however, classifies ACE
inhibitors, a closely related group of antihypertensive agents, as compatible
with breastfeeding (see Captopril or Enalapril).
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OLOPATADINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of olopatadine in human pregnancy have
been located. The animal reproduction data and the very low plasma
concentrations suggest that the risk in humans is negligible. Moreover,
antihistamines, in general, are not thought to cause human developmental
toxicity at recommended doses.

FETAL RISK SUMMARY
The antihistamine olopatadine is administered topically to the eye for treatment
of the signs and symptoms of allergic conjunctivitis. Low concentrations,
ranging from 0.5 to 1.3 ng/mL, have been detected in the plasma of
nonpregnant volunteers within 2 hours of a dose. The plasma elimination half-
life was about 3 hours (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of teratogenicity was observed in either species at oral doses up to 93,750 and
62,500 times, respectively, the maximum recommended ocular human dose
(MROHD). However, at the maximum dose during organogenesis, there was a
decrease in live fetuses. In male and female rats, an oral dose 62,500 times
the MROHD resulted in a slight decrease in the fertility index and implantation
rate. The no-effect dose on animal reproductive function was 7800 times the
MROHD (1).

It is not known if olopatadine crosses the human placenta. The molecular
weight (about 374) is low enough, but the very small amounts in the systemic
circulation suggest that clinically significant amounts of the antihistamine will not
reach the embryo and/or fetus.



BREASTFEEDING SUMMARY
No reports describing the use olopatadine during human lactation have been
located. Because ocular use in humans results in very low plasma
concentrations, the risk to a nursing infant is probably negligible.
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OLSALAZINE
Anti-inflammatory Bowel Disease Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing adverse fetal effects following the use of olsalazine in
human pregnancy have been located. The use of 5-aminosalicylic acid, the
active metabolite of olsalazine, in human pregnancy is discussed under
Mesalamine.

FETAL RISK SUMMARY
Olsalazine is used to maintain remission of ulcerative colitis in patients who
cannot tolerate sulfasalazine. It is poorly absorbed, approximately 2.4% after
oral administration, with the remainder reaching the colon intact where it is
converted into two molecules of 5-aminosalicylic acid (mesalamine) by colonic
bacteria (1). The history, pharmacology, and pharmacokinetics of mesalamine
and olsalazine were extensively reviewed in a 1992 reference (2).

Reproductive studies with olsalazine in rats have revealed reduced fetal
weights, retarded ossifications, and immaturity of the fetal visceral organs with
doses 5–20 times the recommended human dose on a weight basis (1).

BREASTFEEDING SUMMARY
The active metabolite of olsalazine, 5-aminosalicylic acid (mesalamine), is
excreted into human milk (see Mesalamine). In one study, however, only a
metabolite of mesalamine, acetyl-5-aminosalicylic acid, was detected in breast
milk after the ingestion of olsalazine (see Mesalamine) (3). Because diarrhea
has occurred in a nursing infant of a mother receiving mesalamine (see
Mesalamine), nursing infants of women being treated with olsalazine should be
closely observed for changes in stool consistency.
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OMACETAXINE
Antineoplastic (Protein Synthesis Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use omacetaxine in human pregnancy have been
located. Reproduction studies conducted in one species suggest risk, but
the absence of human pregnancy experience prevents a more complete
assessment of embryo–fetal risk. Moreover, based on the mechanism of
action, the drug may cause fetal harm.

FETAL RISK SUMMARY
Omacetaxine is a protein synthesis inhibitor that is given by SC injection. It is
indicated for the treatment of adult patients with chronic or accelerated phase
chronic myeloid leukemia with resistance and/or intolerance to two or more
tyrosine kinase inhibitors. The drug is metabolized by plasma esterases to
apparently inactive metabolites. Plasma protein binding is ≤50% and the mean
half-life is about 6 hours (1).

Reproduction studies have been conducted in mice. In this species during
organogenesis, doses that were about 50% of the recommended daily human
dose based on BSA (RDHD) caused fetal toxicity, including embryo death, an
increase in unossified bones/reduced bone ossification, and decreased fetal
weights (1).

Carcinogenicity studies have not been conducted with omacetaxine. The drug
was genotoxic in one assay but negative in two other assays. Studies in mice
demonstrated adverse effects on male reproductive organs. SC doses that
were about 2–3 times the clinical dose based on BSA caused bilateral
degeneration of the seminiferous tubular epithelium in testes and
hypospermia/aspermia in the epididymides.

It is not known if omacetaxine crosses the human placenta. The molecular
weight (about 546), moderate plasma protein binding, and the mean half-life
suggest that the drug will cross to the embryo–fetus.



BREASTFEEDING SUMMARY
No reports describing the use of omacetaxine during human lactation have been
located.

The molecular weight (about 546), moderate plasma protein binding (≤50%),
and the mean half-life (about 6 hours) suggest that the drug will be excreted
into breast milk. The effect of this exposure on a nursing infant is unknown, but
the infant should be monitored for the most common (frequency ≥20%) adverse
effects seen in adults. These effects include thrombocytopenia, anemia,
neutropenia, diarrhea, nausea, fatigue, asthenia, pyrexia, infection, and
lymphopenia (1).
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OMALIZUMAB
Respiratory Drug (Monoclonal Antibody)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The limited animal data suggest that the risk of human embryo–fetal harm
is low. The rate of spontaneous abortions (SABs) (14%) in women who
conceived while under treatment with omalizumab is within the normal
background rate for clinically recognized pregnancies. However, the
minimal information regarding the other outcomes of the early pregnancy
exposures prevents a better assessment of the risk. Other immunoglobulins
have been used in pregnancy without causing embryo–fetal harm (see
Immune Globulin Intramuscular and Intravenous). Therefore, if indicated,
omalizumab should not be withheld because of pregnancy. If a woman has
received omalizumab within 8 weeks prior to conception or during
pregnancy, health care professionals or patients are encouraged to call 1-
866-496-5247 for information about enrollment in the Xolair Pregnancy
Registry (EXPECT).

FETAL RISK SUMMARY
Omalizumab is a recombinant DNA-derived humanized immunoglobulin (IgG1k)
monoclonal antibody that is administered SC for patients with moderate to
severe persistent asthma. Omalizumab selectively binds to human IgE. Patients
should have had a positive skin test or in vitro reactivity to a perennial
aeroallergen and symptoms inadequately controlled by inhaled corticosteroids.
Because of its slow absorption, it takes an average of 7–8 days to reach peak
serum concentrations. The serum elimination half-life averaged 26 days (1).

Reproduction studies have been conducted in cynomolgus monkeys. At SC
doses up to 12 times the maximum human dose based on body weight (MHD)
throughout organogenesis, no evidence of maternal toxicity, embryotoxicity, or



teratogenicity was observed. The same dose administered throughout late
gestation, delivery, and nursing did not cause adverse effects on fetal or
neonatal growth. In fertility studies with monkeys, no effect was observed on
male or female reproductive capability, including implantation in females, with
weekly SC doses 2–5 times the human exposure based on AUC over the range
of adult clinical doses (1).

The transplacental passage of omalizumab in humans has not been studied.
Although the molecular weight (about 149,000) is high, immune globulin G is
known to cross the human placenta and, combined with the long elimination
half-life, exposure of the human embryo or fetus should be expected.

No published reports describing the use of omalizumab in human pregnancy
have been located. In its safety data, the manufacturer reported 29
pregnancies exposed to omalizumab during clinical trials, but in each case, the
drug was discontinued when pregnancy was diagnosed (2). In the completed
studies, the outcomes of 17 pregnancies were 3 SABs, 3 elective abortions,
and 11 normal deliveries. Of the12 pregnancies in ongoing studies, 1 ended in a
SAB. The outcomes of the remaining 11 were normal deliveries or awaiting
delivery (number of each not specified). The 4 SABs occurred within 3 months
of the last menstrual period. In one case, the woman had a prior history of a
SAB. No information (e.g., sex, weight, anomalies, or abnormalities) on the
newborn infants was provided (2).

BREASTFEEDING SUMMARY
No reports describing the use of omalizumab during human lactation have been
located. If the drug is excreted into milk, the effect of this exposure on a
nursing infant is unknown.
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OMEGA-3 FATTY ACID SUPPLEMENTS
Dietary Supplement
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Omega-3 fatty acids, including alpha-linoleic acid (ALA), docosahexaenoic
acid (DHA), and eicosapentaenoic acid (EPA), are present in foods,
particularly fish. Omega-3 fatty acids are thought to play a role in normal
development of the central nervous system, retina, inflammatory and
immune responses (1). Although there is no recommended daily allowance
(RDA) for omega-3 fatty acids, the “adequate intake” level for pregnant
women, as established by the U.S. Institute of Medicine and the Food and
Nutrition Board, is 1.4 g/day (2). It is thought that many pregnant women
do not achieve this level of intake from the diet due in part to the
recommendation to limit fish consumption during pregnancy to no more than
two servings per week (3). Additional sources of omega-3 fatty acids
include fish oil supplements and some prenatal vitamin supplements that
contain DHA. Evolving evidence suggests that use of supplements in
addition to dietary sources of omega-3 fatty acids to achieve the
recommended adequate intake level has positive benefits for pregnancy
outcome (4).

FETAL RISK SUMMARY
Omega-3 fatty acids are polyunsaturated fatty acids (PUFAs) consisting of
three types. The parent compound, ALA, is found in plant foods such as nuts,
seeds, and vegetable oils and is an essential fatty acid because it cannot be
synthesized by humans and prevents symptoms of deficiency (1). DHA and
EPA are long-chain PUFAs (LC-PUFAs) that can be synthesized from ALA;
however, the process of conversion is not very efficient in humans, and
therefore fish in the diet is the major source of LC-PUFAs (5). Recent
population trends in reduced dietary fat intake have led to the likelihood of
suboptimal levels of omega-3 fatty acids in pregnancy, in particular DHA and



EPA (6). In addition, dietary intake of LC-PUFAs is limited in pregnant women
because they are advised to restrict intake of fish to no more than two servings
per week due to concerns for mercury contamination (3).

Although no official RDA for omega-3 fatty acids has been established to
date, the U.S. Institute of Medicine and the Food and Nutrition Board have
suggested an adequate intake of 1.4 g/day during pregnancy, and the
International Society for the Study of Fatty Acids and Lipids (ISSFAL) has
established a recommended minimum dose of 500 mg EPA+DHA for adults and
200–300 mg DHA daily for pregnant and lactating women (2,7).

Although research is still evolving regarding the effects of LC-PUFA during
pregnancy, the majority of human studies show that increased intake of EPA
and DHA has potential benefits on maternal and fetal health outcomes including
reduced incidence of preterm birth (8), increased birth length, weight, and head
circumference (9), improved infant and child cognitive development (6,9),
improved visual development (10), and reduced risk of allergies in infants (11).
Although it is generally agreed that more studies are needed, there is broad
consensus that improving LC-PUFA status during pregnancy is desirable (7,12).

Similar to dietary fish, omega-3 fatty acid supplements made from fish oil
may be contaminated by mercury and other toxins; however, evidence
suggests that with high-quality manufacturing processes, the level of
contamination and the amount of mercury consumed with the recommended
supplement dose is far less than that in fish and unlikely to be of any concern
(13). No studies have been located that report substantial adverse effects of
LC-PUFA supplementation when given in the recommended doses during
pregnancy (12).

BREASTFEEDING SUMMARY
DHA and EPA are present in breast milk. The infant need for DHA during
breastfeeding is about 70–80 mg daily (14). Levels of maternal DHA decline
during pregnancy and decrease even further during the lactation period. Recent
studies have established that the diet of Western pregnant and lactating women
contains only 20%–60% of the recommended DHA+EPA daily intake of 200–
300 mg/day and these low levels are reflected in breast milk composition.
Supplementation with omega-3 fatty acids results in increased levels in breast
milk (15).

Although no official RDA for omega-3 fatty acids during lactation has been
established to date, the U.S. Institute of Medicine and the Food and Nutrition
Board have suggested an adequate intake of 1.3 g/day during lactation which



may be achieved through a combination of diet and supplements (2).
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OMEPRAZOLE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The lack of teratogenicity in animals and the bulk of the human 1st
trimester exposure data suggest that omeprazole can be classified as low
risk in pregnancy. A study showing an association between in utero
exposure to gastric acid–suppressing drugs and childhood allergy and
asthma requires confirmation. None of the other studies measured a
significant increase in the rates of major birth defects with proton pump
inhibitors (PPIs), but they lacked the power to detect small increases in
birth defects or rare malformations. The small cluster of cardiac defects
observed in one study after omeprazole exposure appears to be an errant
signal because it has not been confirmed in other studies. Most likely,
cardiac and other defects observed in all studies were the result of many
factors, including possibly the severity of the disease and concurrent use of
other drugs. The data, however, do warrant continued investigation. In
addition, the studies lacked the sensitivity to detect minor anomalies
because of the absence of standardized examinations. Late appearing
major defects may also have been missed due to the timing of some of the
data collection. If omeprazole is required or if inadvertent exposure does
occur early in gestation, the known risk to the embryo–fetus appears to be
low. Long-term follow-up of offspring exposed during gestation is
warranted.

FETAL RISK SUMMARY
The antisecretory agent, omeprazole, a PPI, suppresses gastric acid secretion
by a direct inhibitory effect on the gastric parietal cell (1). It is used for the
treatment of duodenal and gastric ulcers, erosive esophagitis, and pathologic
hypersecretory conditions, such as Zollinger-Ellison syndrome. Omeprazole is



in the same class of PPIs as dexlansoprazole, esomeprazole, lansoprazole,
pantoprazole, and rabeprazole. The drug has a short plasma half-life (0.5–1.0
hour) and is extensively metabolized to metabolites that have little or no
antisecretory activity (1).

In reproductive studies in pregnant rats and rabbits, doses up to
approximately 345 and 172 times, respectively, the normal human dose
produced no evidence of teratogenicity, but dose-related embryo and fetal
mortality was observed (1). A dose-dependent increase in gastric cell carcinoid
tumors has been observed in rats (1). The in vitro Ames mutagen assay was
negative. Other tests for genotoxicity in mice and rats were either borderline or
negative (1).

Omeprazole crosses the placenta to the fetus in sheep (2) and in humans
(3). In sheep, the fetal:maternal ratio of total omeprazole, after both low and
high dose, was 0.2, but the ratio of unbound drug was 0.5 (2). Urinary
clearance of the drug was low in both the mother and the fetus.

Placental passage of omeprazole in humans was demonstrated in a study
published in 1989 (3). Twenty women were administered a single 80-mg oral
dose of omeprazole the night before scheduled cesarean sections with a mean
dosing-to-general anesthesia induction time interval of 853 minutes (range 765–
977 minutes) (3). At the time of surgery, maternal omeprazole levels ranged
from 0 to 271 nmol/L. The drug concentration in 13 of the 20 infants (both
arterial and venous umbilical samples were drawn in most cases) was either 0
or below the minimum detection limit (20 nmol/L). In the remaining seven
infants, omeprazole cord blood concentrations ranged from 21 to 109 nmol/L.
No adverse effects attributable to the drug were observed either at birth or at
follow-up in 7 days (3).

The FDA has received reports of 11 birth defects following pregnancy
exposure to omeprazole, 4 of which were anencephaly and 1 of which was a
hydranencephaly that developed de novo after starting omeprazole in the 13th
gestational week (F. Rosa, personal communication, FDA, 1996).

A paper published in 1995 described the use of omeprazole, 20 mg daily for
esophageal reflux, by a woman in two consecutive pregnancies that were
terminated because of severe congenital anomalies—anencephaly in one and
severe talipes in the other (4). The first pregnancy was the result of a gamete
intrafallopian transfer (GIFT) procedure, and the second occurred after a
natural conception. Both aborted fetuses had normal chromosomal patterns.

A woman with Zollinger-Ellison syndrome was treated in two of her three
pregnancies with omeprazole (5). In her first pregnancy, she had been treated



with ranitidine (300 mg/day) and with other therapy during the 2nd and 3rd
trimesters and delivered a healthy, 2560-g boy at 37 weeks’ gestation. She
then presented at 11 weeks’ gestation in her second pregnancy, complaining of
abdominal pain and vomiting. Her symptoms were controlled with omeprazole
(120 mg/day) which was continued until delivery of a healthy, 2610-g girl.
During the third pregnancy, she was treated throughout gestation with
omeprazole (180 mg/day) and cimetidine (450 mg/day) and delivered a healthy
term 2550-g male infant (5).

Data from the Swedish Medical Birth Registry were presented in 1998 (6). A
total of 553 infants (6 sets of twins) were delivered from 547 women who had
used acid-suppressing drugs early in pregnancy. A number of other
pharmaceutical agents, identified only by drug category, were also used by
these women. Nineteen infants with birth defects were identified (3.1%, 95%
confidence interval [CI] 1.8–4.9) compared with the crude malformation rate of
3.9% in the Registry. The odds ratio (OR) for a congenital malformation,
stratified for birth year, maternal age, parity, and smoking was 0.72 (95% CI
0.41–1.24) (6). The OR for malformations after PPI exposure was 0.91 (95%
CI 0.45–1.84) compared with 0.46 (95% CI 0.17–1.20) for H2-receptor
antagonists (OR 0.86, 95% CI 0.33–2.23; p = 0.13). Of the 19 infants with
birth defects, 10 had been exposed to PPIs, 8 to H2 antagonists, and 1 to both
classes of drug. Six of the defects in the PPI group were cardiovascular
defects (see also Lansoprazole), whereas only one such defect occurred in
those exposed to H2 antagonists. Omeprazole was the only acid-suppressing
drug exposure in 262 infants. Twenty other offspring were exposed in utero to
omeprazole combined either with cimetidine (2 infants) or ranitidine (18 infants).
Eight birth defects (3.1%) were observed in the group where omeprazole was
the only acid-suppressing agent used (defects described below) (6).

A 2001 study expanded the above data to 955 infants who had been
exposed to omeprazole during pregnancy (7). Of these, 863 infants were
exposed during the 1st trimester and 39 of these, plus an additional 92 infants,
were exposed after the 1st trimester. Twenty-eight infants (3.2%) had
congenital malformations, 16 of which were exposed to other medications.
Eight infants had cardiac defects, seven of which were considered mild or
unspecified: ventricular septal defects (N = 5), unspecified (N = 2). The infant
with the severe cardiac defect had tetralogy of Fallot plus an eye defect
(coloboma plus posterior segment malformation). The other, noncardiac
defects were (one each) hypospadias, urethral stenosis, bladder exstrophy,
plagiocephaly, facial anomaly, Down’s syndrome, valgus foot deformity, jejunal



atresia, and nevus. Defects that appeared two or more times were persistent
ductus arteriosus at term (N = 2), hydronephrosis (N = 2), undescended testicle
(N = 2), unstable hip (N = 3), and pylorostenosis (N = 2). The adjusted OR for
any malformation was 0.82, 95% CI 0.50–1.34. In addition to the defects, five
infants were stillborn. The author thought that the slight increase in cardiac
malformations and the stillbirths may have been random effects (7).

A prospective cohort study published in 1998 described the pregnancy
outcomes of 113 women exposed to omeprazole (101 during organogenesis)
matched with 113 disease-paired controls (exposed to H2-receptor
antagonists) and 113 controls who were exposed to nonteratogenic agents (8).
All of the subjects and controls had contacted a teratogen information service
to inquire about drug exposures during their pregnancy. Omeprazole-exposed
women were from Canada (N = 59), Italy (N = 41), and France (N = 13),
whereas all of the 226 controls were from Canada (Motherisk Program in
Toronto). There were no significant differences between the groups in alcohol
use and smoking. However, omeprazole-exposed women used significantly
more antipeptic and prokinetic agents (histamine blockers, antacids, sucralfate,
bismuth subsalicylate, calcium carbonate, and cisapride) than women in the two
control groups. Pregnancy outcomes were determined from information
supplied by the women shortly after delivery. No significant differences
between the three groups in terms of live births, spontaneous abortions
(SABs), elective abortions (EABs), gestational age at birth, preterm delivery,
Cesarean section, and birth weight were observed (8). The incidence of major
anomalies in live births exposed during the 1st trimester in the three groups
were 4 of 78 (5.1%), 3 of 98 (3.1%), and 2 of 66 (3.0%), respectively. The
four malformations in omeprazole-exposed infants were ventricular septal
defect, polycystic kidneys, ureteropelvic junction stenosis, and patent ductus
arteriosus. In disease-paired controls, the three defects were atrial septal
defect and two cases of ventricular septal defect, whereas in nonteratogenic
controls the two malformations were atrial septal defect with pulmonary
stenosis and developmental delay. Although the study lacked the statistical
power to detect a small increase in major malformations, the authors concluded
that it was unlikely that omeprazole was a major teratogen (8).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (9). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed



drug was thought to had been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Omeprazole was taken during the 1st
trimester in five pregnancies. The outcomes of these pregnancies included one
EAB and four normal, full-term infants (9).

The pregnancy outcomes of nine women who had taken omeprazole (20–60
mg/day) during gestation were described in a 1998 publication (10). Four of the
women took omeprazole during the 1st trimester and five started treatment in
the 2nd or 3rd trimesters. No complications or congenital malformations were
observed in the offspring or during subsequent follow-up periods ranging from 2
to 12 years (10).

In a study published in 1999, investigators linked data from a Danish
prescription database to a birth registry to evaluate the risks of PPIs for
congenital malformations, low birth weight, and preterm delivery (<37 weeks’)
(11). From a total of 51 women who had filled a prescription for these drugs
sometime during pregnancy, 38 (omeprazole N = 35, lansoprazole N = 3) had
done so during the interval of 30 days before conception to the end of the 1st
trimester. A control group, consisting of 13,327 pregnancies in which the
mother had not obtained a prescription for reimbursed medication from 30 days
before conception to the end of her pregnancy, was used for comparison. The
prevalence of major congenital anomalies in the controls was 5.2%. Three
major birth defects (7.9%), two of which were cardiovascular anomalies, were
observed from the 38 pregnancies possibly exposed in the 1st trimester
(specific drug exposure not given): ventricular septum defect; pyloric stenosis;
and one case of patent ductus arteriosus, atrial septum defect, hydronephrosis,
and agenesis of the iris. Compared with controls, the adjusted (for maternal
age, birth order, gestational age, and smoking, but not for alcohol abuse)
relative risks for the three outcomes were congenital malformations 1.6 (95%
CI 0.5–5.2), low birth weight 1.8 (95% CI 0.2–13.1), and preterm delivery (not
adjusted for gestational age) 2.3 (95% CI 0.9–6.0). Although the study found
no elevated risks for the three outcomes, the investigators cautioned that more
data were needed to assess the possible association between PPIs and
cardiac malformations or preterm delivery (11).

Two databases, one from England and the other from Italy, were combined
in a study published in 1999 that was designed to assess the incidence of
congenital malformations in women who had received a prescription for an
acid-suppressing drug (omeprazole, cimetidine, or ranitidine) during the 1st



trimester (12). Nonexposed women were selected from the same databases to
form a control group. SABs and EABs (except two cases of prenatally
diagnosed congenital anomalies that were grouped with stillbirths) were
excluded from the analysis. Stillbirths were defined as any pregnancy loss
occurring at 28 weeks’ gestation or later. Omeprazole was taken in 134
pregnancies, resulting in 139 live births (11 [7.9%] premature), 5 (3.7%) of
whom had a congenital malformation. There were no stillbirths or neonatal
deaths. The malformations were (shown by system): head/face (tongue tie),
heart (septal defects N = 2), muscle/skeletal (dysplastic hip/dislocation/clicking
hip), and genital/urinary (congenital hydrocele/inguinal hernia). In addition, three
newborns had a small head circumference for gestational age. In comparison,
the outcomes of 1547 nonexposed pregnancies included 1560 live births (115
[7.4%] premature), 15 stillbirths (includes 2 EABs for anomalies), and 10
neonatal deaths. Sixty-four (4.1%) of the newborns had malformations that
involved the central nervous system (N = 2), head/face (N = 13), eye (N = 2),
heart (N = 7), muscle/skeletal (N = 13), genital/urinary (N = 18), and
gastrointestinal (N = 2), or were polyformation (N = 3) or known genetic
anomalies (N = 4). Twenty-one newborns were small for gestational age and
78 had a small head circumference for gestational age. The relative risk of
malformation (adjusted for mother’s age and prematurity) associated with
omeprazole was 0.9 (95% CI 0.4–2.4), with cimetidine 1.3 (95% CI 0.7–2.6),
and with ranitidine 1.5 (95% CI 0.9–2.6) (12).

A 1998 case report described a 41-year-old woman with refractory
gastroesophageal reflux disease (GERD) who was treated with omeprazole
(20 mg/day) starting at 29 weeks’ gestation (13). Previous treatment with
ranitidine (late 1st trimester), cisapride (2nd trimester), or a combination of the
two had been unsuccessful. A slightly premature male child (birth weight not
given) with fetal bradycardia was delivered in the 36th week with Apgar scores
of 6 and 9 at 1 and 5 minutes, respectively. He was doing well at 1 year of age
(13).

A 2002 study conducted a meta-analysis involving the use of PPIs in
pregnancy (14). In the five cohort studies analyzed, there were 593 infants,
mostly exposed to omeprazole, but also including lansoprazole and
pantoprazole. The relative risk (RR) for major malformations was 1.18, 95% CI
0.72–1.94 (14).

A 2005 study by the European Network of Teratology Information Services
reported the outcomes of pregnancies exposed to omeprazole (N = 295),
lansoprazole (N = 62), or pantoprazole (N = 53) (15). In the pantoprazole



group, the median duration of treatment was 14 days (range 7–23 days) and
the dose used was 40 mg/day. The outcomes consisted of 1 SAB, 3 EABs
(none for congenital anomalies), 1 stillbirth, and 48 live births. One infant
exposed early in gestation (week 2 for 8 days) had congenital toxoplasmosis.
Compared with a nonexposed control group, there was no difference in the rate
of major malformations between the pantoprazole and control groups (RR 0.95,
95% CI 0.46–1.98). Similar results were observed for lansoprazole and
pantoprazole (15).

A population-based observational cohort study formed by linking data from
three Swedish national health care registers over a 10-year period (1995–
2004) was reported in 2009 (16). The main outcome measure was a diagnosis
of allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-receptor
antagonists, prostaglandins, PPIs, combinations for eradication of Helicobacter
pylori, and drugs for peptic ulcer and gastro-esophageal reflux disease. Of
585,716 children, 29,490 (5.0%) met the diagnosis and 5645 (1%) had been
exposed to gastric acid–suppression therapy in pregnancy. Of these children,
405 (0.07%) were treated for allergic disease. For developing allergy, the odds
ratio (OR) was 1.43, 98% confidence interval (CI) 1.29–1.59, irrespective of
the drug, time of exposure during pregnancy, and maternal history of allergy.
For developing childhood asthma, but not other allergic diseases, the OR was
1.51 95% CI 1.35–1.69, irrespective of the type of acid-suppressive drug and
the time of exposure in pregnancy. The authors proposed three possible
mechanisms for their findings: (a) exposure to increased amounts of allergens
could cause sensitization to digestion labile antigens in the fetus; (b) maternal
Th2 cytokine pattern could promote an allergy-prone phenotype in the fetus;
and (c) maternal allergen-specific IgE could cross the placenta and sensitize
fetal immune cells to food and airborne allergens. Several limitations of the
study that might have affected their findings were identified, including a general
increase in childhood asthma but not necessarily an increase in allergic asthma
(16). The study requires confirmation.

Several investigations have studied the effect of omeprazole for prophylaxis
against aspiration pneumonitis in emergency cesarean section (17–22). No
adverse effects were noted in the newborns.

A second meta-analysis of PPIs in pregnancy was reported in 2009 (23).
Based on 1530 exposed compared with 133,410 not exposed pregnancies, the
OR for major malformations was 1.12, 95% CI 0.86–1.45. There also was no
increased risk for SABs (OR 1.29, 95% CI 0.84–1.97) or preterm birth (OR



1.13, 95% CI 0.96–1.33). When the analysis was conducted for exposure to
omeprazole alone, the OR for major malformations was 1.17, 95% CI 0.90–
1.53 (23).

In a 2010 study from Denmark, covering the period 1996–2008, there were
840,968 live births among whom 5082 were exposed to PPIs between 4 weeks
before conception to the end of the 1st trimester (24). In the exposed group
there were 174 (3.4%) major malformations compared with 21,811 (2.6%) not
exposed to PPIs (adjusted prevalence odds ratio [aPOR] 1.23, 95 CI 1.05–
1.44). When the analysis was limited to exposure in the 1st trimester, there
were 118 (3.2%) major malformations among 3651 exposed infants (aPOR
1.10, 95% CI 0.91–1.34). For exposure to omeprazole in the 1st trimester,
there were 52 (2.9%) major birth defects among 1800 live births (aPOR 1.05,
95% CI 0.79–1.40) (see Esomeprazole, Lansoprazole, Pantoprazole, and
Rabeprazole for their data). The data showed that exposure to PPIs in the 1st
trimester was not associated with a significantly increased risk of major birth
defects (24). An accompanying editorial discussed the strengths and
weaknesses of the study (25).

In a 2012 publication, the National Birth Defects Prevention study, a multisite
population-based case–control study, examined whether nausea/vomiting of
pregnancy (NVP) or its treatment were associated with the most common
noncardiac defects (nonsyndromic cleft lip with or without cleft palate [CL/P],
cleft palate alone [CP], neural tube defects [NTDs], and hypospadias) (26). PPI
exposure included esomeprazole, lansoprazole, and omeprazole. There were
4524 cases and 5859 controls. NVP was not associated with cleft palate or
NTDs, but modest risk reductions were observed for CL/P and hypospadias.
Increased risks were found for PPIs (N = 7) and hypospadias (adjusted OR
[aOR] 4.36, 95% CI 1.21–15.81), steroids (N = 10) and hypospadias (aOR
2.87, 95% CI 1.03–7.97), and ondansetron (N = 11) and CP (aOR 2.37, 95%
CI 1.18–4.76) (26).

Another 2012 study, using the Danish nationwide registries, evaluated the
risk of hypospadias after exposure to PPIs during the 1st trimester and
throughout gestation (27). The study period, 1997 through 2009, included all
liveborn boys that totaled 430,569 of whom 2926 were exposed to maternal
PPI use. Hypospadias was diagnosed in 20 (0.7%) exposed boys, whereas
2683 (0.6%) of the nonexposed had hypospadias (adjusted prevalence ratio
[aPR] 1.1, 95% CI 0.7–1.7). For the 5227 boys exposed throughout pregnancy,
32 (0.6%) had hypospadias (PR 1.0, 95% CI 0.7–1.4). When the analysis was
restricted to mothers with two or more PPI prescriptions, the aPR of overall



hypospadias was 1.7 (95% CI 0.9–3.3) and 1.6 (95% CI 0.7–3.9) for
omeprazole. The authors concluded that PPIs were not associated with
hypospadias (27).

A large retrospective cohort study from Israel covering the period 1998–2009
was published in 2012 (28). Among 114,960 live births, there were 110,783
singletons and 1239 elective abortions. Major malformations were observed in
6037 (5.5%) singletons and in 468 abortuses. Exposure to a PPI (lansoprazole,
omeprazole, or pantoprazole) during the 1st trimester occurred in 1186 (1159
infants and 27 abortuses). In the exposed infants and abortuses, 80 (6.7%) had
a major malformation compared with 6425 (5.9%) not exposed (aOR 1.06,
95% CI 0.84–1.33). In the 955 infants–abortuses exposed to omeprazole, 67
(7.0%) had a major malformation compared with 6438 (5.9%) not exposed
(aOR 1.11, 95% CI 0.87–1.43). The data showed that exposure to PPIs during
the 1st trimester was not associated with an increased risk of major defects.
Moreover, additional analysis revealed that exposure during the 3rd trimester
was not associated with increased risk of perinatal mortality, premature
delivery, low birth weight, or low Apgar scores (28).

Five reviews on the treatment of GERD have concluded that PPIs can be
used in pregnancy with relative safety (29–33). Because there are either very
limited or no human pregnancy data for the three newest agents in this class
(dexlansoprazole, esomeprazole, and rabeprazole), other drugs in the class are
preferred.

BREASTFEEDING SUMMARY
Only one report describing the use of omeprazole during human lactation has
been located. A woman with refractory GERD was treated with omeprazole
(20 mg/day) for 7–8 weeks before delivering a premature male infant (birth
weight not given) at 36 weeks’ gestation (see above) (13). Treatment was
continued during breastfeeding. During this time, she fed her infant son just
before taking her dose at 8 AM, refrained from nursing for 4 hours, then
expressed and discarded her milk at 12 noon. At 3 weeks postpartum, blood
and milk samples were obtained at 8 AM and then every 30 minutes for 4 hours
(i.e., until 12 noon). The milk was obtained by expressing but the volume of the
samples was not specified. Maternal serum concentrations began to rise 90
minutes after the dose, reached 950 nM at 12 noon, and appeared to be still
rising. Breast milk levels also began to rise at 90 minutes and peaked at 180
minutes at 58 nM. The infant was doing well at 1 year of age (13).

The above case report estimated a maximum daily omeprazole exposure of 4



mcg, but the calculation was based on a consumption of only 200 mL of
milk/day for a 5-kg infant (40 mL/kg/day). A more acceptable value is 150
mL/kg/day (34). Moreover, the milk samples were obtained by expression and
the volumes expressed were not given. This is clinically relevant because
hindmilk obtained at the end of a feeding is 4–5 times higher in fat than foremilk
(35). For lipid-soluble drugs, such as omeprazole, hindmilk would be expected
to contain most of the drug in milk.

In concurrence with the above case report, the molecular weight of
omeprazole (about 345) suggests that it will be excreted into human milk. One
source stated that the safety of a drug during breastfeeding can be arbitrarily
defined as no more than 10% of the adult dose standardized by weight if a
therapeutic dose for infants is not known (34). Until additional studies show that
omeprazole meets this criterion, the use of omeprazole during breastfeeding
should probably be avoided. Other concerns, such as the carcinogenicity
observed in animals and the potential for suppression of gastric acid secretion
in the nursing infant, also warrant further study.
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ONDANSETRON
Antiemetic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Consistent with the animal data, most human pregnancy data for
ondansetron suggest that the risk of birth defects is low. However, in many
studies ondansetron was started after organogenesis. Moreover, a large
Danish study reported a 2-fold increased risk of cardiac anomalies. Thus,
additional data are required to determine the risk. Consequently, if
indicated, starting ondansetron therapy after 10 weeks of gestation should
be considered.

FETAL RISK SUMMARY
Ondansetron is a selective 5-HT3 receptor antagonist. It is an antiemetic that is
indicated for the prevention and treatment of nausea and vomiting induced by
chemotherapy, radiotherapy, and postoperative. The drug is extensively
metabolized to metabolites that are unlikely to contribute to the parent drug’s
biological activity. The mean elimination half-life of a single 8-mg dose in
women of reproductive age (18–40 years) is 3.5 hours (1).

No adverse effects on fertility or on the fetus were observed in reproduction
studies in rats and rabbits with oral doses up to 15 and 30 mg/kg/day,
respectively (1).

It is not known if ondansetron crosses the human placenta. The molecular
weight (about 293) and the moderate elimination half-life suggest that the drug
will cross to the embryo–fetus, but the extensive metabolism may limit the
amount of parent drug crossing the placenta.

Ondansetron has been used in the treatment of hyperemesis gravidarum
(2–6). A 21-year-old primigravida with severe nausea and vomiting was treated
unsuccessfully for approximately 4 weeks, beginning at 6 weeks’ gestation,
with IV metoclopramide, 10 mg 3 times daily, rectal dimenhydrinate, 100 mg



twice daily, and IV fluids (2). Because her condition was considered life-
threatening for both her and her fetus, ondansetron 8 mg IV 3 times daily was
instituted at 11 weeks’ gestation and continued for 14 days. Significant
improvement was noted in the patient’s condition from the second day of
therapy. The woman eventually gave birth at term to a healthy 3.2-kg girl.

A second report on the use of ondansetron for severe NVP involved a 22-
year-old woman with renal impairment and nephrotic syndrome (3). Treatment
with the antiemetic was begun at 30 weeks’ gestation with 8 mg IV 3 times
daily for 1 day, then orally (dose not specified) until 33 weeks’ gestation. A
healthy 2052-g female infant was delivered at 36 weeks by elective cesarean
section. The infant remained in good health at an unspecified follow-up period.

A randomized, double-blind study, first published as an abstract (4) and then
as a full report (5), compared IV ondansetron (10 mg) (N = 15) with IV
promethazine (50 mg) (N = 15) for the treatment of hyperemesis gravidarum.
Both drugs were given as an initial dose followed by as-needed doses every 8
hours. The mean gestational ages of the two groups at the start of therapy
were 11.0 and 10.2 weeks, respectively. No differences were observed
between the two groups in terms of duration of hospitalization, nausea score,
number of doses received, treatment failures, and daily weight gain. The only
adverse effect observed was sedation in 8 women who received promethazine
compared with none in the ondansetron group. No mention was made of the
pregnancy outcomes in either group.

Ondansetron, 8 mg IV twice daily, was administered to a woman at 14
weeks’ gestation after 6 weeks of unsuccessful therapy with intermittent use of
promethazine, prochlorperazine, metoclopramide, and IV hydration (6). IV
ondansetron was able to control her vomiting, but not her nausea, and 2 days
later she was converted to oral therapy (4 mg) that was taken intermittently (1–
2 times daily) until 33 weeks’ gestation. Nausea occurred throughout her
pregnancy, with occasional episodes of vomiting. She eventually delivered a
healthy, 2.7-kg male infant at 39 weeks’ who was doing well at early follow-up.

A prospective comparative observational study, published in 2004, compared
three groups of pregnant women (N = 176 in each group) for the treatment of
NVP: ondansetron, other antiemetics, and nonteratogen exposures (7). There
were no significant differences between the three groups in terms of life births,
spontaneous abortions (SABs), elective abortions, stillbirths, birth weight, and
gestational age at birth. In the ondansetron group, there were six (3.5%) major
anomalies compared with three (1.8%) in each of the other two groups (p =
0.52). There were three cases of hypospadias in the ondansetron group



compared with one in the other groups (p = 0.25) (7).
A 2012 study, using data from the National Birth Defects Prevention Study

(NBDPS), examined whether NVP or its treatment was associated with the
most common noncardiac birth defects in the NBDPS: nonsyndromic cleft lip
with or without cleft palate, cleft palate alone, neural tube defects, and
hypospadias (8). For NVP, there were modest risk reductions for cleft
lip/palate (adjusted odds ratio [aOR] 0.87, 95% confidence interval [CI] 0.77–
0.98) and hypospadias (aOR 0.84, 95% CI 0.72–0.98). For NVP treatments in
the 1st trimester, there were increased risks for proton pump inhibitors and
hypospadias (aOR 4.36, 95% CI 1.21–15.81), corticosteroids and hypospadias
(aOR 2.87, 95% CI 1.03–7.97), and ondansetron and cleft palate (aOR 2.37,
95% CI 1.18–4.76), whereas antacids had a reduced risk for cleft lip/palate
(aOR 0.58, 95% CI 0.38–0.89). The authors commented that the three
associations could be chance findings but warranted further study (8).

In a 2013 study from Denmark, pregnant women exposed to ondansetron
were compared in a 1:4 ratio with women not exposed (9). There was no
increased risk for SAB that occurred in 1.1% of exposed compared with 3.7%
of unexposed women during weeks 7–12 (hazard ratio [HR] 0.49, 95% CI
0.27–0.91) or for weeks 13–22 (1.0% vs. 2.1%, respectively, HR 0.60, 95% CI
0.29–1.21). There also was no increased risk for stillbirth (0.3% vs. 0.40%,
respectively, HR 0.42, 95% CI 0.10–1.73), any major birth defect (2.9% vs.
2.9%, prevalence OR [pOR] 1.12, 95% CI 0.69–1.82), preterm birth (6.2% vs.
5.2%, pOR 0.90, 95% CI 0.66–1.25), low-birth-weight infant (4.1% vs. 3.7%,
pOR 0.76, 95% CI 0.51–1.13), or small-for-gestational-age infant (10.4% vs.
9.2%, pOR 1.13, 95% CI 0.89–1.44)(9).

Although this study found no association with an increased risk of some
adverse fetal outcomes, the question whether ondansetron causes birth defects
remains unanswered. This is true because the median gestational age when the
first ondansetron prescription was filled was 10 weeks. Thus, half of the
exposed women were beyond the period (i.e., organogenesis) when a drug
could cause structural anomalies.

A 2014 letter noted that the above study and a second study from Denmark
were presented at the 2013 International Society of Pharmacoepidemiology
meeting in Montreal (10). The second Danish study (11), using the same
national registries but covering more years (1997–2010 vs. 2004–2011) and
more pregnant women (897,108 vs. 608,835), reported a 2-fold increased risk
of cardiac anomalies (OR 2.0, 95% CI 1.3–3.1). Other issues raised in the
letter were concerns for maternal harm caused from QT prolongation, torsade



de pointes, and serotonin syndrome (10).

BREASTFEEDING SUMMARY
No reports describing the use of ondansetron during human lactation have been
located. The molecular weight (about 293) and the moderate elimination half-
life (3.5 hours) suggest that the drug will be excreted into breast milk, but the
extensive metabolism may limit the amount in milk. The effect of this exposure
on a nursing infant is unknown.
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OPIUM
Narcotic Antidiarrheal
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The effects of opium are caused by morphine (see Morphine). Neonatal
withdrawal is a potential complication if used for prolonged periods or in
high doses close to term.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 36 of
whom had 1st trimester exposure to opium (1, pp. 287–95). For use anytime
during pregnancy, 181 exposures were recorded (1, p. 434). Four of the 1st
trimester exposed infants had congenital defects, but these numbers are too
small to draw any conclusion about a relationship between the drug and major
or minor malformations. A possible association with inguinal hernia based on
seven cases after anytime exposure was suggested (1, p. 485) (see also
Morphine for similar findings). The statistical significance of these associations
is unknown and independent confirmation is required.

Narcotic withdrawal was observed in a newborn whose mother was treated
for regional ileitis with deodorized tincture of opium during the 2nd and 3rd
trimesters (2). Symptoms of withdrawal in the infant began at 48 hours of age.

BREASTFEEDING SUMMARY
No reports describing the use of opium during human lactation. (See Morphine.)
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OPRELVEKIN
Hematopoietic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of oprelvekin in human pregnancy have been
located. The animal data suggest a risk of toxicity but not teratogenicity.
However, the absence of human pregnancy experience prevents an
assessment of the risk the drug represents to the embryo and fetus.

FETAL RISK SUMMARY
Oprelvekin is a protein, produced by recombinant DNA technology from
Escherichia coli that differs from natural interleukin-11 (IL-11) by one terminal
amino acid. This difference does not affect its bioactivity as a thrombopoietic
growth factor that indirectly stimulates increased platelet production. It is
indicated to prevent severe thrombocytopenia and to reduce the need for
platelet transfusions following myelosuppressive chemotherapy. The terminal
half-life is about 6.9 hours (1).

Reproduction studies have been conducted in rats and rabbits. Oprelvekin
was embryocidal in rats at doses 2–20 times the human dose based on body
weight (HD). Maternal toxicity (transient hypoactivity and dyspnea) and
prolonged estrus cycle were evident at these doses. Embryo–fetal effects
included increased early embryonic deaths and decreased numbers of live
fetuses. At 20 times the HD, retarded fetal development occurred as evidenced
by low fetal weight, and reduced number of ossified sacral and caudal
vertebrae. Doses ≥2 times the HD used throughout gestation and lactation
resulted in increased newborn mortality, decreased viability index on day 4 of
lactation, and decreased pup body weights. In pregnant rabbits, doses 0.02–2
times the HD were maternal toxic (decreased fecal/urine eliminations,
decreased food consumption and body weight loss). These doses caused



abortion, increased embryonic and fetal deaths, and decreased numbers of live
fetuses. No teratogenicity was observed in rabbits at doses ≤0.6 times HD (1).

It is not known if oprelvekin crosses the human placenta. Oprelvekin is a 177-
amino acid protein with a molecular weight of about 19,000, but proteins can
cross to the embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of oprelvekin during lactation have been located.
Oprelvekin is a 177-amino acid protein with a molecular weight of about
19,000. Although it may be excreted into breast milk, it would most likely be
digested in the infant’s gastrointestinal tract. Therefore, the risk to a nursing
infant from exposure to the drug in milk appears to be very low or nonexistent.

Reference
1. Product information. Neumega. Wyeth Pharmaceuticals, 2004.



ORAL CONTRACEPTIVES
Estrogenic/Progestogenic Hormones
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The use of oral contraceptives is contraindicated in pregnancy primarily
because there are no benefits for such use. The absolute risk of embryo–
fetal harm after inadvertent exposure early in gestation appears to be low.
Use later in pregnancy of products containing synthetic progestogens may
be associated with masculinization of female fetuses.

FETAL RISK SUMMARY
Oral contraceptives contain a 19-nortestosterone progestin and a synthetic
estrogen (see Mestranol, Norethindrone, Norethynodrel, Ethinyl Estradiol,
Hydroxyprogesterone, Ethisterone). Because oral contraceptives are primarily
combination products, it is difficult to separate entirely the fetal effects of
progestogens and estrogens. Two groups of investigators have reviewed the
effects of these hormones on the fetus (133 references) (1,2). Several
potential problems were discussed: congenital heart defects, central nervous
system defects, limb reduction malformations, general malformations, and
modified development of sexual organs. Except for the latter category, no firm
evidence has appeared that establishes a causal relationship between oral
contraceptives and various congenital anomalies.

The acronym VACTERL (vertebral, anal, cardiac, tracheal, esophageal, renal
or radial, and limb) has been used to describe the fetal malformations produced
by oral contraceptives or the related hormonal pregnancy test preparations (no
longer available in the United States) (2,3). The use of this acronym should
probably be abandoned in favor of more conventional terminology because a
large variety of malformations has been reported with estrogen–progestogen-
containing products (1–11). The Population Council estimates that even if the
study findings for VACTERL malformations are accurate, such abnormalities
would occur in only 0.07% of the pregnancies exposed to oral contraceptives



(12). Some reviewers have concluded that the risk to the fetus for nongenital
malformations after in utero exposure to these agents is small, if indeed it
exists at all (2).

In contrast to the above, the effect of estrogens and some synthetic
progestogens on the development of the sexual organs is well established (2).
Masculinization of the female infant has been associated with norethindrone,
norethynodrel, hydroxyprogesterone, medroxyprogesterone, and
diethylstilbestrol (2,13,14). The incidence of masculinization of female infants
exposed to synthetic progestogens is reported to be approximately 0.3% (15).
Pseudohermaphroditism in the male infant is not a problem, because of the low
doses of estrogen employed in oral contraceptives (14).

Increased serum bilirubin in neonates of mothers taking oral contraceptives
or progestogens before and after conception has been observed (16). Icterus
occasionally reached clinically significant levels in infants whose mothers were
exposed to the progestogens.

Concern that oral contraceptives may be a risk factor for preeclampsia has
been suggested based on the known effects of oral contraceptives on blood
pressure (17). However, a retrospective controlled review of 341 patients found
no association between this effect and the drugs (17).

Possible interactions between oral contraceptives and tetracycline, rifampin,
ampicillin, or chloramphenicol resulting in pregnancy have been reported
(18–25). The mechanism for this interaction may involve the interruption of the
enterohepatic circulation of contraceptive steroids by inhibiting gut hydrolysis of
steroid conjugates, resulting in lower concentrations of circulating steroids.

BREASTFEEDING SUMMARY
Use of oral contraceptives during lactation has been associated with shortened
duration of lactation, decreased infant weight gain, decreased milk production,
and decreased composition of nitrogen and protein content of milk (26–29).
The American Academy of Pediatrics has reviewed this subject (30) (37
references). Although the magnitude of these changes is low, the changes in
milk production and composition may be of nutritional importance in
malnourished mothers.

In general, progestin-only contraceptives demonstrate no consistent
alteration of breast milk composition, volume, or duration of lactation (30). The
composition and volume of breast milk varies considerably even in the absence
of steroidal contraceptives (29). Both estrogens and progestins cross into milk.
An infant consuming 600 mL of breast milk daily from a mother using



contraceptives containing 50 mcg of ethinyl estradiol will probably receive a
daily dose in the range of 10 ng (30). This is in the same range as the amount
of natural estradiol received by infants of mothers not using oral contraceptives.
Progestins also pass into breast milk, although naturally occurring progestins
have not been identified. One study estimated 0.03, 0.15, and 0.3 mcg of d-
norgestrel/600 mL in milk from mothers receiving 30, 150, and 250 mcg of the
drug, respectively (31). A milk:plasma ratio of 0.15 for norgestrel was
calculated by the authors (31). A ratio of 0.16 was calculated for lynestrenol
(31,32).

Reports of adverse effects are lacking except for one child with mild breast
tenderness and hypertrophy who was exposed to large doses of estrogen (30).
If breastfeeding is desired, the lowest effective dose of oral contraceptives
should be chosen. Infant weight gain should be monitored, and the possible
need for nutritional supplements should be considered. The American Academy
of Pediatrics classifies combination oral contraceptives as compatible with
breastfeeding (33).
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ORLISTAT
Gastrointestinal Agent (Lipase Inhibitor)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One report describing the use of orlistat during human pregnancy has been
located. Because of its minimal systemic bioavailability, orlistat appears to
present a very low risk, if any, to the embryo or fetus. Orlistat may cause a
deficiency of fat-soluble vitamins (vitamins A [both retinol and β-carotene],
D, and E) if a daily multiple vitamin supplement is not taken. The vitamin
should be taken 2 hours either before or after an orlistat dose (1). Maternal
deficiency of these vitamins may result in fetal adverse effects (see also
Vitamin A, Vitamin D, and Vitamin E). If orlistat is used in pregnancy, health
care professionals are encouraged to call the toll-free number 800-670-
6126 for information about patient enrollment in the Motherisk study.

FETAL RISK SUMMARY
Orlistat is a lipase inhibitor used in the management of obesity. The agent
inhibits the absorption of dietary fats. The mechanism of action of orlistat
involves bonding to gastric and pancreatic lipases, thereby inactivating these
enzymes. The inactive enzymes are unable to hydrolyze dietary fat to
absorbable free fatty acids and monoglycerides (1). The systemic
bioavailability of orlistat is minimal (1).

Reproduction studies in rats and rabbits at doses up to 23 and 47 times the
recommended human daily dose based on BSA (RHD) revealed no evidence of
embryotoxicity or teratogenicity (1). In two rat studies, but not in two others,
doses of 6 and 23 times the RHD were associated with an increased incidence
of dilated cerebral ventricles. At 12 times the RHD in rats, no evidence of
impaired fertility was observed (1).

It is not known if orlistat crosses the placenta. Although the molecular weight



(about 496) is low enough for passage to the fetus, the minimal systemic
bioavailability of the agent following oral administration suggests that little, if
any, of the agent would be available for transfer from the maternal circulation.

A 2005 case report described the pregnancy outcome of a 33-year-old
woman treated with orlistat in the first 8 weeks of an unplanned pregnancy (2).
Diseases in the patient included morbid obesity, type 2 diabetes mellitus,
hypertension, and hypercholesterolemia. Other drugs used by the woman were
glimepiride, ramipril, thiocolchicoside (a muscle relaxant), simvastatin,
metformin, ciprofloxacin, and aspirin. When pregnancy was diagnosed at 8
weeks all medications were stopped, and she was started on methyldopa and
insulin. She gave birth at 38 weeks to a 3.470-kg female infant with Apgar
scores of 5 and 7 at 1 and 5 minutes, respectively. No minor or major
malformations were observed in the infant (2).

BREASTFEEDING SUMMARY
No reports describing the use of orlistat during human lactation have been
located. The minimal systemic bioavailability suggests that the drug would not
be found in breast milk, but maternal hypovitaminosis A, D, and E may occur
(see above).
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ORPHENADRINE
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Orphenadrine is an anticholinergic agent used in the treatment of painful
skeletal muscle conditions. No published reports of its use in human
pregnancy have been located (see also Atropine).

FETAL RISK SUMMARY
An animal study in pregnant rats using large oral doses (15 and 30 mg)
produced enlarged bladders containing blood but no other anomalies in 8 of
159 fetuses (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 411 newborns had
been exposed to orphenadrine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 11 (2.7%) major birth defects were
observed (16 expected), including (observed/expected) 2/4 cardiovascular
defects and 1/1 polydactyly. No anomalies were observed in four other defect
categories (oral clefts, spina bifida, limb reduction defects, and hypospadias)
for which specific data were available. These data do not support an
association between the drug and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of orphenadrine during human lactation have
been located (see also Atropine).
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OSELTAMIVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Limited reports describing the use of oseltamivir during human pregnancy
do not suggest a significant risk of developmental toxicity. The drug is used
for the treatment and prophylaxis of influenza, including novel influenza A
(H1N1). Because influenza infection in pregnancy is a high-risk condition,
the maternal benefit far outweighs the unknown risk, if any, to the embryo
or fetus. Moreover, hyperthermia, a common condition of influenza
infections, occurring during the 1st trimester doubles the risk of neural tube
defects (1). In addition, maternal hyperthermia during labor is a risk factor
for neonatal seizures, encephalopathy, cerebral palsy, and neonatal death.
Thus, in either case, hyperthermia should be promptly treated with
acetaminophen and, in the 1st trimester, combined with multivitamins
containing folic acid (1).

FETAL RISK SUMMARY
Oseltamivir is an ethyl ester prodrug that is rapidly metabolized by hepatic
esterases to oseltamivir carboxylate, the active antiviral agent. Systemic
exposure to oseltamivir is <5% of the total exposure. It is a neuraminidase
inhibitor in the same antiviral subclass as zanamivir. Plasma protein binding of
oseltamivir carboxylate is low (3%), but the elimination half-life is prolonged (6–
10 hours). Oseltamivir is indicated for the treatment of uncomplicated acute
illness due to influenza infection in patients 1 year of age and older who have
been symptomatic for no more than 2 days. It also is indicated for the
prophylaxis of influenza in patients aged 1 year and older (2). In April 2009, the
FDA issued an Emergency Use Authorization to allow the drug to be used to
treat and prevent influenza in children under 1 year of age, and to provide
alternate dosing recommendations for children older than 1 year (3).



Oseltamivir is active against novel influenza A (H1N1) ( formerly known as swine
flu), either as treatment of acute illness or as chemoprophylaxis in patients at
high risk of complications, such as pregnant women (4).

In reproduction studies, doses up to 100 times the human systemic exposure
based on AUC of oseltamivir carboxylate (HSE) had no effects on fertility or
mating performance in male and female rats, or on embryo–fetal development.
The highest dose was associated with minimal maternal toxicity. In rabbits,
doses up to 50 times the HSE also had no effect on embryo–fetal development.
Maternal toxicity was observed in rabbits with doses 15 times the HSE or
higher. In both species, fetal exposure to the antiviral agent was documented.
Although a dose-dependent increase in the incidence rates of skeletal
abnormalities and variants was observed in both species, the individual
incidence rate of each defect remained within the expected background rate of
occurrence (2).

Oseltamivir and its active metabolite were not carcinogenic in 2-year studies
in mice and rats. Oseltamivir was not mutagenic in several assays, but was
positive in one. The active metabolite was negative in all assays (2).

Although the relatively low molecular weight (about 312 and 284 for the
parent drug free base and metabolite, respectively), minimal plasma protein
binding, and prolonged elimination half-life suggest that both the parent drug
and the metabolite will cross to the embryo–fetus, a 2008 study (5) found
otherwise. In the ex vivo human placenta model, extensive metabolism of
oseltamivir to the active metabolite was observed, but neither the parent drug
nor its metabolite could be detected on the fetal side when concentrations 5–6-
fold above the therapeutic concentration were used. Concentrations 20–830-
fold above the therapeutic range were required for detectable levels on the
fetal side. The mean clearance index for these high levels was 0.13 and fetal
accumulation was minimal (5).

The Centers for Disease Control and Prevention has published information on
two cases of H1N1 virus infection in pregnancy that were treated with
oseltamivir (4). A 29-year-old woman at 23 weeks’ gestation presented at a
family practice clinic. She had a 1-day history of cough, sore throat, chills,
fever, and weakness. Rapid influenza diagnostic testing was positive, and H1N1
virus was later confirmed. The mother was prescribed oseltamivir and her
symptoms were resolving without complication. Her pregnancy was proceeding
normally. The clinic physician who evaluated the mother was also pregnant (13
weeks’ gestation). She began prophylactic oseltamivir and had remained
asymptomatic (4).



A 2005 report from the manufacturer briefly mentioned the use of oseltamivir
in 61 pregnant women without specifying the timing of the exposures (6).
Among these, there were four spontaneous abortions (SABs) and six elective
abortions (EABs). In addition, there were single cases of trisomy 21 (Down’s
syndrome) and anencephaly, neither of which was thought to be related to the
drug therapy. The remaining cases resulted in the birth of normal infants (6).

A 2009 report summarized the safety of neuraminidase inhibitors in pregnant
and breastfeeding women (7). The data, from two Japanese teratogen
information services, involved 90 pregnancies exposed during the 1st trimester
to therapeutic doses of oseltamivir (75 mg twice a day for up to 5 days). The
outcomes of the pregnancies were three SABs, one EAB, four preterm births,
seven infants with low birth weight, and one major malformation (ventricular
septal defect). The malformation incidence (1.2%; 1 in 86 live births) is well
within the background incidence of major malformations (7).

A retrospective cohort study, covering the period 2003–2008, described 239
pregnancies that were treated with antiviral agents during pregnancy (8). Of
these, 104 women received M2 ion channel inhibitors (rimantadine, amantadine,
or both) and 135 received oseltamivir. The pregnancy outcomes of these
patients were compared with 82,097 controls from the site’s overall obstetric
patient population. The exposure timing for the combined treated groups was
13% 1st trimester, 32% 2nd trimester, and 55% 3rd trimester. There were no
significant differences between the treated groups and controls in terms of
maternal and delivery characteristics except that M2 inhibitors had more
multiple gestations. For M2 inhibitors, oseltamivir vs. controls, there also was
no differences in stillbirths (0%, 0% vs. 1%), major defects (1% [trisomy 21],
0% vs. 2%), and minor defects (19%, 15% vs. 22%). The only significant
finding in the characteristics of liveborn, singleton neonates, after exclusion of
twins and major anomalies, was a higher risk of necrotizing enterocolitis in both
treatment groups compared with controls—1.0%, 0.8% vs. 0.02% (8).

BREASTFEEDING SUMMARY
Oseltamivir and its active metabolite are excreted into breast milk. A woman
who was breastfeeding her 9-month-old child twice daily accidentally stuck
herself with a novel influenza A (H1N1)-contaminated needle (9). She was
treated with oseltamivir 75 mg twice daily for 5 days. Breastfeeding was
stopped during this period because of possible adverse effects in the infant.
Milk samples (N = 11) were collected twice daily over the 5-day period by
completely emptying both breasts. The timings of the samples were distributed



at various times, with eight of the samples collected 30 minutes before or after
a dose. The steady state concentration of the metabolite (37–39 ng/mL) was
reached after 3 days. The authors estimated that the maximum relative infant
dose (oseltamivir plus the metabolite) was 0.012 mg/kg/day or about 0.5% of
the mother’s weight-adjusted dose (based on an assumed maternal weight of
60 kg) (9).

Based on the above study, in which the infant did not nurse, the concentration
of the drug in breast milk appears to be clinically insignificant. In addition, the
potential dose for a nursing infant is much less than the pediatric dose.
Moreover, breastfeeding is recommended for women infected with novel
influenza A (H1N1), regardless of whether they are being treated, because of
the advantages of breast milk for the infant’s immune system (10).
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OUABAIN

[Withdrawn from the market. See 9th edition.]



OXACILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the reported pregnancy experience with oxacillin is limited, all
penicillins are considered low risk in pregnancy.

FETAL RISK SUMMARY
Oxacillin is a penicillin antibiotic (see also Penicillin G). The drug crosses the
placenta in low concentrations. Cord serum and amniotic fluid levels were <0.3
mcg/mL in 15 of 18 patients given 500 mg orally 0.5–4 hours before cesarean
section (1). No effects were seen in the infants.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
3546 of whom had 1st trimester exposure to penicillin derivatives (2, pp. 297–
313). For use anytime during pregnancy, 7171 exposures were recorded (2, p.
435). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects.

A 1999 study used the population-based database of the Hungarian Case–
Control Surveillance of Congenital Abnormalities (1980–1996) to evaluate the
teratogenicity of oxacillin (3). The database contained 22,865 fetuses or
newborns with congenital malformations and 38,151 matched control newborns
without birth defects. The mothers of 14 cases (4 in the 1st trimester) and 19
controls (8 in the 1st trimester) were treated with oxacillin during pregnancy. No
associations were discovered based on a comparison with the expected rates
in 24 congenital anomaly groups (3).

An interaction between oxacillin and oral contraceptives resulting in
pregnancy has been reported (4). Other penicillins (e.g., see Ampicillin) have
been suspected of this interaction, but not all investigators believe that it
occurs. Although controversial, an alternate means of contraception may be a
practical solution if both drugs are consumed at the same time.



BREASTFEEDING SUMMARY
Oxacillin is excreted in breast milk in low concentrations (1). Although no
adverse effects have been reported, three potential problems exist for the
nursing infant: modification of bowel flora, direct effects on the infant (e.g.,
allergic response), and interference with the interpretation of culture results if a
fever workup is required.
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OXALIPLATIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated (1st Trimester)
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The human pregnancy experience is limited and the animal data in one
species suggest risk. Although two infants exposed in utero had no
complications attributable to oxaliplatin, both were exposed only in the 2nd
and 3rd trimesters. Exposure during organogenesis and/or in any portion of
the 1st trimester has the potential for causing embryo–fetal harm and
should be avoided.

FETAL RISK SUMMARY
Oxaliplatin is indicated, in combination with infusional fluorouracil/leucovorin (5-
FU/LV), for the treatment of patients with metastatic carcinoma of the colon or
rectum whose disease has recurred or progressed during or within 6 months of
completion of first-line therapy with the combination of 5-FU/LV and irinotecan.
The drug undergoes rapid and extensive nonenzymatic biotransformation to
several reactive oxaliplatin derivatives. Preceded by two relatively short
distribution phases (0.43 and 16.8 hours), the terminal elimination half-life is
391 hours (about 16 days). Following a 2-hour infusion, only about 15% of the
dose is in the systemic circulation, with the remaining 85% in tissues or
eliminated in the urine. Plasma protein binding (>90%) primarily to albumin and
γ-globulins is irreversible (1).

Reproduction studies have been conducted in rats. In this species, a dose
<0.1 times the recommended human dose based on BSA (RHD) given before
implantation and before and during organogenesis was associated with early
resorptions, decreased body weight, and delayed ossification (1).

Long-term carcinogenicity studies have not been conducted. The drug was
mutagenic and clastogenic in animal and human assays. A dose <1/7th the
RHD in male and female rats did not affect pregnancy rates, but did cause
increased early resorptions, decreased live fetuses, decreased live births, and



decreased fetal weight. In dogs, a dose about 1/6th the RHD given for 5 days
every 28 days for three cycles caused testicular damage (characterized by
degeneration, hypoplasia, and atrophy) (1).

It is not known if oxaliplatin or any of its reactive derivatives cross the human
placenta. The molecular weight of oxaliplatin (about 397 and about 309 without
the oxalate ligand) and the long terminal half-life suggest that the parent drug
and/or its derivatives will cross to the embryo–fetus. However, the relatively
small amount of the dose in the systemic circulation and the irreversible binding
to albumin and γ-globulins should limit the amount transferred.

A 2009 case report described the use of oxaliplatin at 20 weeks’ gestation in
a 25-year-old woman with metastatic rectal cancer (2). Therapy involved a
modified FOLFOX-6 regimen consisting of oxaliplatin 85 mg/m2 and leucovorin
400 mg/m2, and 5-fluorouracil 400 mg/m2 bolus followed by a 5-fluorouracil
2400 mg/m2 46-hour infusion given biweekly. After six biweekly courses, the
woman gave birth vaginally at 33.6 weeks’ gestation to a normal, about 2440-g
(5 pounds, 6 ounces), female infant with Apgar scores of 8 and 8 at 1 and 5
minutes, respectively. At 3.5 years of age, the child was growing normally with
her height and weight at the 60th and 45th percentile, respectively (2).

A 40-year-old woman (gravida 4, para 3) was diagnosed at 23 weeks’
gestation with advanced metastatic colorectal cancer (3). At 27 weeks’,
treatment was begun with the same FOLFOX-6 regimen described above at 2-
week intervals except that the oxaliplatin dose was 100 mg/m2. The woman
received four treatments before a planned cesarean section was performed at
31.5 weeks’ to give birth to a small-for-gestational-age 1175-g female infant. In
addition to the typical complications associated with prematurity, the infant also
was hypothyroid. At 11.75 months of age, the infant’s height, weight, and head
circumference were at the 50th, 80th, and 90th percentiles (corrected for
prematurity), respectively. The infant had a flaky red spot on the top of her
head but no other abnormalities. Except for gastroesophageal reflux (treated
with lansoprazole) and hypothyroidism (treated with levothyroxine), the infant
was developing normally (3).

BREASTFEEDING SUMMARY
No reports describing the use of oxaliplatin during human lactation have been
located. The molecular weight of oxaliplatin (about 397 and about 309 without
the oxalate ligand) and the long terminal half-life (391 hours) suggest that the
parent drug and/or its derivatives will be excreted into breast milk. However,



the relatively small amount of a dose in the systemic circulation and the
irreversible binding to albumin and γ-globulins should limit the amount excreted.
The effect of the potential exposure on a nursing infant is not known. However,
the safest course for the infant is to not breastfeed if the mother is receiving
this antineoplastic.
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OXAPROZIN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy, as is inhibition of labor, prolongation of pregnancy, and
suppression of fetal renal function (see also Indomethacin) (1). Persistent
pulmonary hypertension of the newborn may occur if these agents are used
in the 3rd trimester close to delivery (1,2). Women attempting to conceive
should not use any prostaglandin synthesis inhibitor, including oxaprozin,
because of the findings in a variety of animal models that indicate these
agents block blastocyst implantation (3,4). Moreover, as noted below,
nonsteroidal anti-inflammatory drugs (NSAIDs) have been associated with
spontaneous abortions (SABs) and congenital malformations. The absolute
risk for these defects, however, appears to be low.

FETAL RISK SUMMARY
Oxaprozin is an NSAID used in the treatment of acute and chronic arthritis. It is
in the same subclass (propionic acids) as five other NSAIDs (fenoprofen,
flurbiprofen, ibuprofen, ketoprofen, and naproxen).

The drug produced infrequent congenital malformations in rabbits treated
with doses in the usual human range, but not in mice and rats (5). No
teratogenic effects were observed in two other studies of pregnant rats and
rabbits (6–9). A dose-dependent constriction of the ductus arteriosus, similar to
that produced by other nonsteroidal anti-inflammatory agents, was observed in
fetal rats (9).

It is not known if oxaprozin crosses the human placenta. The molecular
weight (about 293) is low enough that passage to the fetus should be



expected.
A combined 2001 population-based observational cohort study and a case–

control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (10). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (11). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (12). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater COX-2
affinity, had a lower risk of this toxicity in humans than aspirin (13).

BREASTFEEDING SUMMARY
No reports describing the use of oxaprozin during human lactation have been
located. The molecular weight (about 293) is low enough that excretion into
breast milk should be expected. One reviewer listed several NSAIDs
(diclofenac, fenoprofen, flurbiprofen, ibuprofen, ketoprofen, ketorolac, and
tolmetin) that were considered safer alternatives to other agents (oxaprozin not
mentioned) if a NSAID was required while nursing (14). Because of the long
terminal elimination half-life (approximately 42 hours or longer) in adults and the
unknown amount of oxaprozin that is excreted into milk, any of these choices is
probably preferable.
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OXAZEPAM
Sedative
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The effects of benzodiazepines, including oxazepam, on the human embryo
and fetus are controversial. Although a number of studies have reported an
association with various types of congenital defects including the study
below, other studies with this class of drugs have not found such
associations. Maternal denial of exposure and the concurrent exposure to
other toxic drugs and substances (e.g., alcohol and smoking) may be
confounding factors. Continuous use during gestation or close to delivery
might result in neonatal withdrawal or a dose-related syndrome similar to
that observed with diazepam. The safest course is to avoid oxazepam
during gestation. (See Diazepam.)

FETAL RISK SUMMARY
Oxazepam is an active metabolite of diazepam (see also Diazepam). It is a
member of the benzodiazepine group. The drug, both free and conjugated
forms, crosses the placenta achieving average cord:maternal serum ratios of
0.6 during the 2nd trimester and 1.1 at term (1). Large variations between
patients for placental transfer have been observed (1–3). Passage of
oxazepam is slower than that of diazepam, but the clinical significance of this is
unknown (4). Two reports have suggested that the use of oxazepam in
preeclampsia would be safer for the newborn infant than diazepam (5,6).
However, it is doubtful whether either drug is indicated for this condition.

A 1989 report described characteristic dysmorphic features, growth
restriction, and central nervous system defects in eight infants exposed either
to oxazepam (≥75 mg/day) or diazepam (≥30 mg/day) (7) (see Diazepam for a
detailed description of the infants). The authors concluded that the clinical



characteristics observed in the infants probably represented a teratogenic
syndrome related to benzodiazepines (7).

BREASTFEEDING SUMMARY
Specific data relating to oxazepam use in lactating women have not been
located. Oxazepam, an active metabolite of diazepam, was detected in the
urine of an infant exposed to high doses of diazepam during lactation (8). The
infant was lethargic and demonstrated an electroencephalographic pattern
compatible with sedative medication (see Diazepam).
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OXCARBAZEPINE
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Oxcarbazepine is embryo and fetal toxic and teratogenic in some animal
species. Mild facial defects have been observed with oxcarbazepine and, a
closely related agent carbamazepine has been associated with neural tube
defects and minor craniofacial malformations (see Carbamazepine). The
human data are too limited to assess the risk to the embryo–fetus. The
effect of oxcarbazepine on folic acid levels or metabolism is unknown (1).
Until this information is available, the safest course is to give folic acid
supplementation with oxcarbazepine, as is done with other antiepileptic
agents. In addition, metabolism of oxcarbazepine does not result in epoxide
metabolites (1–3). Because these intermediate arene oxide metabolites
have been associated with teratogenicity (see Carbamazepine, Phenytoin,
and Valproic Acid), this may indicate a lower risk of teratogenicity with
oxcarbazepine compared with the other agents.

FETAL RISK SUMMARY
Oxcarbazepine is an orally active anticonvulsant agent used as either
monotherapy or adjunctive therapy in the treatment of partial seizures. The
chemical structure of oxcarbazepine is closely related to that of another
anticonvulsant, carbamazepine. Oxcarbazepine is rapidly metabolized to an
active 10-monohydroxy metabolite (10-hydroxy-10,11-dihydrocarbamazepine;
MHD) that is primarily responsible for the anticonvulsant activity (4).

In fertility studies with the active metabolite MHD, an oral dose, 2 times the
maximum recommended human dose based on BSA (MRHD) administered to
rats before and during mating and during early gestation caused disruption of
the estrous cyclicity and a reduction in the numbers of corpora lutea,



implantations, and live embryos. In pregnant rats, the administration of oral
oxcarbazepine during organogenesis, at doses approximately 1.2 and 4 times
the MRHD, caused increased incidences of fetal malformations (craniofacial,
cardiovascular, and skeletal) and variations. Developmental toxicity (embryo–
fetal death and growth restriction) was observed with oxcarbazepine at 4 times
the MRHD. Oxcarbazepine (0.6 times the MRHD) or its active metabolite (equal
to the MRHD) given during the latter part of gestation and throughout lactation
were associated with persistent reductions in offspring body weights and, in the
case of oxcarbazepine, altered behavior (decreased activity). Embryo and fetal
death but no birth defects were observed in rabbits given oral doses of the
active metabolite (1.5 times the MRHD) during organogenesis (4).

In a strain of mice susceptible to the teratogenic effects of carbamazepine,
the highest tolerable oral dose of oxcarbazepine (1100 mg/kg/day) produced a
lower incidence of teratogenicity (8% vs. 5% in controls; ns) than the epoxide
metabolite of carbamazepine (14%–27% vs. 6% in controls; p <0.05).
Concurrent treatment with phenobarbital did not increase the incidence of
congenital malformations over that observed with oxcarbazepine alone (5).

In agreement with the molecular weight (about 252) of the parent drug,
oxcarbazepine and its metabolite have been found in the fetus (2,6). In a
woman who was taking oxcarbazepine monotherapy (300 mg 3 times daily)
throughout gestation, maternal and term newborn plasma concentrations of the
drug and its metabolite MHD were approximately equal (6). The healthy 3700-g
female infant had mild facial dysmorphism with a discrete epicanthus and a
broad nasal bridge. Her development at 13 months of age was normal without
signs of mental retardation or neurologic deficit.

In three women taking oxcarbazepine (600–1800 mg/day; time of last dose
not specified), maternal and cord blood were obtained at delivery and analyzed
for the parent drug, active metabolite MHD, and the inactive metabolite of MHD
(2). The three agents were detected in all samples. In another part of the
study, oxcarbazepine was metabolized to MHD in a dual recirculating human
placental perfusion system, suggesting that the same metabolic process occurs
in vivo. MHD, however, was not metabolized to the inactive metabolite by the
placenta. No placental metabolism of carbamazepine was observed in the
perfusion system (2).

The author of a 1994 report very briefly reviewed the pregnancy outcomes of
27 women treated with oxcarbazepine (7). The outcomes included 1 infant born
with “some dysmorphic features” (which disappeared later in life), 3
spontaneous abortions (SABs), 1 infant with spina bifida (whose mother also



received valproate), 1 newborn with “amniotic bands,” and 22 normal infants
(including 1 set of twins).

A 1996 review discussed the effects of oxcarbazepine and other
anticonvulsants (1). Compared with carbamazepine, oxcarbazepine causes less
induction of the cytochrome P450 enzyme system. However, oxcarbazepine
may compromise the efficacy of hormonal contraception. The outcomes of
12 pregnancies treated with oxcarbazepine (3 SABs and 9 normal newborns)
were listed without further details (1).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (8). The final report was
published in July 2010. The Registry is now closed. Among 34 prospectively
enrolled pregnancies exposed to oxcarbazepine and lamotrigine, with or without
other anticonvulsants, 31 were exposed in the 1st trimester resulting in 27 live
births without defects, 2 SABs, and 2 birth defects. There were three
exposures in the 2nd/3rd trimesters resulting in live births without defects (8).

A 2006 review of prophylactic therapy of bipolar disorder briefly described
the effects in pregnancy and breastfeeding of a number of drugs, including
oxcarbazepine (9). Untreated pregnant and nursing women with the disorder
are at an increased risk of poor obstetrical outcomes and relapse of affective
symptoms. Although the limited data prevented conclusions on the relative
safety of the drugs, the author did state that each case needed to be
considered separately (9).

BREASTFEEDING SUMMARY
Only one published report describing the use of oxcarbazepine during human
lactation has been located. In a woman who took oxcarbazepine (900 mg/day)
throughout gestation and during lactation (see case discussion above), the
milk:plasma ratios of the drug and its active metabolite MHD were 0.5 (6). No
adverse effects in the nursing infant from the exposure were mentioned. The
manufacturer also states that the milk:plasma ratio for both agents is 0.5 (4).
Nursing infants should be monitored for poor suckling, vomiting, and sedation
(10). However, because the American Academy of Pediatrics classifies
carbamazepine as compatible with breastfeeding (see Carbamazepine),
oxcarbazepine can probably be similarly classified.
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OXICONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of oxiconazole in human pregnancy have
been located. The drug is used topically and the systemic bioavailability is
minimal. The animal reproduction data suggest that the risk to the embryo
or fetus is low. Moreover, there is no evidence suggesting that similar
topical imidazole derivative antifungal agents cause embryo–fetal harm, and
there is no reason to believe that oxiconazole would be different.

FETAL RISK SUMMARY
Oxiconazole is available for topical use as a cream or lotion. It is in the same
antifungal class of imidazole derivatives as butoconazole, clotrimazole,
econazole, ketoconazole, miconazole, sertaconazole, sulconazole, and
tioconazole. Oxiconazole is indicated for the treatment of tinea pedis, tinea
cruris, and tinea corporis due to Trichophyton rubrum, T. mentagrophytes, or
Epidermophyton floccosum. The cream also is indicated for the treatment of
tinea (pityriasis) versicolor due to Malassezia furfur. Neither the cream nor the
lotion should be applied intravaginally. Systemic absorption from the skin is low,
with <0.3% of the applied dose recovered in the urine of healthy adults (1).
Information regarding the metabolism, plasma protein binding, and elimination
half-life has not been located.

Reproduction studies with orally administered oxiconazole have been
conducted in pregnant mice, rats, and rabbits. No evidence of fetal harm was
observed in these species at doses that were 27, 40, and 57 times,
respectively, the human dose based on BSA (1).

Studies evaluating the carcinogenic potential of oxiconazole have not been
conducted by the manufacturer. No evidence of mutagenicity was found in



multiple assays. In female and male rats, oral doses that were 1 and 4 times,
respectively, the human dose based on BSA did not impair fertility. At higher
doses, there was a decrease in fertility parameters in both females and males,
decreased number of sperm in vaginal smears, extended estrous cycle, and a
decrease in mating frequency (1).

It is not known if oxiconazole crosses the human placenta. The molecular
weight (about 492) is low enough for passage, but the minimal systemic
bioavailability suggests that exposure of the embryo or fetus is clinically
insignificant.

BREASTFEEDING SUMMARY
No reports describing the use of oxiconazole during human lactation have been
located. The molecular weight (about 492) is low enough for excretion into
breast milk, but the minimal systemic bioavailability suggests that exposure of
the nursing infant would be clinically insignificant.
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OXPRENOLOL

[Withdrawn from the market. See 9th edition.]



OXTRIPHYLLINE

[Withdrawn from the market. See 9th edition.]



OXYBUTYNIN
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One report described the use of oxybutynin throughout pregnancy. The
drug is a tertiary amine that is a direct inhibitor of smooth muscle spasm of
the urinary tract. It also possesses antimuscarinic activity (about one-fifth
of the anticholinergic activity of atropine). Oxybutynin is used for the relief
of symptoms associated with bladder instability and nocturnal enuresis. It is
in the same subclass as darifenacin, flavoxate, solifenacin, tolterodine, and
trospium.

FETAL RISK SUMMARY
Reproduction studies in the hamster, mouse, rat, and rabbit have not
demonstrated definite evidence of impaired fertility or fetal harm (1–3). No fetal
harm was noted in female rats dosed orally with oxybutynin, 20–160 mg/kg/day
(maximum recommended human dose is 20 mg/day or less than 0.5 mg/kg/day
for an average adult) (4).

It is not known if the drug crosses the placenta to the fetus. The molecular
weight (about 358 for the free base) is low enough that exposure of the
embryo–fetus should be expected.

A 2001 case report described a paraplegic woman who had used baclofen
80 mg/day (the maximum recommended daily oral dose), oxybutynin 9 mg/day,
and trimethoprim 100 mg/day throughout an uneventful pregnancy (5). The
fetus developed tachycardia at an unspecified gestational age and an
apparently healthy female infant was delivered (birth weight not given). Apgar
scores were 10 at 1 and 5 minutes. At 7 days of age, the infant was admitted
to the hospital for generalized seizures, but the mother had noted abnormal
movements 2 days after birth. All diagnostic test results were negative and the



seizures did not respond to phenytoin, phenobarbital, clonazepam, lidocaine, or
pyridoxine. Because seizures had been reported in adults after abrupt
withdrawal of baclofen, a dose of 1 mg/kg divided into four daily doses was
started and the seizures stopped 30 minutes after the first dose. Baclofen was
slowly tapered and then discontinued after 2 weeks. Magnetic resonance
imaging of the infant’s brain on day 17 suggested a short hypoxic ischemic
insult that was thought to have been secondary to the seizures (5).

BREASTFEEDING SUMMARY
No reports describing the use of oxybutynin during human lactation have been
located. The molecular weight (about 358 for the free base) is low enough that
excretion into milk should be expected. The effect of this exposure on a nursing
infant is unknown. However, other anticholinergics are classified by the
American Academy of Pediatrics as compatible with breastfeeding (see
Atropine and Scopolamine).
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OXYCODONE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. Use for prolonged periods or in
high doses at term has the potential to cause withdrawal or respiratory
depression in the newborn.

FETAL RISK SUMMARY
Oxycodone is a narcotic analgesic available as a single agent or in combination
with nonnarcotic analgesics, such as acetaminophen or aspirin. The drug is
rapidly metabolized in the liver to noroxycodone (weakly active), oxymorphone
(active), and their glucuronides. Plasma protein binding is about 45%. The
elimination half-lives of the extended-release and immediate-release
formulations are 4.5 and 3.2 hours, respectively (1).

Reproduction studies in rats and rabbits at doses up to 3 and 46 times the
human dose of 160 mg/day based on BSA, respectively, found no evidence of
fetal harm (1).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 8 of
whom had 1st trimester exposure to oxycodone (2). No evidence was found to
suggest a relationship to large categories of major or minor malformations or to
individual defects.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 281 newborns had
been exposed to oxycodone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 13 (4.6%) major birth defects were
observed (12 expected), including (observed/expected) 3/3 cardiovascular
defects and 1/1 hypospadias. No anomalies were observed in four other defect



categories (oral clefts, spina bifida, polydactyly, and limb reduction defects) for
which specific data were available. These data do not support an association
between the drug and congenital defects.

At a 1996 meeting, data were presented on 118 women using oxycodone (N
= 78) or hydrocodone (N = 40) during the 1st trimester for postoperative pain,
general pain, or upper respiratory infection who were matched with a similar
group using codeine for these purposes (3). Six (5.1%) of the infants exposed
to oxycodone or hydrocodone had malformations, an odds ratio of 2.61 (95%
confidence interval 0.6–11.5, p = 0.13). There was no pattern evident among
the six malformations (3).

A 26-year-old woman with chronic pain and depression took oxycodone 60
mg/day, quetiapine 400 mg/day, and fluoxetine 40 mg/day throughout
pregnancy (4). She gave birth at 37 weeks’ gestation to an apparently normal
3.4-kg (50th percentile) male infant, and then continued these drugs during
breastfeeding. The infant’s weight at 3 months of age was 5.6 kg (25th
percentile), but the Denver development assessment was consistent with his
chronological age (4).

Neonatal withdrawal associated with maternal use of oxycodone has been
reported (5,6). A 37-year-old woman underwent a cesarean section to give
birth to a normal 3685-g female infant with Apgar scores of 8 and 9 (5). The
infant was excessively irritable during the first 48 hours but did not require any
therapeutic intervention. When the mother suffered an acute abstinence
syndrome after delivery, it was discovered that she had taken Percodan
(oxycodone + aspirin) daily throughout pregnancy (5). The second case
involved a 24-year-old woman who had used IV oxycodone (120–500 mg/day)
and oral methadone during pregnancy (6). At 39 weeks’, she gave birth to a
2864-g (>25th percentile) male infant, Apgar scores 7 and 10, without
structural anomalies. The infant’s length (47 cm, <5th percentile) and head
circumference (33 cm, <5th percentile) were restricted. The infant had a shrill
cry at birth and developed severe neonatal abstinence syndrome. The infant’s
urine was positive for oxymorphone (a metabolite of oxycodone) but not for
methadone. The infant was discharged to foster care on day 16 of life (6).

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (7). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),



infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
and frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and



misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (7).

BREASTFEEDING SUMMARY
Oxycodone is excreted into breast milk. Six healthy postpartum women
received a combination product of oxycodone and acetaminophen, one or two
capsules every 4–7 hours, while breastfeeding their newborn infants (8).
Maternal plasma levels were in the expected range of 14–35 ng/mL and milk
concentrations ranged from <5 to 226 ng/mL. Peak milk concentrations
occurred 1.5–2.0 hours after the first dose, and then at variable times after
multiple doses. Although a large degree of variability was present, the mean
milk:plasma ratio was 3.4:1. No mention was made of any effects observed in
the nursing infants (8).

In a 2012 report, neonatal central nervous system (CNS) depression was
assessed in three cohorts of breastfeeding mother–infant pairs exposed to
oxycodone (N = 139), codeine (N = 210), or acetaminophen only (N = 184) (9).
More infants had CNS depression with oxycodone (20.1%) compared with
0.5% in the acetaminophen cohort (20.1%; OR 46.16, 95% CI 6.2–344.2; p
<0.0001) and 16.7% in the codeine cohort (16.7%; OR 0.79, 95% CI 0.46-
1.38; p >0.05). In the oxycodone and codeine cohorts, mothers of infants with
symptoms took significantly higher doses compared with mother of infants with
no symptoms in the same cohorts: oxycodone—median 0.4 mg/kg/day (range
0.03–4.06 mg/kg/day) vs. median 0.15 mg/kg/day (range 0.02–2.25
mg/kg/day); p = 0.005; codeine—median 1.4 mg/kg/day (range 0.7–10.5
mg/kg/day) vs. median 0.9 mg/kg/day (range 0.18–5.8 mg/kg/day); p ≤0.001.
In addition, significantly more mothers in the oxycodone cohort had sedation
compared with the codeine cohort. Based on these results, the authors
concluded that oxycodone was not a safer alternative to codeine in breastfed
infants (9).

If a mother is receiving oxycodone, her nursing infant should be monitored for
sedation and other adverse effects, such as gastrointestinal effects and
changes in feeding patterns.
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OXYMETAZOLINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Oxymetazoline, an α-adrenergic agent, is a long-acting vasoconstrictor
used topically in nasal decongestant sprays. No reports associating
oxymetazoline with congenital abnormalities have been located.

FETAL RISK SUMMARY
The Collaborative Perinatal Project recorded only 2 cases of exposure from
50,282 mother–child pairs (1). Although there was no indication of risk for
malformations, the number of women exposed is too small for any conclusion.

Uterine vessels are normally maximally dilated and have only α-adrenergic
receptors (2). Use of the α-adrenergic agent, oxymetazoline, could cause
constriction of these vessels and reduce uterine blood flow, thus producing fetal
hypoxia and bradycardia. A 1985 case report illustrated this toxicity when a
nonreactive nonstress test and a positive contraction stress test were
discovered in a 20-year-old woman at 41 weeks’ gestation (3). Persistent late
fetal heart rate decelerations were observed, and blood obtained from the fetal
scalp revealed a pH of 7.23. The mother had self-administered a nasal spray
containing 0.05% oxymetazoline, two sprays in each nostril, 6 times in a 15.5-
hour interval before the nonstress test with the last dose administered 0.5 hour
before testing. The recommended dosage interval for the preparation was
every 12 hours. Approximately 6 hours after the last dose, the late
decelerations disappeared and the normal beat-to-beat variability returned
about 0.5 hour later. A normal male infant with Apgar scores of 9 and 9 at 1
and 5 minutes, respectively, was spontaneously delivered 14 hours after the
last dose.

In contrast to the above case, a 1990 report described the results of a single



dose (two full squirts) of 0.05% oxymetazoline (4). The drug was self-
administered by 12 women with allergic rhinitis, sinusitis, or an upper
respiratory tract infection. The otherwise healthy women were between 27 and
39 weeks’ gestation. The effects of this dose on the maternal and fetal
circulations were measured at 15-minute intervals for 2 hours after the dose.
No significant changes were observed for maternal blood pressures or pulse
rates, fetal aortic blood flow velocity, and fetal heart rate, or for the systolic to
diastolic ratios in the uterine arcuate artery and umbilical artery. The
investigators concluded that oxymetazoline, when administered at the
recommended frequency, did not pose a risk for the healthy patient. Women
with borderline placental reserve, however, should use the agent cautiously (4).

BREASTFEEDING SUMMARY
No reports describing the use of oxymetazoline during human lactation have
been located.
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OXYMORPHONE
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although oxymorphone was not included in a National Birth Defects
Prevention Study, the use of other opioid agonists during organogenesis
was associated with a low absolute risk of congenital birth defects (see
Morphine). In addition, the use of any opioid agonist during labor or close
to delivery may cause neonatal respiratory depression.

FETAL RISK SUMMARY
Oxymorphone is an opioid agonist that is available in both oral and injectable
formulations. It is highly metabolized in the liver to active and inactive
metabolites (1).

Reproduction studies have been conducted in rats, rabbits, and hamsters.
Oxymorphone did not cause malformations in rats and rabbits at daily oral
doses that were about 2 and 8 times, respectively, the total human daily oral
dose of 120 mg based on BSA (THDD). Fetal weights were decreased in both
species at doses that were about 0.8 and 4 times the THDD. In rats given the
drug daily during gestation and postnatally at a dose that was about 2 times the
THDD, there was an increase in stillborn pups and neonatal deaths, as well as
low pup birth weight and a decrease in postnatal weight gain. In hamsters, a
single SC dose that was about 10 times the THDD produced malformations in
offspring but also produced 83% maternal death (1).

Although no studies have been found indicating that oxymorphone crosses
the human placenta, the molecular weight (about 338) and experience with
other opioid analgesics (e.g., see Morphine) indicates that the drug will rapidly
cross to the embryo–fetus.

Use of oxymorphone during labor produces neonatal respiratory depression
to the same degree as other narcotic analgesics (2–5).



BREASTFEEDING SUMMARY
No reports describing the use of oxymorphone during human lactation have
been located. However, the molecular weight (about 338) and experience with
other opioid analgesics (e.g., see Morphine) indicates that the drug will be
excreted into breast milk. Although occasional maternal doses would probably
not produce adverse effects in the nursing infant, higher doses and prolonged
use could cause toxicity. Moreover, long-term effects on neurobehavior and
development are unknown but warrant study.
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OXYPHENBUTAZONE
Nonsteroidal Anti-inflammatory

See Phenylbutazone.



OXYPHENCYCLIMINE

[Withdrawn from the market. See 9th edition.]



OXYPHENONIUM

[Withdrawn from the market. See 9th edition.]



OXYTETRACYCLINE
Antibiotic (Tetracycline)

See Tetracycline.



P

PACLITAXEL
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Paclitaxel produces embryo–fetal toxicity, including teratogenicity, in
animals. In addition, the drug was clastogenic with in vitro and in vivo tests.
In animals, compared with the free drug, liposome encapsulation of
paclitaxel appears to markedly increase the dose at which toxicity and
teratogenicity are observed. Whether this also would occur in human
pregnancy is not known. The human pregnancy experience is limited to use
in the 2nd and 3rd trimesters. No fetal or newborn toxicity have been
reported following this use. Based on the animal data, the use of paclitaxel
during organogenesis should be avoided if possible. Use after this period
appears to be relatively low risk, but the fetus should be monitored
appropriately. (See Carboplatin for additional data.)

FETAL RISK SUMMARY
Paclitaxel, an antineoplastic agent, is indicated for the treatment of advanced
ovarian cancer but also is used in other malignancies. The drug is a natural
product obtained by extraction from Taxus brevifolia (Pacific yew tree) (1,2).
Paclitaxel is an antimicrotubule agent, an action that results in the inhibition of
the normal reorganization of the microtubule network that is essential for vital
interphase and mitotic cellular functions. It is in the same subclass of taxoids as
docetaxel and cabazitaxel. The pharmacokinetics of paclitaxel are markedly
affected by the dose and infusion rate with elimination half-lives varying from
approximately 13 to 53 hours. Approximately 89%–98% of the agent is protein



bound (1). The free commercial form of paclitaxel contains the vehicle
polyoxyethylated castor oil (also known as polyoxyl 35 castor oil) (1,2).

Reproduction studies in pregnant rabbits at doses about 0.2 times the
maximum recommended human daily dose based on BSA (MRHDD) caused
embryo and fetal toxicity (increased resorptions and intrauterine deaths).
However, maternal toxicity was observed at this dose. No teratogenic effects
were noted at a dose about 0.07 times the MRHDD, but the teratogenic
potential of higher doses could not be assessed because of extensive fetal
mortality (1).

The carcinogenic potential of paclitaxel has not been studied. The drug was
not mutagenic in one test but was clastogenic in vitro (human lymphocytes) and
in vivo (micronucleus test in mice). Fertility in male and female rats was
impaired at doses about 0.04 times the MRHDD, and at this dose, increased
embryo and fetal toxicity was observed (1).

Interestingly, a 1995 research report concluded that some, paclitaxel-
induced, embryotoxicity in animals might be due to the polyoxyethylated castor
oil vehicle (2). In an experiment with chick embryos, the researchers compared
free paclitaxel containing the vehicle with liposome-encapsulated paclitaxel. At a
dose of 1.5 mcg per egg, 60% of the embryos either died or were malformed.
A 20-fold higher dose was required to produce the same degree of toxicity with
the liposome-encapsulated product (2).

In a follow-up to the above study, the same group of researchers compared
the developmental toxicity in rats of free and encapsulated paclitaxel (3). Free
paclitaxel, at a dose of 10 mg/kg (approximately 0.4 times the MRHDD) given
IV once on gestation day 8 (determined to be the most sensitive day for the
production of paclitaxel-induced malformations), produced maternal toxicity and
resorption of all embryos in surviving dams. At 2 mg/kg (about 0.08 times the
MRHDD) of free paclitaxel, embryo–fetal toxicity (increased resorptions and
reduced fetal weight) and anomalies (exencephaly, anencephaly, ventral wall
defects, facial clefts, anophthalmia, diaphragmatic hernia, and malformations of
the kidney, cardiovascular system, and tail) were observed (3). In contrast, no
toxicity or anomalies were observed with a 2 mg/kg IV dose of encapsulated
paclitaxel. At 10 mg/kg, toxicity and malformations were noted that were similar
to those observed with the free drug at 2 mg/kg. Thus, encapsulation appeared
to increase the dose needed to produce toxicity and malformations (3).
However, encapsulation of paclitaxel could markedly increase or decrease the
amount of drug crossing the placenta to the fetus. The authors of the study
cited examples in perfused in vitro human placentas in which liposome



encapsulation reduced placental transfer. In contrast, they also cited studies in
intact rats and rabbits that have shown that encapsulation enhanced placental
transfer, possibly by a process involving placental intracellular sequestration
and degradation of liposomes (3).

Although the molecular weight (about 854) suggests that paclitaxel will cross
the placenta, the extensive protein binding might limit the exposure of the
embryo or fetus. Of interest, in an in vitro model, paclitaxel slowly crossed the
human placenta to the fetal side (4).

In a novel case report, a 21-year-old woman was diagnosed with metastatic
ovarian cancer that was initially treated with surgery that left her uterus, right
fallopian tube, and ovary in situ (5). She was then enrolled into a phase I
transplant protocol and received three cycles of paclitaxel (225 mg/m2) and
carboplatin (dose specified as AUC 6). Subsequent high-dose chemotherapy
was then given (paclitaxel, carboplatin, and/or cyclophosphamide). After her
chemotherapy, the woman received a successful transplant of autologous
peripheral blood stem cells. Approximately 16 months after the transplant, she
conceived but had a 1st trimester miscarriage. She conceived again several
months later and eventually delivered a healthy full-term 3000-g female infant.
The child was developing normally at 17 months of age (5).

A 33-year-old woman was diagnosed with ovarian carcinoma at 27 weeks’
gestation (6). Six days after debulking surgery that preserved the pregnancy,
she received the first cycle of paclitaxel (135 mg/m2) over 24 hours and
cisplatin (75 mg/m2) over 4 hours. She received two more cycles of
chemotherapy at 3-week intervals. Appropriate fetal growth was documented
by ultrasound. Fetal lung maturity was demonstrated at 37 weeks’ gestation
and a cesarean section was performed to deliver a 2800-g female with Apgar
scores of 9 and 10 at 1 and 5 minutes, respectively, and normal blood counts.
The infant has had normal growth and development to 30 months of age (6).

A 2003 report described the pregnancy outcome of a 30-year-old woman
treated with carboplatin and paclitaxel during the 2nd and 3rd trimesters (7).
She was diagnosed with an advanced stage of serous papillary
adenocarcinoma of the ovary in the 1st trimester. The woman underwent an
exploratory laparotomy at 7.5 weeks’ gestation and consented to
chemotherapy beginning at 16–17 weeks. She received six cycles of
carboplatin (dose specified as AUC 5) and paclitaxel (175 mg/m2) and was
delivered by cesarean hysterectomy 3 weeks after the last cycle, at 35.5
weeks. The newborn (sex not specified) had Apgar scores of 9, 9, and 9 at 1,
5, and 10 minutes, respectively. Birth weight was 2500 g (44th percentile), and



the physical examination and laboratory tests were normal. In addition, the
placenta appeared grossly normal. The infant was doing well at 15 months of
age with no evidence of neurologic, renal, growth, or hematologic effects from
the exposure (7).

In another 2003 report, a 36-year-old woman with breast cancer was treated
with paclitaxel (175 mg/m2 every 3 weeks for three cycles) and epirubicin (120
mg/m2 every 3 weeks for four cycles) from the 14th to the 32nd week of
pregnancy (8). At 36 weeks’, she delivered by cesarean section a normal
2.280-kg female infant with a 5-minute Apgar score of 9. The child had normal
development and growth at 36 months of age (8).

A 30-year-old woman became pregnant approximately 2 years after
treatment of stage IIB fallopian tube carcinoma with paclitaxel and cisplatin (9).
She was diagnosed with an asymptomatic intra-abdominal recurrence at 16
weeks’ gestation but refused additional therapy. A 2888-g male infant was
delivered by cesarean section at 37 weeks. No additional information about the
infant was given (9).

A 38-year-old woman with breast cancer had been treated with a radical
mastectomy followed by four cycles of doxorubicin and cyclophosphamide
before pregnancy (10). Starting at about 21 weeks’ gestation, she received 12
weekly cycles of paclitaxel (80 mg/m2). At 37 weeks’, she delivered by
cesarean section a normal 2.45-kg male infant with Apgar scores of 9 at 1, 5,
and 10 minutes. The infant’s birth weight was at the 5th–10th percentile for
gestational age. The infant had normal development and growth at 12 months
of age (10).

A 2009 report described the use of paclitaxel (90 mg/m2 on days 1, 8, and
15 of a 28-day cycle) for six cycles starting at 29 weeks’ gestation for
recurrent breast cancer (11). An elective cesarean section at 38 weeks’
delivered a healthy infant (no other details were provided).

A 2007 report described the pregnancy outcome of 30-year-old woman with
cervical cancer who was treated with paclitaxel (175 mg/m2) and cisplatin (75
mg/m2) at 19 weeks’ gestation (12). Paclitaxel was discontinued after the first
course because of a severe allergic reaction, but cisplatin was continued every
3 weeks until a cesarean section at 35 weeks’. The normal 2.400-kg female
infant had Apgar scores of 7 and 9 at 1 and 5 minutes, respectively. The infant
was doing well at 10 months of age (12).

Ovarian cancer was diagnosed in a 42-year-old woman at 18 weeks’
gestation (13). Following surgery that preserved the pregnancy, she was
treated with four courses of paclitaxel plus carboplatin (AUC 5) from 22 to 35



weeks’. A cesarean section delivered 2.600-kg male infant with Apgar scores
of 9 at 1 and 5 minutes. The healthy infant was doing well at 6 months of age
(13).

Another case involving the treatment of ovarian cancer with paclitaxel in
pregnancy was reported in 2007 (14). Following diagnosis of the tumor at 25
weeks’ gestation, the patient was treated with paclitaxel (175 mg/m2) and
carboplatin (AUC 5) every 3 weeks for 3 cycles with the last cycle during the
32nd gestational week. At 35 weeks’, a cesarean section delivered a healthy
2.450-kg male infant with Apgar scores of 9, 10, and 10. At 20 months, the
child continued to show no abnormalities (14).

A third case of ovarian cancer in pregnancy was treated with paclitaxel (120
mg/m2) and carboplatin (AUC 3) in (bi-weekly cycles (15). Five cycles were
given starting at) 24 weeks’ gestation. An elective cesarean section at 36
weeks’ delivered a 2.062-kg female infant with Apgar scores of 8 and 9 at 1
and 5 minutes, respectively. The child remained healthy at 40 months of age
(15).

A 39-year-old woman in the 17th week of pregnancy was diagnosed with
non–small-cell lung cancer (16). In the 21st week, paclitaxel (175 mg/m2) and
cisplatin (75 mg/m2) every 21 days were started. Three cycles had been given
when she presented in the 30th week with tonic-clonic seizures caused by brain
metastases. An emergency cesarean section was performed to deliver a
1.720-kg male infant with Apgar scores of 3 and 4 at 1 and 5 minutes,
respectively. Although the infant developed acute respiratory distress shortly
after birth, no other abnormalities were found and he was doing well with
normal development and growth after 15 months (16).

A second case of non–small-cell lung cancer occurring in pregnancy was
reported in 2009 (17). Starting in the 19th week of pregnancy, the 33-year-old
woman was treated with paclitaxel (60 mg/m2) weekly and carboplatin (AUC 5)
every 3 weeks. The patient had received 5 weeks of treatment when brain
metastases were discovered. Following corticosteroids for fetal lung maturity,
she underwent a cesarean section to deliver a healthy male baby (no other
details provided). At 5 months of age, the infant’s development was normal
(17).

BREASTFEEDING SUMMARY
Consistent with its molecular weight (about 854), paclitaxel is excreted into
breast milk. In a 2012 case report, a 40-year-old woman at about 4 months



postpartum was exclusively breastfeeding when she began treatment with 6
weekly doses of IV paclitaxel and carboplatin for recurrent papillary thyroid
cancer (18). Her infant was fed donor milk during treatment. After the 6th dose,
milk samples were collected at 0, 4, 28, 172, and 316 hours. For paclitaxel, the
level at 172 hours was 0.97 mg/L but was undetectable at 316 hours.
Carboplatin levels remained detectable (0.16 mg/L) at 316 hours. The relative
infant dose for paclitaxel was 16.7%, whereas the relative infant dose for
carboplatin was 2.0%. The authors concluded that although these levels were
probably too low to cause toxicity, potential toxicity could include
myelosuppression (especially neutropenia and thrombocytopenia), severe
hypersensitivity reactions, nephrotoxicity, and neurotoxicity (18). Because of the
potential toxicity, women receiving these agents should not nurse (19).
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PALIFERMIN
Keratinocyte Growth Factor
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of palifermin in human pregnancy have been
located. The animal reproduction data suggest risk of developmental
toxicity, but the embryo–fetal effects (growth restriction and death) might
have been secondary to maternal toxicity. Importantly, the no-effect doses
in two animal species were close to the human dose (based on body
weight). A more informative dose comparison (BSA or AUC) was not
provided by the manufacturer. The use of this agent by a pregnant patient
implies that she also will receive or has received chemotherapy that is toxic
to the bone marrow and oral mucosa, and possibly to her embryo or fetus
as well. The addition of palifermin to decrease maternal oral mucosal
toxicity and to allow a more rapid return to a normal intake of food and
fluids appears to be an overall embryo–fetal benefit. In this context,
although the absence of human pregnancy experience prevents an
assessment of the potential for embryo–fetal harm, the maternal benefit
appears to outweigh this unknown risk.

FETAL RISK SUMMARY
Palifermin, a water-soluble, 140 amino acid protein produced by recombinant
DNA technology, is a human keratinocyte growth factor (KGF). It is indicated to
decrease the incidence and duration of severe oral mucositis in patients with
hematologic malignancies receiving myelotoxic therapy requiring hematopoietic
stem cell support (1). KGF is an endogenous protein in the fibroblast growth
factor family. It binds to the KGF receptor that is present on epithelial cells in
many tissues (e.g., throughout the gastrointestinal tract), resulting in
proliferation, differentiation, and migration of epithelial cells. Palifermin is given
as a daily IV bolus dose for 3 days before and after myelotoxic therapy (total



of six doses). The elimination half-life is about 4.5 hours (range 3.3–5.7 hours)
(1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, IV doses 8 or more times the recommended human dose based on body
weight (RHD) were associated with increased postimplantation loss, decreased
fetal body weight, and/or increased skeletal variations. These doses also were
maternal toxic (clinical signs and decreased body weight gain/food
consumption). The no-effect dose for developmental toxicity was 4.8 times the
RHD. Systemic toxicity in male and female rats was observed at a dose
5 times the RHD, and the fertility index was decreased at a dose about 16
times the RHD. In pregnant rabbits, increased postimplantation losses and
decreased fetal body weights were observed at IV doses 2.5 times the RHD.
This dose produced maternal toxicity similar to that observed in rats. The no-
effect dose for developmental toxicity in the rabbit was equal to the RHD (1).

The carcinogenic potential of palifermin has not been studied in animals.
Palifermin has been shown to enhance the growth of human epithelial tumor cell
lines in vitro and to increase the rate of tumor cell line growth in a human
xenograft model (1). No clastogenic or mutagenic effects were observed in
assays (1).

It is not known if palifermin crosses the human placenta. The molecular
weight of the protein (about 16,300) should preclude passive diffusion, but
active transfer, such as occurs with immunoglobulins, is possible. Moreover, as
an endogenous protein, KGF is present in the embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of palifermin during human lactation have been
located. Although this protein has a high molecular weight (16,300), it might be
excreted into breast milk, as are other proteins (e.g., antibodies). The effects
of this exposure on a nursing infant are unknown, but palifermin would most
likely be broken down to its constituent amino acids or fragments thereof in the
infant’s digestive tract. However, because it stimulates the proliferation,
differentiation, and migration of epithelial cells, including epithelial tumor cell
lines, the best course is to stop breastfeeding when the mother is being
treated. Moreover, the use of palifermin implies that the mother also has
received or is receiving myelotoxic chemotherapy, and exposure of a nursing
infant to these agents should be avoided.
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PALIPERIDONE
Antipsychotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of paliperidone, the active metabolite of
risperidone, in human pregnancy have been located. Developmental
toxicity, in the absence of maternal toxicity, was not observed in two animal
species. Risperidone was carcinogenic in rodents, but the relationship of
this effect to humans has not been studied. Although there are no human
pregnancy data with paliperidone, there are limited data for risperidone.
(See Risperidone.) However, the absence of specific information for
paliperidone prevents a complete assessment of the embryo–fetal risk.
Nevertheless, if the mother’s disease requires the use of paliperidone, the
benefits to her probably outweigh any fetal risk. Folic acid 4 mg/day has
been recommended for women taking atypical antipsychotics because they
may have a higher risk of neural tube defects due to inadequate folate
intake and obesity (1). If paliperidone is used in pregnancy, health care
professionals are encouraged to call the toll-free number 800-670-6126 for
information about patient enrollment in the Motherisk study.

FETAL RISK SUMMARY
Paliperidone (9-hydroxyrisperidone), an atypical antipsychotic, is the major
active metabolite of risperidone. (See also Risperidone.) It is a benzisoxazole
derivative in the same antipsychotic subclass as iloperidone, risperidone, and
ziprasidone. Paliperidone is indicated for the acute and maintenance treatment
of schizophrenia. The plasma protein binding is 74%, and the metabolites are
inactive. The terminal elimination half-life is about 23 hours (2).

Reproduction studies have been conducted in rats and rabbits. No increases
in fetal abnormalities were observed in these species at oral doses that were 8



times the maximum recommended human dose based on BSA (MRHD) (2).
Carcinogenicity studies have not been performed with paliperidone. However,

in mice and rats, the parent compound risperidone produced pituitary gland
adenomas, endocrine pancreas adenomas, and mammary gland
adenocarcinomas. This effect in rodents from risperidone and other
antipsychotics is thought to be mediated by prolonged dopamine D2 antagonism
and hyperprolactinemia. The no-observed-effect-level (NOEL) for these tumors
was equal to or less than the maximum recommended human dose of
risperidone based on BSA (2).

Paliperidone was not mutagenic in three assays. Fertility of male and female
rats was not affected by oral doses up to about 2 times the MRHD. However,
preimplantation and postimplantation losses were increased at the maximum
dose that also caused slight maternal toxicity. No decrease in live embryos was
observed at a dose that was about 0.5 times the MRHD (2).

It is not known if paliperidone crosses the human placenta. The molecular
weight (about 426), moderate plasma protein binding, and long elimination half-
life suggest that the drug will cross to the embryo–fetus.

Antipsychotics, especially those classified as high potency, can cause
extrapyramidal reactions (e.g., acute dystonia, akathisia, parkinsonism, and
tardive dyskinesia) in those taking the drug and, if large doses are taken by the
mother, also in the newborn. The American Academy of Pediatrics (AAP)
classifies risperidone as high potency; its active metabolite should be classified
similarly. However, the AAP did note that high-potency antipsychotics were
preferred to minimize maternal anticholinergic, hypotensive, and antihistamine
adverse effects (3).

BREASTFEEDING SUMMARY
No reports describing the use of paliperidone during human lactation have been
located.

However, risperidone and its active metabolite, 9-hydroxyrisperidone
(paliperidone), are excreted into breast milk (4–6). (See also Risperidone.)

A 21-year-old mother with a 2-year history of bipolar disorder stopped all
medication when her pregnancy was diagnosed (4). She did well during
pregnancy and delivered a healthy infant at 38 weeks’ gestation. When her
disease relapsed, she was admitted to the hospital 2.5 months after birth of
her infant, stopped breastfeeding, and started on risperidone, eventually
reaching a steady-state dose of 6 mg/day. Concentrations of risperidone and
paliperidone were determined in the plasma and milk. The milk:plasma ratios,



based on AUC0–24, were 0.42 and 0.24, respectively. Based on a daily milk
intake of 150 mL/kg, a nursing infant would have received 0.84% of the
mother’s risperidone dose (mg/kg/day) and an additional 3.46% from the
paliperidone (as risperidone equivalents), or about 4.3% of the weight-adjusted
maternal dose. Although the combined amounts of risperidone and paliperidone
measured in breast milk appear to be too low to cause extrapyramidal effects,
concern was expressed for other effects, such as neuroleptic malignant
syndrome, and effects on cognitive development (4).

A 2004 study measured the steady-state plasma and milk concentrations of
risperidone and 9-hydroxyrisperidone in two breastfeeding women and one
woman with risperidone-induced galactorrhea (5). A 29-year-old woman with
galactorrhea was taking risperidone 3 mg at night (37.5 mcg/kg/day) for
schizophrenia. The galactorrhea was attributed to elevated prolactin
concentrations due to the D2 antagonist effects of risperidone. Milk and plasma
samples were collected 20 hours postdose, and then milk only on days 2 and
3, each at 21 hours postdose. The plasma concentrations of risperidone and
the metabolite were <1 and 14 mcg/L, respectively. All milk risperidone
concentrations were <1 mcg/L, whereas the mean concentration of the
metabolite was 5.1 mcg/L (range 4.4–5.6 mcg/L). Although the woman was not
nursing, the absolute and relative infant doses were 0.88 mcg/kg/day or 2.3%
(as risperidone equivalents) (5).

The two women who were breastfeeding were treated for psychosis with
risperidone doses of 42.1 (2 mg every 12 hours) and 23.1 mcg/kg/day (0.5 mg
in the morning and 1 mg at night), respectively (5). The nursing infants were a
3.3-month-old female and a 6-week-old male, respectively. In the first woman,
milk concentrations of the parent drug and metabolite were 49 and 142
mcg•hr/L (AUC), respectively, whereas the average concentrations were 2.1
and 6 mcg/L, respectively. The absolute infant doses were 0.32 and
0.9 mcg/kg/day, respectively. In the second woman, milk concentrations were
3.1 and 56.5 mcg•hr/L (AUC), respectively, whereas the average
concentrations over 24 hours were 0.39 and 7.06 mcg/L, respectively. The
absolute infant doses were 0.06 and 1.06 mcg/kg/day, respectively. The
milk:plasma ratios were 0.1 and 0.5, respectively. Neither risperidone nor the
metabolite was detected in the plasma of the infants and both were developing
normally at 9 and 12 months, respectively (5).

A 23-year-old woman, nursing a 4.2-kg male infant 6 times daily, was
diagnosed with paranoid schizophrenia 1 week after birth (6). She was
hospitalized and started on risperidone 1 mg twice daily. The dose was



changed to 2 mg every evening on day 7 and then to 3 mg every evening on
day 10. Milk (fore and hind) and maternal plasma concentrations of risperidone
and paliperidone were determined on days 6, 10, and 20. No drug accumulation
was observed and the concentrations of paliperidone always exceeded those
of risperidone. The ranges of risperidone and paliperidone milk concentrations
were 0–3 and 1.2–11 ng/mL, respectively, whereas the plasma concentrations
were 0.4–10 and 4–43 ng/mL, respectively. Moreover, the concentrations in
fore- and hind-milk were comparable. On day 10, 15 hours after a 2 mg dose,
the concentrations of risperidone and paliperidone in infant plasma were 0 and
0.1 ng/mL, respectively. The mother was discharged home on risperidone after
5 weeks. The psychomotor development of the infant during the mother’s
hospitalization was normal and no adverse effects or sedation in the infant were
observed. The mother and infant were doing well 2 months after discharge (6).

The AAP classifies other antipsychotic drugs as agents for which the effect
on nursing infants is unknown but may be of concern, especially when given for
long periods (7). Neither risperidone nor paliperidone was mentioned, but the
AAP noted that antipsychotics are excreted into breast milk and could
conceivably alter both short-term and long-term CNS function (7). Although no
adverse effects from exposure to risperidone and paliperidone have been
observed, studies have not been conducted to determine if there are long-term
effects.
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PALIVIZUMAB
Respiratory Drug (Monoclonal Antibody)
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of palivizumab in human pregnancy have
been located. However, such reports are unlikely because the drug is
indicated only for pediatric patients.

FETAL RISK SUMMARY
Palivizumab is a recombinant humanized monoclonal antibody antiviral that acts
against respiratory syncytial virus (RSV). After IM injection, it acts by binding
the RSV envelope fusion protein on the surface of the virus and blocking a
critical step in the membrane fusion process. It also prevents cell-to-cell fusion
of RSV-infected cells. Palivizumab is indicated for the prevention of serious
lower respiratory tract disease caused by RSV in children at high risk for RSV
disease. In children <24 months of age, the mean half-life was 20 days (1).

Animal reproduction studies and studies for carcinogenicity, mutagenicity,
and fertility have not been conducted (1).

It is not known if palivizumab crosses the human placenta. The molecular
weight (about 148,000) suggests that it will not cross, at least in the 1st and
2nd trimesters.

BREASTFEEDING SUMMARY
No reports describing the use of palivizumab during human lactation have been
located. Such reports are unlikely because the drug is indicated only for
pediatric patients. Moreover, after the colostral phase, even if a lactating
woman inadvertently received the drug, the high molecular weight (about
148,000) should prevent excretion of the monoclonal antibody into breast milk.
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PALONOSETRON
Antiemetic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of palonosetron in human pregnancy have
been located. The animal data suggest that the risk to the human embryo–
fetus is low, but the lack of human pregnancy experience prevents a more
complete assessment of the risk. Regarding other agents in this class,
there is no human pregnancy experience with dolasetron and granisetron,
but limited experience with ondansetron has not demonstrated embryo or
fetal toxicity. Based on this experience and the lack of developmental
toxicity in two animal species, palonosetron appears to represent a minimal
risk to the human embryo or fetus.

FETAL RISK SUMMARY
Palonosetron is a selective serotonin (5-HT3) receptor antagonist that is in the
same pharmacologic class as dolasetron, granisetron, and ondansetron. IV
doses of this agent are indicated for the prevention of acute nausea and
vomiting associated with initial and repeat courses of moderately and highly
emetogenic cancer chemotherapy, and for the prevention of delayed nausea
and vomiting associated with initial and repeat courses of moderately
emetogenic cancer chemotherapy. Only moderate amounts (about 62%) of
palonosetron are bound to plasma proteins and about 50% is metabolized to
two inactive compounds. The mean terminal elimination half-life is about 40
hours (1).

Reproduction studies have been conducted in pregnant rats and rabbits. In
these species, oral doses up to 1894 and 3789 times, respectively, the
recommended human IV dose based on BSA revealed no evidence of impaired
fertility or harm to the fetus. In male and female rats, the highest dose had no



effect on fertility or reproductive performance (1).
In a 2-year study with mice, palonosetron was not tumorigenic at oral doses

up to those producing systemic exposures about 150–289 times the human
exposure based on AUC resulting from the recommended IV dose (HE). In a 2-
year study with male and female rats, oral doses up to those producing
systemic exposures 308 times the HE were carcinogenic. In other tests,
palonosetron was not genotoxic but did have clastogenic effects (1).

It is not known if palonosetron crosses the human placenta. The molecular
weight of the free base (about 297), the moderate protein binding and
metabolism, and the extended plasma half-life suggest that substantial amounts
of active drug will be at the maternal–fetal interface for prolonged periods.

BREASTFEEDING SUMMARY
No reports describing the use of palonosetron during human lactation have
been located. The molecular weight of the free base (about 297), the moderate
protein binding and metabolism, and the extended plasma half-life suggest that
the drug will be excreted into breast milk. The effects of this exposure on a
nursing infant are unknown. Because the use of palonosetron is normally for
short periods, the risk of any toxicity in a nursing infant appears remote.
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PAMIDRONATE
Bisphosphonate
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the dose comparisons in animal species were based on body
weight, and maternal toxicity was evident, pamidronate, at doses close to
those used in humans, did cause nonteratogenic toxicity in the embryo–
fetus. The human data are limited to eight cases. In two of the cases,
pamidronate was given during the 2nd trimester. Hypocalcemia was noted
in one of the newborns but not the other. The amount of drug retained in
bone and eventually released back into the systemic circulation is directly
related to the dose and duration of treatment. Because pamidronate
probably crosses the placenta, continuous exposure most likely occurred
throughout gestation in six cases. However, these embryos were exposed
during organogenesis to the low plasma concentrations resulting from the
slow release of pamidronate from bone, not to the much higher
concentrations obtained in the first few days after an IV dose. The use of
pamidronate is not recommended in women who may become pregnant or
during pregnancy. However, based solely on the limited human pregnancy
experience, inadvertent exposure does not appear to represent a major
risk to the embryo or fetus, but infants should be monitored for
hypocalcemia during the first few days after birth.

FETAL RISK SUMMARY
Pamidronate, a hydrophilic bisphosphonate, is a synthetic analog of
pyrophosphate that binds to the hydroxyapatite found in bone to inhibit bone
resorption. Pamidronate has three indications: (a) for the treatment of
moderate or severe hypercalcemia associated with malignancy, with or without
bone metastases; (b) for the treatment of moderate to severe Paget’s disease



of bone; and (c) in conjunction with standard antineoplastic therapy, for the
treatment of osteolytic bone metastases of breast cancer and osteolytic lesions
of multiple myeloma. Other agents in this pharmacologic class are alendronate,
etidronate, ibandronate, risedronate, tiludronate, and zoledronic acid.
Pamidronate is not metabolized. After IV infusion, about 46% of the dose is
excreted as unchanged drug in the urine over 120 hours with a mean elimination
half-life of 28 hours. The remainder of the dose is retained in the body. The
amount bound to plasma proteins apparently has not been determined (1).
Based on preclinical studies, the oral bioavailability is <2% (2).

Reproduction studies have been conducted in pregnant rats and rabbits. In
these species, IV bolus doses 0.6–8.3 times the highest recommended human
dose (based on body weight) produced toxicity in the mother (decreased body-
weight gain and survival during parturition), embryo (death and general
underdevelopment), and fetus (marked skeletal restriction) (1,2).

In 2-year carcinogenic studies with oral doses, male rats, but not females,
had a significant increase in benign adrenal pheochromocytoma. After
adjustment for the limited oral bioavailability, the lowest dose causing this effect
was similar to the human IV dose. Pamidronate was not carcinogenic in mice.
Tests for mutagenic effects have been negative (1).

It is not known if pamidronate crosses the human placenta. The molecular
weight of the free acid (about 233), lack of metabolism, and prolonged
elimination half-life suggest that the drug will cross the placenta to the embryo–
fetus. The low lipid solubility may limit the exposure.

A 1990 report described a woman who received a 30-mg infusion of
pamidronate at 34 weeks’ for malignant hypercalcemia due to metastatic
breast cancer (3). Two weeks later, she gave birth to healthy 3.06-kg male
infant who developed transient hypocalcemia that resolved by 5 days of age.
The infant’s subsequent growth and development were normal.

A 42-year-old woman presented with newly diagnosed metastatic breast
cancer at 24 weeks’ gestation (4). Over the next 4 weeks, she was treated
with oral dexamethasone (16 mg/day) and SC heroin (100 mg/day). At 28
weeks’, she developed severe hypercalcemia that was treated with a single IV
dose of pamidronate (90 mg over 8 hours). One week later, a 1412-g male
infant was delivered by cesarean section. The Apgar score was 8 at 1 minute.
The infant was treated for respiratory distress syndrome, narcotic withdrawal,
and hypocalcemia. He was discharged home at 13 weeks of age weighing
3228 g. At 1 year, he was developing normally and his weight, length, and head
circumference were at 50th percentile (4).



A 2004 report described two women with osteogenesis imperfecta who were
treated with IV pamidronate before conception (5). The timing of the last IV
dose in relation to conception was not provided in either case. The first case
involved a 17-year-old woman who had received a cumulative IV dose of 49.5
mg/kg (9 mg/kg/year) over a 5-year period. Treatment was stopped when she
became pregnant. Her only complication during pregnancy was hyperemesis
gravidarum in the 1st trimester. She received daily doses of elemental calcium
(1000 mg) and vitamin D (400 IU) throughout gestation. A 3600-g male infant
was delivered vaginally at term. Apgar scores were 8 and 9 at 1 and 5 minutes,
respectively. Blue sclera, but no dysmorphic features, fractures, or long bone
deformities, were noted. The infant inherited osteogenesis imperfecta.
Asymptomatic hypocalcemia (ionized calcium below the age-related reference
range) was found at 24 hours of age but had resolved at 11 days of age
without specific treatment. At that age, a skeletal survey found no evidence of
fracture, abnormal bone development, modeling defect, or wormian bones
(small irregular bones along the sutures of the cranium, particularly related to
the parietal bone) in the skull. At 16 months, the baby’s growth (weight and
length) was normal, and he remained free of fracture (5).

In the second case, pregnancy occurred in a 17.8-year-old woman who had
received a cumulative IV dose of 48 mg/kg (9 mg/kg/year) over 5.3 years (5).
Treatment was stopped when she became pregnant. Similar to the above
case, the woman received the same dose of calcium and vitamin D throughout
gestation. Her pregnancy was uneventful, and she delivered a 2860-g female
infant by cesarean section at 38 weeks’ gestation. The infant inherited
osteogenesis imperfecta and had bilateral talipes equinovarus but no fractures.
Otherwise, the limbs were straight. Her plasma calcium was not measured in
the first few days after birth. Blue sclera was noted at age 13 days, as were
wormian bones on the skull radiograph. Otherwise, her physical examination
was normal. At 14 months of age, her growth (weight and length) was normal
and she remained free of fracture. The authors cited an incidence for talipes
equinovarus of 0.93–6.8 per 1000 live births in the general population. Although
the prevalence of the deformity in osteogenesis imperfecta is unknown, they
had observed a second case among 400 children with the disorder. They
concluded that an association between pamidronate and talipes equinovarus
could not be excluded but that the possibility of such an association was
unlikely (5). Another source thought the defect had a genetic component (6).

A 40-year-old woman with breast cancer was treated with doxorubicin and
paclitaxel over a 3-week interval starting at 24 weeks’ gestation (7). At 28



weeks’, deteriorating renal function, uterine contractions, and hypercalcemia
(17.6 mg/dL) were noted. When other therapies for the hypercalcemia failed,
she was treated with IV pamidronate, 90 mg over 6 hours. At 48 hours
posttreatment, her calcium concentration had decreased to 12.8 mg/dL and the
uterine contractions had stopped. No effects were noted on the fetal heart rate.
Her calcium level decreased to 9.9 mg/dL on day 3. At this time, preeclampsia
developed and a cesarean section was conducted to give birth to a 1.147-kg
female infant with a normal calcium concentration. The infant did well and was
discharged from the neonatal intensive care unit at a gestational age of 36
weeks. The mother died 13 days after birth of her infant (7).

A 2006 report described the use of pamidronate before four uneventful
pregnancies from three women (8). Treatment durations—interval between the
last dose and conception (both in months) were: 46–3; 26–3 (first pregnancy)
and 26–48 (second pregnancy); and 19–21. The four infants were healthy at
birth and were developing normally. No evidence of biochemical or skeletal
abnormality was found in the infants (8).

A woman with hereditary hyperphosphatasia was treated with pamidronate 1
mg/kg on 3 consecutive days every 4 months for 42 months (9). One month
after the last cycle she conceived. The patient was given 1000 mg/day of
elemental calcium but no vitamin D throughout pregnancy. The pregnancy was
uneventful except for premature rupture of the membrane at 36 weeks’
gestation, resulting in the birth of a 3130-g female infant with Apgar scores of 8
and 9. No structural anomalies, fractures or long bone deformities were noted
in the infant. All laboratory tests were normal in the mother and infant shortly
after birth and after 14 days of breastfeeding (9).

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32), pamidronate (N = 11), etidronate (N =
5), risedronate (N = 2), and zoledronic acid (N = 1) (10). The authors
concluded that although these drugs may affect bone modeling and
development in the fetus, no such toxicity has yet been reported.

BREASTFEEDING SUMMARY
Although the low molecular weight of the free acid (about 233), lack of
metabolism, and prolonged elimination half-life suggest that pamidronate will be
excreted into breast milk, a 2000 study was unable to detect the drug in milk.
A 39-year-old woman with reflex sympathetic dystrophy delivered a healthy
male infant at 40 weeks’ gestation (11). She began breastfeeding, and several
weeks later (exact time not stated), she began monthly treatments of IV



pamidronate 30 mg/infusion. After the infusion, she pumped and discarded her
breast milk for 48 hours and then resumed nursing her infant. After the first
dose, her breast milk was collected and separated into two pooled samples
(0–24 and 25–48 hours). Pamidronate was not detected in either sample
(detection limit 0.4 µmol/L) (11).

Breastfeeding during pamidronate treatment does not appear to place the
nursing infant at risk.

Failure to detect the drug in milk in the above case might have been due to
its low lipid solubility and acidic nature. Although the oral bioavailability of
pamidronate in infants is not known, in adults it is very low, about 2% in the
fasting state (2). Moreover, the drug is highly bound by calcium and should not
be absorbable from milk. Based on these data, breastfeeding appears to be
compatible with pamidronate therapy, but withholding nursing for 12–24 hours
should ensure that the infant is exposed to little or no drug.
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PANCURONIUM
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pancuronium has been administered directly to the fetus during the last half
of pregnancy and to the mother at cesarean section without causing fetal
harm. Although no teratogenicity was observed in two animal species, the
use of pancuronium in early human pregnancy has not been reported. The
drug is known to cross the human placenta to the fetus, at least near term.
Placental transfer early in pregnancy has not been reported. Large or
repetitive doses and/or prolonged dose-to-delivery intervals may potentially
result in newborn depression, but the clinical significance of this appears to
be low. Moreover, other anesthetic agents may contribute to the condition.
In addition, transient fetal heart rate (FHR) changes, such as decreased
accelerations and beat-to-beat variability, and an occasional sinusoidal-like
pattern, have been observed after direct fetal administration, but
apparently this does not indicate fetal compromise.

FETAL RISK SUMMARY
Pancuronium (pancuronium bromide) is a competitive (nondepolarizing)
neuromuscular blocking agent. Structurally, it is a bisquaternary ammonium
compound (i.e., contains two quaternary ammonium groups) and is
commercially available as the dibromide. Pancuronium is used to induce
skeletal muscle relaxation during anesthesia and other procedures and has
been used to produce fetal muscle paralysis during intrauterine procedures.

Unpublished reproduction studies in rats and rabbits with pancuronium did not
reveal any effect on the number of resorptions, litter size, birth weight and
vitality, or the frequency of malformations (gross, skeletal, and internal organs)
(1). Pregnant rats (average gestational length 21–22 days (2)) received



intraperitoneal doses of 0.16 mg/kg/day either from 7th to 14th day or from 1st
to 20th day of gestation, whereas pregnant rabbits (average gestational length
31–34 days (2)) were given IV doses of 0.02 mg/kg/day from day 8 to day 16
of gestation.

Theoretically, the combination of relatively high molecular weight (about 733
for the dibromide) and the presence of two quaternary ammonium groups that
are ionized at physiologic pH should limit the placental transfer of pancuronium.
An animal study published in 1973 appeared to confirm the lack of significant
transfer when cumulative IV doses up to 16.3 mg/kg administered to pregnant
ferrets (neuromuscular blockade in the mother is complete at 0.015 mg/kg) did
not cause neuromuscular blockade in the fetus during a 1-hour observation
period (3). The fetus was responsive to pancuronium-induced blockade by
direct administration. Further, the lack of adverse effects in newborns after
mean doses of 0.0875 mg/kg at cesarean section led some authors to
conclude that the drug did not cross the placenta (4). However, several human
studies have demonstrated placental transfer, at least near term, when
pancuronium was used during cesarean section (5–11).

Maternal IV bolus doses between 0.04 and 0.12 mg/kg (approximately 2.8–
8.6 times the maternal ED50, the dose producing a 50% depression of evoked
twitch tension (12)) resulted in mean umbilical vein:maternal vein ratios ranging
from 0.19 to 0.26. These ratios were higher than those measured with
atracurium, fazadinium, pipecuronium, rocuronium, d-tubocurarine, and
vecuronium (13). No clinical evidence of neuromuscular blockade was observed
in five studies in which the neonatal condition was noted (5–9), but in one of the
studies (9), the Neurological and Adaptive Capacity Scores (NACS) system
indicated that neonatal depression was present. The NACS evaluates adaptive
capacity, passive and active muscular tone, primary reflexes, and general
assessment (13). The maximum score possible is 40 with a score of 35–40
denoting a normal, vigorous baby.

The NACS was measured at 15 minutes, 2 hours, and 24 hours in seven
newborns whose mothers had been given IV doses of d-tubocurarine (3 mg),
thiopental (4 mg/kg), succinylcholine (1.5 mg/kg), and pancuronium (0.04
mg/kg) immediately prior to cesarean section (9). Five newborns (71%) had an
NACS value <35 at 15 minutes, three were <35 at 2 hours, and none were <35
at 24 hours (9). Although the NACS indicated depression, no neonatal adverse
effects were actually observed (9). A 1998 review, commenting on this and
other studies of neuromuscular relaxants in pregnancy, thought the low NACS
values might have been caused by a contribution from the other anesthetic



agents (13).
The direct administration of pancuronium has been reported in animals and

humans (14–38). A 1989 report compared the effects of pancuronium (0.5
mg/kg IV over 5 minutes) and d-tubocurarine (3.0 mg/kg IV over 5 minutes) on
the heart rate and mean arterial pressure of fetal lambs (14). Whereas
pancuronium significantly increased both rate and pressure, both measures
were significantly decreased by d-tubocurarine. Only pancuronium affected
fetal pH and Pco2, increasing the former and decreasing the latter. The human
studies, discussed below, all involve pancuronium administration during the
second half of gestation.

In a study published in 1988, the baseline FHR, number of accelerations, and
beat-to-beat variability were assessed before and after an IV bolus dose of
pancuronium (0.05–0.10 mg/kg) was given to 17 fetuses before transfusion
(15). Twenty minutes after transfusion, no changes were noted in the baseline
FHR, although some heart rate patterns appeared “sinusoidal-like,” but
significant decreases in accelerations (p = 0.003) and variability (p = 0.0003)
were observed (15). The transient FHR changes were not indicative of fetal
compromise and returned to normal when the fetus “awakened” (15). A 1991
abstract reported significantly less bradycardia with the use of pancuronium
(0.3 mg/kg) compared with no muscle relaxant after cordocentesis (3.6%
[8/224] vs. 8.2% [27/329], p = 0.04) and a near significant difference after
intravascular transfusion (7.9% [9/114] vs. 40% [2/5], p = 0.06) (16).

Pancuronium (0.1 mg/kg IV) was administered to 20 fetuses immediately
before blood transfusion at 28–34 weeks’ gestation (17). A control group of 20
fetuses matched for gestational age and hematocrit who did not receive
pancuronium was used for comparison. After transfusion, compared with
controls, fetuses receiving pancuronium had significantly fewer FHR
accelerations (mean 0 vs. 3.0, p <0.0005), less change in the baseline FHR
(increase 1.5 beats/minute vs. decrease 4 beats/minute, p <0.0005), lower
mean minute range in FHR variation (17.3 vs. 34.7, p <0.0001), and less short-
term variation (3.4 vs. 7.35, p = 0.0001). Another study compared FHR
changes after the use of pancuronium or vecuronium for intravascular
transfusion, fetal thoracentesis, or paracentesis (18). Specific details were not
provided for the pancuronium group, but the authors concluded that the
pancuronium-induced increase in FHR and decrease in variability made it less
desirable than vecuronium, which caused no FHR changes.

Fetal death at 25.5 weeks’ gestation, that was apparently the result of a
cord hematoma, occurred 2 hours after an intravascular intrauterine transfusion



(19). The authors thought that the accident was related to the injection of
pancuronium before confirmation of needle placement by aspiration of fetal
blood. The results of an autopsy confirmed that the cause of death was
compression of the umbilical vein by the hematoma with subsequent umbilical
venous thrombosis.

Fetal administration of pancuronium immediately preceding magnetic
resonance imaging has been described in a number of publications (20–28).
Most used doses varying from 0.08 to 0.3 mg/kg (IV into the umbilical vein or
IM) (20–25), two used 0.5 mg IM (26,27), and one reported 100 mg (sic) into
the intrahepatic vein of each twin (28).

Direct fetal administration of pancuronium for intrauterine procedures, such
as cordocentesis and intravascular transfusion, has been reported (29–38).
The fetal dose ranged from 0.1 to 0.3 mg/kg IV or IM, but in one report, a
single 0.5-mg IM dose was administered (29). In another study, pancuronium
(0.15 mg/kg of the estimated total fetal body weights of twins) was
administered in two cases to the smaller of a set of twins (38). The procedure
was undertaken in an attempt to diagnose twin–twin transfusion syndrome. In
the first case, the FHR patterns of both twins showed lack of accelerations and
decreased variability and, in addition, the larger twin had a “sinusoidal-like”
pattern. In the second case, absent accelerations and decreased variability
occurred only in the smaller twin (38).

A continuous infusion of morphine, midazolam, and pancuronium was
administered for 10 hours to allow mechanical ventilation in a seriously ill,
pregnant (about 35 weeks) woman with pneumonia due to Legionella
pneumophila (39). No evidence of fetal harm was observed during the infusion,
but the fetus was noted to have a consistent pattern of “sleeping.”
Approximately 3–4 weeks later, at 40 weeks’ gestation, the mother gave birth
to a healthy female infant.

BREASTFEEDING SUMMARY
No reports describing the use of pancuronium in a lactating woman have been
located. Because of the nature of the drug and its indications, such reports are
unlikely to occur. Moreover, because pancuronium is a bisquaternary
ammonium compound, it is ionized at physiologic pH. Only the nonionized form
would be available for excretion into milk, and this would probably be only trace
amounts (40). In addition, compounds of this type are poorly absorbed from the
gastrointestinal tract (40).
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PANITUMUMAB
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of panitumumab in human pregnancy have
been located. The animal reproduction data suggest risk, but the absence
of human pregnancy experience prevents a more complete assessment of
embryo and fetal risk. Until such data are available, the best course is to
avoid the use of this antineoplastic in pregnancy. Women of reproductive
age should use effective contraception. However, colorectal cancer can be
fatal, so if a woman requires therapy with panitumumab and informed
consent is obtained, treatment should not be withheld because of
pregnancy. If an inadvertent pregnancy occurs, the woman should be
advised of the potential risk for severe adverse effects in the embryo and
fetus.

FETAL RISK SUMMARY
Panitumumab is a recombinant, human immunoglobulin G2 (IgG2) kappa
monoclonal antibody. Panitumumab specifically binds to the human epidermal
growth factor receptor (EGFR). It is indicated for the treatment of EGFR-
expressing, metastatic colorectal carcinoma with disease progression on or
following fluoropyrimidine-, oxaliplatin-, and irinotecan-containing chemotherapy
regimens.

Panitumumab may cause severe, infusion-related toxicity, including
hypotension and other adverse effects. The use of premedication before
infusion was not standardized in clinical trials, so the efficacy of premedication
to prevent infusion reactions is unknown (1). However, since premedication is
recommended with other monoclonal antibodies, it is reasonable to use
acetaminophen and an antihistamine (e.g., diphenhydramine) before each
infusion of panitumumab. Moreover, hypotension in a pregnant woman could



have deleterious effects on placental perfusion resulting in embryo and fetal
harm.

Reproduction studies have been conducted in cynomolgus monkeys. When
panitumumab was given to monkeys during organogenesis (gestational days
20–50) in weekly doses that were 1.25–5 times the recommended human dose
based on body weight (RHD), significant increases in embryolethal or
abortifacient effects were observed. No structural anomalies in the offspring
were observed (1).

The carcinogenic or mutagenic effects of panitumumab have not been
studied. Panitumumab may adversely affect fertility. In female cynomolgus
monkeys given weekly doses that were 1.25–5 times the RHD, prolonged
menstrual cycles and/or amenorrhea were observed. The menstrual cycle
irregularities were accompanied by both a decrease and delay in peak
progesterone and 17β-estradiol levels. Normal menstrual cycles returned in
most monkeys when panitumumab was stopped. A no-effect dose for
menstrual cycle irregularities was not determined. No adverse effects were
observed microscopically in reproductive organs of male cynomolgus monkeys
given doses up to about 5 times the RHD for 26 weeks. However, the effects
of this exposure on male fertility were not studied (1).

It is not known if panitumumab crosses the human placenta. The high
molecular weight (about 147,000) suggests that it will not cross. As IgG does
cross and, therefore, panitumumab may also cross. However, panitumumab
was not detected in the serum of neonates from panitumumab-treated
cynomolgus monkeys, but anti-panitumumab antibody titers were present in 14
of 27 offspring (1).

BREASTFEEDING SUMMARY
No reports describing the use of panitumumab during lactation have been
located. The very high molecular weight (about 147,000) suggests that it will
not be excreted into breast milk. However, human IgG is excreted into milk and,
therefore, panitumumab may also be excreted (1). The effects of this potential
exposure on a nursing infant are unknown, but immunosuppression and other
severe adverse effects are potential complications.

Reference
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PANTOPRAZOLE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal and limited human data suggest that pantoprazole represents a
low risk in pregnancy. A study showing an association between in utero
exposure to gastric acid–suppressing drugs and childhood allergy and
asthma requires confirmation. Moreover, the human pregnancy experience
with other proton pump inhibitors (PPIs) has not shown a causal
relationship with congenital malformations. However, malformations may
have been missed, because of the design and size of the studies. If
pantoprazole is required or if inadvertent exposure does occur early in
gestation, the known risk to the embryo–fetus appears to be low. Long-
term follow-up of offspring exposed during gestation is warranted.

FETAL RISK SUMMARY
Pantoprazole is a PPI that blocks gastric acid secretion by a direct inhibitory
effect on the gastric parietal cell. It is used for the short-term treatment of
erosive esophagitis associated with gastroesophageal reflux disease (GERD).
Pantoprazole is in the same class of PPIs as dexlansoprazole, esomeprazole,
lansoprazole, omeprazole, and rabeprazole. It is extensively metabolized to
inactive metabolites. The terminal elimination half-life is about 1 hour but is 3.5–
10 hours in patients with altered metabolism (slow metabolizers). Serum
protein binding, primarily to albumin, is about 98% (1).

Reproductive studies have been conducted in pregnant rats and rabbits at
doses up to 88 and 16 times, respectively, the recommended human dose
based on BSA. No evidence was found at these doses of impaired fertility or
fetal harm (1).

Similar to other PPIs, pantoprazole is carcinogenic in mice and rats
(gastrointestinal, liver, and thyroid) (1). The dose-related nature of the tumors



and the presumably limited in utero exposure to the drug during human
gestation probably suggest a negligible risk. In addition, positive results were
seen with pantoprazole in the in vitro human lymphocyte chromosomal
aberration assays and in some mutagenic tests with mice, rats, and hamsters.
In contrast, negative results were obtained in the in vitro Ames mutation assay,
the mammalian cell-forward gene mutation assay, and in several other tests of
mutagenicity (1).

It is not known if pantoprazole crosses the human placenta. The molecular
weight (about 432 for the hydrated form) is low enough, but the short
elimination half-life and high protein binding will limit the amount of drug
available to cross at the maternal–fetal interface. Embryo–fetal exposure,
however, may be higher in slow metabolizers because of the longer elimination
half-life. Of interest, another PPI, omeprazole, has a similar molecular weight
(about 345), elimination half-life (1 hour), and protein binding (about 95%), and
is known to cross the human placenta. (See Omeprazole.)

A 2002 study conducted a meta-analysis involving the use of PPIs in
pregnancy (2). In the 5 cohort studies analyzed, there were 593 infants, mostly
exposed to omeprazole, but also including lansoprazole and pantoprazole. The
relative risk (RR) for major malformations was 1.18, 95% confidence interval
(CI) 0.72–1.94 (2).

A 2005 study by the European Network of Teratology Information Services
reported the outcomes of pregnancies exposed to omeprazole (N = 295),
lansoprazole (N = 62), or pantoprazole (N = 53) (3). In the pantoprazole group,
the median duration of treatment was 14 days (range 7–23 days), and the
dose used was 40 mg/day. The outcomes consisted of 1 spontaneous abortion
(SAB), 3 elective abortions (EABs) (none for congenital anomalies), 1 stillbirth,
and 48 live births. One infant exposed early in gestation (week 2 for 8 days)
had congenital toxoplasmosis. Compared with a nonexposed control group,
there was no difference in the rate of major malformations between the
pantoprazole and control groups (RR 0.55, 95% CI 0.08–3.95). Similar results
were observed for omeprazole and lansoprazole (3).

A population-based observational cohort study formed by linking data from
three Swedish national health care registers over a 10-year period (1995–
2004) was reported in 2009 (4). The main outcome measures were a diagnosis
of allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-receptor
antagonists, prostaglandins, PPIs, combinations for eradication of Helicobacter
pylori, and drugs for peptic ulcer disease and GERD. Of 585,716 children,



29,490 (5.0%) met the diagnosis and 5645 (1%) had been exposed to gastric
acid–suppression therapy in pregnancy. Of these children, 405 (0.07%) were
treated for allergic disease. For developing allergy, the odds ratio (OR) was
1.43, 98% CI 1.29–1.59, irrespective of the drug, time of exposure during
pregnancy, and maternal history of allergy. For developing childhood asthma,
but not other allergic diseases, the OR was 1.51, 95% CI 1.35–1.69,
irrespective of the type of acid-suppressive drug and the time of exposure in
pregnancy. The authors proposed three possible mechanisms for their findings:
(a) exposure to increased amounts of allergens could cause sensitization to
digestion labile antigens in the fetus, (b) maternal Th2 cytokine pattern could
promote an allergy-prone phenotype in the fetus, and (c) maternal allergen-
specific immunoglobulin E could cross the placenta and sensitize fetal immune
cells to food and airborne allergens. Several limitations of the study that might
have affected their findings were identified, including a general increase in
childhood asthma but not necessarily an increase in allergic asthma (4). The
study requires confirmation.

A second meta-analysis of PPIs in pregnancy was reported in 2009 (5).
Based on 1530 exposed compared with 133,410 not-exposed pregnancies, the
OR for major malformations was 1.12, 95% CI 0.86–1.45. There also was no
increased risk for SABs (OR 1.29, 95% CI 0.84–1.97) or preterm birth (OR
1.13, 95% CI 0.96–1.33) (5).

In a 2010 study from Denmark, covering the period 1996–2008, there were
840,968 live births among whom 5082 were exposed to PPIs between 4 weeks
before conception to the end of the 1st trimester (6). In the exposed group
there were 174 (3.4%) major malformations compared with 21,811 (2.6%) not
exposed to PPIs (adjusted prevalence odds ratio [aPOR] 1.23, 95 CI 1.05–
1.44). When the analysis was limited to exposure in the 1st trimester, there
were 118 (3.2%) major malformations among 3651 exposed infants (aPOR
1.10, 95% CI 0.91–1.34). For exposure to pantoprazole in the 1st trimester,
there were 21 (3.8%) major birth defects among 549 live births (aPOR 1.33,
95% CI 0.85–2.08) (see Esomeprazole, Lansoprazole, Omeprazole, and
Rabeprazole for their data). The data showed that exposure to PPIs in the 1st
trimester was not associated with a significantly increased risk of major birth
defects (6). An accompanying editorial discussed the strengths and
weaknesses of the study (7).

In a 2012 publication, the National Birth Defects Prevention study, a multisite
population-based case–control study, examined whether nausea/vomiting of
pregnancy (NVP) or its treatment were associated with the most common



noncardiac defects (nonsyndromic cleft lip with or without cleft palate [CL/P],
cleft palate alone [CP], neural tube defects [NTDs], and hypospadias) (8). PPI
exposure included esomeprazole, lansoprazole, and omeprazole. There were
4524 cases and 5859 controls. NVP was not associated with cleft palate or
NTDs, but modest risk reductions were observed for CL/P and hypospadias.
Increased risks were found for PPIs (N = 7) and hypospadias (adjusted OR
[aOR] 4.36, 95% CI 1.21–15.81), steroids (N = 10) and hypospadias (aOR
2.87, 95% CI 1.03–7.97), and ondansetron (N = 11) and CP (aOR 2.37, 95%
CI 1.18–4.76) (8).

Another 2012 study, using the Danish nationwide registries, evaluated the
risk of hypospadias after exposure to PPIs during the 1st trimester and
throughout gestation (9). The study period, 1997 through 2009, included all
liveborn boys that totaled 430,569 of whom 2926 were exposed to maternal
PPI use. Hypospadias was diagnosed in 20 (0.7%) exposed boys, whereas
2683 (0.6%) of the nonexposed had hypospadias (adjusted prevalence ratio
[aPR] 1.1, 95% CI 0.7–1.7). For the 5227 boys exposed throughout pregnancy,
32 (0.6%) had hypospadias (PR 1.0, 95% CI 0.7–1.4). When the analysis was
restricted to mothers with 2 or more PPI prescriptions, the aPR of overall
hypospadias was 1.7 (95% CI 0.9–3.3), and 1.6 (95% CI 0.7–3.9) for
omeprazole. The authors concluded that PPIs were not associated with
hypospadias (9).

A large retrospective cohort study from Israel covering the period 1998–2009
was published in 2012 (10). Among 114,960 live births, there were 110,783
singletons and 1239 EABs. Major malformations were observed in 6037 (5.5%)
singletons and in 468 abortuses. Exposure to a PPI (lansoprazole, omeprazole,
or pantoprazole) during the 1st trimester occurred in 1186 (1159 infants and 27
abortuses). In the exposed infants and abortuses, 80 (6.7%) had a major
malformation compared with 6425 (5.9%) not exposed (aOR 1.06, 95% CI
0.84–1.33). A separate analysis with pantoprazole was not possible because
of the limited number of exposures. However, the overall data showed that
exposure to PPIs during the 1st trimester was not associated with an increased
risk of major defects. Moreover, additional analysis revealed that exposure
during the 3rd trimester was not associated with increased risk of perinatal
mortality, premature delivery, low birth weight, or low Apgar scores (10).

Five reviews on the treatment of GERD have concluded that PPIs can be
used in pregnancy with relative safety (11–15). Because there is either very
limited or no human pregnancy data for the three newest agents in this class
(dexlansoprazole, esomeprazole, and rabeprazole), other drugs in the class are



preferred.

BREASTFEEDING SUMMARY
Small amounts of pantoprazole are excreted into breast milk. A 43-year-old
mother, partially nursing a healthy 10-month-old, 8.2-kg, female infant was
given a single 40-mg enteric-coated pantoprazole tablet (16). Breastfeeding
was held while nine samples of maternal serum and six of breast milk were
obtained over a 24-hour interval. The milk samples, about 10 mL each, were
obtained at 0, 2, 4, 6, 8, and 24 hours postdose. Pantoprazole was detected
only in the 2-hour (0.036 mg/L) and 4-hour (0.024 mg/L) samples, resulting in
an estimated AUC of 0.103 mg·hr/L. The milk AUC was about 2.8% of the AUC
for plasma. The peak maternal plasma concentration, 1.65 mg/L, occurred at 2
hours, but the levels were <0.025 mg/L at 8 and 24 hours postdose. If the
infant had been nursing, the authors estimated that the infant dose would have
been ≤0.14% of the weight-adjusted maternal dose (16).

The results of the above case are consistent with the relatively low molecular
weight (about 432 for the hydrated form) that suggests pantoprazole will be
excreted into breast milk. In addition, pantoprazole is unstable at acidic pH so
the amount actually absorbed by the infant may have been less than estimated
(16).
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PANTOTHENIC ACID
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports of maternal or fetal complications associated with pantothenic
acid have been located.

FETAL RISK SUMMARY
Pantothenic acid, a water-soluble B-complex vitamin, acts as a coenzyme in the
metabolism or synthesis of a number of carbohydrates, proteins, lipids, and
steroid hormones (1). The U.S. recommended daily allowance (RDA) for
pantothenic acid or its derivatives (dexpanthenol and calcium pantothenate) in
pregnancy is 10.0 mg (2).

Deficiency of this vitamin was not found in two studies evaluating maternal
vitamin levels during pregnancy (3,4). Like other B-complex vitamins, newborn
pantothenic acid levels are significantly greater than maternal levels (3–6). At
term, mean pantothenate levels in 174 mothers were 430 ng/mL (range 250–
710 ng/mL) and in their newborns 780 ng/mL (range 400–1480 ng/mL) (3).
Placental transfer of pantothenate to the fetus is by active transport, but it is
slower than transfer of other B-complex vitamins (7,8). In one report, low-birth-
weight infants had significantly lower levels of pantothenic acid than did normal-
weight infants (6).

BREASTFEEDING SUMMARY
Pantothenic acid is excreted in breast milk with concentrations directly
proportional to intake (9,10). With a dietary intake of 8–15 mg/day, mean milk
concentrations average 1.93–2.35 mcg/mL (9). In a group of mothers who had
delivered premature babies (28–34 weeks’ gestational age), pantothenic acid
milk levels were significantly greater than a comparable group with term babies
(39–41 weeks) (10). Milk levels in the preterm group averaged 3.91 mcg/mL up
to 40 weeks’ gestational age and then fell to 3.16 mcg/mL. For the term group,



levels at 2 and 12 weeks postpartum were 2.57 and 2.55 mcg/mL,
respectively. A 1983 English study measured pantothenic acid levels in pooled
human milk obtained from preterm (26 mothers: 29–34 weeks) and term (35
mothers: ≥39 weeks) patients (11). Milk from mothers of preterm infants rose
from 1.29 mcg/mL (colostrum) to 2.27 mcg/mL (16–196 days), whereas milk
from mothers of term infants increased during the same period from 1.26 to
2.61 mcg/mL.

An RDA for pantothenic acid during lactation has not been established.
However, because this vitamin is required for good health, amounts at least
equal to the RDA recommendation for pregnancy are recommended. If the diet
of the lactating woman adequately supplies this amount, maternal
supplementation with pantothenic acid is probably not required.
Supplementation with the pregnancy RDA recommendation for pantothenic acid
is recommended for those women with inadequate nutritional intake.
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PARAMETHADIONE

[Withdrawn from the market. See 8th edition.]



PAREGORIC
Antidiarrheal
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Paregoric is a mixture of opium powder, anise oil, benzoic acid, camphor,
glycerin, and ethanol. Its action is mainly caused by morphine (see also
Morphine). High or chronic use near term could result in neonatal
depression and/or withdrawal. There also is concern that exposure to
opioids during organogenesis, including morphine, results in a low absolute
risk of congenital anomalies.

FETAL RISK SUMMARY
Paregoric is indicated for the treatment of diarrhea. Animal reproduction studies
have not been conducted with paregoric or morphine. Although long-term
animal studies have not been conducted, paregoric has no known carcinogenic
or mutagenic potential (1).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 90
of whom had 1st trimester exposure to paregoric (2, pp. 287–295). For use
anytime during pregnancy, 562 exposures were recorded (2, p. 434). No
evidence was found to suggest a relationship to large categories of major or
minor malformations or to individual defects.

BREASTFEEDING SUMMARY
The active component of paregoric, morphine, is thought to be compatible with
breastfeeding (see Morphine). However, high doses or chronic use might have
long-term effects on a nursing infant.
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PARGYLINE
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PARICALCITOL
Vitamin
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of paricalcitol in human pregnancy have been
located. The drug did not cause structural anomalies in animals, but high
doses did cause toxicity that was thought to be secondary to
hypercalcemia. Human pregnancy experience with vitamin D and calcitriol
indicates that recommended doses are safe in pregnancy. There is no
evidence that the effects of recommended doses of paricalcitol would be
any different. However, if the mother is taking paricalcitol, she should not
take pharmacologic doses of vitamin D and its derivatives (1).

FETAL RISK SUMMARY
Paricalcitol is a synthetic analog of calcitriol, the physiologically active form of
vitamin D. (See also Calcitriol and Vitamin D.) Paricalcitol, oral or IV, is
indicated for the prevention and treatment of secondary hyperparathyroidism
associated with chronic kidney disease. The vitamin is well absorbed (72%)
and is extensively bound to plasma proteins (≥99.8%). Paricalcitol also is
extensively metabolized. The plasma half-life in healthy individuals is 4–6 hours,
but it is 17–20 hours in patients with chronic kidney disease (1).

Reproduction studies have been conducted in pregnant rabbits and rats. In
these species, daily doses 0.5 and 2 times, respectively, the recommended
human dose based on BSA (RHD) were associated with minimal decreases
(5%) in fetal viability. In rats, a dose 13 times the RHD given 3 times weekly
caused a significant increase in the mortality of newborn pups, but this dose
also was maternally toxic. Long-term studies for carcinogenicity revealed an
increased incidence of uterine leiomyoma and leiomyosarcoma in mice and
uterine leiomyoma and benign adrenal pheochromocytoma in rats. Assays for



mutagenic or clastogenic effects were negative, as was impairment of fertility in
male and female rats (1).

Paricalcitol crosses the rat placenta (1), but studies in humans have not been
located. The molecular weight (about 417) and the elimination half-life suggest
that paricalcitol will cross to the embryo and fetus. Moreover, both vitamin D
and calcitriol cross the human placenta (see Vitamin D) but do so slowly.
Therefore, paricalcitol probably crosses placenta, but the extensive metabolism
and plasma protein binding should limit the amount reaching the embryo and/or
fetus.

BREASTFEEDING SUMMARY
No reports describing the use of paricalcitol during human lactation have been
located. The molecular weight (about 417) and the long elimination half-life in
patients with chronic kidney disease (17–20 hours) suggest that the vitamin will
be excreted into breast milk. However, the extensive metabolism and plasma
protein binding should limit the amount in milk. Women who are nursing and
taking paricalcitol should consider not taking vitamin supplements containing
vitamin D. Whether such a woman does or does not, serum calcium levels in
the nursing infant should be monitored.
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PARNAPARIN
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PAROMOMYCIN
Antibiotic (Aminoglycoside)/Amebicide
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Paromomycin is an aminoglycoside antibiotic used for intestinal amebiasis.
No reports linking this agent with congenital malformations have been
located. Because it is poorly absorbed, with almost 100% of an oral dose
excreted unchanged in the feces, little if any of the drug will reach the fetus.

FETAL RISK SUMMARY
Two women, one at 13 weeks’ and the other at 23 weeks’ gestation, were
treated for a symptomatic intestinal infection caused by Giardia lamblia (1).
Both delivered normal female infants at term. A 1985 review of intestinal
parasites and pregnancy concluded that treatment of the pregnant patient
should only be considered if the “parasite is causing clinical disease or may
cause public health problems” (2). When indicated, paromomycin has been
recommended for the treatment of protozoan infections caused by G. lamblia
a nd Entamoeba histolytica and for tapeworm infestations occurring during
pregnancy (2).

BREASTFEEDING SUMMARY
Paromomycin excretion in human milk is not expected as the drug is not
absorbed into the systemic circulation after oral dosing.
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PAROXETINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

A public health advisory was issued by the FDA regarding paroxetine on
December 8, 2005 (1). The advisory cited evidence from two epidemiologic
studies (2,3) that paroxetine use in the 1st trimester was associated with a
1.8-fold increased risk for congenital malformations overall and a 1.5- to
2.0-fold increased risk for cardiac defects (most were atrial or ventricular
septal defects). The advisory noted that the pregnancy category for
paroxetine had been changed from C to D and that paroxetine should be
avoided, if possible, in the 1st trimester of pregnancy (1). The results of
two 2007 case–control studies suggested that the absolute risk of any birth
defect with paroxetine and other selective serotonin reuptake inhibitors
(SSRIs) is low (4,5). One study found an increased risk from SSRIs (the
highest risk was with paroxetine alone) for a group of three defects
(anencephaly, craniosynostosis, and omphalocele) (5), but the other did not
(3), and neither found a relationship with ventricular septal defects. In
addition, one study found an association between paroxetine and four
specific defects: anencephaly, gastroschisis, omphalocele, and right
ventricular outflow tract obstruction lesions (4). The second study did not
find an increased risk with the first three defects but did so for the cardiac
defect (5). That study also reported that paroxetine was associated with
neural tube defects and clubfoot. Although developmental toxicity is well
known to be dose related, only one study has considered dosage, finding
that doses >25 mg/day were related to major malformations and cardiac
defects (6). An accompanying editorial highlighted the findings and
limitations of these studies, concluding that the absolute risk of major
malformations was likely to be low (7). For right ventricular outflow tract
obstruction defects and all congenital heart defects, it was thought to be
unlikely that the absolute risks would exceed 1% and 2%, respectively (7).



There also is evidence, but not conclusive, that SSRI antidepressants,
including paroxetine, are associated with higher risks of other
developmental toxicities, including spontaneous abortions (SABs), low birth
weight, prematurity, neonatal serotonin syndrome, neonatal behavioral
syndrome (withdrawal), possibly sustained abnormal neurobehavior beyond
the neonatal period, respiratory distress, and persistent pulmonary
hypertension of the newborn (PPHN).

Although more data have accumulated since publication of the above
references, the issue whether or not paroxetine and other SSRIs cause
structural anomalies is still being debated. One reason cited in a joint
statement from the American Psychiatric Association and the American
College of Obstetricians and Gynecologists (see reference 60) is the
adequacy of the research that has not completely controlled for other
factors that could influence birth outcomes, such as maternal illness or
problematic health behaviors that could adversely affect pregnancy.
Although avoiding the use of paroxetine in pregnancy, especially high
doses, may be an option, the apparently low risk of embryo–fetal harm
must be balanced against the risk of untreated or undertreated depression.
The decision to use or not use paroxetine, or any other antidepressant,
must be made on a case-by-case basis. If paroxetine is used in pregnancy,
or if inadvertent exposure occurs, the woman should be counseled as to
the potential, albeit low, risks for birth defects and the higher risks for
complications in the newborn.

FETAL RISK SUMMARY
Paroxetine is an SSRI antidepressant. Its chemical structure is unrelated to
other antidepressants, including those classified as SSRI agents. Paroxetine is
metabolized to inactive metabolites. About 95% is bound to plasma protein and
the mean plasma elimination half-life is about 21 hours (2).

All of the antidepressant agents in the SSRI class (citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline) share a similar mechanism
of action but have different chemical structures. These differences could be
construed as evidence against any conclusion that they share similar effects on
the embryo, fetus, or newborn. In the mouse embryo, however, craniofacial
morphogenesis appears to be regulated, at least in part, by serotonin.
Interference with serotonin regulation by chemically different inhibitors produces
similar craniofacial defects (8). Regardless of the structural differences,



therefore, some of the potential adverse effects on pregnancy outcome may
also be similar.

In reproduction studies with rats and rabbits, paroxetine was not teratogenic
at doses that were equivalent to 9.7 and 2.2 times, respectively, the maximum
recommended human dose based on BSA (MRHD) for depression and social
anxiety disorder (DSAD), and 8.1 and 1.9 times, respectively, the MRHD for
obsessive-compulsive disorder (OCD). In rats dosed at 0.19 times the MRHD
for DSAD and 0.16 times the MRHD for OCD, there was an increase in pup
deaths when paroxetine was used during the last trimester and continued
during lactation. The cause of the deaths was not known (2). In another study,
no embryotoxic or teratogenic effects were observed in either of these species
at doses similar to those used above (9).

The effects of paroxetine on behavioral changes in developing mice have
been studied (10,11). The drug was administered for 2 weeks before
conception and throughout gestation. A similar group of mice were
administered placebo for comparison. The daily dose was known to achieve
levels in the mouse serum equivalent to the upper human therapeutic level and
to obtain levels in the fetal mouse brain equivalent to those in the adult mouse
(11). No drug-induced facial abnormalities were seen nor were there any
differences between the exposed and control groups in terms of pregnancy
duration, litter size, and sex ratio. Body weights, however, were significantly
lower for the exposed pups (both male and female) at least through postnatal
day 5. Most of the behavioral tests showed no differences between the groups,
but subtle differences in anxiety testing and adult male aggressiveness were
noted. These effects may have resulted from the effect of paroxetine on the
development of the postsynaptic serotonin (1A) receptors (11).

Consistent with the molecular weight (about 329 for the free base),
paroxetine crosses the human placenta. A 2003 study of the placental transfer
of SSRI antidepressants found cord blood:maternal serum ratios of 0.05–0.91
(12). The dose-to-delivery interval was 6–40 hours with the highest ratio
occurring at 21 hours.

Congenital Malformations
By 1995, the FDA had received 10 reports of birth defects involving paroxetine,
including 4 involving clubfoot and 2 cases of cutaneous hemangioma (F. Rosa,
personal communication, FDA, 1995).

The results of a postmarketing survey of paroxetine, conducted in England
between March 1991 and March 1992, were published in 1993 (13). A total of



137 pregnancies were identified, including 66 in which the drug was stopped
before the last menstrual period. In this group, there were 12 deliveries, 9
SABs, 5 elective abortions (EABs), and 40 unknown outcomes. Among the
remaining 71 pregnancies, 63 were known to be exposed during the 1st
trimester, but the dates of exposure were uncertain in 8. The outcomes in the
combined exposed group were 44 newborns (3 sets of twins; 1 twin stillborn
[cause not specified]), 9 SABs, 12 EABs, and 9 unknown outcomes. There
were no congenital anomalies in the liveborn infants (data not provided for the
abortions or stillborn) (13).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (14). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to had been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Paroxetine was taken during the 1st
trimester in 63 pregnancies. The outcomes of these pregnancies included 8
SABs, 11 EABs, 1 intrauterine death, 2 stillborns (twins), 3 cases lost to follow-
up, 41 normal infants (3 premature plus 2 sets of full-term twins). No birth
defects were noted in any of the outcomes (14).

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (15). Multiple drug therapy occurred in
about two-thirds of the mothers. Paroxetine was used in three pregnancies, all
with normal outcomes.

A prospective, multicenter, controlled cohort study published in 1998
evaluated the pregnancy outcomes of 267 women exposed to ≥1 of 3 SSRI
antidepressants during the 1st trimester: fluvoxamine (N = 26); paroxetine (N =
97); and sertraline (N = 147) (16). The women were combined into a study
group without differentiation as to the drug they had consumed. A randomly
selected control group (N = 267) was formed from women who had exposures
to nonteratogenic agents. In most cases, the pregnancy outcomes were
determined 6–9 months after delivery. No significant differences were
measured in the number of live births, SABs, EABs, stillbirths, major
malformations, birth weight, or gestational age at birth. Nine major
malformations were observed in each group. The relative risk (RR) for major



anomalies was 1.06 (95% confidence interval [CI] 0.43–2.62). No clustering of
defects was apparent. The outcomes of women who took an antidepressant
throughout gestation were similar to those who took an antidepressant only
during the 1st trimester (16). All of the women in the study group had taken an
antidepressant during embryogenesis (17).

A 2005 meta-analysis of 7 prospective comparative cohort studies involving
1774 patients was conducted to quantify the relationship between 7 newer
antidepressants and major malformations (18). The antidepressants were
bupropion, fluoxetine, fluvoxamine, nefazodone, paroxetine, sertraline, and
trazodone. There was no statistical increase in the risk of major birth defects
above the baseline of 1%–3% in the general population for the individual or
combined studies (18).

A brief 2005 report described significant associations between the use of
SSRIs in the 1st trimester and congenital defects (19). The data were collected
by the CDC-sponsored National Birth Defects Prevention Study in an ongoing
case–control study of birth defect risk factors. Case infants (N = 5357) with
major birth defects were compared with 3366 normal controls. A positive
association was found with omphalocele (161 cases; odds ratio [OR] 3.0, 95%
CI 1.4–6.1). Paroxetine, which accounted for 36% of all SSRI exposures, had
the strongest association with the defect (OR 6.3, 95% CI 2.0–19.6). The
study also found a significant association between the use of any SSRI and
craniosynostosis (372 cases; OR 1.8, 95% CI 1.0–3.2) (19).

In an expansion of the above CDC-sponsored study, 9622 case infants with
major birth defects were compared with 4092 control infants selected randomly
from the same geographic areas (4). The reported use of SSRIs in the period 1
month before to 3 months after conception was 2.4% (230 case mothers) and
2.1% (86 control mothers). Although the study found no significant associations
between early gestational exposure to SSRIs overall and congenital heart
defects (includes four types and eight subtypes), spina bifida, oral clefts, or
nine other defects, significant associations were found with anencephaly (OR
2.4, 95% CI 1.1–5.1, p 0.02), craniosynostosis (OR 2.5, 95% CI 1.5–4.0, p
<0.001), and omphalocele (OR 2.8, 95% CI 1.3–5.7, p 0.005). The use of
paroxetine (OR 4.2, 95% CI 2.1–8.5) or citalopram (OR 4.0, 95% CI 1.3–11.9)
significantly increased the risk for the combined three defects. For the three
most commonly used SSRIs and individual defects, increased risks were found
with fluoxetine (craniosynostosis N = 10, OR 2.8, 95% CI 1.3–6.1), sertraline
(anencephaly N = 4, OR 3.2, 95% CI 1.1–9.3), and paroxetine (anencephaly N
= 5, OR 5.1, 95% CI 1.7–15.3; right ventricular outflow tract obstruction N = 7,



OR 2.5, 95% CI 1.0–6.0; omphalocele N = 6, OR 8.1, 95% CI 3.1–20.8; and
gastroschisis N = 5, OR 2.9, 95% CI 1.0–8.4). However, the absolute risks for
these defects are small and require confirmation (4).

In a multicenter, prospective controlled study, the pregnancy outcomes of
three groups of women were evaluated: (a) paroxetine 330 (286 in the 1st
trimester); (b) fluoxetine 230 (206 in the 1st trimester); and (c) 1141 exposures
not known to cause birth defects (20). Compared with controls, there was a
higher rate of congenital defects among those exposed to 1st trimester
paroxetine, 5.1% vs. 2.6%, RR 1.92, 95% CI 1.01–3.65. There also was a
higher rate for cardiovascular anomalies, 1.9% vs. 0.6%, RR 3.46, 95% CI
1.06–11.42. In addition, perinatal complications were more prevalent in both
SSRI groups than in controls (20).

A meta-analysis of clinical trials (1990–2005) with SSRIs was reported in
2006 (21). The SSRI agents included were citalopram, fluoxetine, fluvoxamine,
paroxetine, and sertraline. The specific outcomes analyzed were major, minor,
cardiac malformations, and SABs. The OR with 95% CI for the four outcomes
were 1.394 (0.906–2.145), 0.97 (0.13–6.93), 1.193 (0.531–2.677), and 1.70
(1.28–2.25), respectively. Only the risk of SABs was significantly increased
(21).

In 1999, the Swedish Medical Birth Registry compared the use of
antidepressants in early pregnancy and delivery outcomes for the years 1995–
1997 (22). There were no significant differences for birth defects, infant
survival, or risk of low birth weight (<2500 g) among singletons between those
exposed to any antidepressant, SSRIs only, or non-SSRIs only, but a shorter
gestational duration (<37 weeks) was observed for any antidepressant
exposure (OR 1.43, 95% CI 1.14–1.80) (22). A second Registry report,
published in 2006 covering the years 1995–2003, analyzed the relationship
between antidepressants and major malformations or cardiac defects (3).
There was no significant increase in the risk of major malformations with any
antidepressant. The strongest effect among cardiac defects was with
ventricular or atrial septum defects (VSDs-ASDs). Significant increases were
found with paroxetine (OR 2.22, 95% CI 1.39–3.55) and clomipramine (OR
1.87, 95% CI 1.16–2.99 (3). In 2007, the analysis was expanded to include the
years 1995–2004 (23). There were 6481 women (6555 infants) who had
reported the use of SSRIs in early pregnancy. The number of women using a
single SSRI during the 1st trimester was 2579 citalopram, 1807 sertraline, 908
paroxetine, 860 fluoxetine, 66 escitalopram, and 36 fluvoxamine. After
adjustment, only paroxetine was significantly associated with an increased risk



of cardiac defects (N = 13, RR 2.62, 95% CI 1.40–4.50) or VSDs-ASDs (N =
8, RR 3.07, 95% CI 1.32–6.04). Analysis of the combined SSRI group,
excluding paroxetine, revealed no associations with these defects. The study
found no association with omphalocele or craniostenosis (23).

In 2006, the manufacturer reported the findings of a retrospective cohort
study using United States United Healthcare data (2). There were 5956 infants
of mothers dispensed paroxetine or other antidepressants during the 1st
trimester, including 815 for paroxetine. Compared with other antidepressants,
there was a trend for increased risk of cardiovascular defects with paroxetine
(12 cases, OR 1.5, 95% CI 0.8–2.9). Nine of the paroxetine cases had VSDs.
There also was an increased risk of overall major anomalies with paroxetine
compared with other antidepressants (OR 1.8, 95% CI 1.2–2.8). The
prevalence of all congenital defects was 4% for paroxetine vs. 2% for other
antidepressants (2).

A cohort study from Denmark compared the number of infants with
congenital malformations from mothers who either took or did not take an SSRI
during the first 3 months of pregnancy (24). The 1051 women who filled a
prescription for an SSRI from 30 days before conception to the end of the 1st
trimester gave birth to 51 (4.9%) infants with a defect compared with 5112
(3.4%) infants from 150,780 control mothers (RR 1.34, 95% CI 1.00–1.79).
For 453 women who filled such a prescription in the 2nd and 3rd months of
pregnancy, 31 (6.8%) of whom had an infant with a defect, the RR was 1.84,
95% CI 1.25–2.71 (24).

A 2007 study evaluated the association between 1st trimester exposure to
paroxetine and cardiac defects by quantifying the dose–response relationship
(6). A population-based pregnancy registry was used by linking three
administrative databases so that it included all pregnancies in Quebec between
1997 and 2003. There were 101 infants with major congenital defects, 24
involving the heart, among the 1403 women using only one type of
antidepressant during the 1st trimester. The use of paroxetine or other SSRIs
did not significantly increase the risk of major defects or cardiac defects
compared with non-SSRI antidepressants. However, a paroxetine dose >25
mg/day during the 1st trimester was significantly associated with an increased
risk of major defects (OR 2.23, 95% CI 1.19–4.17) and of cardiac defects (OR
3.07, 95% CI 1.00–9.42) (6).

A study published in 2007 was conducted to determine if paroxetine
exposure in the 1st trimester was associated with congenital malformations
(25). Exposure to the antidepressants was based on drug dispensing and



timing was based on estimated dates of conception for singleton and multi-
gestations. Using data collected in 1995–2004, the study cohorts included 1020
infants exposed to paroxetine monotherapy or polytherapy in the 1st trimester,
and a subset of 815 infants exposed only to paroxetine monotherapy in the 1st
trimester. The comparison cohorts, exposed to other antidepressants, were
4936 exposed to monotherapy or polytherapy, and a subset of 4198 infants
exposed only to monotherapy in the 1st trimester. The adjusted odds ratios
(AORs) for all paroxetine-associated congenital malformations were 1.89 (95%
CI 1.20–2.98) for monotherapy, and 1.76 (95% CI 1.18–2.64) for monotherapy
or polytherapy. For cardiovascular malformations, the AORs for the two groups
were 1.46 (95% CI 0.74–2.88) and 1.68 (95% CI 0.95–2.97), respectively. A
number of study limitations were discussed, such as missing data from charts
that could not be assessed and the inability to document actual consumption of
the antidepressants. The investigators concluded that the findings suggested a
possible modest increased occurrence of congenital defects compared with
other antidepressants (25).

A 2007 review conducted a literature search to determine the risk of major
congenital malformations after 1st trimester exposure to SSRIs and SNRIs
(26). Fifteen controlled studies were analyzed. The data were adequate to
suggest that citalopram, fluoxetine, sertraline, and venlafaxine were not
associated with an increased risk of congenital defects. In contrast, the
analysis did suggest an increased risk with paroxetine. The data were
inadequate to determine the risk for the other SSRIs and SNRIs (26).

Data collected in the period 1993–2004 by the Slone Epidemiology Center
Birth Defects Study and reported in 2007 evaluated associations between 1st
trimester use of SSRIs (defined as exposure 28 days before to 112 days after
the last menstrual period) and the risk of major birth defects (5). There were
9849 case infants with major malformations and 5860 control infants without
malformations. Two analyses were conducted: one on defects previously
associated with SSRIs (craniosynostosis, omphalocele, and cardiac defects)
and the other on some defects not previously reported to be associated with
SSRI exposure. For outcomes previously reported, only the cardiac anomaly,
right ventricular outflow tract obstruction defect, was associated with the use of
any SSRI (OR 2.0, 95% CI 1.1–3.6). Paroxetine also was associated with that
defect (OR 3.3, 95% CI 1.3–8.8). Sertraline was associated with an increased
risk of omphalocele (OR 5.7, 95% CI 1.6–20.7) and septal defects (OR 2.0,
95% 1.2–4.0). For defects not previously associated with SSRIs, increased
risks were found with sertraline (anal atresia, OR 4.4, 95% CI 1.2–16.4; and



limb reduction defects, OR 3.9, 95% CI 1.1–13.5) and paroxetine (neural tube
defects, OR 3.3, 95% CI 1.1–10.4; and clubfoot, OR 5.8, 95% CI 2.6–12.8).
The use of any SSRI also was associated with clubfoot (OR 2.2, 95% CI 1.4–
3.6). Additional studies are required but, even if confirmed, the absolute risks
are small because the estimated prevalence of the defects also is small
(e.g., the prevalence of anal atresia and right ventricular outflow tract
obstruction defect are both thought to be 5.5 cases per 10,000 live births).
Thus, an increased risk of four would mean an absolute risk of 0.2% (5).

A 2003 prospective study evaluated the pregnancy outcomes of 138 women
treated with SSRIs antidepressants during gestation (27). The number of
women using each agent was 73 fluoxetine, 36 sertraline, 19 paroxetine, 7
citalopram, and 3 fluvoxamine. Most (62%) took an SSRI throughout pregnancy
and 95% were taking an SSRI at delivery. Birth complications were observed in
28 infants, including preterm birth (9 cases), meconium aspiration, nuchal cord,
floppy at birth, and low birth weight. Four infants (2.9%) had low birth weight,
all exposed to fluoxetine (40–80 mg/day) throughout pregnancy, including two
of the three infants of mothers taking 80 mg/day. One infant had Hirschsprung
disease, a major defect, and another had cavum septi pellucidi (neither the size
of the cavum nor the SSRI agents were specified) (27). The clinical significance
of cavum septi pellucidi is doubtful as it is nearly always present at birth but
resolves in the first several months (28).

A 2008 retrospective case–control study from the province of Quebec
involved 2329 women who had used antidepressants, 189 (8.1%) of whom had
a baby with a major defect (29). The antidepressants were SSRIs, tricyclics,
and newer classes of antidepressants. No association was found between the
duration of antidepressant use during the 1st trimester and major congenital
defects (29).

In 2008, Teratogen Information Services (TISs) in Jerusalem, Italy, and
Germany reported a prospective, case–controlled, multicenter, observational
study for major congenital anomalies (30). Women taking paroxetine (N = 348)
or fluoxetine (N = 253) in the 1st trimester were compared with women
exposed to nonteratogens (N = 1467). Significant increases in major anomalies
were found for paroxetine (5.5%) and fluoxetine (5.9%) compared with controls
(2.9%). After logistic regression analysis, cigarette smoking of ≥10
cigarettes/day (OR 5.4, 95% CI 1.76–16.54) and fluoxetine (OR 4.47, 95% CI
1.31–15.27) were significant variables for cardiovascular anomalies but not
paroxetine (2.66, 95% CI 0.80–8.90) (30).

In a 2008 report, investigators gathered unpublished data from eight TISs on



1174 infants exposed in utero to paroxetine during the 1st trimester (31). In
addition, information was obtained from five published database studies
regarding 2061 cases of 1st trimester exposure to paroxetine. The control
group consisted of pregnancy outcomes of women who had called a TIS
inquiring about exposures to drugs thought to be safe in pregnancy. The rate of
cardiovascular anomalies in the exposed TISs group was 0.7% compared with
0.7% in controls. In the database, the rate was 1.5%. When the TISs and
database groups were combined, the mean rate of cardiovascular defects was
1.2% (95% CI 1.1–2.1). Although the investigators did not categorize the data
by dose because there was insufficient variability to conduct a dose–response
analysis, most of the women were taking ≤20 mg/day (31).

A 2009 study from Israel investigated the prevalence of nonsyndromic
congenital heart defects in infants exposed in utero to SSRIs (32). The
prospective case–control study involved 235 women who took the agents
during the 1st trimester and who gave birth in the years 2000–2007 at one
center. Controls (N = 67,636) were infants not exposed in utero to SSRIs. All
infants with a persistent cardiac murmur were evaluated by echocardiography.
In the cases, nonsyndromic heart defects (6 VSDs, 1 bicuspid aortic valve, and
1 right superior vena cava to coronary sinus) were found in 8 (3.40%)
compared with 1083 (1.60%) controls. The difference was significant (RR 2.17,
95% CI 1.07–4.39). The prevalence rates for paroxetine and fluoxetine were
4.3% and 3.0%, respectively. Although there was a twofold higher risk for
cardiac defects, all of the defects in the exposed group were considered mild
(32).

A 2010 case report described abnormalities in naturally conceived,
monozygotic twin females born at 33 weeks’ gestation from a pregnancy
complicated by gestational diabetes, polyhydramnios, and preterm premature
rupture of the membranes (33). The birth weights were 1420 g (10–25th
percentile) and 1250 g (<3rd percentile). Their mother had used paroxetine 5
mg/day during the first 2 months of pregnancy and 20 mg/day in the last 3
weeks. Ultrasound at 20 weeks’ had shown right aortic arch in the first twin and
a single umbilical artery in the second twin. At birth, facial dysmorphism,
consisting of hypertelorism, proptosis, hypoplastic nasal pyramid, and wide
nostrils were noted. Neurobehavioral and motor signs were noted on the 2nd
day of life (hyperactivity, irritability, jitteriness, hyperextension of the trunk and
limbs with worsening dyspnea during handling). At 6 months of life, the twins
had adequate psychomotor development with no neurobehavioral or respiratory
symptoms (33).



In a population-based case–control study from the Netherlands, 678 cases
(fetuses and children with isolated heart defects) were compared with 615
controls (fetuses and children with a genetic disorder with no heart defect)
(34). Exposure to paroxetine only in the 1st trimester was not associated with a
significantly increased risk for heart defects overall (10 cases) (adjusted OR
1.5, 95% CI 0.5–4.0) but, based on three cases, was for atrium septum
defects (adjusted OR 5.7, 95% CI 1.4–23.7) (34).

A 2010 meta-analysis of epidemiological studies evaluated 1st trimester
exposures to paroxetine and congenital defects, particularly cardiac defects
(35). The investigators analyzed published data from 1992 to 2008 and, in
some instances, involved additional information that was requested and
received from the original authors. The meta-analysis found little evidence of
publication bias or overall statistical heterogeneity. The prevalence OR for 1st
trimester paroxetine use and combined cardiac defects was 1.46, 95% CI
1.17–1.82, whereas for aggregated congenital defects it was 1.24, 95% CI
1.08–1.43. However, the increased prevalence of aggregated defects may
have resulted, in part, from the increased prevalence of cardiac defects (35).
Immediately following this meta-analysis were two sophisticated commentaries,
one supporting an association between paroxetine and cardiac defects (36)
and one opposing such an association (37).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (38). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 149 paroxetine cases,
the other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 52 fluvoxamine, 68 mirtazapine, 39 nefazodone, 61 sertraline, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio 0.9,
95% CI 0.5–1.61). There were five major anomalies in the paroxetine group:
bilateral pulmonary hypoplasia, ventricular septal defect, clinodactyly, cleft lip
and palate, and an omphalocele. There were no major defects in the
pregnancies exposed to bupropion, escitalopram, or trazodone (38).

Complications in Neonates
(Includes references 22 and 27 above.)
A 2001 case report described complications consistent with neonatal



withdrawal in four neonates exposed to paroxetine during pregnancy (39). The
infants were delivered at 37–38 weeks’ gestation and one mother breastfed her
infant. The maternal doses were 10–120 mg/day. The symptoms in the four
infants included jitteriness, irritability, lethargy, myoclonus, vomiting, and
hypothermia. In one infant, serum levels of paroxetine and desipramine on days
5 and 15 of age were 48 and 70 ng/mL, respectively, and <10 and <10 ng/ mL,
respectively. In a second infant, the serum paroxetine concentration on day 2
was 66 ng/mL, whereas trazodone was undetectable. Two infants were
hypoglycemic (one shortly after birth and one at 40 hours of age), but both
mothers had gestational diabetes mellitus. Necrotizing enterocolitis was also
observed in two infants. The withdrawal symptoms in one infant resolved over a
few days, but some symptoms in the other three were still apparent at
discharge on days 5, 22, and 24 of age, respectively (39).

Another 2001 report described withdrawal symptoms in newborn infants
exposed in utero to SSRIs (40). Male infants exposed to paroxetine (N = 3; 10–
40 mg/day), citalopram (N = 1; 30 mg/day), or fluoxetine (N = 1; 20 mg/day)
during gestation exhibited withdrawal symptoms at or within a few days of birth
and lasting up to 1 month. Symptoms included irritability, constant crying,
shivering, increased tonus, eating and sleeping problems, and convulsions (40).

Paroxetine withdrawal was suspected in a third 2001 case report (41). The
mother had taken paroxetine (40 mg/day) throughout pregnancy and delivered
a 2690-g female infant at 35 weeks’ gestation. Apgar scores were 9, 10, and
10 at 1, 5, and 10 minutes, respectively. The premature infant was bottle-fed
and did well during the first few days, but then became irritable, lethargic,
hypertonic, apathetic, and jittery. Tube feeding was required. The infant
improved without therapy and was discharged home at 18 days of age. After
delivery, the mother’s serum paroxetine concentration was 126 mcg/L
(therapeutic levels 10–150 mcg/L) (41).

The pregnancy outcomes of 55 women taking paroxetine (median dose 20
mg/day) in the 3rd trimester were reported in 2002 (42). Twelve neonates had
complications requiring short-term intensive treatment and prolonged
hospitalization. The complications, all resolving within 1–2 weeks, included
respiratory distress (N = 9; 3 preterm infants), hypoglycemia (N = 2), and
jaundice (N = 1). Compared with controls, significantly more infants were
premature. In contrast, only three complications were observed in 54 matched
controls. Twenty-seven women in the comparison group had used paroxetine
(median dose 20 mg/day) in the 1st and 2nd trimesters, but not in the 3rd
trimester. Only 3rd trimester exposure was associated with respiratory distress



(OR 9.53, 95% CI 1.14–79.30) (42).
The effect of SSRIs on birth outcomes and postnatal neurodevelopment of

children exposed prenatally was reported in 2003 (43). Thirty-one children
(mean age 12.9 months) exposed during pregnancy to SSRIs (15 sertraline, 8
paroxetine, 7 fluoxetine, and 1 fluvoxamine) were compared with 13 children
(mean age 17.7 months) of mothers with depression who elected not to take
medications during pregnancy. All of the mothers had healthy lifestyles. The
timing of the exposures was 71% in the 1st trimester, 74% in the 3rd trimester,
and 45% throughout. The average duration of breastfeeding in the subjects and
controls was 6.4 and 8.5 months. Twenty-eight (90%) subjects nursed their
infants, 17 of who took SSRIs (10 sertraline, 4 paroxetine, and 3 fluoxetine)
compared with 11 (85%) controls, 3 of whom took sertraline. There were no
significant differences between the groups in terms of gestational age at birth,
premature births, birth weight and length or, at follow-up, in sex distribution or
gain in weight and length (expressed at percentage). Seven (23%) of the
exposed infants were admitted to a neonatal intensive care unit (NICU) (six
respiratory distress, four meconium aspiration, and one cardiac murmur)
compared with none of the controls (ns). Follow-up examinations were
conducted by a pediatric neurologist, psychologist, and a dysmorphologist who
were blinded as to the mother’s mediations status. The mean Apgar scores at
1 and 5 minutes were lower in the exposed group than in controls, 7.0 vs. 8.2,
and 8.4 vs. 9.0, respectively. There was one major defect in each group: small
asymptomatic ventricular septal defect (exposed); bilateral lacrimal duct
stenosis that required surgery (control). The test outcomes for mental
development were similar in the groups, but significant differences in the
subjects included a slight delay in psychomotor development and lower
behavior motor quality (tremulousness and fine motor movements) (43).

A 2004 case report described a term 3750-g male newborn who had a
normal examination at birth except that he did not cry in the delivery room or
afterward (44). The mother had taken paroxetine 20 mg/day throughout the
pregnancy. The infant was bottle-fed and had a normal appetite. He was
discharged home at 48 hours of age, but was readmitted 2 days later because
of lethargy and the absence of cry. The only abnormality detected on
examination was the lack of reaction to pain stimulation. On the day 6 of life, an
electroencephalogram (EEG) was abnormal (“…depressed background activity
with trace alternance and independent spike and wave activity; somatosensory-
evoked potentials on the posterior tibial were impossible to elicit”). The infant
began crying and responded to pain stimulation on day 13 of life and an EEG



on day 14 showed marked improvement. Physical examination at 6 weeks of
age was normal (44).

A 2004 prospective study examined the effect of four SSRIs (citalopram,
fluoxetine, paroxetine, and sertraline) on newborn neurobehavior, including
behavioral state, sleep organization, motor activity, heart rate variability,
tremulousness, and startles (45). Seventeen SSRI-exposed, healthy, full-birth-
weight newborns and 17 nonexposed, matched controls were studied. A wide
range of disrupted neurobehavioral outcomes were shown in the subject
infants. After adjustment for gestational age, the exposed infants were found to
differ significantly from controls in terms of tremulousness, behavioral states,
and sleep organization. The effects observed on motor activity, startles, and
heart rate variability were not significant after adjustment (45).

A 37-year-old woman with depression was treated with paroxetine 30
mg/day and chlorpromazine 100 mg/day throughout gestation (46). The woman
delivered a 4.46-kg female infant at 39 weeks’ gestation with Apgar scores of
6 and 9 at 1 and 5 minutes, respectively. Both the birth weight and head
circumference (38 cm) were >97th percentile. The infant was not breastfed. At
12 hours of age, the infant developed a mild fever and respiratory distress
(tachypnea, respiratory rate 80/minute, and intercostal recession). At 60 hours
of age, rhythmical jerking of the left arm and leg was observed. Investigations
for infectious and metabolic causes were negative. On day 6, a blood sample
for paroxetine was negative (detection level 5 mcg/L). The infant continued to
display jitteriness, tremor, focal jerking movements of all four limbs with
hypertonia, opisthotonus posturing, hyper-reflexia, and a hyperactive Moro
reflex. Abnormal posture with neck retraction and generalized hypertonia
persisted until day 8, but by day 11, the infant was feeding well and all
symptoms had resolved (46).

A 2004 case report described severe symptoms in a newborn consisting of
tremor, rigidity, and diarrhea during the first 4 days after birth (47). The mother
had taken chlorpromazine 20 mg/day up to 32 weeks’ gestation, at which time
she began paroxetine 30 mg/day. The 4080-g female was delivered by
cesarean section at 42 weeks’ with Apgar scores of 7, 8, and 9 presumably at
1, 5, and 10 minutes, respectively. The symptoms began 1.5 hours after birth.
Paroxetine levels in the infant and mother 17 hours after birth were 30 and 94
nmol/L (trough), respectively. Genetic analysis of the infant revealed that she
had two defective CYP2D6 alleles, the enzyme responsible for metabolizing
paroxetine, thus classifying her as a poor metabolizer. Nevertheless, the
mother breastfed the infant while taking paroxetine 30 mg/day and at 4 months



of age, the infant’s growth and development were normal (47).
The database of the World Health Organization (WHO) was used in a 2005

report on neonatal SSRI withdrawal syndrome (48). Ninety-three suspected
cases with either neonatal convulsions or withdrawal syndrome were identified
in the WHO database. Mothers had taken paroxetine in 64 of the cases. The
analysis suggested that paroxetine might have an increased risk of convulsions
or withdrawal compared with other SSRIs (48).

Evidence for a neonatal behavioral syndrome associated with in utero
exposure to SSRIs and serotonin and norepinephrine reuptake inhibitors
(SNRIs) (collectively called serotonin reuptake inhibitors [SRIs]) in late
pregnancy was reviewed in 2005 (49). The report followed a recent agreement
by the FDA and manufacturers for a class labeling change about the neonatal
syndrome. Analysis of case reports, case series, and cohort studies revealed
that late exposure to SRIs carried an overall risk ratio of 3.0 (95% CI 2.0–4.4)
for the syndrome compared with early exposure. The case reports (N = 18)
and case series (N = 131) involved 97 cases of paroxetine, 18 fluoxetine, 16
sertraline, 12 citalopram, 4 venlafaxine, and 2 fluvoxamine. There were nine
cohort studies analyzed. The typical neonatal syndrome consisted of central
nervous system (CNS), motor, respiratory, and gastrointestinal signs that were
mild and usually resolved within 2 weeks. Only 1 of 313 quantifiable cases
involved a severe syndrome consisting of seizures, dehydration, excessive
weight loss, hyperpyrexia, and intubation. There were no neonatal deaths
attributable to the syndrome (49).

Possible sustained neurobehavioral outcomes beyond the neonatal period
were reported in 2005 (50). Based on previous findings that prenatally exposed
newborns had reduced pain responses, biobehavioral responses to acute pain
(heel lance) were prospectively studied in 2-month-old infants. The responses
included facial action (Neonatal Facial Coding System) and cardiac autonomic
reactivity (derived from respiratory activity and heart rate variability). Three
groups of infants were formed: 11 infants with prenatal SSRI exposure alone (2
fluoxetine and 9 paroxetine); 30 infants with prenatal and postnatal (from breast
milk) SSRI exposure (6 fluoxetine, 20 paroxetine, and 4 sertraline); and 22
nonexposed controls (mothers not depressed). The exposure during
breastfeeding was considered to be very low. Heel lance–induced facial action
increased in all three groups but was significantly lowered (blunted) in the first
group. Heart rate was significantly lower in the exposed infants during recovery.
Moreover, exposed infants had a greater return of parasympathetic cardiac
modulation, whereas controls had a sustained sympathetic response. The



findings were consistent with the patterns of pain reactivity observed in
exposed newborns and suggested sustained neurobehavioral outcomes (50).

A 2006 case report described serotonin toxicity in a newborn that was
correlated with serum levels of paroxetine (51). The 29-year-old mother had
taken paroxetine, 15 mg/day, from 28 weeks’ gestation to delivery at 40
weeks’. The 3-kg male infant had Apgar scores of 9 and 9 at 1 and 5 minutes,
respectively. At birth, the infant was pale and flaccid, with an irregular
heartbeat (premature atrial contractions), and had signs of respiratory distress.
Subsequent examinations revealed a pneumomediastinum and pneumothorax.
The hypotonicity was replaced by hypertonicity at about 5 hours of age. Most
of the symptoms had resolved within about 24 hours and the infant began
breastfeeding at 52 hours of age. A cord blood paroxetine level, about 23 hours
after the last dose, was 368 nmol/L (therapeutic range for adults at the author’s
institution 12–155 nmol/L). Serial drug levels in the infant during the first 24
hours decreased from about 400 nmol/L at birth to 125 nmol/L at 24 hours. The
decrease paralleled the decrease in hypertonicity (51).

A significant increase in the risk of low birth weight (<10th percentile) and
respiratory distress after prenatal exposure to SSRIs was reported in 2006
(52). The population-based study, representing all live births (N = 119,547)
during a 39-month period in British Columbia, Canada, compared pregnancy
outcomes of depressed mothers treated with SSRIs with outcomes in
depressed mothers not treated with medication and in nonexposed controls.
The severity of depression in the depressed groups was accounted for by
propensity score matching (52).

A 30% incidence of SSRI-induced neonatal abstinence syndrome was found
in a 2006 cohort study (53). Sixty neonates with prolonged in utero exposure to
SSRIs were compared with nonexposed controls. The agents used were
paroxetine (62%), fluoxetine (20%), citalopram (13%), venlafaxine (3%), and
sertraline (2%). Assessment was conducted by the Finnegan score. Ten of the
infants had mild and eight had severe symptoms of the syndrome. The
maximum mean score in infants with severe symptoms occurred within 2 days
of birth, but some occurred as long as 4 days after birth. Because of the small
numbers, a dose–response analysis could only be conducted with paroxetine.
Infants exposed to mean maternal doses that were <19 mg/day had no
symptoms, <23 mg/day had mild symptoms, and 27 mg/day had severe
symptoms (53).

A 2007 case report described seizures in a newborn infant whose mother
had taken paroxetine 30 mg/day throughout pregnancy (54). At birth, the infant



was floppy with respiratory distress. Tonic seizures were noted 5 minutes after
vaginal birth and continued intermittently, in spite of treatment, until about 48
hours. Other symptoms included hypertonia, fluctuating temperature, and
hypoglycemia. He was weaned off of phenobarbital by 2 months of age. His
growth and neurodevelopment at 15 months were appropriate (54).

A 2007 retrospective cohort study examined the effects of exposure to
SSRIs or venlafaxine in the 3rd trimester on 21 premature and 55 term
newborns (55). The randomly selected unexposed control group consisted of
90 neonates of mothers not taking antidepressants, psychotropic agents, or
benzodiazepines at the time of delivery. There were significantly more
premature infants among the subjects (27.6%) than in controls (8.9%), but the
groups were not matched. The antidepressants, number of subjects, and daily
doses in the exposed group were paroxetine (46; 5–40 mg), fluoxetine (10; 10–
40 mg), venlafaxine (9; 74–150 mg), citalopram (6; 10–30 mg), sertraline (3;
125–150 mg), and fluvoxamine (2; 50–150 mg). The behavioral signs that were
significantly increased in exposed compared with nonexposed infants were:
CNS—abnormal movements, shaking, spasms, agitation, hypotonia, hypertonia,
irritability, and insomnia; respiratory system—indrawing, apnea/bradycardia,
and tachypnea; and other—vomiting, tachycardia, and jaundice. In exposed
infants, CNS (63.2%) and respiratory system (40.8%) signs were most
common, appearing during the first day of life and lasting for a median duration
of 3 days. All of the exposed premature infants exhibited behavioral signs
compared with 69.1% of exposed term infants. The duration of hospitalization
was significantly longer in exposed premature compared with nonexposed
premature infants, 14.5 vs. 3.7 days, respectively. In 75% of the term and
premature infants, the signs resolved within 3 and 5 days, respectively. There
were six infants in each group with congenital malformations, but the drugs
involved were not specified (55).

A case–control study, published in 2006, was conducted to test the
hypothesis that exposure to SSRIs in late pregnancy was associated with
persistent pulmonary hypertension of the newborn (56). A total of 1213 women
were enrolled in the study, 377 cases whose infants had PPHN and 836
matched controls and their infants. Mothers were interviewed by nurses that
were blinded to the hypothesis. Fourteen case infants had been exposed to an
SSRI after the 20th week of gestation compared with six control infants
(adjusted OR 6.1, 95% CI 2.2–16.8). The numbers were too small to analyze
the effects of dosage, SSRI used, or reduction of the length of exposure before
delivery. No increased risk of PPHN was found with the use of SSRIs before



the 20th week or with the use of non-SSRI antidepressants at any time in
pregnancy. If the relationship was causal, the absolute risk was estimated to
be about 1% (56).

A 2008 reference found that, after controlling for maternal illness, longer
prenatal exposure to SSRIs significantly increased the risks of lower birth
weight, respiratory distress, and reduced gestational age (57).

In a 2009 retrospective study, the medical records of 25,214 births that
occurred at the Mayo Clinic from 1993 to 2205 were reviewed for use of SSRIs
during pregnancy (58). A total of 808 mothers took an SSRI (122 citalopram,
8 escitalopram, 184 fluoxetine, 134 paroxetine, 296 sertraline, 53 venlafaxine,
and 1 to more than 1 SSRI) and 24,406 did not. The prevalence of congenital
heart disease in the two groups was 3 (0.4%) and 205 (0.8%). There were 16
infants with PPHN, none of whom had been exposed to SSRIs (58).

A prospective cohort study from Denmark evaluated the effects of SSRIs on
pregnancy outcomes (59). Three groups of women that gave birth at a single
hospital in 1989–2006 were identified: 329 exposed to SSRIs during
pregnancy, 4902 with a history of psychiatric illness but not treated with SSRIs,
and 51,770 reported no history of psychiatric illness. Compared with the other
groups, SSRI exposure was significantly associated with an increased risk of
preterm birth, a low 5-minute Apgar score, and admission to an NICU. The
NICU admissions were not explained by the lower Apgar score or gestational
age (59).

Representatives of the American Psychiatric Association and the American
College of Obstetricians and Gynecologists issued a joint statement on the
management of depression during pregnancy in 2009 (60). The objective of the
statement was to analyze the maternal and neonatal risks of depression and
antidepressant exposure and to develop algorithms for periconceptional and
antenatal management. Three algorithms were developed: (i) patients
considering pregnancy who were currently being treated; (ii) pregnant patients
having a recurrent major depressive disorder (MDD) who were not taking an
antidepressant; and (iii) pregnant patients with MDD who were taking an
antidepressant. The conclusion of the joint statement was that research had not
adequately controlled for other factors that could influence birth outcomes such
as maternal illness or problematic health behaviors that could adversely affect
pregnancy (60).

A large 2009 review of SSRIs and SNRIs in pregnancy concluded that use of
these agents was associated with adverse effects and such use required
careful follow-up of infants exposed in utero (61).



Spontaneous Abortions
A nested case–control study in Quebec found that the use of antidepressants
during pregnancy were significantly associated with SABs (62). Significant
increases were observed for SSRIs alone, SNRIs alone, combined use of
different classes of antidepressants, paroxetine, and venlafaxine. The ranges
for the OR were 1.68–3.51, with the highest in the combined use group.
Because of the smaller number of exposures among other SSRIs and in other
antidepressant classes, the authors thought that their data suggested a class
effect of SSRIs, rather than a specific drug effect (62). An accompanying
commentary discussed the difficulties of measuring the effects of
antidepressants in pregnancy and concluded that if a risk of SAB existed, it
was small (63).

A 2010 review evaluated 15 prospective studies involving antidepressants
that had been published in 1975–2009 to determine if there was an association
between specific agents and SAB (64). The majority of the studies involved
tricyclic antidepressants or SSRIs. After adjustment, only paroxetine (OR 1.7,
95% CI 1.3–2.3) and venlafaxine (OR 2.1, 95% CI 1.3–3.3) were significantly
associated with the risk of SABs (64).

BREASTFEEDING SUMMARY
Paroxetine is excreted into breast milk. A brief 1996 correspondence described
a 39-year-old, 60-kg woman with a recurrent depressive and obsessive
disorder who was started on paroxetine 20 mg/day (333 mcg/kg/day) 3 days
after delivery (65). One week later, analysis of a milk sample for paroxetine
revealed a concentration of 7.6 ng/mL. Assuming that the infant ingested 0.15
L/kg of milk per day, the estimated daily weight-adjusted dose was 0.34% of
the mother’s dose. The minimum milk:plasma ratio (obtained 4 hours after a
dose) was estimated to be 0.09. No data were available on the effects of this
exposure on the nursing infant (65).

Breast milk concentrations of paroxetine in seven lactating women were
reported in a 1999 publication (66). In six women receiving a paroxetine dose
of 10–40 mg/day, milk and maternal serum samples were obtained 4–7 and
24 hours after a dose. The samples corresponded to either close to peak milk
concentrations or trough levels. Based on AUC calculations, the mean
estimated daily infant dose was 1.4% (range 0.7%–2.9%) of the weight-
adjusted maternal dose. The mean milk:serum ratio was 0.69 (range 0.39–
1.11). In a seventh woman, frequent sampling during two 24-hour periods (one
at 20 mg/day and one at 40 mg/day, 7 weeks apart) resulted in estimated daily



infant doses of 1.0% and 2.0%, respectively, of the weight-adjusted maternal
dose. The milk:serum ratios were 0.69 and 0.72, respectively. The study also
measured paroxetine concentrations in fore-milk and hind-milk at two steady-
state doses (20 and 40 mg/day) in one subject. Drug levels in hind-milk were a
mean 78% (range 16%–169%) higher than those in fore-milk. The increase
paralleled the increase in milk triglycerides and was thought to be consistent
with the lipophilic properties of the drug. No adverse effects of the exposure
were observed in the seven nursing infants (66).

In a two-phase study published in 1999, the dose of paroxetine received by
10 nursing infants from breast milk was estimated (67). In six subjects sampled
over 24 hours, the mean daily estimated infant dose was 1.13% (range 0.5%–
1.7%) of the weight-adjusted maternal dose (based on AUC). The mean
milk:plasma ratio was 0.39 (range 0.32–0.51). In the second phase, milk and
serum samples were obtained from four subjects around a normal infant
feeding time. In this case, the mean infant dose was 1.25% (range 0.38%–
2.24%) of the maternal dose and the mean milk:plasma ratio was 0.96 (range
0.31–3.33). The milk:plasma ratio was similar for fore- and hind-milk.
Paroxetine was detected (limit 2 ng/mL) in the plasma of one of the eight
infants tested, but the concentration was below the level of quantification for
the assay (4 ng/mL). No adverse effects were noted in any of the infants (67).

A 2000 study described the excretion of paroxetine into breast milk (68).
Sixteen women on a stable paroxetine dose (mean 23.1 mg/day; range 10–50
mg/day) were studied during the postpartum period (4–55.2 weeks). Seven of
the women had continued their prenatal paroxetine, four had started the
antidepressant postpartum, and data were not available for five subjects. Milk
samples were collected after a dose at 4- to 6-hour intervals over a 24-hour
period. The mean milk concentration was 41.6 ng/mL (range 2–101 ng/mL).
Paroxetine concentrations were higher in hind-milk than in fore-milk. No
detectable levels of paroxetine (all <2 ng/mL) were found in the infants serum,
including the 10 infants who were exclusively breastfed. No adverse effects in
the nursing infants were reported by the mothers upon direct interview (68).

In another 2000 report, maternal serum, breast milk, and infant serum
samples were obtained from 24 mother–infant pairs (mean infant age 4.5
months) 6 hours after a paroxetine dose (69). In 13 of the pairs, the infants
were exclusively breastfed. All of the mothers were on a stable dose of
paroxetine (10–40 mg/day for at least 30 days). One mother–infant pair was
tested twice; once at 10 mg/day and again at 40 mg/day. The mean maternal
serum, breast milk, and infant serum concentrations (ng/mL) were 45.2, 19.2,



and not detectable (<0.1 ng/mL), respectively. The mean milk:plasma ratio,
infant dose, and percent of maternal dose were 0.53, 2.88 mcg/kg/day, and
1.1%, respectively. No adverse effects of the drug exposure were noted in the
nursing infants (69).

In a 2002 report, the pregnancy outcomes of 55 women who had taken
paroxetine during the 3rd trimester were reported (see Fetal Risk Summary)
(42). Thirty-six of the women breastfed their infants. Eight of the women
reported adverse symptoms in their infants: alertness (N = 6), constipation (N =
3), sleepiness (N = 1), and irritability (N = 1). No adverse events were reported
in 44 breastfed infants in the comparison group (42).

A 2004 study was conducted in 25 women (nursing 26 infants) to quantify the
concentration of the SSRI or SNRI in their breast milk (70). The
antidepressants taken by the women were citalopram (nine), paroxetine (six),
sertraline (six), fluoxetine (one), and venlafaxine (three). The maternal mean
dose of paroxetine was 20 mg/day (10–30 mg/day). The mean milk
concentration was 88 nmol/L (18–152 nmol/L), resulting in a theoretical
maximum infant dose that was 1.4% of the mother’s weight-adjusted dose.
Paroxetine was not detected in the infant’s serum, even though one mother–
infant pair was identified as CYP2D6 poor metabolizers. There was no
evidence of adverse effects in the breastfeeding infants (70).

A 1999 review of SSRI agents concluded that if there were compelling
reasons to treat a mother for postpartum depression, a condition in which a
rapid antidepressant effect is important, the benefits of therapy with SSRIs
would most likely outweigh the risks (71). However, because the long-term
effects of exposure to SSRI antidepressants in breast milk on the infant’s
neurobehavioral development are unknown, stopping or reducing the frequency
of breastfeeding should be considered if therapy with these agents is required.
Avoiding nursing around the time of peak maternal concentration (about 4 hours
after a dose) may limit infant exposure. However, the long elimination half-lives
of all SSRIs and their weakly basic properties, which are conducive to ion
trapping in the relatively acidic milk, probably will lessen the effectiveness of
this strategy. The American Academy of Pediatrics classifies paroxetine as a
drug for which the effect on nursing infants is unknown but may be of concern
(72).

A 2010 study, using human and animal models, found that drugs that disturb
serotonin balance such as SSRIs and SNRIs can impair lactation (73). The
authors concluded that mothers taking these drugs may need additional support
to achieve breastfeeding goals.
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PASIREOTIDE
Endocrine/Metabolic (Somatostatin Analog)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of pasireotide in human pregnancy have been
located. The animal data suggest risk, but the absence of human
pregnancy experience prevents a full assessment of the embryo–fetal risk.
If a woman becomes pregnant while receiving the drug, she should be
informed of the potential risk, including abortion, to her embryo and/or
fetus.

FETAL RISK SUMMARY
Pasireotide is a cyclohexapeptide somatostatin analog that is given as an SC
injection. It is in the same subclass as octreotide. Pasireotide is indicated for
the treatment of adult patients with Cushing’s disease for whom pituitary
surgery is not an option or has not been curative. The drug is not metabolized.
Plasma protein binding is moderate (88%) and the calculated effective half-life
is about 12 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats
throughout organogenesis, doses resulting in exposures that were 4 times or
higher than the maximum therapeutic dose based on AUC (MHD) caused
maternal toxicity. Exposures less than the human clinical exposure based on
BSA caused a significant increase in implantation loss and decreased viable
fetuses, corpora lutea, and implantation sites. In addition, restricted growth
was noted in rat pups exposed during prenatal and postnatal studies but was
reversible after weaning. In rabbits through organogenesis, an exposure that
was 7 times the MHD caused maternal toxicity. At exposures less than the
MHD, an increased incidence of skeletal malformations was observed in
offspring (1).



Long-term studies for carcinogenesis were negative in rats and mice.
Pasireotide was not mutagenic or genotoxic in several assays. As noted above,
fertility studies in rats caused harm. In addition, abnormal cycles or acyclicity
were observed (1).

It is not known if pasireotide crosses the human placenta. The molecular
weight (about 1313) suggests that passage would be limited, but the moderate
plasma protein binding and long effective half-life could increase the possibility
for crossing to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of pasireotide during human breastfeeding have
been located. The molecular weight (about 1313) suggests that excretion into
breast milk will be limited, but the moderate plasma protein binding (88%) and
long effective half-life (12 hours) could increase the possibility for excretion.
The effect of this exposure on a nursing infant is unknown. The most common
(≥20%) adverse reactions in adults were diarrhea, nausea, hyperglycemia,
cholelithiasis, headache, abdominal pain, fatigue, and diabetes mellitus (1).
Because of these potential risks, the best course is to not breastfeed.

Reference
1. Product information. Signifor. Novartis Pharmaceuticals, 2012.



PASSION FLOWER
Herb
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of passion flower during human pregnancy
have been located. As with most herbal products, a large number of
chemicals have been identified in this herb and none has undergone
reproductive testing. Since passion flower has been used for hundreds of
years or longer, it is doubtful that a major teratogenic effect or other
significant reproductive toxicity would have escaped notice. More subtle or
low-incidence effects, however, including structural and behavioral
teratogenicity, the induction of abortions due to its uterine stimulant
properties, and infertility, may have escaped detection, and further study is
required before human reproductive risk or safety can be assessed. In
addition to the above concerns, standardization of any herbal product is
often questionable (1). As such, the presence of therapeutic or
subtherapeutic amounts of active ingredients, or their complete absence, in
a given preparation cannot be predicted. Commercial herbal products may
also be adulterated with unlabeled ingredients (1). Because of these
uncertainties, the consumption of passion flower during gestation should be
avoided.

FETAL RISK SUMMARY
The herbal product used for medicinal purposes usually refers to the plant,
Passiflora incarnata, but the common name, passion flower, may refer to many
of the approximately 400 species of the genus Passiflora. Some species are
grown for their flowers. In addition, some species produce edible fruit, such as
P. incarnata, P. edulis, and P. quadrangularis. The plant is a perennial vine that
may reach 10 meters in length. It is indigenous to the southeastern United



States to South America. The medicinal parts include the whole or cut dried
herb and the fresh aerial parts (2,3). In this review, the term passion flower will
only refer to P. incarnata, the product used in herbal medicine.

Commercial products of passion flower are available for both oral and topical
administration. A number of indications have been claimed for passion flower,
including nervousness (e.g., hysteria, nervous exhaustion, pediatric
nervousness, and excitability), neuralgia, insomnia, pain, asthma and other
bronchial disorders, generalized seizures, compresses for burns, hemorrhoids
(externally), and for menopausal complaints (2–5).

As with most herbs, a relatively large number of chemical compounds are
contained in the commercial product: flavonoids (content 2.5%; includes flavone
di-C-glycosides shaftoside, isoshaftoside, isovitexin, iso-orientin, vicenin,
lucenin, saponarin, and passiflorine), maltol (0.05%), cyanogenic glycosides
(gynocardine [<0.1%]), and indole alkaloids (harman, harmine, harmaline,
harmalol, and harmin) are the primary constituents (2–5). The alkaloids,
however, are reportedly present in subtherapeutic amounts (6). Other
constituents include free flavonoids (apigenin, luteolin, quercetin, and
campherol), several acid compounds (phenolic, linoleic, linolenic, palmitic, oleic,
myristic, formic, and butyric acids), coumarins, phytosterols, and essential oil
(2).

The pharmacologic activity of passion flower apparently derives from the
flavonoids and alkaloids (2,4). A few studies have apparently documented the
sedative action of passion flower in animals and humans. The FDA prohibited
the use of passion flower in over-the-counter (OTC) products in 1978 because
it had not been proven to be safe and effective (6), but the product is
apparently available as a herbal remedy.

No reports have been located describing the use of passion flower in human
pregnancy. However, two sources have cited reports that the herb is
contraindicated during pregnancy because of the uterine stimulant action of the
harman (harmala) alkaloids (harman, harmaline) shown in animals and because
of the presence of cyanogenic glycoside gynocardine (2,4). In contrast, the
German Commission E monographs state that there are no contraindications
(5).

BREASTFEEDING SUMMARY
No reports describing the use of passion flower during lactation have been
located. Because of the large number of chemical compounds in the herb, the
lack of standardization of commercial products, and the complete lack of



information on the effects of exposure to these substances in a nursing infant,
the use of passion flower during breastfeeding should be avoided.
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PAZOPANIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of pazopanib in human pregnancy have been
located. The animal reproduction data suggest risk because developmental
toxicity (growth restriction, structural anomalies, and death) was observed
in two species at systemic exposures that were much lower than those in
humans. The absence of human pregnancy experience prevents a full
assessment of the embryo–fetal risk. The manufacturer advises women to
avoid becoming pregnant while taking pazopanib (1). However, renal cell
carcinoma may be fatal without appropriate treatment. If a woman
becomes pregnant while receiving everolimus she should be advised of the
potential for embryo–fetal harm. If possible, avoiding the 1st trimester
should be considered.

FETAL RISK SUMMARY
Pazopanib is a tyrosine kinase inhibitor antineoplastic that is available as oral
tablets. It is indicated for the treatment of advanced renal cell carcinoma.
Pazopanib is in the same subclass as several other agents (see Appendix). The
drug is metabolized, but the activity of the metabolites (assumed to be inactive)
was not stated. Plasma protein binding is >99% and the mean elimination half-
life is about 31 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
given during organogenesis that resulted in exposures that were about 0.1
times the human clinical exposure based on AUC (HCE) caused cardiovascular
malformations (retroesophageal subclavian artery, missing innominate artery,
changes in the aortic arch) and incomplete or absent ossification. Other
toxicities were reduced fetal body weight, and pre- and postimplantation
embryolethality. In rabbits, doses resulting in exposures that were about 0.007
times the HCE caused maternal toxicity (reduced food consumption, increased



postimplantation loss, and abortion). At 0.02 times the HCE, severe maternal
body weight loss and 100% litter loss were observed. Fetal body weight was
reduced at a dose 1% (AUC not calculated) of the dose causing 100% litter
loss (1).

Carcinogenicity studies have not been conducted, but in a 13-week mouse
study, proliferative lesions in the liver including eosinophilic foci in two females
and a single case of adenoma in another female were noted. The drug was not
mutagenic or clastogenic in various assays. In female fats, various doses all
resulting in exposures less than the HCE, caused decreased fertility, increased
pre- and postimplantation losses, and decreased fetal body weight. Decreased
corpora lutea and increased cysts were noted in mice given a dose that was
about 1.3 times the HCE for 13 weeks, and in a 26-week study, ovarian
atrophy was seen in rats at a dose that was about 0.85 times the HCE.
Decreased corpora lutea were also noted in monkeys given a dose that was
about 0.4 times the HCE for up to 34 weeks. The drug did not affect mating or
fertility in male rats, but did cause decreases in sperm production and
concentrations, as well as decreased testicular and epididymal weights. In a 6-
month toxicity study with male rats, atrophy and degeneration of the testes with
aspermia, hypospermia, and cribiform change in the epididymis were observed
(1).

It is not known if pazopanib crosses the human placenta. The molecular
weight (about 438 for the free base) and long elimination half-life suggest that
the drug will cross, but the high plasma protein binding might limit the amount
crossing.

BREASTFEEDING SUMMARY
No reports describing the use of pazopanib during human lactation have been
located. The molecular weight (about 438 for the free base) and long
elimination half-life (about 31 hours) suggest that the drug will be excreted into
breast milk, but the high plasma protein binding (>99%) might limit the amount.
The effect of this exposure on a nursing infant is unknown. In adults, adverse
reactions occurring in ≥10% of patients were diarrhea, hypertension, hair color
changes, nausea and vomiting, anorexia, fatigue, asthenia, abdominal pain, and
headache. Other serious toxicities, such as hepatotoxicity, were also observed
(1). Because the potential for severe toxicity in a nursing infant is a concern,
women receiving pazopanib should not breastfeed.
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PEGAPTANIB
Ophthalmic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pegaptanib in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment. However,
the very low plasma levels probably prevent clinically significant amounts of
the drug from reaching the embryo or fetus. Thus, if a woman requires
pegaptanib, it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Pegaptanib is an aptamer—a pegylated modified oligonucleotide that is a
selective vascular endothelial growth factor (VEGF) antagonist. It is in the
same class as ranibizumab. Pegaptanib is indicated for the treatment of
neovascular (wet) age-related macular degeneration. It is administered as a
0.3-mg intravitreous injection every 6 weeks. When a 3-mg dose (10 times the
recommended dose) was given, the mean maximum plasma concentration,
about 80 ng/mL, occurred within 1–4 days. The mean AUC was about 25
mcg·hr/mL and the plasma elimination half-life was about 10 days. Pegaptanib
is metabolized but the amount of metabolism apparently has not been
determined (1).

Reproduction studies have been conducted in mice. In pregnant mice, no
evidence of maternal toxicity, teratogenicity, or fetal mortality was observed
with daily IV doses up to about 7000 times the recommended human monocular
ophthalmic dose of 0.3 mg based on body weight (1).

Studies for carcinogenicity and fertility have not been conducted with
pegaptanib. Mutagenicity and clastogenicity assays with pegaptanib and its
monomer component nucleotides have been negative (1).



It is not known if pegaptanib crosses the human placenta. The molecular
weight (about 50,000) suggests that exposure of the embryo and/or fetus is
unlikely. The drug does cross the mouse placenta after IV administration (1).
Moreover, the plasma elimination half-life is very long. Nevertheless, if the drug
does cross the human placenta, the very low plasma levels will limit the amount
reaching the embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of pegaptanib during human lactation have been
located. Although the long plasma elimination half-life (about 10 days) favors
excretion, the molecular weight (about 50,000) and very low plasma
concentrations suggest that the drug will not be excreted into breast milk. The
effects of any exposure on a nursing infant are unknown, but probably are
clinically insignificant. Thus, if a lactating woman requires pegaptanib, it should
not be withheld because she is breastfeeding.

Reference
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PEGFILGRASTIM
Hematopoietic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pegfilgrastim in human pregnancy have
been located. Although the animal data do not suggest fetal risk, the
absence of human pregnancy experience prevents an assessment of the
embryo–fetal risk. Filgrastim has been used in the pregnancy without
apparent fetal harm. (See Filgrastim.) Therefore, until human data are
available, filgrastim would be preferred over pegfilgrastim in pregnancy.

FETAL RISK SUMMARY
Pegfilgrastim is a covalent conjugate of monomethoxypolyethylene glycol and
filgrastim that results in reduced renal elimination and prolonged persistence in
the serum. (See also Filgrastim.) Pegfilgrastim is indicated to decrease the
incidence of infection, as manifested by febrile neutropenia, in patients with
nonmyeloid malignancies receiving myelosuppressive chemotherapy associated
with a clinically significant incidence of febrile neutropenia. The serum half-life
depends on the dose and the number of neutrophils, ranging from 15 to 80
hours after SC injection (1).

Reproduction studies have been conducted in rats and rabbits. In rats,
pegfilgrastim given SC in doses up to 1000 mcg/kg/dose every other day during
organogenesis caused no embryotoxic or fetotoxic outcome. However, an
increased incidence of wavy ribs was observed at the maximum dose. When
doses up to 1000 mcg/kg/dose were given once weekly from gestation day 6
through lactation day 18, no maternal toxicity or adverse effects on the growth
or development of offspring were observed. The highest dose was about
23 times the recommended human dose (RHD). In addition, the once-weekly
dose in male and nonpregnant female rats had no effect on reproductive



performance, fertility, or sperm parameters. In rabbits, SC doses as low as 4
times the RHD given every other day were maternally toxic (decreased food
consumption and maternal weight gain) and fetotoxic (decreased body
weights). At about 16 times the RHD or higher, there was an increased
incidence of resorptions and abortions with a corresponding decrease in the
number of live fetuses (1).

It is not known if pegfilgrastim crosses the human placenta, but filgrastim
apparently reaches the fetus late in gestation in amounts sufficient to produce a
biologic effect. (See Filgrastim.) The molecular weight of pegfilgrastim (about
39,000) is twice that of filgrastim (about 19,000) because of the polyethylene
glycol. The addition of this nonamino acid moiety may prevent the transfer of
pegfilgrastim in amounts sufficient to produce a biologic effect in the fetus.

BREASTFEEDING SUMMARY
No reports describing the use of pegfilgrastim during human lactation have been
located. Pegfilgrastim is composed of monomethoxypolyethylene glycol and
filgrastim that are chemically bound together. This produces a compound with a
very long half-life (15–80 hours) and a very high molecular weight (about
39,000). Excretion into breast milk is doubtful, but even if the drug were
excreted, it probably would be digested in a nursing infant’s stomach. The risk
to a nursing infant is unknown but appears to be low to nonexistent. Therefore,
treatment with pegfilgrastim should not be withheld because of breastfeeding.

Reference
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PEGINESATIDE
Hematologic Agent (Hematopoietic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of peginesatide in human pregnancy have
been located. Animal reproduction tests suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk.

FETAL RISK SUMMARY
Peginesatide is given as an IV or SC injection. It is a dimeric peptide that is
covalently linked to a PEG chain. Peginesatide is indicated for the treatment of
anemia due to chronic kidney disease in adult patients on dialysis. The agent
binds to and activates the human erythropoietin receptor and stimulates
erythropoiesis in human red blood cell precursors. Peginesatide is not
metabolized. The mean half-life in dialysis patients is 47.9 ± 17.7 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats given
an IV every 3 days for a total of five doses, and every 5th day in rabbits for a
total of three doses, adverse embryo–fetal effects included reduced fetal
weights, increased resorption, embryo–fetal death, cleft palate (rats only),
sternoschisis (rats only), variations in blood vessels (rats only), sternum
anomalies, fused sternebrae (rabbits only), unossification of sternebrae and
metatarsals, and reduced ossification of some bones. In rats, embryo–fetal
toxicity was evident at doses of ≥1 mg/kg resulting in exposures (AUC)
comparable to or higher than those in humans after IV administration at a dose
of 0.35 mg/kg in patients on dialysis. In rabbits, adverse effects were observed
at doses lower (5%–50%) than the dose of 0.35 mg/kg in patients (1).

Long-term carcinogenicity studies in rats were negative as were assays for
mutagenic or clastogenic effects. In males and females given IV doses,



peginesatide produced adverse effects in males including reduced weight of
seminal vesicles and prostate. In females, decreased viable fetuses appeared
to be due to preimplantation and postimplantation losses. There were no
apparent drug-related effects on estrous cycles or the number of corpora lutea
(1).

It is not known if peginesatide crosses the human placenta. The molecular
weight (about 4900 for the dimeric peptide alone) suggests that the drug will
not cross the placenta in spite of a relative long mean half-life. However,
exposure during the 3rd trimester might still occur.

BREASTFEEDING SUMMARY
No reports describing the use of peginesatide during human lactation have been
located. The molecular weight (about 4900 for the dimeric peptide alone)
suggests that clinically significant amounts of the drug will not be excreted into
breast milk in spite of a relative long (about 48 hours) mean half-life. Moreover,
even if small amounts were excreted, they probably would be digested in the
infant’s gut. Nonetheless, if the drug is used during lactation, the nursing infant
should be monitored for the most common (≥10%) adverse effects in patients.
These effects were dyspnea, diarrhea, nausea, and cough (1).

Reference
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PEGLOTICASE
Antigout (Uricosuric)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pegloticase in human pregnancy have
been located. Although animal data suggest low risk, the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. If the drug is used in a pregnancy, the woman should be
informed of the lack of data.

FETAL RISK SUMMARY
Pegloticase is a PEGylated, recombinant, mammalian urate oxidase enzyme
given as an IV infusion every 2 weeks. It is indicated for the treatment of
chronic gout in adult patients who are refractory to conventional therapy. No
information was provided by the manufacturer on plasma protein binding,
metabolism, or elimination half-life (1). However, in two studies, the mean
elimination half-life was 12.5 (range 3.5–21.5 days) and 14 days (range 7–44
days) (2,3).

Reproduction studies have been conducted in rats. In this species, doses
given on gestation days 6–16 that were 6–50 times higher than the maximum
recommended human dose based on BSA were not teratogenic (1).

Pegloticase has not been evaluated for carcinogenesis, mutagenesis, or
impairment of fertility.

It is not known if pegloticase crosses the human placenta. The high molecular
weight (about 540,000) suggests that exposure of the embryo–fetus is unlikely
to occur.

BREASTFEEDING SUMMARY
No reports describing the use of pegloticase during human lactation have been



located.
The high molecular weight (about 540,000) suggests that the enzyme will not

be excreted into breast milk. If excretion does occur, the enzyme most likely
would be digested in the infant’s gut. Consequently, although the risk to a
nursing infant is unknown, it appears to be negligible.
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PEGVISOMANT
Metabolic Agent (Growth Hormone Receptor Antagonist)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human data, as well as the animal data, suggest that use of
pegvisomant during human pregnancy represents a low risk of embryo–
fetal harm.

FETAL RISK SUMMARY
Pegvisomant, an analog of human growth hormone (GH) that has been
structurally altered to act as a GH antagonist, is given as a daily SC injection.
The protein is covalently bound to various amounts of polyethylene glycol
(PEG) polymers to reduce its clearance rate. Pegvisomant is indicated for the
treatment of acromegaly in patients who have had an inadequate response to
surgery and/or radiation therapy and/or other medical therapies, or for whom
these therapies are not appropriate. The goal of treatment is to normalize
serum insulin-like growth factor-1 (IGF-1). The mean serum elimination half-life
is about 6 days (1).

Reproduction studies have been conducted in rabbits. No evidence of
teratogenic effects was observed with SC doses up to 10 times the maximum
human therapeutic dose based on BSA (MHTD) during organogenesis.
However, at the highest dose, a slight increase in postimplantation loss was
observed (1).

In long-term studies for carcinogenic potential in rats, an increase in
malignant fibrous histiocytoma at injection sites in male rats but not in female
rats was observed. The tumors were thought to have been caused by irritation
and the high sensitivity of the rat to repeated SC injections. Multiple assays for
mutagenicity were negative. There was no effect on fertility or reproductive
performance of female rabbits at SC doses up to 10 times the MHTD (1).



It is not known if pegvisomant crosses the human placenta. Although the
elimination half-life is prolonged, the protein is bound to various amounts of
PEG polymers yielding predominant molecular weights of 42,000–52,000. This
suggests that little if any of the drug will cross to the embryo–fetus. In a case
discussed below, analysis of a cord blood sample at term revealed a minimal
concentration of the protein.

A 2006 case report described the use of pegvisomant (20 mg SC daily) in a
29-year-old woman with active acromegaly who underwent in vitro fertilization
(2). A positive pregnancy test was documented 2 weeks later and pegvisomant
was discontinued. She eventually gave birth to a healthy, 3.5-kg male infant
who was physically and developmentally normal at 1 year of age (2).

Another case report described the use of pegvisomant throughout the
pregnancy of a 26-year-old woman with acromegaly (3). The woman conceived
during the 13th month of pegvisomant therapy while receiving 15 mg/day. The
dose was increased to 20 mg/day at 1 month and to 25 mg/day at 3 months for
the remainder of the pregnancy. At 40 weeks’ gestation, she underwent a
cesarean section to give birth to 3.8 kg female infant with Apgar scores of 9
and 9. The infant’s weight, length, and head circumference were at the 75th
percentile. GH and IGF-1 concentrations in cord blood were within the normal
range and a pegvisomant concentration was minimal (112 ng/mL). These
findings suggested that pegvisomant had no effect on fetal GH or IGF-1
interactions. At 6 months of age, the infant was healthy and achieving normal
developmental milestones (3).

A 2005 review of acromegaly pharmacotherapy stated that pegvisomant
should not be used in pregnancy (4). However, no studies of the drug in
pregnancy were cited. In contrast, a 2012 review of acromegaly concluded that
treatment of the disease in pregnancy does not cause teratogenicity or
significant complications (5).

BREASTFEEDING SUMMARY
No reports describing the use of pegvisomant during human breastfeeding have
been located. However, in a case report discussed earlier, a mother receiving
25 mg/day of the protein had undetectable concentrations (<50 ng/mL) in her
milk (4). The timing of the sample relative to the last dose or the time after birth
was not reported. The concentration of GH in her breast milk was 0.6 ng/mL,
whereas the GH concentration in three milk samples from normal healthy
mothers was consistently <0.1 ng/mL (4).

In the above study, the undetectable pegvisomant concentration in milk is



consistent with the high molecular weights (42,000–52,000) of PEG-bound
pegvisomant. Moreover, even if some of the protein is excreted into milk, it
would most likely be digested in the infant’s gut and not absorbed.
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PEMETREXED
Antineoplastic (Antimetabolite)
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
Contraindicated (If Combined with Cisplatin)
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding
Contraindicated (If Combined with Cisplatin)

PREGNANCY SUMMARY

No reports describing the use of pemetrexed in human pregnancy have
been located. The animal data suggest risk based on the only animal
species tested. The drug is often combined with cisplatin, another
antineoplastic. The drug should be avoided in pregnancy, especially during
the 1st trimester. Use after that period may be appropriate if the mother’s
condition requires use of the drug, but severe fetal toxicity (e.g., bone
marrow suppression observed in adults) is a potential risk.

FETAL RISK SUMMARY
Pemetrexed is a folate analog metabolic inhibitor that is given as a 10-minute IV
infusion on day 1 of each 21-day cycle. It is in the same antineoplastic subclass
of folic acid antagonists (antimetabolites) as aminopterin, methotrexate, and
pralatrexate. Pemetrexed is indicated for nonsquamous non–small-cell lung
cancer and mesothelioma either alone or in combination with cisplatin. (See
also Cisplatin.) Pemetrexed is not metabolized to an appreciable extent and is
primarily eliminated unchanged in the urine. Plasma protein binding is about
81%. In patients with normal renal function, the elimination half-life is 3.5 hours
(1).

Reproduction studies have been conducted in mice. Repeated intraperitoneal
doses given to mice during organogenesis caused dose-related fetal
malformations: incomplete ossification of talus and skull bone at about 1/833rd
the recommended IV human dose based on BSA (RHD) and cleft palate at
about 1/33rd the RHD. Embryo–fetal deaths and reduced litter sizes also were
observed (1).

Carcinogenicity studies have not been conducted with pemetrexed. The drug



was clastogenic in an in vivo mouse assay, but was not mutagenic in multiple in
vivo tests. IV doses administered to male mice that were about ≥1/1666th the
RHD resulted in reduced fertility, hypospermia, and testicular atrophy (1).

It is not known if pemetrexed crosses the human placenta. The molecular
weight (about 471 for the nonhydrated form), moderate plasma protein binding,
and the elimination half-life suggest that the drug will cross to the embryo–
fetus.

BREASTFEEDING SUMMARY
No reports describing the use of pemetrexed during human lactation have been
located. The molecular weight (about 471 for the nonhydrated form), moderate
(81%) plasma protein binding, and the elimination half-life (3.5 hours) suggest
that the drug will be excreted into breast milk. The effect of this exposure on a
nursing infant is unknown, but severe toxicity such as that observed in patients
receiving the drug (e.g., bone marrow suppression, hepatic and renal toxicities,
and gastrointestinal disturbances) is a potential complication. Holding
breastfeeding for 18–24 hours while “pumping and dumping,” would allow the
drug to be nearly eliminated from the mother’s circulation and lessen the risk to
a nursing infant. However, breastfeeding is not recommended if the therapy
includes cisplatin (see Cisplatin).
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PENBUTOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of penbutolol in human pregnancy have been
located. If used near delivery, the newborn infant should be closely
observed for 24–48 hours for signs and symptoms of β-blockade. Long-
term effects of in utero exposure to β-blockers have not been studied but
warrant evaluation.

Some β-blockers may cause intrauterine growth restriction (IUGR) and
reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Treatment beginning
early in the 2nd trimester results in the greatest weight reductions, whereas
treatment restricted to the 3rd trimester primarily affects only placental
weight. Penbutolol does possess ISA. However, IUGR and reduced
placental weight may potentially occur with all agents within this class.
Although growth restriction is a serious concern, the benefits of maternal
therapy with β-blockers, in some cases, might outweigh the risks to the
fetus and must be judged on a case-by-case basis.

FETAL RISK SUMMARY
Penbutolol is a nonselective β1, β2-adrenergic blocking agent used in the
treatment of hypertension. No teratogenic effects were noted in mice, rats, and
rabbits treated with doses up to 250 times the maximum recommended human
dose (MRHD) (1,2). A slight increase in fetal and newborn mortality was
observed in rabbits given 156 times the MRHD (2). In rats dosed at 200 times
the MRHD, decreased pup body weight and survival were observed (2). In
mice, the drug produced no behavioral changes in the exposed offspring (1).



BREASTFEEDING SUMMARY
No reports describing the use of penbutolol during human lactation have been
located. If penbutolol is used during nursing, the infant should be closely
monitored for hypotension, bradycardia, and other signs or symptoms of β-
blockade. Long-term effects of exposure to β-blockers from milk have not been
studied but warrant evaluation.
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PENCICLOVIR
Antiviral
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One study reported the use of penciclovir in human pregnancy and found no
statistically significant association with major birth defects (1). Penciclovir is
the active metabolite of the prodrug famciclovir (see also Famciclovir).
Animal reproductive data suggest low risk. In addition, the drug has not
been detected in the plasma or urine after single or repeated topical doses
in healthy males. Thus, the risk to an embryo or fetus from maternal use of
the agent appears to be nil.

FETAL RISK SUMMARY
Penciclovir is an antiviral agent indicated for the treatment of recurrent herpes
labialis (cold sores) in adults and children 12 years of age and older.
Penciclovir is available for topical administration as a 1% cream that is active
against herpes simplex types 1 and 2. The agent was not detected in the
plasma (detection level 0.1 mcg/mL) or urine (detection level 10 mcg/mL) of
healthy male adults following single or repeat applications of the cream (2).

Reproduction studies with penciclovir have been conducted in rats and
rabbits. In these species, IV doses that were 260 and 355 times, respectively,
the maximum recommended human topical dose caused no adverse effects on
the course and outcome of pregnancy or on fetal development (2).

Two-year carcinogenicity studies have been conducted with famciclovir (the
prodrug) in rats and mice. At a dose about 395 times the maximum theoretical
human exposure from topical penciclovir based on AUC (MTHE), an increase in
the incidence of mammary adenocarcinoma was observed in female rats. This
tumor is common in female rats of the strain used. No increases in tumor
incidence were observed in male rats or in male and female mice at doses



producing exposures that were about 190 and 100 times, respectively, the
MTHE. High doses of penciclovir produced mixed results in mutagenic assays.
In fertility studies with rats and dogs, high IV doses that were about 1155 and
3255 times, respectively, the MTHE caused testicular toxicity that included
atrophy of the seminiferous tubules and decreased sperm counts. These
effects were not observed with lower doses, nor have they been observed in
clinical trials in immunocompetent men treated with famciclovir for recurrent
genital herpes (2).

It is not known if penciclovir crosses the human placenta. The molecular
weight (about 253) is low enough, but the systemic concentration is below the
limit of detection. Consequently, clinically significant exposure of the embryo or
fetus is not expected.

A 2010 study compared the pregnancy outcomes of 118 women exposed to
penciclovir topical cream in the 1st trimester with 837,677 unexposed cases
(1). The number of infants with birth defects in the two groups were 5 (4.2%)
and 19,965 (2.4%), respectively. There was no significant association between
exposure to penciclovir and the risk of major birth defects (prevalence odds
ratio 1.88, 95% confidence interval 0.76–4.62) (1).

BREASTFEEDING SUMMARY
No reports describing the use of penciclovir during lactation have been located.
The molecular weight (about 253) is low enough for excretion into breast milk,
but the systemic concentration is below the limit of detection. Consequently, the
effects on a nursing infant are probably nil.
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PENICILLAMINE
Chelating Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the evidence is incomplete, maintaining the daily dose at ≤500 mg
may reduce the incidence of penicillamine-induced toxicity in the newborn
(1,2). The manufacturer recommends that the dose should be limited to 1
g/day and, if a cesarean section is planned, to 250 mg/day for 6 weeks
before delivery and postoperatively until wound healing is complete (3).

FETAL RISK SUMMARY
Penicillamine is a chelating agent used in the treatment of Wilson’s disease,
cystinuria, and severe rheumatoid arthritis. Reproductive studies in rats at
doses 6 times higher than the maximum recommended human dose revealed
fetal anomalies consisting of skeletal defects, cleft palates, and fetal
resorptions (3).

The use of penicillamine during pregnancy has been observed in >100
pregnancies (1,2,4–20). The mothers were treated for rheumatoid arthritis,
cystinuria, or Wilson’s disease. Most of the pregnancies resulted in healthy
newborns who developed normally, but anomalies were observed in 10 infants:

Cutis laxa, hypotonia, hyperflexion of hips and shoulders, pyloric stenosis,
vein fragility, varicosities, impaired wound healing, death (5)

Cutis laxa, growth restriction, inguinal hernia, simian crease, perforated
bowel, death (8)

Cutis laxa (6)
Cutis laxa, mild micrognathia, low-set ears, inguinal hernia (12)
Cutis laxa, inguinal hernia (13)
Marked flexion deformities of extremities, dislocated hips, hydrocephalus,

intraventricular hemorrhage, death (14)
Cerebral palsy, blindness, bilateral talipes, sudden infant death at 3 months



(14)
Hydrocephalus (14)
Ventricular septal defect (small) (9)
Bilateral cleft lip with totally cleft palate (19)

The relationship of the last five cases listed above to penicillamine is
controversial because they did not include connective tissue anomalies. The
drug may be partially responsible, but other factors, such as maternal infections
and surgery, may have a stronger association with the defects (14).

A 2000 review cited data from the literature involving 111 women with
Wilson’s disease who had 153 pregnancies (20). The outcomes included 144
normal neonates (1 premature), 4 elective abortions, 1 spontaneous abortion,
and 4 cases of birth defects (mannosidosis; cleft lip and palate; 2 transient
cutis laxa).

Penicillamine crosses the placenta to the fetus. A mother was treated for
cystinuria throughout gestation with penicillamine hydrochloride 1050 mg/day
(843 mg of penicillamine base) (4). The drug was found in the urine of her
newborn infant. The baby’s physical and mental development was normal at 3
months.

A 1993 report described the effects of untreated Wilson’s disease on a fetus
(21). A 23-year-old woman, diagnosed with Wilson’s disease at 12 years of
age, had been treated with penicillamine but she had stopped the therapy when
she was 15 years old. Liver cirrhosis, thrombocytopenia, and low serum
proteins developed during the 2nd trimester and, when the diagnosis of
Wilson’s disease was remade (the patient had withheld information about her
past history), an elective cesarean section was performed at 36 weeks’
gestation. The 2380-g male infant had hepatomegaly, elevated liver enzymes,
slightly low serum ceruloplasmin, and high excretion of urinary copper. His
development during the first year was normal, as was his current serum
ceruloplasmin concentration, but his liver enzymes remained elevated, possibly
because of copper accumulation in the fetal liver (21).

Several conflicting recommendations have appeared in the literature
concerning the use of penicillamine during pregnancy. The authors of one
review believe the drug should be avoided during pregnancy (22). Another
suggests that therapy with penicillamine should be continued during pregnancy
in women with Wilson’s disease, but stopped in those with rheumatoid arthritis
(23). Still others recommend continuing therapy during the treatment of Wilson’s
disease, except during the 1st trimester (24).



BREASTFEEDING SUMMARY
No reports describing the use of penicillamine during lactation have been
located. Authors of one review recommend avoiding penicillamine during
lactation (21). However, a 2000 review stated that no adverse effects in
nursing infants have been reported by mothers taking penicillamine, even
though one study did find lower amounts of zinc and copper in milk (20).
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PENICILLIN G
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Penicillin G is used routinely for maternal infections during pregnancy.
Reproduction studies in mice, rats, and rabbits revealed no evidence of
impaired fertility or fetal harm (1). The antibiotic is considered low risk in
pregnancy.

FETAL RISK SUMMARY
Several investigators have documented the rapid passage of penicillin G into
the fetal circulation and amniotic fluid (2–6). Therapeutic levels are reached in
both sites except for the amniotic fluid during the 1st trimester (6). At term,
maternal serum and amniotic fluid concentrations are equal 60–90 minutes after
IV administration (3). Continuous IV infusions (10,000 U/hr) produce equal
concentrations of penicillin G at 20 hours in maternal serum, cord serum, and
amniotic fluid (3).

The early use of penicillin G was linked to increased uterine activity and
abortion (7–11). It is not known whether this was related to impurities in the
drug or to penicillin itself. No reports of this effect have appeared since a report
published in 1950 (11). An anaphylactic reaction in a pregnant patient
reportedly led to the death of her fetus in utero (12).

Only one reference has linked the use of penicillin G with congenital
abnormalities (13). An examination of hospital records indicated that in three of
four cases the administration of penicillin G had been followed by the birth of a
malformed baby. A retrospective review of additional patients exposed to
antibiotics in the 1st trimester indicated an increase in congenital defects.
Unfortunately, the authors did not analyze their data for each antibiotic, so no
causal relationship to penicillin G could be shown (13,14).

In another case, a patient was treated in early pregnancy with high doses of
penicillin G procaine IV,* cortisone, and sodium salicylate (15). A cyclopic male



was delivered at term but died 5 minutes later. The defect was attributed to
salicylates, cortisone, or maternal viremia. In a controlled study, 110 patients
received one to three antibiotics during the 1st trimester for a total of 589
weeks (16). Penicillin G was given for a total of 107 weeks. The incidence of
birth defects was no different from that in a nontreated control group.
(*Penicillin G procaine should not be given IV. Presumably, the drug was either
given IM or the procaine form was not used. Attempts to clarify this with the
authors have been unsuccessful.)

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
3546 of whom had 1st trimester exposure to penicillin derivatives (17, pp. 297–
313). For use anytime during pregnancy, 7171 exposures were recorded (17,
p. 435). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects. From these
data, it is unlikely that penicillin G is teratogenic.

BREASTFEEDING SUMMARY
Penicillin G is excreted into breast milk in low concentrations. Milk:plasma
ratios following IM doses of 100,000 U in 11 patients varied between 0.02 and
0.13 (18). The maximum concentration measured in milk was 0.6 U/mL after
this dose. Although no adverse effects were reported, three potential problems
exist for the nursing infant: modification of bowel flora, direct effects on the
infant (e.g., allergic response), and interference with the interpretation of
culture results if a fever workup is required.
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PENICILLIN G, BENZATHINE
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Benzathine penicillin G is a combination of an ammonium base and penicillin
G suspended in water (see also Penicillin G). Reproduction studies in mice,
rats, and rabbits have revealed no evidence of impaired fertility or fetal
harm (1). The antibiotic is considered low risk in pregnancy.

FETAL RISK SUMMARY
The pharmacokinetics of benzathine penicillin G in healthy women at 38–39
weeks’ gestation, 1–7 days before delivery, have been described (2). Penicillin
concentrations were measured in maternal serum, maternal cerebrospinal fluid,
cord serum, and amniotic fluid. Because of the wide range of concentrations
measured, the authors concluded that the altered pharmacokinetics occurring
at this time may adversely affect the efficacy of the drug to prevent congenital
syphilis.

BREASTFEEDING SUMMARY
See Penicillin G.
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PENICILLIN G, PROCAINE
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Procaine penicillin G is an equimolar combination of procaine and penicillin
G suspended in water (1). The combination is broken down in vivo into the
two components. Reproduction studies in mice, rats, and rabbits have
revealed no evidence of impaired fertility or fetal harm (2) (see also
Penicillin G). The antibiotic is considered low risk in pregnancy.

FETAL RISK SUMMARY
A case report described the use of high doses of penicillin G procaine IV,*
cortisone, and sodium salicylate in early pregnancy followed by the delivery at
term of a cyclopic male infant (3). The lethal defect was attributed to
salicylates, cortisone, or maternal viremia. (*Penicillin G procaine should not be
given IV. Presumably, the drug was either given IM or the procaine form was
not used. Attempts to clarify this with the authors have been unsuccessful.)”

BREASTFEEDING SUMMARY
See Penicillin G.
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PENICILLIN V
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of penicillin V with congenital defects have been
located. The antibiotic is considered low risk in pregnancy.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 3546
of whom had 1st trimester exposure to penicillin derivatives (1, pp. 297–313).
For use anytime during pregnancy, 7171 exposures were recorded (1, p. 435).
In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 4597 newborns
had been exposed to penicillin V during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 202 (4.4%) major birth defects were
observed (195 expected). Specific data were available for six defect
categories, including (observed/expected) 46/56 cardiovascular defects, 5/7
oral clefts, 3/2 spina bifida, 17/13 polydactyly, 7/8 limb reduction defects, and
8/11 hypospadias. These data do not support an association between the drug
and congenital defects.

Penicillin V depresses both plasma-bound and urinary excreted estriol (2).
Urinary estriol was formerly used to assess the condition of the fetoplacental
unit, with depressed levels being associated with fetal distress. This
assessment is now made by measuring plasma-unconjugated estriol, which is
not usually affected by penicillin V.

The pharmacokinetics of penicillin V during the 2nd and 3rd trimesters have
been reported (3). Elimination of the drug is enhanced at these stages of
pregnancy.



BREASTFEEDING SUMMARY
No reports describing the use of penicillin V during human lactation have been
located. (See also Penicillin G.)
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PENTAERYTHRITOL TETRANITRATE

[Withdrawn from the market. See 9th edition.]



PENTAMIDINE
Antiprotozoal
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Pentamidine is an antiprotozoal agent indicated for the treatment of
pneumonia caused by Pneumocystis carinii, a common opportunistic
infection in patients suffering from HIV disease. Although no developmental
toxicity has been observed with this agent, some sources consider it
contraindicated in pregnancy. Nevertheless, the maternal benefit appears
to outweigh the unknown embryo–fetal risk.

FETAL RISK SUMMARY
The mechanism of action of pentamidine is not fully known. In vitro tests have
indicated that pentamidine inhibits the synthesis of DNA, RNA, phospholipids,
and proteins, and may be a folic acid antagonist by inhibiting dihydrofolate
reductase (1,2).

Pentamidine was not teratogenic in pregnant rats treated with doses similar
to those used in humans (3). However, these doses were embryocidal when
administered during embryogenesis (3). Significant placental transfer was
observed in rats administered pentamidine in late pregnancy (4). By the 12th
hour, fetal brain tissue concentrations of pentamidine were statistically similar
to the maternal serum levels achieved 2 hours after the dose.

In an experiment using in vitro–perfused human placentas, the placental
transfer of pentamidine in humans was undetectable with therapeutic maternal
concentrations of approximately 2 mcg/mL (5). The level of sensitivity of the
high-performance liquid chromatography method was 0.05 mcg/mL. When peak
concentrations of pentamidine on the maternal side were increased to
approximately 14 mcg/mL, fetal levels were consistently 0.2 mcg/mL at
30 minutes. Pentamidine did concentrate in placental tissue at all drug levels
studied, but the clinical significance of this to placental function is unknown (5).



In contrast to the above, a study published in 1995 used a more sensitive
test to document the placental transfer of pentamidine at about 33 weeks’
gestation (6). A 21-year-old HIV-infected woman received pentamidine, 200 mg
(3.4 mg/kg) IV daily, for 7 days before a cesarean section. A maternal serum
sample, drawn 8 hours after her seventh dose, was 0.0813 mcg/mL (free
base). The pentamidine concentration in the cord blood sample, obtained 16.5
hours after the dose, was 0.0132 mcg/mL.

The CDC recommends aerosolized pentamidine as one of two treatment
regimens for prophylaxis against P. carinii  in persons infected with HIV (7,8).
However, because the safety of this treatment has not been established in
human pregnancies, the CDC advises against this use in pregnant women (7,8).
Others have cited information from the manufacturer that the use of aerosolized
pentamidine is contraindicated in pregnancy (9).

A 1988 reference cited a concern that pregnant health care workers involved
in the care of patients treated with aerosolized pentamidine might be at risk for
fetal harm (10). An estimation of this risk, based on a pharmacokinetic model,
was published in 1994 (11). The maximum exposure of health care workers, at
two different hospitals, to aerosolized pentamidine was estimated to be 1.7 and
9.8 mcg/kg/day (IV equivalent). The authors then calculated the embryolethal
and teratogenic IV-equivalent reference doses, based on pregnant rat data, to
be 0.08 and 4 mcg/kg/day, respectively. Comparison of the estimated actual
exposures to the predicted toxic levels led to the conclusion that improvement
was needed in the methods used to reduce pentamidine exposure of health
care workers (11).

An argument favoring the use of pentamidine in the pregnant patient with
active P. carinii pneumonia, when other treatment regimens had failed, was put
forth in a 1987 article (12). Moreover, this same source, in a 1990 reference,
argued that the availability of aerosolized pentamidine for prophylaxis should be
disclosed to the pregnant HIV-seropositive patient “as part of the informed
consent process” (13). This latter position is strengthened by the in vitro data
cited above relating to the placental transfer of the agent. Because aerosolized
pentamidine results in very low systemic concentrations, fetal exposure to the
drug by this route is probably minimal and below the level of detection.

The use of aerosolized and IV pentamidine during gestation in women with
HIV infection has been described (14–17). A 1992 abstract described the use
of aerosolized pentamidine, 300 mg/month, in 15 women during the 2nd and
3rd trimesters (14). No significant effects on the course of pregnancy or on the
fetus or newborn were observed. The second reference reported five



pregnancies (six fetuses, one set of twins) that were treated with aerosolized
pentamidine, zidovudine, and other drugs (15). One woman was treated
throughout her 39-week gestation, one from 10 to 39 weeks’ gestation, and
three during the 2nd and 3rd trimesters. The outcomes of the exposed
pregnancies included one growth-restricted infant, one with albinism, one with
congenital cytomegalovirus infection, and three normal infants. The latter two
references described IV pentamidine in five women (16) and aerosolized drug
in nine (16,17). No adverse fetal effects of the drug were reported.

BREASTFEEDING SUMMARY
Because systemic concentrations achieved with aerosolized pentamidine are
very low, breast milk levels of the drug after administration via this route are
probably nil. No reports of lactating women administered pentamidine by any
route (IM, IV, or by inhalation) have been located.
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PENTAZOCINE
Narcotic Agonist–Antagonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. In addition, pentazocine is
associated with behavioral teratogenicity, either from the drug itself, the
mother’s lifestyle, other drug abuse, or a combination of these factors.
Moreover, its abuse during pregnancy is associated with intrauterine
growth restriction and withdrawal in the newborn.

FETAL RISK SUMMARY
Oral pentazocine is only available in the United States in combination with
naloxone or acetaminophen. However, an injectable form of the drug is
available. Reproductive studies in animals did not find embryotoxic or
teratogenic effects (1). In a 1975 reference, however, increasing single SC
doses of pentazocine (98–570 mg/kg) administered to hamsters during the
critical period of CNS organogenesis resulted in a significant increase in the
number of offspring with malformations (exencephaly, cranioschisis, and various
other CNS lesions). Maternal death was observed in 10% of the mothers at the
highest dose, but not with the lower doses (2).

The drug rapidly crosses the placenta, resulting in cord blood levels of 40%–
70% of maternal serum (3). Withdrawal has been reported in infants exposed in
utero to chronic maternal ingestion of pentazocine (4–8). Symptoms, presenting
within 24–48 hours of birth, consist of trembling and jitteriness, marked
hyperirritability, hyperactivity with hypertonia, high-pitched cry, diaphoresis,
diarrhea, vomiting, and opisthotonic posturing.

During labor, increased overall uterine activity has been observed after
pentazocine, but without changes in fetal heart rate (9). In equianalgesic doses,



most studies report no significant differences between meperidine and
pentazocine in pain relief, length of labor, or Apgar scores (10–15). However,
meperidine in one study was observed to produce significantly lower Apgar
scores than pentazocine, especially in repeated doses (16). Severe neonatal
respiratory depression may also occur with pentazocine (10,16).

A 1982 report from New Orleans described 24 infants born of mothers using
the IV combination of pentazocine/tripelennamine (T’s and blue’s) (17). Doses
were unknown but probably ranged from 200 to 600 mg of pentazocine and
100 to 250 mg of tripelennamine. Six of the newborns were exposed early in
pregnancy. Birth weights for 11 of the infants were <2500 g; 9 of these were
premature (<37 weeks) and 2 were small for gestational age. Daily or weekly
exposure throughout pregnancy produced withdrawal symptoms, occurring
≤7 days of birth, in 15 of 16 infants. Withdrawal was thought to be related to
pentazocine, but antihistamine withdrawal has been reported (see
Diphenhydramine). Thirteen of 15 infants became asymptomatic 3–11 days
following onset of withdrawal, but symptoms persisted for up to 6 months in 2
(17).

Three cases of maternal bacterial endocarditis were observed following IV
drug abuse, one of which involved the injection of pentazocine/tripelennamine
intermittently throughout pregnancy (18). Following satisfactory antibiotic
treatment for the infection, the mother gave birth at term to a healthy, male
infant.

In a study published in 1983, three groups of pregnant women were
evaluated in a perinatal addiction program in the Chicago area (19). One group
(N = 13) was composed of women addicted to pentazocine/tripelennamine. A
second group consisted of women who conceived while self-administering
heroin, and who were then converted to low-dose (5–40 mg/day) methadone
(N = 46). The third group consisted of drug-free controls (N = 27). The three
groups were statistically similar as to mean maternal age, educational level,
gravidity, cigarette smoking, and mean weight gain during pregnancy. Heavy
alcohol users were excluded. All infants were delivered at term. Apgar scores
were similar among the three groups of newborns, and no significant perinatal
complications were observed. Mean birth weight, length, and head
circumference were similar between the two drug groups. Compared with the
drug-free controls, the pentazocine/tripelennamine-exposed infants had
significantly lower weights (2799 vs. 3479 g), lengths (48.1 vs. 51.1 cm), and
head circumferences (32.9 vs. 34.7 cm). Neonatal withdrawal was observed in
both drug-exposed infant groups. Withdrawal characteristics observed in the



pentazocine/tripelennamine infants were similar to those seen in the methadone
group, consisting of irritability, voracious sucking, and feeding difficulties (19).
However, none of these infants required therapy for their symptoms. Neonatal
behavior was evaluated using the Brazelton Neonatal Behavioral Assessment
Scale. Results of these tests indicated that the infants exposed to the drug
combination had interactive deficits and withdrawal similar to the methadone-
addicted babies (19).

In 1986, nearly the same data as above were published but with the addition
of a group exposed to mixed sedative/stimulant (N = 22) and a group exposed
to phencyclidine (N = 9) (20). The outcomes of the pentazocine/tripelennamine
group were the same as above.

Another study described the effects of pentazocine/tripelennamine abuse in
50 pregnancies identified retrospectively from 23,779 deliveries occurring
between 1981 and 1983 (21). Compared with matched controls, users of the
combination were significantly more likely to have no prenatal care; to be
anemic; and to have syphilis, gonorrhea, or hepatitis. Moreover, their infants
were significantly more likely to be small for gestational age, to have lower birth
weights (3260 vs. 2592 g), to have a 1-minute Apgar score <7, and to have
neonatal withdrawal. No congenital abnormalities were observed in the infants
exposed to the drug combination.

A study published in 1993 examined the effects on the fetus and newborn of
IV pentazocine and methylphenidate abuse during pregnancy (22). During a 2-
year (1987–1988) period, 39 infants (38 pregnancies, 1 set of twins) were
identified in the study population as being subjected to the drug abuse during
gestation, a minimum incidence of 5 cases per 1000 live births. Many of the
mothers had used cigarettes (34%) or alcohol (71%) or abused other drugs
(26%). The median duration of IV pentazocine and methylphenidate abuse was
3 years (range 1–9 years) with a median frequency of 14 injections/week
(range 1–70 injections/week). Among the infants, 8 were delivered prematurely,
12 were growth restricted, and 11 had withdrawal symptoms. Four of the
infants had birth defects, including twins with fetal alcohol syndrome, one with a
ventricular septal defect, and one case of polydactyly. Of the 21 infants who
had formal developmental testing, 17 had normal development and 4 had low–
normal developmental quotients (22).

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (23). This population-based case–control study examined the
association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was



reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as



growth regulators during development of the embryo might be a mechanism to
explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (23).

BREASTFEEDING SUMMARY
No reports describing the use of pentazocine during lactation have been
located. The molecular weight (about 285) suggests that the drug will be
excreted into breast milk. The effects of this exposure on a nursing infant are
unknown, but small, infrequent doses most likely present a minimal risk.
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PENTOBARBITAL
Sedative/Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports linking the use of pentobarbital with congenital defects have
been located. However, the data are limited and there are no relevant
animal reproduction studies.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 250
of whom had 1st trimester exposure to pentobarbital (1). No evidence was
found to suggest a relationship to large categories of major or minor
malformations or to individual defects. Hemorrhagic disease and barbiturate
withdrawal in the newborn are theoretical possibilities (see also Phenobarbital).

BREASTFEEDING SUMMARY
Pentobarbital is excreted into breast milk (2). Breast milk levels of 0.17
mcg/mL have been detected 19 hours after a dose of 100 mg daily for 32
days. The effect on the nursing infant is not known.
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PENTOSAN
Urinary Tract Agent (Analgesic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for the one case (discussed below), no reports describing the use
of pentosan in human pregnancy have been located. The animal data
suggest low risk but the absence of human pregnancy experience prevents
a more complete assessment. The drug does not appear to cross the
placenta, at least in amounts that could affect fetal coagulation. The
prevalence of interstitial cystitis in pregnancy is unknown. Studies have
found that nearly one in four women in the general population has the
disease (1). Thus, the prevalence in pregnancy may be higher than
suggested by the lack of reported exposures. Based only on the animal
data and the pharmacokinetics of the drug, inadvertent or planned
exposure during gestation appears to represent a low risk to the embryo–
fetus.

FETAL RISK SUMMARY
Pentosan polysulfate is an oral semi-synthetic heparin-like macromolecular
carbohydrate derivative that chemically and structurally resembles
glycosaminoglycans. It is a low-molecular-weight heparinoid compound with
anticoagulant and fibrinolytic effects. Pentosan is indicated for the relief of
bladder pain or discomfort associated with interstitial cystitis. The oral
absorption is low, about 3%, and drug reaching the systemic circulation is
partly metabolized in the liver, spleen, and kidney. The elimination half-life from
urine following oral administration is 4.8 hours (2).

Reproduction studies have been conducted in mice, rats, and rabbits. In mice
and rats, daily IV doses 0.42 times the daily oral human dose based on BSA
(DOHD) revealed no evidence of impaired fertility or fetal harm. A similar



negative result was observed in rabbits given daily IV doses 0.14 times the
DOHD. Bathing of in vitro–cultured mouse embryos with a concentration of 1
mg/mL caused reversible limb bud abnormalities (2). However, this finding has
no clinical significance because the concentration was far in excess of the
potential human embryo exposure.

Animal studies for carcinogenicity have not been conducted. However,
assays for mutagenic and clastogenic effects were negative (2).

The high molecular weight (4000–6000) and low oral absorption suggest that
pentosan does not reach the embryo or the fetus. A 1986 study found no
evidence of placental transfer in eight women undergoing elective abortions
between the 18th and 23rd week of gestation for chromosomal abnormalities
(3). All women were given a single 50-mg IV dose of pentosan polysulfate.
Blood samples drawn 30 minutes later showed a marked change in the mean
activated partial thromboplastin time (APTT), which increased from 35 to 88
seconds, and factor V level, decreasing from 87% to 33%. Fetal samples,
drawn from the umbilical cord before abortion in controls and at the same time
as the maternal samples in exposed fetuses, showed no differences in these
parameters (93 vs. 91 seconds and 42% vs. 48%, respectively) (3).

BREASTFEEDING SUMMARY
No reports describing the use of pentosan polysulfate during human lactation
have been located. The high molecular weight (4000–6000) and low oral
bioavailability suggest that the drug will not be detected in breast milk.
Moreover, at least in adults, the oral absorption is only about 3%. Thus, the risk
to a nursing infant from the drug probably is nil.
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PENTOSTATIN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of pentostatin in human pregnancy have been
located. The animal reproduction data suggest risk, but the absence of
human pregnancy experiences prevents a complete assessment of the
embryo–fetal risk. However, pentostatin inhibits the synthesis of DNA and
RNA, and increases DNA damage. Because hairy cell leukemia usually has
an indolent course, deferring treatment until after delivery may be
appropriate (1).

FETAL RISK SUMMARY
Pentostatin is a hydrophilic, cytotoxic agent that is classified as an
antimetabolite. It is in the same antineoplastic subclass of purine analogs and
related agents as cladribine, clofarabine, fludarabine, mercaptopurine, and
thioguanine. Pentostatin is indicated as single-agent treatment for both
untreated and alpha-interferon-refractory hairy cell leukemia patients with active
disease as defined by clinically significant anemia, neutropenia,
thrombocytopenia, or disease-related symptoms. It inhibits DNA and RNA
synthesis and causes increased DNA damage. The agent is partially
metabolized before urinary excretion, but the activity of the metabolites
(assumed to be inactive) has not been stated. Plasma protein binding is very
low (about 4%) and the terminal elimination half-life is 5.7 hours (2).

Reproduction studies have been conducted in rats, mice, and rabbits. In rats,
daily IV doses (days 6–15) that were about (based on total dose) 1.5 and 11
times the recommended human dose given every 2 weeks based on BSA
(RHD) caused maternal toxicity and the highest dose was associated with
various fetal skeletal malformations. Other defects observed in rats were



omphalocele at about 0.75 times the RHD, gastroschisis at about 11 and 15
times the RHD, and flexure defect of the hindlimbs at about 11 times the RHD.
The drug was teratogenic (defects not specified) in mice given a single
intraperitoneal dose that was about 1.5 times the RHD. No teratogenicity was
observed in rabbits with daily IV doses (days 6–18) that were about (based on
total dose) 0.05–0.2 times the RHD. However, maternal toxicity, abortions,
early deliveries, and deaths occurred in all dose groups (2).

Carcinogenic studies have not been conducted. Pentostatin was mutagenic in
some assays but not others, and was clastogenic in one test. Fertility studies
have not been conducted, but in a 5-day IV toxicity study in dogs, mild
seminiferous tubular degeneration was observed (2).

It is not known if pentostatin crosses the human placenta. The molecular
weight (about 268), low plasma protein binding, and moderate elimination half-
life suggest that exposure of the embryo–fetus will occur.

BREASTFEEDING SUMMARY
No reports describing the use of pentostatin during human lactation have been
located. The molecular weight (about 268), low plasma protein binding (about
4%), and moderate elimination half-life (5.7 hours) suggest that the drug will be
excreted into breast milk. However, the hydrophilic properties of the drug may
limit excretion. The effect of this exposure on a nursing infant is unknown, but
the drug has caused severe toxicity in treated patients, such as gastrointestinal
upset, rash, fever, and fatigue. If a woman elects to breastfeed in spite of this
potential risk, pumping and dumping for about 30 hours after a dose should
significantly reduce the exposure.
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PENTOXIFYLLINE
Hemorrheologic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pentoxifylline is a synthetic xanthine derivative used to lower blood viscosity
in peripheral vascular and cerebrovascular diseases. No published reports
of its use in human pregnancy have been located. The drug caused embryo
death in rats at a dose near the human therapeutic dose.

FETAL RISK SUMMARY
Reproduction studies in rats and rabbits at oral doses up to 4.2 and 3.5 times
the maximum recommended human dose based on BSA revealed no evidence
of teratogenicity. In rats, however, an increased incidence of resorptions was
seen at the maximum dose (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 34 newborns had
been exposed to pentoxifylline during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Five (14.7%) major birth defects were observed
(one expected), including (observed/expected) 2/0 cardiovascular defects and
1/0 spina bifida. No anomalies were observed in four other defect categories
(oral clefts, polydactyly, limb reduction defects, and hypospadias) for which
specific data were available. Although the number of exposures is small, the
total number of defects and both specific defects are suggestive of possible
associations, but other factors, including the mother’s disease, concurrent drug
use, and chance, may be involved.

Pentoxifylline causes a significant increase in sperm motility, but not
concentration, and may be useful in patients with normogonadotrophic
asthenozoospermia (2).



BREASTFEEDING SUMMARY
Pentoxifylline is excreted into human milk. Five healthy women who had been
breastfeeding for at least 6 weeks were given a single 400-mg sustained-
release tablet of pentoxifylline after a 4-hour fast (3). The mean milk:plasma
ratio of unmetabolized pentoxifylline at 4 hours was 0.87. Mean milk:plasma
ratios for the three major metabolites at 4 hours were 0.76, 0.54, and 1.13.
Mean milk concentration of pentoxifylline at 2 hours (73.9 ng/mL) was
approximately twice as much as that occurring at 4 hours (35.7 ng/mL) (3).
Pentoxifylline and its metabolites are stable in breast milk for 3 weeks when
stored at –15°C (4).
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PEPPERMINT
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Peppermint and its oil have been used for hundreds of years. These
products are available as teas, liquid extract, capsules, lozenges, throat
sprays, flavorings, liniments, and inhalants. Several sources state that
ingestion of large doses of peppermint/peppermint oil is unsafe in
pregnancy because of possible emmenagogue and abortifacient effects.
Although scientific documentation of increased uterine bleeding and
abortion associated with peppermint/peppermint oil has not been located,
high oral doses of menthol (e.g., 2–9 g) are considered lethal (1).
However, this should not be concern for topical preparations and ingesting
recommended doses of oral products. The absence in the medical
literature of adverse reports involving a commonly used substance
suggests that there is little risk from the typical use of this herb in
pregnancy.

FETAL RISK SUMMARY
A variety of peppermint plants are cultivated in Europe and North America.
Peppermint (Mentha x piperita) and its essential oil, first described in England in
1696, have been used in the treatment of cancers, colds, cramps, indigestion,
nausea, sore throat, and toothaches (2). The plants contain 0.1%–1.5%
essential oil (2,3). More than 100 compounds have been isolated from
peppermint oil, but the primary pharmacologically active agents are menthol
(29%–48%), menthone (20%–31%), and menthyl acetate (3%–10%), and
lesser amounts of caffeic acid, flavonoids, and tannins (2). Menthol is a
common ingredient in over-the-counter mouth and throat products and liniments.

The ingestion of large doses of peppermint or peppermint oil in pregnancy is



considered by some reviewers to be unsafe because of a possible
emmenagogue and abortifacient properties (1,2,4–6), but another source does
not mention these effects (7). No original reports describing this toxicity have
been located.

A 2000 review conducted an extensive search of the literature regarding the
use of herbal products for nausea/vomiting of pregnancy (8). Finding little
information in scientific and medical databases, the author continued the search
in Web sites and the lay literature. From this source, the most commonly
recommended herbs, all in the form of teas, were red raspberry leaf, ginger,
peppermint, and chamomile (Roman and/or German). There were 33 sources
recommending peppermint and 6 stating that it was unsafe in pregnancy.
However, none of the sources provided scientific or clinical evidence to support
their recommendations or warnings (8).

In a 2004 nonrandomized study conducted in Canada, 20 of 27 women
(74%) experienced pregnancy-induced nausea/vomiting 10 of whom were being
treated with herbal remedies (9). The herbal remedies were ginger (N = 3),
ginger plus peppermint (N = 3), peppermint (N = 3), and cannabis (N = 1).
Although the peak incidence of nausea/vomiting of pregnancy is usually in the
1st trimester, no information was given on the timing or quantity of the
exposures or the outcomes of the pregnancies (9).

BREASTFEEDING SUMMARY
No reports describing the use of peppermint, peppermint oil, or menthol during
lactation have been located. Peppermint and its oil have been used for
hundreds of years. These products are available as teas, liquid extract,
capsules, lozenges, throat sprays, flavorings, liniments, and inhalants. The
absence in the medical literature of adverse reports involving a commonly used
substance suggests that there is little risk to a nursing infant from the mother’s
use of this herb during breastfeeding. Because infants may be sensitive to
menthol (1,2), rubs and liniments containing menthol should not be applied to
the mother’s breast or nipples.
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PERAMPANEL
Anticonvulsant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of perampanel in human pregnancy have
been located. The animal data suggest risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. If the drug is used in pregnancy, physicians are
encouraged to recommend that their patient enroll in the North American
Antiepileptic Drug Pregnancy Registry by calling the toll free number 1-888-
233-2334. Information on the Registry can also be found at the website:
http://www.aedpregnancyregistry.com.

FETAL RISK SUMMARY
Perampanel is a noncompetitive antagonist of a glutamate receptor on
postsynaptic neurons. It is indicated as adjunctive therapy for the treatment of
partial-onset seizures with or without secondarily generalized seizures in
patients with epilepsy 12 years or older. It is extensively metabolized to
apparently inactive metabolites. Plasma protein binding, mainly to albumin and
α1-acid glycoprotein, is about 95%–96% and the half-life is about 105 hours
(1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats during organogenesis, all doses (1, 3, or 10 mg/kg/day) tested resulted in
visceral abnormalities (diverticulum of the intestine). The lowest dose was
similar to the human dose of 8 mg/day based on BSA (HD). Embryo lethality
and reduced fetal body weight were observed at the mid and high doses. When
all doses tested were given throughout gestation and lactation, fetal and pup
deaths were observed at the mid and high doses and delayed sexual
maturation in males and females at the highest dose. No effects were observed

http://www.aedpregnancyregistry.com


on measures of neurobehavioral or reproductive function in the offspring. The
no-effect dose for prenatal and postnatal developmental toxicity was similar to
the HD. In pregnant rabbits given the drug throughout organogenesis at the
same three doses as above, embryo lethality was observed at the mid to high
doses; the no-effect dose was about 2 times the HD (1).

Long-term studies for carcinogenicity in mice and rats were negative as were
the assays for mutagenicity. No clear effects on fertility were observed in male
and female rats given perampanel (1, 10, or 30 mg/kg/day) before and
throughout mating and continuing in females to gestation day 6. Prolonged
and/or irregular estrus cycles were observed at all doses tested, but especially
at the highest dose (1).

It is not known if perampanel crosses the human placenta. The molecular
weight (about 349 for the nonhydrated form) and the long half-life suggest that
the drug will cross to the embryo and fetus in spite of the high plasma protein
binding.

BREASTFEEDING SUMMARY
No reports describing the use of perampanel during human lactation have been
located.

The molecular weight (about 349 for the nonhydrated form) and the long half-
life (105 hours) suggest that the drug will be excreted into breast milk in spite
of the high (95%–96%) plasma protein binding. The effect of this exposure on a
nursing infant is unknown. If the drug is used during breastfeeding, the infant
should be monitored for some of the most common adverse reactions observed
in adults, such as dizziness, somnolence, fatigue, irritability, and nausea.

Reference
1. Product information. Fycompa. Eisai, 2012.



PERGOLIDE
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PERINDOPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of perindopril in the 2nd and 3rd trimesters is similar to
other angiotensin-converting enzyme (ACE) inhibitors. The use of this drug
during the 2nd and 3rd trimesters may cause teratogenicity and severe
fetal and neonatal toxicity. Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction (IUGR),
prematurity, and patent ductus arteriosus. Stillbirth or neonatal death may
occur. Anuria-associated oligohydramnios may produce fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, which is resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure.
Newborn renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Perindopril, an ACE inhibitor, is a prodrug that is hydrolyzed in vivo to the active
agent, perindoprilat. The agent is used in the management of essential
hypertension.

Reproduction studies have been conducted with perindopril in mice, rats,
rabbits, and cynomolgus monkeys (1). No evidence of teratogenicity was
observed in these species at doses 6, 670, 50, and 17 times, respectively, the
maximum recommended human dose based on BSA for a 50-kg adult (MRHD).
At 6 times the MRHD in rats, no adverse effects on reproductive performance
or fertility were observed in male and female rats (1).

It is not known if either perindopril or its metabolite, perindoprilat, crosses the
human placenta to the fetus. The molecular weights of perindopril (about 368
for the free acid or 442 for the salt form) and perindoprilat (less than the



prodrug) suggest that transfer to the embryo and fetus will occur.
A retrospective study using pharmacy-based data from the Tennessee

Medicaid program identified 209 infants, born between 1985 and 2000, who
had 1st trimester exposure to ACE inhibitors (2). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors, or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives (N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were atrial septal
defect (N = 6, includes three with pulmonic stenosis and/or three with ductus
arteriosus [PDA]), renal dysplasia (N = 2), PDA alone (N = 2), and one each of
ventricular septal defect, spina bifida, microcephaly with eye anomaly,
coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung disease,
and diaphragmatic hernia (2). In an accompanying editorial, it was noted that
neither previous reports of 1st trimester exposure to ACE inhibitors nor the
animal studies had observed an increased risk of birth defects (3). It also was
noted that no mechanism for ACE inhibitor–induced teratogenicity was known.
A subsequent communication raising concerns about the validity of the study in
terms of adequate exclusion of diabetes, charting and coding errors in busy
medical practices, and the effects of maternal obesity (4) was addressed by
the investigators (5).

Perindopril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(6,7). IUGR, prematurity, and severe neonatal hypotension may also be
observed. Two reviews of fetal and newborn renal function indicated that both



renal perfusion and glomerular plasma flow are low during gestation and that
high levels of angiotensin II may be physiologically necessary to maintain
glomerular filtration at low perfusion pressures (8,9). Perindopril prevents the
conversion of angiotensin I to angiotensin II and, thus, may lead to in utero
renal failure. Since the primary means of removal of the drug is renal, the
impairment of this system in the newborn prevents elimination of the drug
resulting in prolonged hypotension. Newborn renal function and blood pressure
should be closely monitored. If oligohydramnios occurs, stopping perindopril
may resolve the problem but may not improve infant outcome because of
irreversible fetal damage (6). In those cases in which perindopril must be used
to treat the mother’s disease, the lowest possible dose should be used
combined with close monitoring of amniotic fluid levels and fetal well-being.
Guidelines for counseling exposed pregnant patients have been published and
should be of benefit to health professionals faced with this task (6,10).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies (3).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (11). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of the prodrug perindopril during human lactation
have been located. The molecular weights of perindopril (about 368 for the free
acid and 442 for the salt form) and its active metabolite, perindoprilat
(molecular weight less than perindopril), suggest that both will be excreted into
breast milk. The effects on a nursing infant from exposure to perindopril or
perindoprilat in milk are unknown. However, other agents in this class are
excreted into milk and, because the amounts are low and no adverse effects
have been observed in nursing infants, are classified as compatible with
breastfeeding by the American Academy of Pediatrics (see also Captopril and
Enalapril).



References
1. Product information. Aceon. Solvay Pharmaceuticals, 2000.
2. Cooper WO, Hernandez-Diaz S, Arbogast PG, Dudley JA, Dyer S, Gideon PS, Hall K, Ray WA. Major

congenital malformations after first-trimester exposure to ACE inhibitors. N Engl J Med 2006;354:2443–
51.

3. Friedman JM. ACE inhibitors and congenital anomalies. N Engl J Med 2006;354:2498–500.
4. Scialli AR, Lione A. ACE inhibitors and major congenital malformations. N Engl J Med 2006;355:1280.
5. Cooper WO, Ray WA. Reply—ACE inhibitors and major congenital malformations. N Engl J Med

2006;355:1281.
6. Barr M Jr. Teratogen update: angiotensin-converting enzyme inhibitors. Teratology 1994;50:399–409.
7. Shotan A, Widerhorn J, Hurst A, Elkayam U. Risks of angiotensin-converting enzyme inhibition during

pregnancy: experimental and clinical evidence, potential mechanisms, and recommendations for use.
Am J Med 1994;96:451–6.

8. Robillard JE, Nakamura KT, Matherne GP, Jose PA. Renal hemodynamics and functional adjustments
to postnatal life. Semin Perinatol 1988;12:143–50.

9. Guignard J-P, Gouyon J-B. Adverse effects of drugs on the immature kidney. Biol Neonate
1988;53:243–52.

10. Brent RL, Beckman DA. Angiotensin-converting enzyme inhibitors, an embryopathic class of drugs with
unique properties: information for clinical teratology counselors. Teratology 1991;43:543–6.

11. Polifka JE. Is there an embryopathy associated with first-trimester exposure to angiotensin-converting
enzyme inhibitors and angiotensin receptor antagonists? A critical review of the evidence. Birth Defects
Res (Part A) 2012;94:576–98.



PERMETHRIN
Scabicide
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Neither the animal data nor the limited human pregnancy data suggest risk
for the embryo or fetus. The CDC considers permethrin or pyrethrins with
piperonyl butoxide to be the treatments of choice for pubic lice in pregnant
women (1). Although not specifically mentioned, permethrin or pyrethrins
with piperonyl butoxide should also be used if other body areas of a
pregnant woman, such as the head, are infested with lice. For pregnant
women with scabies, permethrin is considered the treatment of choice in
the United States and the United Kingdom (1,2).

FETAL RISK SUMMARY
Permethrin, a pyrethroid, is indicated for the topical treatment of Sarcoptes
scabiei (scabies) infestations. The drug is also active against lice, ticks, fleas,
mites, and other arthropods. In patients with moderate to severe scabies,
systemic absorption was estimated to be ≤2% of the dose (3,4).

Oral reproduction studies with permethrin have been conducted in mice, rats,
and rabbits at doses of 200–400 mg/kg/day (3,4). No adverse effects on
fertility or evidence of fetal harm were observed in these studies. Species-
specific carcinogenesis was observed in mouse studies but negative results
were seen in rats. Genetic toxic studies revealed no evidence of mutagenicity
(3,4). Only the highest oral concentrations (2500–4000 ppm) of permethrin
administered after implantation were found to lower significantly the protein and
glycogen contents of rat placentas, but this had no statistical effect on the
number of live fetuses (5).

Although no studies of permethrin placental transfer have been located, the
molecular weight (about 391) is low enough that transfer should occur.
However, because only small amounts are absorbed systemically and these
are rapidly metabolized by ester hydrolysis to inactive metabolites, the



opportunity for fetal exposure to permethrin appears to be minimal, if it occurs
at all.

A 1995 case report described the use of multiple courses of permethrin and
other agents in a pregnant woman who had developed crusted scabies (6). She
was initially treated at 2 months’ gestation with monosulfiram (a pesticide not
available in the United States). Relapse occurred at 5 months’ gestation and
she was treated with two total-body (24-hour) applications of malathion 0.5%
liquid and one total-body (24-hour) application of monosulfiram 25% solution.
Three weeks later another relapse occurred and she was treated with
permethrin 5% cream to the whole body for 12 hours. Because live mites were
found the next day, a sulfur/tar/coconut oil soak to the scalp was used 3 times
daily followed by two total-body benzyl benzoate 25% treatments within
24 hours. Then permethrin cream was used weekly for 3 weeks. A healthy
male infant was delivered at term (6).

A 2005 observational study compared 113 pregnancies exposed to
permethrin sometime in gestation with 113 matched controls (7). There were
no differences between the groups in pregnancy outcomes in terms of live
births, spontaneous abortions, therapeutic abortions, major malformations, birth
weight, and gestational age at delivery.

BREASTFEEDING SUMMARY
No reports describing the use of topical permethrin during lactation have been
located. Although the molecular weight (about 391) is low enough for excretion
into breast milk, the minimal systemic absorption and rapid metabolism
suggests that little, if any, of the drug will be found in milk. The CDC considers
permethrin or pyrethrins with piperonyl butoxide to be the treatment of choice
for pubic lice during lactation (1). For lactating women with scabies, permethrin
is considered the treatment of choice in the United States and the United
Kingdom (1,2).
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PERPHENAZINE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although occasional published reports have attempted to link various
phenothiazine compounds with congenital defects, the bulk of the evidence
suggests that the therapeutic use of these drugs are safe for the mother
and fetus (see also Chlorpromazine). A possible association between
perphenazine, amitriptyline, or both and congenital defects is suggested by
a single case, but without confirming evidence no conclusions can be
reached.

FETAL RISK SUMMARY
Perphenazine is a piperazine phenothiazine in the same group as
prochlorperazine (see Prochlorperazine). The phenothiazines readily cross the
placenta to the fetus (1).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 63
of whom had 1st trimester exposure to perphenazine (2). For use anytime
during pregnancy, 166 exposures were recorded. No evidence was found in
either group to suggest either a relationship to malformations, or an effect on
perinatal mortality rates, birth weight, or IQ scores at 4 years of age.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 140 newborns had
been exposed to perphenazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Five (3.6%) major birth defects were observed
(six expected), four of which were cardiovascular defects (one expected). No
anomalies were observed in five other defect categories (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. The number of cardiovascular defects is suggestive of a



possible association, but other factors, including the mother’s disease,
concurrent drug use, and chance, may be involved.

A case of maternal suicide attempt with a combination of amitriptyline (725
mg) and perphenazine (58 mg) at 8 days’ gestation was described in a 1980
abstract (3). An infant was eventually delivered with multiple congenital defects.
The abnormalities included microcephaly, “cotton-like” hair with pronounced
shedding, cleft palate, micrognathia, ambiguous genitalia, foot deformities, and
undetectable dermal ridges (3).

Perphenazine has been used as an antiemetic during normal labor without
producing any observable effect on the newborn (4).

BREASTFEEDING SUMMARY
Perphenazine is excreted into human milk (5). A 50-kg, lactating 22-year-old
woman was taking perphenazine 12 mg twice daily (480 mcg/kg) for
postpartum psychosis. She had a 1-month-old child. During a 24-hour interval,
she produced 510 mL of milk that contained 3.2 ng/mL (7.8 nmol/L) of
perphenazine. Because of toxicity, her dose was decreased to 8 mg twice
daily, with a proportionate decrease in the concentration in milk to 2.1 ng/mL.
The mean milk:plasma ratio from samples drawn at various times during the
day was approximately 1. Calculated on the infant’s weight of 3.5 kg, the
authors estimated that the infant would consume about 0.1% of the weight-
adjusted maternal dose. Because they did not consider this exposure to be
clinically significant, breastfeeding was started. For the next 3.5 months while
the mother was on perphenazine, the infant’s growth and development were
normal. Although no adverse effects were observed in this single case, the
American Academy of Pediatrics classifies perphenazine as a drug for which
the effect on nursing infants is unknown but may be of concern (6).
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PERTUZUMAB
Antineoplastic (Monoclonal Antibody)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of pertuzumab in human pregnancy have
been located. The animal data suggest risk, but the absence of human
pregnancy experience prevents a more complete assessment of embryo–
fetal risk. However, the drug is given in combination with two other
antineoplastics, so the embryo–fetus could potentially be exposed to three
agents. The manufacturer recommends that women of reproductive
potential should use effective contraception while receiving therapy and for
6 months after the last dose. If the drug is given during pregnancy or a
woman becomes pregnant during therapy, the manufacturer encourages
enrollment in the MotHER Pregnancy Registry by calling 1-800-690-6720
(1).

FETAL RISK SUMMARY
Pertuzumab is a recombinant humanized monoclonal antibody. It is indicated for
use in combination with trastuzumab and docetaxel (see also Trastuzumab and
Docetaxel) for the treatment of patients with HER2-positive metastatic breast
cancer who have not received prior anti-HER2 therapy or chemotherapy for
metastatic disease. Pertuzumab is given as an IV infusion every 3 weeks. The
median half-life is 18 days. Metabolism and plasma protein binding were not
specified in the product information (1).

Reproduction studies have been conducted in cynomolgus monkeys. In this
species, IV bi-weekly doses that were 2.5–20 times the recommended human
dose based on Cmax (RHD) during organogenesis (gestational days 19–50)
were embryotoxic with dose-dependent increases (33%–85%) in embryo–fetal
death occurring in gestational days 25–70. At cesarean section on gestational
day 100, oligohydramnios, decreased relative lung and kidney weights, and
microscopic evidence of renal hypoplasia consistent with delayed renal



development were seen in all dose groups (1).
Studies for carcinogenic and mutagenic potential have not been conducted.

Although specific fertility studies have not been performed, no adverse effects
on male and female reproductive organs were observed in repeat-dose toxicity
studies up to 6 months duration in cynomolgus monkeys (1).

It is not known if pertuzumab crosses the human placenta. Even though the
half-life is long, the high molecular weight (about 148,000) probably precludes
passage to the embryo–fetus, at least during early pregnancy. However, the
monkey and human placentas are similar (both are hemomonochorial) and the
drug did cause embryo–fetal toxicity in monkeys.

BREASTFEEDING SUMMARY
No reports describing the use of pertuzumab during human lactation have been
located. The molecular weight (about 148,000) suggests that the drug will not
be excreted into mature breast milk. However, immunoglobulins, such as IgG,
readily pass into milk during the colostral phase (first 48 hours) and, because
pertuzumab has a long half-life (18 days), doses received late in pregnancy will
be excreted into colostrum and possibly into early milk. Moreover, the drug is
given in combination with trastuzumab and docetaxel, so a nursing infant might
be exposed to three antineoplastics. Consequently, the safest course for the
infant is to not breastfeed if the mother is receiving this therapy.
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PEYOTE
Hallucinogen
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible (Low Dose) Contraindicated (Recreational Use)
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (Low Dose) Contraindicated (Recreational Use)

PREGNANCY SUMMARY

Peyote is a hallucinogenic agent that is used legally in certain religious
ceremonies. An active alkaloid in peyote is mescaline, an agent that causes
developmental toxicity in animals. The use of peyote for religious rituals by
certain Indian populations involves low doses and does not appear, based
on limited data, to cause developmental toxicity. If true, this would be
consistent with the principle that developmental toxicity is dose related.
However, the apparent low risk of developmental toxicity in Native
American populations using carefully monitored amounts of peyote
probably is not transferable to the recreational use of peyote, and certainly
not to the use of mescaline. Although the recreational use of peyote or
mescaline in pregnancy has not been studied, the presumed higher doses
might represent a risk to the embryo or fetus. In addition, the lifestyle of
recreational users and the probable use of other hallucinogenic or abuse
drugs might not be conducive to a healthy pregnancy. Therefore, such use
should be discouraged in pregnancy and is classified as contraindicated.

FETAL RISK SUMMARY
The aboveground parts of peyote (Lophophora williamsii) are used primarily for
their hallucinogenic properties. Other uses include orally for the treatment of
fever, rheumatism, and paralysis, and topically for treating fractures, wounds,
and snakebite (1). Scientific documentation of these uses has not been located.
The active ingredient in peyote is mescaline, a chemical structurally related to
amphetamines. It causes CNS and sympathetic stimulation. The effect on the
CNS is similar to that of lysergic acid diethylamide (LSD) (1). (See also
Lysergic Acid Diethylamide.)



A 1967 study used a single SC dose of mescaline (0.45, 1.33, or 3.25
mg/kg) in pregnant hamsters on day 8 (organogenesis) (2). Congenital
malformations of the brain, spinal cord, liver, and other viscera were increased.
The incidence of defects, however, was not dose-related as the lowest dose
caused the greatest number of defects (28%), whereas the highest dose
caused the fewest (9%). Resorptions (7%–25%), dead fetuses (5%–10%),
and runts (5%–12%) were dose related (2).

A 1981 reproduction study with mescaline was conducted in hamsters (3).
Oral doses of 16 and 32 mg/kg on the 7th through the 10th day of gestation
resulted in dose-dependent increases in resorptions and corresponding
decreases in litter size. The number of resorptions in controls and the two
doses were 6.4%, 12.0%, and 48.8%, respectively. There also was a dose-
related increased delay in the ossification of the skull, sternum, and
metatarsals. No gross abnormalities were observed at necropsy (3).

Using an IV combination of carbon-14 labeled and unlabeled mescaline,
investigators found that the drug crossed the placenta to the fetus in monkeys
(4). Although the passage was limited by the high ionization at physiologic pH
(99.3%) (pKa 9.56) and the low lipid solubility of nonionized mescaline, the drug
crossed the placenta and concentrated, at various postinjection times, in the
fetal organs. Low concentrations were found in fetal blood, brain, and
cerebrospinal fluid (4). A similar study in mice, using only labeled mescaline
given intraperitoneally, found that the drug crossed the placenta and
concentrated in fetal organs with the lowest concentrations in fetal brain (5).
Although one author stated that mescaline is known to cross the human
placenta (6), such studies have not been located. The molecular weight (about
211) is low enough that exposure of the embryo and fetus should be expected.
Passage across the human placenta should be limited by the ionization at
physiologic pH and the low solubility of unionized mescaline found in the above
monkey study.

A 1979 case report described a pregnancy in which the mother and father
regularly used LSD, peyote, and marijuana during the first 4 months of
gestation (7). The woman delivered a healthy 2951-g male infant without any
abnormalities at about 38 weeks’ gestation. The infant was doing well at
8 months of age.

A brief 1970 review summarized the history, dosage, effects, and adverse
effects of mescaline (8). Mescaline was only one of the then-known eight
alkaloids present in peyote. Peyote has been used by some Mexican and
American Indian tribes for hundreds of years and still is being used legally for



religious rituals by the Native American Church. The author thought that
mescaline, based on dosage, was the least potent of the commonly used
hallucinogens (other hallucinogens not specified). The author also thought that
mescaline might be teratogenic based on animal studies (8).

A 2001 review provided more information on the legal use of peyote and its
pharmacology (6). Although L. williamsii is the cactus legally available and
cultivated by the Native American Church, other members of the cactaceae
family including Trichocercus pachanoi (San Pedro cactus) and Opuntia
cylindrical also contain mescaline and other alkaloids. In addition to mescaline,
about 50 alkaloids have been identified in these cacti. When peyote is used
according to recommendations of the Native American Church, the risk for
developmental toxicity was not thought to be increased. No increase in
malformations was observed in Huichol Indians, a tribe that has used peyote as
part of its religious rituals for centuries. However, based on the 1967 animal
study cited above, the author concluded that risk of human developmental
toxicity was associated with the recreational use of peyote and/or mescaline in
which much higher doses than those in religious rituals are used. In addition,
mescaline obtained on the street is often mislabeled and may not contain any
mescaline at all. For example, phencyclidine (PCP), a much more potent and
longer-lasting hallucinogen, is often labeled as mescaline (6). (See also
Phencyclidine.)

BREASTFEEDING SUMMARY
No reports describing the use of peyote or its active alkaloid mescaline during
human lactation have been located. The molecular weight of mescaline (about
211) is low enough that excretion into breast milk should be expected. The
effect of this exposure on a nursing infant is unknown. However, the use of low
doses of peyote by adults in religious rituals often is associated with adverse
effects, such as nausea, vomiting, and sympathomimetic effects (mydriasis,
mild tachycardia, mild hypertension, diaphoresis, ataxia, and hyperreflexia) (6).
Higher maternal doses that may be associated with recreational use of peyote,
and certainly with mescaline, could cause these effects in a nursing infant.
Thus, the recreational use of peyote or mescaline should be considered
contraindicated.
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PHENACETIN

[Withdrawn from the market. See 9th edition.]



PHENAZOPYRIDINE
Urinary Tract Agent (Analgesic)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports linking the use of phenazopyridine with congenital defects have
been located. There are no relevant animal reproduction data. However,
the human pregnancy experience suggest low risk for the embryo–fetus.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 219
of whom had 1st trimester exposure to phenazopyridine (1, pp. 299–308). For
use anytime during pregnancy, 1109 exposures were recorded (1, p. 435). In
neither group was evidence found to suggest a relationship to large categories
of major or minor malformations or to individual defects. A brief 2008 review of
urinary tract infections in pregnancy also cited the above data (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 496 newborns had
been exposed to phenazopyridine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 27 (5.4%) major birth defects were
observed (21 expected), including (observed/expected) 7/5 cardiovascular
defects and 1/1 oral cleft. No anomalies were observed in four other defect
categories (spina bifida, polydactyly, limb reduction defects, and hypospadias)
for which specific data were available. These data do not support an
association between the drug and congenital defects.

It is not known if phenazopyridine crosses the human placenta. The molecular
weight (about 214 for the free base) suggests that the drug will cross to the
embryo–fetus.

In a large 1985 study involving 6509 women with live births, 217 were
exposed to phenazopyridine in the 1st trimester (3). One infant had a congenital
disorder. Although the defect was not described, the incidence (0.5%) was
very low.



BREASTFEEDING SUMMARY
No reports describing the use of phenazopyridine during human lactation have
been located. The molecular weight (about 214 for the free base) suggests that
the drug will be excreted into breast milk. Because phenazopyridine can cause
methemoglobinemia, sulfhemoglobinemia, and hemolytic anemia, it should not
be used during breastfeeding, especially with an infant under 1 month of age or
with G-6-PD deficiency (4).
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PHENCYCLIDINE
Hallucinogen
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Phencyclidine (PCP) is an illicit drug used for its hallucinogenic effects.
Although the drug does not appear to cause structural anomalies, its use in
pregnancy has been associated with functional/neurobehavioral defects.

FETAL RISK SUMMARY
Exposure of the fetus to PCP has been demonstrated in humans with placental
metabolism of the drug (1–7). Qualitative analysis of the urine from two
newborns revealed phencyclidine levels of 75 ng/mL or greater up to 3 days
after birth (2). In 24 (12%) of 200 women evaluated at a Los Angeles hospital,
cord blood PCP levels ranged from 0.10 to 5.80 ng/mL (3). Cord blood
concentrations were twice as high as maternal serum—1215 vs. 514 pg/mL in
one woman who allegedly consumed her last dose approximately 53 days
before delivery (4). PCP in the newborn’s urine was found to be 5841 pg/mL
(4).

Relatively few studies have appeared on the use of PCP during pregnancy,
but fetal exposure may be more common than this lack of reporting indicates.
During a 9-month period in 1980–1981 at a Cleveland hospital, 30 of 519
(5.8%) consecutively screened pregnant patients were discovered to have PCP
exposure (8). In a subsequent report from this same hospital, 2327 pregnant
patients were screened for PCP exposure between 1981 and 1982 (6). Only
19 patients (0.8%) had positive urine samples, but up to 256 (11%) or more
may have tested positive with more frequent checking (6). In the Los Angeles
study cited above, 12% were exposed (3). However, the specificity of the
chemical screening methods used in this latter report has been questioned (7).

Most pregnancies in which the mother used PCP apparently end with healthy
newborns (3,4,9). However, case reports involving four newborns indicate that
the use of this agent may result in long-term damage (2,9,10):



Depressed at birth, jittery, hypertonic, poor feeding (2) (two infants)
Irritable, poor feeding and sucking reflex (9) (one infant)
Triangular-shaped face with pointed chin, narrow mandibular angle,

antimongoloid slanted eyes, poor head control, nystagmus, inability to
track visually, respiratory distress, hypertonic, jitteriness (10) (one infant)

Irritability, jitteriness, hypertonicity, and poor feeding were common features
in the affected infants. In three of the neonates, most of the symptoms had
persisted at the time of the report. In the case with the malformed child, no
causal relationship with PCP could be established. Marijuana was also taken,
which is a known teratogen in some animal species (11). However, marijuana is
not considered to be a human teratogen (see Marijuana).

A study published in 1992 described the effects of PCP on human fetal
cerebral cortical neurons in culture (12). High levels of the drug caused
progressive degeneration and death of the neurons, whereas sublethal
concentrations inhibited axonal outgrowth. Because the fetal CNS can
concentrate and retain PCP, these results suggested that PCP exposure during
pregnancy could produce profound functional impairments (12).

Abnormal neurobehavior in the newborn period was observed in nine infants
delivered from mothers who had used PCP during pregnancy (13). The
abnormality was significantly more than that observed in control infants and
those exposed in utero to opiates, sedative/stimulants, or the combination of
pentazocine and tripelennamine (i.e., T’s and blue’s). However, by 2 years of
age, the mental and psychomotor development of all drug-exposed infants,
including those exposed to PCP, were similar to controls.

BREASTFEEDING SUMMARY
PCP is excreted into breast milk (14). One lactating mother, who took her last
dose 40 days previously, excreted 3.90 ng/mL in her milk. Women consuming
PCP should not breastfeed. The American Academy of Pediatrics considers the
drug to be contraindicated during breastfeeding (15).
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PHENDIMETRAZINE
Central Stimulant/Anorexiant
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

It is doubtful if any real benefit is derived from the use of phendimetrazine
for weight control during pregnancy, and its use during gestation, especially
during the 1st trimester, should be considered contraindicated. (See also
Phentermine or Amphetamine.)

FETAL RISK SUMMARY
Phendimetrazine is a sympathomimetic amine that has pharmacologic activity
similar to the amphetamines. No animal or human reproductive data are
available. It is indicated for the management of exogenous obesity as a short-
term adjunct (a few weeks) in a regimen of weight reduction based on caloric
restriction. Its activity is similar to amphetamines. Animal reproduction studies
have not been conducted (1).

It is not known if phendimetrazine crosses the human placenta. The
molecular weight (about 191 for the free base) is low enough, but its hydrophilic
nature should limit the exposure of the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use phendimetrazine during lactation have been
located. The molecular weight (191 for the free base) is low enough for
excretion into breast milk. Milk is slightly acidic compared with plasma and ion
trapping could result in milk:plasma ratios >1. Because CNS stimulation and
other adverse reactions may occur in a nursing infant exposed to this drug in
milk, breastfeeding should be considered a contraindication if the mother is
taking phendimetrazine.
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PHENELZINE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Phenelzine is a monoamine oxidase (MAO) inhibitor used in the treatment
of depression. Other agents in this subclass are iproniazid, isocarboxazid,
nialamide, and tranylcypromine. The human pregnancy experience is too
limited to assess the embryo–fetal risk. (See also Tranylcypromine.)

FETAL RISK SUMMARY
Phenelzine has been found to be effective in depressed patients clinically
characterized as atypical, nonendogenous, or neurotic. It is extensively
metabolized to apparently inactive metabolites. Plasma protein binding was not
reported by the manufacturer, but the mean elimination half-life after a single
30-mg dose was 11.6 hours (1).

In reproduction studies with mice at doses above the maximum
recommended human dose, a significant decrease in the number of viable
offspring per mouse was observed (1).

It is not known if phenelzine crosses the human placenta. The molecular
weight of the sulfate form (about 234) and elimination half-life suggest that
exposure of the embryo–fetus should be expected.

The Collaborative Perinatal Project monitored 21 mother–child pairs exposed
to MAO inhibitors during the 1st trimester, 3 of which were exposed to
phenelzine (2). Three of the 21 infants had malformations (relative risk 2.26).
Details of the three cases with phenelzine exposure were not specified (2).

A 1995 report described a 25-year-old woman who had been treated for
depression with phenelzine (45 mg/day) for 6 years before becoming pregnant
(3). The drug was continued throughout gestation. Because labor failed to
progress, a cesarean section was performed to give birth to a healthy male



infant with Apgar scores of 9 at 1 and 5 minutes (3).
A 31-year-old white female with severe recurrent major depression took

phenelzine 45 mg/day before and throughout her pregnancy (4). Attempts to
taper her dose were unsuccessful and the patient declined to change to other
depression therapy. An ultrasound at 10 weeks’ gestation revealed nonidentical
twins. A repeat examination at 16 weeks’ showed resorption of one fetus, an
event that was considered spontaneous and not related to the patient’s drug
therapy. Because of worsening depression in the 2nd trimester, her daily dose
was increased to 52.5 mg. At 37 weeks’, she gave birth to a normal healthy
2.651-kg male infant with Apgar scores of 6, 8, and 9 at 1, 5, and 10 minutes,
respectively. The infant was discharged home on day 3 and growth and
development were normally at 16 months of age (4).

A 2014 case study described the use of phenelzine (105 mg/day), lithium
(900 mg/day), and quetiapine (600mg/ day) in a 31-year-old woman with
bipolar affective disorder (5). She was also taking metformin (1 g/day) for
polycystic ovarian syndrome with oligomenorrhea. Despite her oligomenorrhea,
a pregnancy was confirmed at 17 weeks’ gestation. A glucose tolerance test
was negative at 26 weeks’. Lithium was suspended 24–48 hours before
induction of labor at 39 weeks’ Because of obstructed labor, a cesarean
section was performed to give birth to a 4.2-kg male infant with Apgar scores
of 5 and 9 at 1 and 5 minutes, respectively. The baby required initial
resuscitation during the first 10 minutes. The baby was discharged home with
the mother at 5 days. At 10 weeks of age, the baby’s growth and development
were normal (5).

BREASTFEEDING SUMMARY
No reports describing the use of phenelzine during breastfeeding have been
located. The molecular weight (about 234) and moderately long elimination half-
life (11.6 hours) suggest that the drug will be excreted into breast milk. If the
drug is used during breastfeeding, the infant should be monitored for the most
common adverse reactions observed in adults (dizziness, headache,
drowsiness, sleep disturbances, fatigue, weakness, tremors, twitching,
myoclonic movements, hyperreflexia, constipation, dry mouth, and edema).
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PHENINDIONE
Anticoagulant

See Coumarin Derivatives.



PHENIRAMINE
Antihistamine
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

In general, antihistamines are considered low risk in pregnancy. However,
exposure near birth of premature infants has been associated with an
increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 831
of whom were exposed to pheniramine during the 1st trimester (1, pp. 322–
334). A possible relationship between this use and respiratory malformations
and eye/ear defects was found, but independent confirmation is required. For
use anytime during pregnancy, 2442 exposures were recorded (1, pp. 436–
437). No evidence was found in this group to suggest a relationship to
congenital anomalies.

It is not known if pheniramine crosses the human placenta. The molecular
weight (about 240) is low enough that exposure of the embryo–fetus should be
expected.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of pheniramine during human lactation have been
located. The molecular weight (about 240) is low enough for excretion into
breast milk.

Reference



1. Heinonen OP, Slone D, Shapiro S. Birth Defects and Drugs in Pregnancy. Littleton, MA: Publishing
Sciences Group, 1977.



PHENOBARBITAL
Sedative/Anticonvulsant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Phenobarbital therapy in the epileptic pregnant woman presents a risk to
the fetus in terms of major and minor congenital defects, hemorrhage at
birth, and addiction. Adverse effects on neurobehavioral development have
also been reported. The risk to the mother, however, is greater if the drug
is withheld and seizure control is lost. The risk:benefit ratio, in this case,
favors continued use of the drug during pregnancy at the lowest possible
level to control seizures. Use of the drug in nonepileptic patients does not
seem to pose a significant risk for structural defects, but
neurodevelopment, hemorrhage, and addiction in the newborn are still
concerns.

FETAL RISK SUMMARY
Phenobarbital has been used widely in clinical practice as a sedative and
anticonvulsant since 1912 (1). The drug crosses the placenta to the fetus at
birth (2). Factors significantly influencing placental transfer were duration of
maternal treatment, gestational age, and arterial cord pH (2).

The potential teratogenic effects of phenobarbital were recognized in 1964
along with phenytoin (3). Since this report, there have been numerous reviews
and studies on the teratogenic effects of phenobarbital either alone or in
combination with phenytoin and other anticonvulsants. Based on this literature,
the epileptic pregnant woman taking phenobarbital in combination with other
antiepileptics has a two- to threefold greater risk for delivering a child with
congenital defects over the general population (4–11).

It has not always been known if the increased risk of congenital anomalies
was caused by antiepileptic drugs, the disease itself, genetic factors, or a
combination of these factors. A 1991 study of epileptic mothers who had been



treated with either phenobarbital or carbamazepine, or the two agents in
combination during pregnancy concluded that major and minor anomalies
appeared to be more related to the mother’s disease than to the drugs (11). An
exception to this was the smaller head circumference observed in infants
exposed in utero to either phenobarbital alone or in combination with
carbamazepine. However, an earlier publication thought there was evidence
that drugs were the causative factor (12).

A prospective study published in 1999 described the outcomes of 517
pregnancies of epileptic mothers identified at one Italian center from 1977 (13).
Excluding genetic and chromosomal defects, malformations were classified as
severe structural defects, mild structural defects, and deformations. Minor
anomalies were not considered. Spontaneous (N = 38) and early (N = 20)
voluntary abortions were excluded from the analysis, as were seven
pregnancies that delivered at other hospitals. Of the remaining 452 outcomes,
427 were exposed to anticonvulsants of which 313 involved monotherapy:
phenobarbital (N = 83), carbamazepine (N = 113), valproate (N = 44),
primidone (N = 35), phenytoin (N = 31), clonazepam (N = 6), and other (N = 1).
There were no defects in the 25 pregnancies not exposed to anticonvulsants.
Of the 42 (9.3%) outcomes with malformations, 24 (5.3%) were severe, 10
(2.2%) were mild, and 8 (1.8%) were deformities. There were four
malformations with phenobarbital monotherapy: two (2.4%) severe (Fallot’s
tetralogy, hydronephrosis), one (1.2%) mild (umbilical and inguinal hernia), and
one (1.2%) deformation (hip dislocation). The investigators concluded that the
anticonvulsants were the primary risk factor for an increased incidence of
congenital malformations (see also Carbamazepine, Clonazepam, Phenytoin,
Primidone, and Valproic Acid) (13).

A 2001 prospective study provides further evidence that the congenital
defects observed in the offspring of epileptic mothers treated with
anticonvulsants are caused by drugs (14). The prospective cohort study,
conducted from 1986 to 1993 at five maternity hospitals, was designed to
determine if anticonvulsant agents or other factors (e.g., genetic) were
responsible for the constellation of abnormalities seen in infants of mothers
treated with anticonvulsants during pregnancy. A total of 128,049 pregnant
women were screened at delivery for exposure to anticonvulsant drugs. Three
groups of singleton infants were identified: (a) exposed to anticonvulsant drugs,
(b) not exposed to anticonvulsant drugs but with a maternal history of seizures,
and (c) not exposed to anticonvulsant drugs and with no maternal history of
seizures (control group). For a variety of reasons, including exposure to other



teratogens, many identified infants were excluded, leaving 316, 98, and 508
infants, respectively, in the three groups for analysis. Anticonvulsant
monotherapy occurred in 223 women: phenytoin (N = 87), phenobarbital (N
= 64), carbamazepine (N = 58), and too few cases for analysis with valproic
acid, clonazepam, diazepam, and lorazepam. Ninety-three infants were
exposed to two or more anticonvulsant drugs. All infants were examined
systematically (blinded as to group in 93% of the cases) for embryopathy
associated with anticonvulsant exposure (major malformations, hypoplasia of
the midface and fingers, microcephaly, and intrauterine growth restriction).
Compared with controls, statistically significant associations between
anticonvulsants and anticonvulsant embryopathy were phenobarbital
monotherapy, 26.6% (17/64); phenytoin monotherapy, 20.7% (18/87); all
infants exposed to anticonvulsant monotherapy, 20.6% (46/223); those
exposed to two or more anticonvulsants, 28.0% (26/93); and all infants
exposed to anticonvulsants (monotherapy and polytherapy), 22.8% (72/316).
Nonsignificant associations were found for carbamazepine monotherapy, 13.8%
(8/58); nonexposed infants with a maternal history of seizures, 6.1% (6/98);
and controls, 8.5% (43/508). The investigators concluded that the distinctive
pattern of physical abnormalities observed in infants exposed to anticonvulsants
during gestation was due to the drugs rather than to epilepsy itself (14).

A phenotype, as described for phenytoin in the fetal hydantoin syndrome
(FHS), apparently does not occur with phenobarbital. (See Phenytoin for details
of FHS.) However, as summarized by Janz (15), some of the minor
malformations composing the FHS have been occasionally observed in infants
of epileptic mothers treated only with phenobarbital.

The effects of prenatal exposure to phenobarbital on CNS development of
offspring have been studied in both animals (16–18) and humans (11,19–22).
The neural development in 90-day-old offspring of female rats given
phenobarbital in doses of 0, 20, 40, or 60 mg/kg/day before and throughout
gestation were described in a 1992 study (16). The drug produced dose- and
sex-dependent changes in the electroencephalograms of the offspring. Lower
doses resulted in adverse changes in learning and attentional focus, whereas
higher doses also adversely affected neural function related to slow-wave sleep
and receptor homeostasis. An earlier study measured the long-term effects on
the offspring of rats from exposure to 40 mg/kg/day of phenobarbital from day
12 to day 19 of gestation (17). The effects included delays in the onset of
puberty; disorders in the estrous cycle; infertility; and altered concentrations of
sex steroids, gonadotropic hormones, and estrogen receptors. The changes



represented permanent alterations in sexual maturation. A similar study
measured decreases in the concentration of testosterone in the plasma and
brain of exposed fetal rats (18). These changes persisted into adult life,
indicating that phenobarbital may lead to sexual dysfunction in mature animals.

In a 1991 human study, the cognitive development (as measured by school
career, reading, spelling, and arithmetic skills) of children who had been
exposed in utero to either phenobarbital alone or in combination with
carbamazepine was significantly impaired in comparison with children of
nonepileptic mothers (11). A similar finding, but not significant, was suggested
when the phenobarbital-exposed children were compared with children exposed
only to carbamazepine.

In a 1988 study designed to evaluate the effect of in utero exposure to
anticonvulsants on intelligence, 148 Finnish children of epileptic mothers were
compared with 105 controls (19). Previous studies had either shown intellectual
impairment from this exposure or no effect. Of the 148 children of epileptic
mothers, 129 were exposed to anticonvulsant therapy during the first 20 weeks
of pregnancy, 2 were only exposed after 20 weeks, and 17 were not exposed.
In those mothers treated during pregnancy, 22 received phenobarbital in
combination with other anticonvulsants, all during the first 20 weeks. The
children were evaluated at 5.5 years of age for both verbal and nonverbal
measures of intelligence. A child was considered mentally deficient if the results
of both tests were <71. Two of the 148 children of epileptic mothers were
diagnosed as mentally deficient and 2 others had borderline intelligence (the
mother of one of these latter children had not been treated with anticonvulsant
medication). None of the controls was considered mentally deficient. Both
verbal (110.2 vs. 114.5) and nonverbal (108.7 vs. 113.2) intelligence scores
were significantly lower in the study group children than in controls. In both
groups, intelligence scores were significantly lower when seven or more minor
anomalies were present. However, the presence of hypertelorism and digital
hypoplasia, two minor anomalies considered typical of exposure to phenytoin,
was not predictive of low intelligence (19).

A 1996 study also described the effects of in utero phenobarbital exposure
on cognitive performance (20). Intelligence scores of Danish adult men, born
between 1959 and 1961, who had been exposed to prenatal phenobarbital
were measured. Their mothers had no history of CNS disorder and there was
no exposure to other psychopharmacological drugs. Two double-blind studies
using different measures of general intelligence were conducted on subjects
(total = 114) and controls (total = 153). The test scores of matched controls



were used to predict scores for each exposed subject. The exposure effects
were then estimated by comparing the predicted to the observed scores.
Phenobarbital exposure was associated with significantly lower verbal
intelligence scores (about 0.5 standard deviations). Exposure in the 3rd
trimester was the most detrimental. The magnitude of the intelligence deficit
was increased by lower socioeconomic status and being the offspring of an
unwanted pregnancy (20).

A two-part 2000 study evaluated the effects of prenatal phenobarbital and
phenytoin exposure on brain development and cognitive functioning in adults
(21). Subjects and matched controls, delivered at a mean 40 weeks’ gestation,
were retrospectively identified from birth records covering the years between
1957 and 1972. Maternal diseases of the subjects included epilepsy (treated
with anticonvulsants) and other conditions in which anticonvulsants were used
as sedatives (nausea, vomiting, or emotional problems), whereas the control
group had no maternal pathologies. Only those exposed prenatally to
phenobarbital alone or phenobarbital plus phenytoin had sufficient subjects to
analyze. The mean occipitofrontal circumference for phenobarbital-exposed
neonates was not different from controls (34.49 vs. 34.50 cm), but it was
significantly smaller (33.82 cm) for phenobarbital plus phenytoin subjects
compared with phenobarbital alone or controls. In the follow-up part of the
study, no differences in adult cognitive functioning (intelligence, attention, and
memory) were found between the exposed and control groups. More subjects
than controls, however, were mentally slow (4 vs. 2; causes of retardation not
known except for 1 case of autism in controls) and more had persistent learning
problems (12% vs. 1%). The investigators concluded that phenobarbital plus
phenytoin reduced occipitofrontal circumference but may affect cognitive
capacity only in susceptible offspring (21).

The relationship between maternal anticonvulsant therapy, neonatal behavior,
and neurologic function in children was reported in a 1996 study (22). Among
newborns exposed to maternal monotherapy, 18 were exposed to
phenobarbital (including primidone), 13 to phenytoin, and 8 to valproic acid.
Compared with controls, neonates exposed to phenobarbital had significantly
higher mean apathy and optimality scores. Phenytoin-exposed neonates also
had a significantly higher mean apathy score. However, the neonatal optimality
and apathy scores did not correlate with neurologic outcome of the children at
6 years of age. In contrast, those exposed to valproic acid had optimality and
apathy scores statistically similar to controls but a significantly higher
hyperexcitability score. Moreover, the hyperexcitability score correlated with



later minor and major neurologic dysfunction at age 6 years (22).
The Collaborative Perinatal Project monitored 50,282 mother–child pairs,

1415 of whom had 1st trimester exposure to phenobarbital (23, pp. 336–339).
For use anytime during pregnancy, 8037 exposures were recorded (23, p.
438). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations, although a possible association
with Down’s syndrome was shown statistically. However, a relationship
between phenobarbital and Down’s syndrome is unlikely.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 334 newborns had
been exposed to phenobarbital during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 20 (6.0%) major birth defects were
observed (14 expected). Specific data were available for six defect categories,
including (observed/expected) 8/3 cardiovascular defects, 1/1 oral clefts, 1/0
spina bifida, 1/1 polydactyly, 0/1 limb reduction defects, and 1/1 hypospadias.
Only the data for cardiovascular defects are suggestive of a possible
association.

The effects of exposure (at any time during the 2nd or 3rd month after the
last menstrual period) to folic acid antagonists on embryo–fetal development
were evaluated in a large, multicenter, case–control surveillance study
published in 2000 (24). The report was based on data collected between 1976
and 1998 from 80 maternity or tertiary care hospitals. Mothers were
interviewed within 6 months of delivery about their use of drugs during
pregnancy. Folic acid antagonists were categorized into two groups: group I—
dihydrofolate reductase inhibitors (aminopterin, methotrexate, sulfasalazine,
pyrimethamine, triamterene, and trimethoprim); and group II—agents that
affect other enzymes in folate metabolism, impair the absorption of folate, or
increase the metabolic breakdown of folate (carbamazepine, phenytoin,
primidone, and phenobarbital). The case subjects were 3870 infants with
cardiovascular defects, 1962 with oral clefts, and 1100 with urinary tract
malformations. Infants with defects associated with a syndrome were excluded
as were infants with coexisting neural tube defects (NTDs; known to be
reduced by maternal folic acid supplementation). Too few infants with limb
reduction defects were identified to be analyzed. Controls (N = 8387) were
infants with malformations other than oral clefts and cardiovascular, urinary
tract, limb reduction, and NTDs but included infants with chromosomal and
genetic defects. The risk of malformations in control infants would not have
been reduced by vitamin supplementation, and none of the controls used folic



acid antagonists. For group I cases, the relative risks (RRs) of cardiovascular
defects and oral clefts were 3.4 (95% confidence interval [CI] 1.8–6.4) and 2.6
(95% CI 1.1–6.1), respectively. For group II cases, the RRs of cardiovascular
and urinary tract defects, and oral clefts were 2.2 (95% CI 1.4–3.5), 2.5 (95%
CI 1.2–5.0), and 2.5 (95% CI 1.5–4.2), respectively. Maternal use of
multivitamin supplements with folic acid (typically 0.4 mg) reduced the risks in
group I cases, but not in group II cases (24).

Thanatophoric dwarfism was found in a stillborn infant exposed throughout
gestation to phenobarbital (300 mg/day), phenytoin (200 mg/day), and
amitriptyline (>150 mg/day) (25). The cause of the malformation could not be
determined, but both drug and genetic causes were considered.

A 2000 study, using data from the MADRE (an acronym for malformation and
drug exposure) surveillance project, assessed the human teratogenicity of
anticonvulsants (26). Among 8005 malformed infants, cases were defined as
infants with a specific malformation, whereas controls were infants with other
anomalies. Of the total group, 299 were exposed in the 1st trimester to
anticonvulsants. Among these, exposure to monotherapy occurred in the
following: phenobarbital (N = 65), mephobarbital (N = 10), carbamazepine (N =
46), valproic acid (N = 80), phenytoin (N = 24), and other agents (N = 16).
Statistically significant associations were found with phenobarbital monotherapy
and cardiac defects (N = 12), and cleft lip/palate (N = 11). When all
1st trimester exposures (monotherapy and polytherapy) were evaluated,
significant associations were found between phenobarbital and cardiac defects
(N = 20), cleft lip/palate (N = 19), and persistent left superior vena cava/other
anomalies of the circulatory system (N = 3). Although the study confirmed some
previously known associations, several new associations with anticonvulsants
were discovered and require independent confirmation (see also
Carbamazepine, Mephobarbital, Phenytoin, and Valproic Acid) (26).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (27). The final report was
published in July 2010. The Registry is now closed. Among 24 prospectively
enrolled pregnancies exposed to phenobarbital and lamotrigine, with or without
other anticonvulsants, 22 were exposed in the 1st trimester resulting in 16 live
births without defects, 4 elective abortions, and 2 birth defects. There were two
exposures in the 2nd/3rd trimesters resulting in live births without defects (27).

Phenobarbital and other anticonvulsants (e.g., phenytoin) may cause early
hemorrhagic disease of the newborn (28–37). Hemorrhage occurs during the
first 24 hours after birth and may be severe or even fatal. The exact



mechanism of the defect is unknown but may involve phenobarbital induction of
fetal liver microsomal enzymes that deplete the already low reserves of fetal
vitamin K (37). This results in suppression of the vitamin K-dependent
coagulation factors II, VII, IX, and X. A 1985 review summarized the various
prophylactic treatment regimens that have been proposed (see Phenytoin for
details) (37).

Barbiturate withdrawal has been observed in newborns exposed to
phenobarbital in utero (38). The average onset of symptoms in 15 addicted
infants was 6 days (range 3–14 days). These infants had been exposed during
gestation to doses varying from 64 to 300 mg/day with unknown amounts in
four patients.

Phenobarbital may induce folic acid deficiency in the pregnant woman
(39–41). A discussion of this effect and the possible consequences for the
fetus are presented under Phenytoin (see also reference 24 above).

High-dose phenobarbital, contained in an antiasthmatic preparation, was
reported in a mother giving birth to a stillborn full-term female infant with
complete triploidy (42). The authors speculated on the potential for
phenobarbital-induced chromosomal damage. However, an earlier in vitro study
found no effect of phenobarbital on the incidence of chromosome gaps, breaks,
or abnormal forms (43). Any relationship between the drug and the infant’s
condition is probably coincidental.

Phenobarbital and cholestyramine have been used to treat cholestasis of
pregnancy (44,45). Although no drug-induced fetal complications were noted,
the therapy was ineffective for this condition. An earlier study, however,
reported the successful treatment of intrahepatic cholestasis of pregnancy with
phenobarbital, resulting in the normalization of serum bilirubin concentrations
(46). The drug has also been used in the last few weeks of pregnancy to
reduce the incidence and severity of neonatal hyperbilirubinemia (47).

Antenatal phenobarbital, either alone or in combination with vitamin K, has
been used to reduce the incidence and severity of intraventricular hemorrhage
in very-low-birth-weight infants (48–55). The therapy seemed to consistently
reduce the frequency of grade 3 and grade 4 hemorrhage, and infant mortality
from this condition. A 1991 review of this therapy summarized several
proposed mechanisms by which phenobarbital might produce this beneficial
effect (56). However, three studies (51,53,55), one involving 668 infants
(treated and controls) (55), have concluded that the risk of intraventricular
hemorrhage or early death in preterm infants is not decreased by antenatal
phenobarbital.



In a study using the same subjects and controls as in reference (54) above,
antenatal phenobarbital (10 mg/kg IV, then 100 mg orally every 24 hours until
delivery or until completion of 34 weeks’ gestation) had no effect, compared
with nonexposed controls, on neurodevelopment as measured serially up to age
3 years (57). In contrast, another study using the same subjects and controls
as a previous study (reference 53) found that antenatal phenobarbital (720–780
mg IV, then 60 mg IV every 6 hours until delivery or 34 weeks’ gestation)
significantly impaired developmental outcome as measured at age 2 years
(58,59).

BREASTFEEDING SUMMARY
Phenobarbital is excreted into breast milk (60–65). In two reports, the
milk:plasma ratio varied between 0.4 and 0.6 (61,62). The amount of
phenobarbital ingested by the nursing infant has been estimated to reach 2–4
mg/day (63). The pharmacokinetics of phenobarbital during lactation have been
reviewed (62). Because of slower elimination in the nursing infant, accumulation
may occur to the point that blood levels in the infant may actually exceed those
of the mother (62). Phenobarbital-induced sedation has been observed in three
nursing infants probably caused by this accumulation (60).

A case of withdrawal in a 7-month-old nursing infant after abrupt weaning
from a mother taking phenobarbital, primidone, and carbamazepine has been
reported (65). The mother had taken the anticonvulsant agents throughout
gestation and during lactation. The baby’s serum phenobarbital level at
approximately 8 weeks of age was 14.8 µmol/L, near the lower level of the
therapeutic range. At 7 months of age, the mother abruptly stopped nursing her
infant; shortly thereafter withdrawal symptoms were observed in the infant
consisting of episodes of “startle” responses and infantile spasms confirmed by
electroencephalography. The infant was treated with phenobarbital, with
prompt resolution of her symptoms and she was gradually weaned from the
drug during a 6-month interval. Her neurologic and mental development were
normal during the subsequent 5-year follow-up period (65).

Women consuming phenobarbital during breastfeeding, especially those on
high doses, should be instructed to observe their infants for sedation.
Phenobarbital levels in the infant should also be monitored to avoid toxic
concentrations (62,66). The American Academy of Pediatrics classifies
phenobarbital as a drug that has caused major adverse effects in some nursing
infants, and it should be given to nursing women with caution (66).
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PHENOXYBENZAMINE
Antihypertensive
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of phenoxybenzamine during pregnancy to treat hypertension
secondary to pheochromocytoma is indicated for the reduction of maternal
and fetal mortality, especially after 24 weeks’ gestation when surgical
intervention is associated with high rates of these outcomes (1). Maternal
α-blockade may also reduce or eliminate the adverse effect of
hypertension on placental perfusion and subsequent poor fetal growth. No
adverse fetal effects related to this drug treatment have been observed,
but drug-induced hypotension in a newborn might have occurred.

FETAL RISK SUMMARY
Phenoxybenzamine, a long-acting α-adrenergic blocking agent, is used for the
treatment of hypertension caused by pheochromocytoma. Because of the lack
of well-controlled studies, the effect of phenoxybenzamine on pregnant animals
is not known (B.A. Wallin, personal communication, Smith Kline & French
Laboratories, 1987). Animal and in vitro experiments conducted by the
manufacturer, however, have indicated that the drug has carcinogenic and
mutagenic activity. Neither of these adverse outcomes, nor other fetal harm,
has been reported in the relatively few human studies that have been published.

In a study using pregnant rats, phenoxybenzamine, with or without the β-
blocker propranolol, had no effect on implantation of the fertilized ovum, nor
was there any interference with the antifertility effect of an intrauterine
contraceptive device placed in the uterus of rats (2).

One study has evaluated the human transplacental passage of
phenoxybenzamine (3). A 22-year-old woman with pheochromocytoma was
treated with phenoxybenzamine, 10 mg 3 times daily, and labetalol, 100 mg 3



times daily, for 26 days beginning at 33 weeks’ gestation. She received her last
dose of phenoxybenzamine 2 hours before delivery. The mean concentrations
of the drug in the cord and maternal plasma and in the amniotic fluid were
103.3, 66, and 79.3 ng/mL, respectively, representing a cord:maternal plasma
ratio of 1.6. Serum samples for phenoxybenzamine obtained from the infant at
32 and 80 hours of age contained mean concentrations of 22.3 ng/mL and none
detected (limit of detection 10 ng/mL), respectively. The 2475-g male infant had
depressed respiratory effort and hypotonia at birth and was hypotensive during
the first 2 days of life. The cause of the hypotension could not be determined,
but may have been caused by both drugs. He subsequently did well and was
discharged home 14 days after birth (3).

No reports describing the use of phenoxybenzamine early in the 1st trimester
of pregnancy have been located. Early in vitro studies of phenoxybenzamine
indicated the drug abolished the l-norepinephrine-stimulated contractile activity
of animal and human myometrium (4,5). However, a phenoxybenzamine infusion
for 3 hours had no significant effect on the uterine activity in two pregnant
women (5). One study included the use of phenoxybenzamine for the treatment
of essential hypertension, toxemia, and cardiovascular renal disease occurring
during pregnancy (4). No adverse fetal effects were observed.

Because of the relative rarity of pheochromocytoma, only a small number of
cases have been found in which phenoxybenzamine was used during
pregnancy. In 24 pregnancies, phenoxybenzamine administration was begun in
the 2nd or 3rd trimesters and continued for periods ranging from 1 day to 35
weeks (1,6–22). Therapy was started at 10 weeks’ gestation in a 24th case
and continued for approximately 25 weeks when a healthy 2665-g male infant
was delivered by cesarean section (23). Eighteen other pregnancies ended
with either a cesarean section (N = 14) or vaginal delivery (N = 4) of a healthy
infant before resection of the pheochromocytoma. In some of the cases the
infant was growth restricted, probably secondary to uncontrolled maternal
hypertension before treatment, but all survived. One fetus apparently survived
the initial surgery to remove the mother’s tumor, but the outcome of the
pregnancy was not discussed (18). In another case, phenoxybenzamine was
begun at 17 weeks’ gestation and continued for 7 days before surgery (1).
Following successful tumor resection, the patient’s pregnancy went to term and
terminated with the vaginal birth of a normal healthy female infant.

Fetal death has been reported in four cases, but only two occurred during
pharmacologic therapy of the mother’s disease (6,9,16). In one case, fetal
death occurred when the mother, in her 5th to 6th month of pregnancy, died 2



days after extensive surgery to remove a metastatic pheochromocytoma (6).
Another involved a therapeutic abortion performed at approximately 12 weeks’
gestation during the surgical removal of the mother’s tumor (16). The third fetal
loss involved a woman whose pheochromocytoma was diagnosed at 7 months’
gestation. Therapy with phenoxybenzamine was begun, but the fetus died in
utero (details of therapy were not given) (16). In the fourth case, a 15-year-old
patient at 25.5 weeks’ gestation was treated for 3 days with oral
phenoxybenzamine in preparation for surgery. On the 3rd day of therapy, her
membranes spontaneously ruptured followed by a hypertensive crisis requiring
a phentolamine infusion. A spontaneous abortion occurred shortly thereafter of
a severely growth-restricted fetus (9).

The low incidences of maternal (4%; 1 of 24) and fetal (9%; 2 of 22)
mortality when α-blockade with phenoxybenzamine is used is much better than
the mortality observed in undiagnosed pheochromocytoma complicating
pregnancy. A 1971 review of 89 cases of unsuspected tumor found that
maternal and fetal mortality rates were 48% and 54.4%, respectively (24). A
more recent review cited incidences of maternal and fetal mortality without α-
blockade of 9% and 50%, respectively (20). When all cases of α-blockade
(i.e., those receiving phenoxybenzamine, phentolamine, or both) administered
during pregnancy were considered, maternal mortality was 3% (1 of 29) and
fetal loss was 19% (5 of 27) (2 cases were excluded because fetal death in
utero had occurred at the time of diagnosis) (20).

Long-term follow-up of infants exposed in utero to phenoxybenzamine has
only been reported in three cases (8,11,14). The follow-up periods ranged from
2 to 8 years, and all three were normal healthy children.

BREASTFEEDING SUMMARY
No reports describing the use of phenoxybenzamine during human lactation
have been located. The molecular weight of the drug (about 340) is low enough
that excretion into breast milk should be expected. The potential effects of this
exposure on a nursing infant, including but not limited to, hypotension are
unknown.
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PHENPROCOUMON
Anticoagulant

See Coumarin Derivatives.
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PHENTERMINE
Anorexiant
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

It is doubtful if any real benefit is derived from the use of phentermine for
weight control during pregnancy, and its use during gestation, especially
during the 1st trimester, should be considered contraindicated. Moreover,
although the causes of the stillbirths cited in one human study were not fully
elucidated and may not have been caused by maternal phentermine
treatment, the high incidence is disturbing and is another reason to withhold
use of the drug during pregnancy.

FETAL RISK SUMMARY
Phentermine (phenyl-tertiary-butylamine) is a sympathomimetic amine that has
activity as a CNS stimulant. Similar to other drugs in this class, such as the
amphetamines, it is used as an appetite suppressant in the treatment of
obesity. In addition to other adverse effects, hypertension has occurred in
adults treated with this agent.

Reproduction studies in animals with phentermine have not been conducted.
A closely related compound, chlorphentermine (30 mg/kg/day SC), was
administered to pregnant rats during the last 5 days of gestation (1).
Phospholipidosis was evident in the lungs of the mothers and the newborn rats,
and 83% of the latter died within 24 hours of birth. Another group treated with
phentermine (30 mg/kg/day SC) in a similar manner did not develop the
complication and did not die. A subsequent reference suggested that the
chlorphentermine-induced pup mortality was consistent with retardation of fetal
pulmonary maturity (2).

No studies have been located that described the placental transfer of
phentermine in animals or humans. The molecular weight (about 186) is low
enough that exposure of the embryo–fetus should be expected.

A study published in 1962 described the use of phentermine in 118 women



who were treated for obesity during the 3rd trimester of pregnancy up to
delivery (3). Women weighing <200 pounds were given 30 mg each morning,
whereas those >200 pounds were given 30 mg twice daily. The weights of the
patients before treatment ranged from 180 to 315 pounds. Adverse outcomes
occurred in five women with stillborn infants, one of whom was caused by
abruptio placentae. The cause of the other stillborns, whose weights ranged
from 9 to 10 pounds, was not mentioned, other than the statement that one
mother had mild preeclampsia.

As of 1997, the FDA had received two reports involving the use of the
combination, fenfluramine and phentermine, in early pregnancy (F. Rosa,
personal communication, FDA, 1997). A spontaneous abortion occurred in one
of the pregnancies. In the other, an infant with bilateral valvular abnormalities,
both aortic and pulmonary, with moderate stenosis and displacement was born.
Because valvular toxicity has been reported in adults taking the combination, a
causal relationship in the pregnancy case is potentially possible. No other
details of these cases were available.

A 2002 controlled prospective cohort study compared 98 women who had
taken phentermine/fenfluramine for weight loss (product withdrawn in 1997)
during portions or all of the 1st trimester with 233 nonteratogen-exposed
controls (4). About 88% of the subjects had begun the drug combination before
conception and the remainder started after conception. The phentermine and
fenfluramine daily doses ranged 15–45 mg and 20–60 mg, respectively. Most
(96%) stopped the drug combination before the 12th week of gestation. In the
two groups, 71% and 65% of the liveborn infants were examined by a
dysmorphologist for the presence of major or minor malformations who was
blinded to the exposures. There were no statistical differences between the
groups in terms of major malformations or ≥3 or more minor malformations,
spontaneous abortions, elective abortions, ectopic pregnancies, or preterm
delivery. No pattern of malformations was identified. The increased rate of
gestational diabetes (11% vs. 4%, p = 0.05) probably reflects the significantly
greater prepregnancy body weight and pregnancy weight gain of exposed
subjects. The significantly higher mean birth weight and head circumference in
full-term infants of subjects were most likely due to the significantly greater
mean prepregnancy body weight and weight gain during pregnancy of their
mothers as well as to the increased rate of gestational diabetes (4).

BREASTFEEDING SUMMARY
No reports describing the use of phentermine during lactation have been



located. The molecular weight (about 186) is low enough that excretion of
phentermine into breast milk should be expected. Because CNS stimulation and
other adverse reactions may occur in a nursing infant exposed to this drug in
milk, breastfeeding should be considered a contraindication if the mother is
taking phentermine.
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PHENTOLAMINE
Antihypertensive
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Phentolamine has been used for the short-term management of severe
hypertension caused by pheochromocytoma, including those cases
occurring during surgery to deliver a fetus or to resect the tumor (1–4). No
adverse effects on the fetus or newborn attributable to phentolamine from
this use have been reported, but fetal hypoxia is a potential complication.

FETAL RISK SUMMARY
Phentolamine, a short-acting α-adrenergic blocker, is used for the treatment of
severe hypertension secondary to maternal pheochromocytoma. Animal studies
with phentolamine have observed neither teratogenicity nor embryotoxicity (5).
No reports of adverse fetal outcome in humans have been located, but 1st
trimester experience with this agent has not been documented, nor have
studies describing the placental transfer of phentolamine in humans been found.
However, although apparently not teratogenic, phentolamine must be used with
caution because of the marked decrease in maternal blood pressure that can
occur with resulting fetal anoxia.

Early in vitro and in vivo investigations of phentolamine indicated the drug
inhibited the l-norepinephrine-stimulated contractile activity of human
myometrium (6–8). A 1971 investigation examined the effect of combined α-
adrenergic blockade (phentolamine) and β-adrenergic stimulation (isoxsuprine)
on oxytocin-stimulated uterine activity in six women just before undergoing
therapeutic abortion at 16–20 weeks’ gestation (9). The results indicated that
phentolamine had no effect on uterine activity, while isoxsuprine inhibited uterine
contractions. Moreover, the uterine inhibitory effect of β-stimulation was
independent of α-blockade.



In one study, phentolamine was used for approximately 10 weeks for the
treatment of toxemia (6). No adverse effects in the fetus were observed and
the infant was alive and well at 18 months. The authors commented that they
had stopped using phentolamine for this purpose because prolonged use in a
few cases had resulted in “jitters” in the newborns, especially in premature
infants (6).

The most common use of phentolamine in pregnancy is for the diagnosis of
pheochromocytoma. Administration of phentolamine to patients with this
disease causes a marked drop in blood pressure. Because of the drug’s very
short half-life (19 minutes), the return to the pretest blood pressures usually
occurs in <30 minutes (5). A 1971 review article of pheochromocytoma in
pregnancy cited 22 cases of the disease identified in 1955–1966 in which the
diagnosis was made during pregnancy with phentolamine (10). Three additional
cases were published in 1969 (11) and 1973 (12). Reflecting the high maternal
and fetal mortality that can occur with this disease, 21% (3 of 14) of the
mothers and 43% (6 of 14) of the fetuses died.

BREASTFEEDING SUMMARY
No reports describing the use of phentolamine during human lactation have
been located. Because of its indication, it is unlikely that such reports will
appear. Moreover, the drug has a very short half-life (19 minutes), so if it is
used in a lactating woman, waiting a few hours and then pumping and
discarding the milk should prevent exposure of a nursing infant.

References
1. Anton AH, Brenner WE, Yen SS, Dingfelder JR. Pheochromocytoma: studies during pregnancy,

premature delivery and surgery. Presented at the 5th International Congress on Pharmacology, July 23–
28, 1972, San Francisco, CA, Abstract No. 43, 8.

2. Simanis J, Amerson JR, Hendee AE, Anton AH. Unresectable pheochromocytoma in pregnancy.
Pharmacology and biochemistry. Am J Med 1972;53:381–5.

3. Brenner WE, Yen SSC, Dingfelder JR, Anton AH. Pheochromocytoma: serial studies during pregnancy.
Am J Obstet Gynecol 1972;113:779–88.

4. Burgess GE III. Alpha blockade and surgical intervention of pheochromocytoma in pregnancy. Obstet
Gynecol 1979;53:266–70.

5. Product information. Regitine. Ciba-Geigy Corporation, 1991.
6. Maughan GB, Shabanah EH, Toth A. Experiments with pharmacologic sympatholysis in the gravid. Am

J Obstet Gynecol 1967;97:764–76.
7. Wansbrough H, Nakanishi H, Wood C. The effect of adrenergic receptor blocking drugs on the human

uterus. J Obstet Gynaecol Br Commonw 1968;75:189–98.
8. Althabe O Jr, Schwarcz RL Jr, Sala NL, Fisch L. Effect of phentolamine methanesulfonate upon uterine

contractility induced by l-norepinephrine in pregnancy. Am J Obstet Gynecol 1968;101:1083–8.
9. Jenssen H. Inhibition of oxytocin-induced uterine activity in midpregnancy by combined adrenergic α-

blockade and β-stimulation. Acta Obstet Gynecol Scand 1971;50:135–9.
10. Schenker JG, Chowers I. Pheochromocytoma and pregnancy. Review of 89 cases. Obstet Gynecol



Surv 1971;26:739–47.
11. Hendee AE, Martin RD, Waters WC III. Hypertension in pregnancy: toxemia or pheochromocytoma? Am

J Obstet Gynecol 1969;105:64–72.
12. Smith AM. Phaeochromocytoma and pregnancy. J Obstet Gynaecol Br Commonw 1973;80:848–51.



PHENYLBUTAZONE
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PHENYLEPHRINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Phenylephrine is a sympathomimetic used in emergency situations to treat
hypotension and to alleviate allergic symptoms of the eye and ear. Uterine
vessels are normally maximally dilated and they have only α-adrenergic
receptors (1). Use of the predominantly α-adrenergic stimulant,
phenylephrine, could cause constriction of these vessels and reduce uterine
blood flow, thereby producing fetal hypoxia (bradycardia). Phenylephrine
may also interact with oxytocics or ergot derivatives to produce severe
persistent maternal hypertension (1). Rupture of a cerebral vessel is
possible. If a pressor agent is indicated, other drugs such as ephedrine
should be considered. Sympathomimetic amines are teratogenic in some
animal species, but human teratogenicity has not been suspected (2,3).

FETAL RISK SUMMARY
No studies describing the placental passage of phenylephrine have been
located. The molecular weight (about 167) of the drug is low enough that
exposure of the embryo–fetus should be expected.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
1249 of whom had 1st trimester exposure to phenylephrine (4, pp. 345–356).
For use anytime during pregnancy, 4194 exposures were recorded (4, p. 439).
An association was found between 1st trimester use of phenylephrine and
malformations; association with minor defects was greater than with major
defects (4, pp. 345–356). For individual malformations, several possible
associations were found (4, pp. 345–356, 476, 491):

1st trimester
Eye and ear (8 cases)
Syndactyly (6 cases)



Preauricular skin tag (4 cases)
Clubfoot (3 cases)

Anytime use
Congenital dislocation of hip (15 cases)
Other musculoskeletal defects (4 cases)
Umbilical hernia (6 cases)

Independent confirmation of these findings is required. For the
sympathomimetic class of drugs as a whole, an association was found between
1st trimester use and minor malformations (not life-threatening or major
cosmetic defects), inguinal hernia, and clubfoot (4, pp. 345–356).

Sympathomimetics are often administered in combination with other drugs to
alleviate the symptoms of upper respiratory infections. Thus, the fetal effects of
sympathomimetics, other drugs, and viruses cannot be totally separated.
However, indiscriminate use of this class of drugs, especially in the 1st
trimester, is not without risk.

Phenylephrine has been used as a stress test to determine fetal status in
high-risk pregnancies (5). In the United States, however, this test is normally
conducted with oxytocin.

BREASTFEEDING SUMMARY
No reports describing the use of phenylephrine during human lactation have
been located. The molecular weight (about 167) of the drug is low enough that
passage into breast milk should be expected. The effect of this exposure on a
nursing infant is unknown.
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PHENYLTOLOXAMINE
Antihistamine
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of phenyltoloxamine in human pregnancy
have been located. In general, antihistamines are considered low risk in
pregnancy. However, exposure near birth of premature infants has been
associated with an increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
It is not known if phenyltoloxamine crosses the human placenta. The molecular
weight (about 448 for phenyltoloxamine citrate) is low enough that exposure of
the embryo–fetus should be expected.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of phenyltoloxamine during human lactation have
been located. The molecular weight (about 448 for phenyltoloxamine citrate) is
low enough for excretion into breast milk.



PHENYTOIN
Anticonvulsant
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The use of phenytoin during pregnancy involves significant risk to the fetus
in terms of major and minor congenital abnormalities and hemorrhage at
birth. Adverse effects on neurodevelopment have also been reported. The
risk to the mother, however, is also great if the drug is not used to control
her seizures. The risk:benefit ratio, in this case, favors continued use of the
drug during pregnancy. Frequent determinations of phenytoin levels are
recommended to maintain the lowest level required to prevent seizures and
possibly to lessen the likelihood of fetal anomalies. Based on recent
research, consideration should also be given to monitoring folic acid levels
simultaneously with phenytoin determinations and administering folic acid
very early in pregnancy or before conception to those women shown to
have low folate concentrations. Alternatively, adding folic acid, such as 4–5
mg/day (the dose recommended for women with a history of a fetus or
infant with a neural tube defect [NTD]), should be considered.

FETAL RISK SUMMARY
Phenytoin is a hydantoin anticonvulsant introduced in 1938. The teratogenic
effects of phenytoin were recognized in 1964 (1). Since this report there have
been numerous reviews and studies on the teratogenic effects of phenytoin and
other anticonvulsants. Based on this literature, the epileptic pregnant woman
taking phenytoin, either alone or in combination with other anticonvulsants, has
a 2–3 times greater risk for delivering a child with congenital defects over the
general population (2–9).

It was not always known whether this increased risk was caused by
antiepileptic drugs, the disease itself, genetic factors, or a combination of
these, although past evidence indicated that drugs were the causative factor.



Fifteen epidemiologic studies cited by reviewers in 1982 found an incidence of
defects in treated epileptics varying from 2.2% to 26.1% (9). In each case, the
rate for treated patients was higher than for untreated epileptics or normal
controls. Animal studies have also implicated drugs and have suggested that a
dose-related response may occur (9). Two studies cited below provide further
evidence that the congenital defects observed in the offspring of epileptic
mothers treated with anticonvulsants are caused by drugs.

A prospective study published in 1999 described the outcomes of 517
pregnancies of epileptic mothers identified at one Italian center from 1977 (10).
Excluding genetic and chromosomal defects, malformations were classified as
severe structural defects, mild structural defects, and deformations. Minor
anomalies were not considered. Spontaneous (N = 38) and early (N = 20)
voluntary abortions were excluded from the analysis, as were seven
pregnancies that delivered at other hospitals. Of the remaining 452 outcomes,
427 were exposed to anticonvulsants of which 313 involved monotherapy:
phenytoin (N = 31), carbamazepine (N = 113), phenobarbital (N = 83),
valproate (N = 44), primidone (N = 35), clonazepam (N = 6), and other (N = 1).
There were no defects in the 25 pregnancies not exposed to anticonvulsants.
Of the 42 (9.3%) outcomes with malformations, 24 (5.3%) were severe, 10
(2.2%) were mild, and 8 (1.8%) were deformities. There were three
malformations with phenytoin monotherapy: none were severe, one (3.2%) was
mild (umbilical hernia), and two (6.4%) deformations (clubfoot and hip
dislocation). The investigators concluded that the anticonvulsants were the
primary risk factor for an increased incidence of congenital malformations (see
also Carbamazepine, Clonazepam, Phenobarbital, Primidone, and Valproic
Acid) (10).

A prospective cohort study, conducted from 1986 to 1993 at five maternity
hospitals, was designed to determine if anticonvulsant agents or other factors
(e.g., genetic) were responsible for the constellation of abnormalities seen in
infants of mothers treated with anticonvulsants during pregnancy (11). A total of
128,049 pregnant women were screened at delivery for exposure to
anticonvulsant drugs. Three groups of singleton infants were identified: (a)
exposed to anticonvulsant drugs, (b) not exposed to anticonvulsant drugs but
with a maternal history of seizures, and (c) not exposed to anticonvulsant drugs
and with no maternal history of seizures (control group). After applying
exclusion criteria, including exposure to other teratogens, 316, 98, and 508
infants, respectively, were analyzed. Anticonvulsant monotherapy occurred in
223 women: phenytoin (N = 87), phenobarbital (N = 64), carbamazepine (N =



58), and too few cases for analysis with valproic acid, clonazepam, diazepam,
and lorazepam. Ninety-three infants were exposed to two or more
anticonvulsant drugs. All infants were examined systematically (blinded as to
group in 93% of the cases) for embryopathy associated with anticonvulsant
exposure (major malformations, hypoplasia of the midface and fingers,
microcephaly, and intrauterine growth restriction). Compared with controls,
significant associations between anticonvulsants and anticonvulsant
embryopathy were as follows: phenytoin monotherapy 20.7% (18/87),
phenobarbital monotherapy 26.6% (17/64), any monotherapy 20.6% (46/223),
exposed to ≥2 anticonvulsants 28.0% (26/93), and all infants exposed to
anticonvulsants (monotherapy and polytherapy) 22.8% (72/316). Nonsignificant
associations were found for carbamazepine monotherapy 13.8% (8/58),
nonexposed infants with a maternal history of seizures 6.1% (6/98), and
controls 8.5% (43/508). The investigators concluded that the distinctive pattern
of physical abnormalities observed in infants exposed to anticonvulsants during
gestation was due to the drugs, rather than to epilepsy itself (11).

A study published in 1990 provided evidence that, at least in some cases, the
teratogenic effects of phenytoin are secondary to elevated levels of oxidative
metabolites (epoxides) (12). Epoxides are normally eliminated by the enzyme
epoxide hydrolase, but in some individuals, low activity of this enzyme is
present. By measuring the enzyme’s activity in a number of subjects, the
investigators proposed a trimodal distribution that is regulated by a single gene
with two allelic forms. The three phenotypes proposed were: low activity
(homozygous for the recessive allele), intermediate activity (heterozygous), and
high activity (homozygous for the dominant allele). In the prospective portion of
the study, 19 pregnant women with epilepsy, who were being treated with
phenytoin monotherapy, had an amniocentesis performed and the microsomal
epoxide hydrolase activity in amniocytes was determined. Four of the 19 had
low activity (<30% of standard), whereas 15 had normal activity (>30% of
standard). As predicted, only the four fetuses with low activity had clinical
evidence of the fetal hydantoin syndrome (FHS) (12).

In contrast to the above study, a 1999 study with mice involving fluconazole
and phenytoin was unable to provide support for the theory that toxic
intermediates, such as epoxides, were the cause of phenytoin-induced
congenital defects (13). Because fluconazole inhibits the cytochrome P450
pathway responsible for phenytoin metabolism, the authors of this study
reasoned that the drug combination could provide a test of the hypothesis.
Pretreatment of mice with a nonembryotoxic fluconazole dose, however,



significantly doubled (from 6.2% to 13.3%) the incidence of phenytoin-induced
cleft palate. Administering both drugs closely together significantly increased
the incidence of resorptions but not malformations. This lack of effect on
malformations may have been related to the increased embryolethality of the
combination. The mechanism for the teratologic interaction between the drugs
was unknown (13).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 332 newborns had
been exposed to phenytoin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 15 (4.5%) major birth defects were
observed (13 expected), including (observed/expected) 5/3 cardiovascular
defects, 1/0 spina bifida, and 1/1 hypospadias. No anomalies were observed in
three other defect categories (oral clefts, polydactyly, and limb reduction
defects) for which specific data were available.

A recognizable pattern of malformations, now known as the FHS, was
partially described in 1968 when Meadow (14) observed distinct facial
abnormalities in infants exposed to phenytoin and other anticonvulsants. In
1973, two groups of investigators, in independent reports, described unusual
anomalies of the fingers and toes in exposed infants (15,16). The basic
syndrome consists of variable degrees of hypoplasia and ossification of the
distal phalanges and craniofacial abnormalities. Clinical features of the FHS, not
all of which are apparent in every infant, are as follows (14–16):

Craniofacial
Broad nasal bridge
Wide fontanelle
Low-set hairline
Broad alveolar ridge
Metopic ridging
Short neck
Ocular hypertelorism
Microcephaly
Cleft lip and/or palate
Abnormal or low-set ears
Epicanthal folds
Ptosis of eyelids
Coloboma
Coarse scalp hair

Limbs



Small or absent nails
Hypoplasia of distal phalanges
Altered palmar crease
Digital thumb
Dislocated hip

Impaired growth (physical and mental) and congenital heart defects are often
observed in conjunction with FHS.

Numerous other defects have been reported to occur after phenytoin
exposure in pregnancy. Janz, in a 1982 review (17), stated that nearly all
possible types of malformations may be observed in the offspring of epileptic
mothers. This statement is supported by the large volume of literature
describing various anomalies that have been attributed to phenytoin with or
without other anticonvulsants (1–9,14–58).

In one of the above cases the mother took phenytoin (300 mg/day) during the
first 7 months of gestation and phenobarbital (90 mg/day) during the last 2
months (54). The full-term female infant had features of FHS (hypoplastic nails
and flat nasal bridge), hydrocephalus, a left porencephalic cyst, and an
encephalocele. She died at 2.5 months of age of bronchopneumonia. An
autopsy of the brain revealed both gross and microscopic abnormalities. The
defects were consistent with changes produced early in fetal development and
with tissue destruction resulting in the second half of gestation (54).

A possible association between phenytoin and the rare defect,
holoprosencephaly, was reported in 1993 (56). Because of psychomotor and
petit mal seizures, the mother was treated with phenytoin (350 mg/day) and
primidone (500 mg/day) during gestation. Except for microcephaly, fetal
sonography detected no pathology. The female infant was born after 36 weeks
of gestation with both weight and length above the 50th percentile. The Apgar
scores were 3, 9, and 10 at 1, 5, and 10 minutes, respectively. The
occipitofrontal head circumference (31 cm) was below the 25th percentile.
Malformations evident on examination were microcephaly, narrow forehead,
hypertelorism, hypoplastic midface with anteverted nostrils, smooth philtrum,
and thin vermillion border lip. Distal phalanges and nails on all fingers and toes
were noted to be hypoplastic. A sacral dimple was also noted. Ultrasound
examination revealed a right-sided renal duplication, hepatomegaly, a mild
ventricular septal defect, and bilateral hip dysplasia. An electroencephalogram
revealed significantly delayed visual-evoked potentials. A partial lobar
holoprosencephaly with ventral fusion of the cerebral hemispheres was noted
on magnetic resonance imaging of the brain. Coarse gyri and horizontal



cleavage, but no sagittal cleavage, was noted in the frontal lobe. The corpus
callosum was absent. Although both parents suffered from epilepsy, there was
no consanguinity and the infant’s karyotype was normal (46,XX), thus a genetic
cause of the holoprosencephaly was thought to be unlikely (56).

Authors of correspondence relating to the above report noted that they had
also identified a case of holoprosencephaly in a stillborn infant exposed in utero
to anticonvulsants (59). Unfortunately, the clinical examination did not record the
presence or absence of minor physical features characteristic of the FHS.
Based on their experience, however, establishing an association between
phenytoin and the defect would be very difficult because of the infrequent in
utero exposure to anticonvulsants (1:250 births), the even lower frequency of
exposure to phenytoin monotherapy (1:844 births), and the rarity of
holoprosencephaly (1:10,000) (59).

Thanatophoric dwarfism was found in a stillborn infant exposed throughout
gestation to phenytoin (200 mg/day), phenobarbital (300 mg/day), and
amitriptyline (>150 mg/day) (60). The cause of the malformation could not be
determined, but drug and genetic causes were considered.

A 2000 study, using data from the MADRE (an acronym for malformation and
drug exposure) surveillance project, assessed the human teratogenicity of
anticonvulsants (61). Among 8005 malformed infants, cases were defined as
infants with a specific malformation, whereas controls were infants with other
anomalies. Of the total group, 299 were exposed in the 1st trimester to
anticonvulsants. Among these, exposure to monotherapy occurred in the
following: phenytoin (N = 24), phenobarbital (N = 65), mephobarbital (N = 10),
carbamazepine (N = 46), valproic acid (N = 80), and other agents (N = 16). No
statistically significant associations were found with phenytoin monotherapy or
polytherapy. Although the study confirmed some previously known associations,
several new associations with anticonvulsants were discovered that require
independent confirmation (see also Carbamazepine, Mephobarbital,
Phenobarbital, and Valproic Acid) (61).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997. The final report was
published in July 2010 (62). The Registry is now closed. Among 68
prospectively enrolled pregnancies exposed to phenytoin and lamotrigine, with
or without other anticonvulsants, 62 were exposed in the 1st trimester resulting
in 56 live births, 1 birth defect, 1 spontaneous abortion, and 4 elective
abortions. There were six exposures in the 2nd/3rd trimesters resulting in six
live births without birth defects (62).



Twelve case reports have been located that, taken in sum, suggest phenytoin
is a human transplacental carcinogen (18–28,63). Tumors reported to occur in
infants after in utero exposure to phenytoin include the following:

Neuroblastoma (6 cases) (18–22,63)
Ganglioneuroblastoma (1 case) (23)
Melanotic neuroectodermal tumor (1 case) (24)
Extrarenal Wilms’ tumor (1 case) (25)
Mesenchymoma (1 case) (26)
Lymphangioma (1 case) (27)
Ependymoblastoma (1 case) (28)

Children exposed in utero to phenytoin should be closely observed for several
years because tumor development may take that long to express itself. A 1989
study, however, found no in utero exposures to phenytoin among 188 cases of
childhood neuroblastoma diagnosed between 1969 and 1988 at their center
(64). But the investigators did conclude that an increased risk of the neoplasm
in children with FHS was still a possibility.

Phenytoin and other anticonvulsants (e.g., phenobarbital) may cause early
hemorrhagic disease of the newborn (18,65–79). Hemorrhage occurs during
the first 24 hours after birth and may be severe or even fatal. The exact
mechanism of the defect is unknown but may involve phenytoin induction of fetal
liver microsomal enzymes that deplete the already low reserves of fetal vitamin
K (79). This results in suppression of the vitamin K-dependent coagulation
factors II, VII, IX, and X. Phenytoin-induced thrombocytopenia has also been
reported as a mechanism for hemorrhage in the newborn (76). A 1985 review
summarized the various prophylactic treatment regimens that have been
proposed (79):

Administering 10 mg of oral vitamin K daily during the last 2 months of
pregnancy

Administering 20 mg of oral vitamin K daily during the last 2 weeks of
pregnancy

Avoiding salicylates and administering vitamin K during labor
Cesarean section if a difficult or traumatic delivery is anticipated
Administering IV vitamin K to the newborn in the delivery room plus cord

blood clotting studies

Although all of the above suggestions are logical, none has been tested in
controlled trials. The reviewers recommended immediate IM vitamin K and
close observation of the infant (see also Phytonadione) (79).



Of interest, a 1995 study suggested that anticonvulsant-induced vitamin K
deficiency may be the mechanism that causes the maxillonasal hypoplasia seen
in the FHS (80). They proposed early vitamin K supplementation of at-risk
pregnancies to prevent this disfiguring malformation.

Liver damage was observed in an infant exposed during gestation to
phenytoin and valproic acid (81). Although they were unable to demonstrate
which anticonvulsant caused the injury, the authors concluded that valproic acid
was the more likely offending agent.

Phenytoin may induce folic acid deficiency in the epileptic patient by impairing
gastrointestinal absorption or by increasing hepatic metabolism of the vitamin
(82–84). Whether phenytoin also induces folic acid deficiency in the fetus is
less certain because the fetus seems to be efficient in drawing on available
maternal stores of folic acid (see Folic Acid). Low maternal folate levels,
however, have been proposed as one possible mechanism for the increased
incidence of defects observed in infants exposed in utero to phenytoin. In a
1984 report, two investigators studied the relationship between folic acid,
anticonvulsants, and fetal defects (82). In the retrospective part of this study, a
group of 24 women treated with phenytoin and other anticonvulsants produced
66 infants, 10 (15%) with major anomalies. Two of the mothers with affected
infants had markedly low red blood cell folate concentrations. A second group
of 22 epileptic women was then supplemented with daily folic acid, 2.5–5.0 mg,
starting before conception in 26 pregnancies and within the first 40 days in 6.
This group produced 33 newborns (32 pregnancies—1 set of twins) with no
defects, a significant difference from the nonsupplemented group. Loss of
seizure control caused by folic acid lowering of phenytoin serum levels, which is
known to occur, was not a problem in this small series (82).

Negative associations between phenytoin and folate deficiency have been
reported (83,84). In one study, mothers were given supplements with an
average folic acid dose of 0.5 mg/day from the 6th to 16th week of gestation
until delivery (84). Defects were observed in 20 infants (15%) from the 133
women taking anticonvulsants, which is similar to the reported frequency in
pregnant patients not given supplements. Folate levels were usually within the
normal range for pregnancy.

The effects of exposure (at any time during the 2nd or 3rd month after the
last menstrual period) to folic acid antagonists on embryo–fetal development
were evaluated in a large, multicenter, case–control surveillance study
published in 2000 (85). The report was based on data collected between 1976
and 1998 from 80 maternity or tertiary care hospitals. Mothers were



interviewed within 6 months of delivery about their use of drugs during
pregnancy. Folic acid antagonists were categorized into two groups: group I—
dihydrofolate reductase inhibitors (aminopterin, methotrexate, sulfasalazine,
pyrimethamine, triamterene, and trimethoprim); group II—agents that affect
other enzymes in folate metabolism, impair the absorption of folate, or increase
the metabolic breakdown of folate (carbamazepine, phenytoin, primidone, and
phenobarbital). The case subjects were 3870 infants with cardiovascular
defects, 1962 with oral clefts, and 1100 with urinary tract malformations.
Infants with defects associated with a syndrome were excluded as were infants
with coexisting NTDs (known to be reduced by maternal folic acid
supplementation). Too few infants with limb reduction defects were identified to
be analyzed. Controls (N = 8387) were infants with malformations other than
oral clefts and cardiovascular, urinary tract, and limb reduction defects and
NTDs, but included infants with chromosomal and genetic defects. The risk of
malformations in control infants would not have been reduced by vitamin
supplementation, and none of the controls used folic acid antagonists. For
group I cases, the relative risks (RRs) of cardiovascular defects and oral clefts
were 3.4 (95% confidence interval [CI] 1.8–6.4) and 2.6 (95% CI 1.1–6.1),
respectively. For group II cases, the RRs of cardiovascular and urinary tract
defects, and oral clefts were 2.2 (95% CI 1.4–3.5), 2.5 (95% CI 1.2–5.0), and
2.5 (95% CI 1.5–4.2), respectively. Maternal use of multivitamin supplements
with folic acid (typically 0.4 mg) reduced the risks in group I cases, but not in
group II cases (85).

The pharmacokinetics and placental transport of phenytoin have been
extensively studied and reviewed (86–88). Plasma concentrations of phenytoin
may fall during pregnancy. Animal studies and recent human reports suggest a
dose-related teratogenic effect of phenytoin (89,90). Although these results are
based on a small series of patients, it is reasonable to avoid excessively high
plasma concentrations of phenytoin. Close monitoring of plasma phenytoin
concentrations is recommended to maintain adequate seizure control and
prevent potential fetal hypoxia.

Placental function in women taking phenytoin has been evaluated (91). No
effect was detected from phenytoin as measured by serum human placental
lactogen, 24-hour urinary total estriol excretion, placental weight, and birth
weight.

In a study evaluating thyroid function, no differences were found between
treated epileptic pregnant women and normal pregnant controls (92). Thyroxine
levels in the cord blood of anticonvulsant-exposed infants were significantly



lower than in controls, but this was shown to be caused by altered protein
binding and not altered thyroid function. Other parameters studied—thyrotropin,
free thyroxine, and triiodothyronine—were similar in both groups.

The effect of phenytoin on maternal and fetal vitamin D metabolism was
examined in a 1984 study (93). In comparison to normal controls, several
significant differences were found in the level of various vitamin D compounds
and in serum calcium, but the values were still within normal limits. No
alterations were found in alkaline phosphatase and phosphate concentrations.
The authors doubted whether the observed differences were of major clinical
significance.

Phenytoin may be used for the management of digitalis-induced arrhythmias
that are unresponsive to other agents and for refractory ventricular
tachyarrhythmias (94–96). This short-term use has not been reported to cause
problems in the exposed fetuses. The drug has also been used for
anticonvulsant prophylaxis in severe preeclampsia (97).

A study published in 2009 examined the effect of antiepileptic drugs (AEDs)
on the head circumference in newborns (98). Significant reductions in mean
birth-weight-adjusted mean head circumference (bw-adj-HC) was noted for
monotherapy with carbamazepine and valproic acid. No effect on bw-adj-HC
was observed with gabapentin, phenytoin, clonazepam, and lamotrigine. A
significant increase in the occurrence of microcephaly (bw-adj-HC smaller than
2 standard deviations below the mean) was noted after any AED polytherapy
but not after any monotherapy, including carbamazepine and valproic acid. The
potential effects of these findings on child development warrant study (98).

In a 1988 study designed to evaluate the effect of in utero exposure to
anticonvulsants on intelligence, 148 Finnish children of epileptic mothers were
compared with 105 controls (99). Previous studies had either shown intellectual
impairment from this exposure or no effect. Of the 148 children of epileptic
mothers, 129 were exposed to anticonvulsant therapy during the first 20 weeks
of pregnancy, 2 were only exposed after 20 weeks, and 17 were not exposed.
In those mothers treated during pregnancy, 103 received phenytoin
(monotherapy in 54 cases), all during the first 20 weeks. The children were
evaluated at 5.5 years of age for both verbal and nonverbal measures of
intelligence. A child was considered mentally deficient if the results of both tests
were <71. Two of the 148 children of epileptic mothers were diagnosed as
mentally deficient and 2 others had borderline intelligence (the mother of 1 of
these latter children had not been treated with anticonvulsant medication). None
of the controls was considered mentally deficient. Both verbal (110.2 vs. 114.5)



and nonverbal (108.7 vs. 113.2) intelligence scores were significantly lower in
the study group children than in controls. In both groups, intelligence scores
were significantly lower when seven or more minor anomalies were present.
However, the presence of hypertelorism and digital hypoplasia, two minor
anomalies considered typical of exposure to phenytoin, was not predictive of
low intelligence (99).

A prospective, controlled, blinded observational 1994 study compared the
global IQ and language development of children exposed in utero to either
phenytoin (N = 36) or carbamazepine (N = 34) monotherapy to their respective
matched controls (100). The cognitive tests were administered to the children
between the ages of 18 and 36 months. The maternal IQ scores and
socioeconomic status in the phenytoin subjects and their controls were similar
(90 vs. 93.9 and 40.8 vs. 40.9, respectively) as they were in the
carbamazepine subjects and controls (96.5 vs. 96.0 and 44.7 vs. 46.1,
respectively). Compared with controls, phenytoin-exposed children had a
significantly lower mean global IQ than their matched controls (113.4 vs.
103.1). The verbal comprehension and expressive language scores were also
significantly lower (0.2 vs. 1.1 and –0.47 vs. 0.2, respectively). In contrast, no
significant differences were measured either in IQ or language development
scores between carbamazepine-exposed children and their matched controls.
No correlation between the daily dose (mg/kg) of either anticonvulsant and
global IQ was found. Major malformations were observed in two phenytoin-
exposed children (cleft palate and hypospadias; meningomyelocele and
hydrocephalus), none of the phenytoin controls, two carbamazepine-exposed
children (missing last joint of right index finger and nail hypoplasia;
hypospadias), and one carbamazepine control (pulmonary atresia). The study
results suggested that phenytoin had a clinically important negative effect on
neurobehavioral development that was independent of maternal or
environmental factors (100). In subsequent correspondence relating to the
above study (101,102), various perceived problems were cited and were
addressed in a reply (103).

A 2013 study reported dose-dependent associations with reduced cognitive
abilities across a range of domains at 6 years of age after fetal valproate
exposure (104). Analysis showed that IQ was significantly lower for valproate
(mean 97, 95% CI 94–101) than for carbamazepine (mean 105, 95% CI 102–
108; p = 0.0015), lamotrigine (mean 108, 95% CI 105–110; p = 0.0003), or
phenytoin (mean 108, 95% CI 104–112; p = 0.0006). Mean IQs were higher in
children whose mothers had taken folic acid (mean 108, 95% CI 106–111)



compared with children whose mothers had not taken the vitamin (mean 101,
95% CI 98–104; p = 0.0009) (104).

The relationship between maternal anticonvulsant therapy, neonatal behavior,
and neurologic function in children was reported in a 1996 study (105). Among
newborns exposed to maternal monotherapy, 18 were exposed to
phenobarbital (including primidone), 13 to phenytoin, and 8 to valproic acid.
Compared with controls, neonates exposed to phenobarbital had significantly
higher mean apathy and optimality scores. Phenytoin-exposed neonates also
had a significantly higher mean apathy score. However, the neonatal optimality
and apathy scores did not correlate with neurologic outcome of the children at
6 years of age. In contrast, those exposed to valproic acid had optimality and
apathy scores statistically similar to controls but a significantly higher
hyperexcitability score. Moreover, the hyperexcitability score correlated with
later minor and major neurologic dysfunction at age 6 years (105).

A two-part 2000 study evaluated the effects of prenatal phenobarbital and
phenytoin exposure on brain development and cognitive functioning in adults
(106). Subjects and controls, delivered at a mean 40 weeks’ gestation, were
retrospectively identified from birth records covering the years between 1957
and 1972. Maternal diseases of the subjects included epilepsy (treated with
anticonvulsants) and other conditions in which anticonvulsants were used as
sedatives (nausea, vomiting, or emotional problems), whereas the matched
control group had no maternal pathologies. Only those exposed prenatally to
phenobarbital alone or phenobarbital plus phenytoin had sufficient subjects to
analyze. The mean occipitofrontal circumference for phenobarbital-exposed
neonates was not different from controls (34.49 vs. 34.50 cm), but it was
significantly smaller for phenobarbital plus phenytoin subjects compared with
phenobarbital alone or controls (33.82 cm). In the follow-up part of the study,
no differences in adult cognitive functioning (intelligence, attention, and memory)
were found between the exposed and control groups. More subjects than
controls, however, were mentally slow (4 vs. 2; 1 control had autism) and more
had persistent learning problems (12% vs. 1%). The investigators concluded
that phenobarbital plus phenytoin reduced occipitofrontal circumference but
may only affect cognitive capacity in susceptible offspring (106).

BREASTFEEDING SUMMARY
Phenytoin is excreted into breast milk. Milk:plasma ratios range from 0.18 to
0.54 (86,106–110). The pharmacokinetics of phenytoin during lactation have
been reviewed (86). The reviewers concluded that little risk to the nursing infant



was present if maternal levels were kept in the therapeutic range. However,
methemoglobinemia, drowsiness, and decreased sucking activity were reported
in one infant (111). Except for this one case, no other reports of adverse
effects with the use of phenytoin during lactation have been located.

In a 2010 study, 199 children, who had been breastfed while their mothers
were taking a single antiepileptic drug (carbamazepine, lamotrigine, phenytoin,
or valproate), were evaluated at 3 years of age cognitive outcome (112). Mean
adjusted IQ scores for exposed children were 99 (95% CI 96–103), whereas
the mean adjusted IQ scores of nonbreastfed infants were 98 (95% CI 95–
101).

The American Academy of Pediatrics classifies phenytoin as compatible with
breastfeeding (113).
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PHYSOSTIGMINE
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Physostigmine is rarely used in pregnancy. No reports linking its use with
congenital defects have appeared.

FETAL RISK SUMMARY
Physostigmine is an anticholinesterase agent, but it does not contain a
quaternary ammonium element. It crosses the blood–brain barrier and should
be expected to cross the placenta (1). Crossing to the embryo–fetus would be
consistent with its relatively low molecular weight (about 275).

One report described the use of the drug in 15 women at term to reverse
scopolamine-induced twilight sleep (2). Apgar scores of 14 of the newborns
ranged from 7 to 9 at 1 minute and 8 to 10 at 5 minutes. One infant was
depressed at birth and required resuscitation, but the mother had also received
meperidine and diazepam. No other effects in the infants were mentioned.

Transient muscular weakness has been observed in about 20% of newborns
of mothers with myasthenia gravis (3–5). The neonatal myasthenia is caused
by transplacental passage of anti-acetylcholine receptor immunoglobulin G
antibodies (5).

BREASTFEEDING SUMMARY
No reports describing the use of physostigmine during human lactation have
been located. The relatively low molecular weight (about 275) suggests that it
will be excreted into breast milk. The effect of this exposure on a nursing infant
is unknown.
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PHYTONADIONE
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Phytonadione (vitamin K1) is the treatment of choice for maternal
hypoprothrombinemia and for the prevention of hemorrhagic disease of the
newborn (HDN). Maternal supplements are not needed except for those
patients deemed at risk for vitamin K deficiency. A recommended dietary
intake of 45 mcg (100 nmol) of vitamin K1 from food during pregnancy has
been proposed (1).

FETAL RISK SUMMARY
Phytonadione is a synthetic, fat-soluble substance identical to vitamin K1, the
natural vitamin found in a variety of foods. It is used for the prevention and
treatment of hypoprothrombinemia caused by vitamin K deficiency (2). Animal
reproduction studies have not been conducted with phytonadione.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 5 newborns had
been exposed to phytonadione during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Four (80.0%) major birth defects were observed
(none expected), including 2/0 cardiovascular defects and 1/0 spina bifida. No
anomalies were observed in four other defect categories (oral clefts,
polydactyly, limb reduction defects, and hypospadias) for which specific data
were available.

The use of phytonadione (vitamin K1) during pregnancy and in the newborn
has been the subject of several large reviews (3–6). Administration of vitamin K
during pregnancy is usually not required because of the abundance of natural
sources in food and the synthesis of the vitamin by the normal intestinal flora.
Vitamin K1 is indicated for maternal hypoprothrombinemia and for the
prevention of HDN induced by maternal drugs, such as anticonvulsants,



warfarin, rifampin, and isoniazid (3–6).
Only low amounts of vitamin K1 cross the placenta (7,8). A 1982 study found

no detectable vitamin K (<0.10 ng/mL) in the cord blood of nine term infants,
although adequate levels (mean 0.20 ng/mL) were present in eight of the nine
mothers (7). Vitamin K1, 1 mg IV, was then given to six additional mothers
shortly before delivery (11–47 minutes) resulting in plasma vitamin K1 values of
45–93 ng/mL. Vitamin K1 was detected in only four of the six cord blood
samples (ranging from 0.10 to 0.14 ng/mL), and its appearance did not seem
to be time dependent. In a 1990 study, women were administered one or two
doses of vitamin K1 10 mg IM at 4-day intervals, and if not delivered, followed
by daily oral 20-mg doses until the end of the 34th week or delivery (8).
Treated subjects had significantly higher vitamin K1 maternal and cord plasma
levels than controls (11.592 vs. 0.102 ng/mL and 0.024 vs. 0.010 ng/mL,
respectively). Although the median plasma vitamin K1 levels in the mothers
treated only with IM doses were similar to those treated with IM and oral
doses, cord plasma levels in the latter group were significantly higher (0.42 vs.
0.017 ng/ mL). No correlation was found between cord plasma levels of vitamin
K1 and gestational age or duration of therapy (8).

Vitamin K1 is nontoxic in doses <20 mg (4). In a double-blind trial, 933
women at term were given 20 mg of either K1 or K2, the naturally occurring
vitamins (9). No toxicity from either vitamin was found, including any association
with low birth weight, asphyxia, neonatal jaundice, or perinatal mortality.

Oral vitamin K1 has been suggested during the last 2 weeks of pregnancy for
women taking anticonvulsants to prevent hypoprothrombinemia and hemorrhage
in their newborns, but the effectiveness of this therapy has not been proven
(3,4). In a group of mothers receiving phenindione, an oral anticoagulant, 10–30
mg of vitamin K1 was given either IV or intra-amniotically 2–4 days before
delivery (10). In a separate group, 2.5–3.0 mg of vitamin K1 was injected IM
into the fetuses at the same interval before delivery. Only in this latter group
were coagulation factors significantly improved.

BREASTFEEDING SUMMARY
The natural vitamin K content of breast milk is too low to protect the newborn
from vitamin K deficiency and resulting hemorrhagic disease. The administration
of vitamin K to the mother to increase milk concentrations may be possible but
needs further study. All newborns should receive parenteral prophylactic



therapy at birth consisting of 0.5–1.0 mg of phytonadione. Larger or repeat
doses may be required for infants whose mothers are consuming
anticonvulsants or oral anticoagulants (3,11). The American Academy of
Pediatrics classifies vitamin K1 as compatible with breastfeeding (12).

Levels of phytonadione (vitamin K1) in breast milk are naturally low with most
samples having <20 ng/mL and many having <5 ng/mL (3,4). In 20 lactating
women, colostrum and mature milk concentrations were 2.3 and 2.1 ng/mL,
less than half that found in cow’s milk (13). Administration of a single 20-mg
oral dose of phytonadione to one mother produced a concentration of 140
ng/mL at 12 hours with levels at 48 hours still about double normal values (13).
In another study, 40-mg oral doses of vitamin K1 or K3 (menadione) were given
to mothers within 2 hours after delivery (14). Effects from either vitamin on the
prothrombin time of the breastfed newborns were nil to slight during the first 3
days.

Natural levels of vitamin K1 or K2 in milk will not provide adequate supplies of
the vitamin for the breastfed infant (3,4). The vitamin K1-dependent coagulation
factors II, VII, IX, and X are dependent on gestational age (3). In the newborn,
these factors are approximately 30%–60% of normal and do not reach adult
levels until about 6 weeks (3). Although not all newborns are vitamin K1
deficient, many are because of poor placental transfer of the vitamin. Exclusive
breastfeeding will not prevent further decline of these already low stores and
the possible development of deficiency in 48–72 hours (3,4). In addition, the
intestinal flora of breastfed infants may produce less vitamin K than the flora of
formula-fed infants (3). The potential consequence of this deficiency is HDN.

The American Academy of Pediatrics has suggested that HDN be defined as
“a hemorrhagic disorder of the first days of life caused by a deficiency of
vitamin K and characterized by deficiency of prothrombin and proconvertin
(stable factor, factor VII), and probably of other factors” (11). The hemorrhage
is frequently life-threatening with intracranial bleeds common. A 1985 review (3)
identified three types of HDN:

Early HDN (onset 0–24 hours)
Classic HDN (onset 2–5 days)
Late HDN (onset 1–12 months)

The maternal ingestion of certain drugs, such as anticonvulsants, warfarin, or
antituberculous agents, is one of the known causes of early and classic HDN,
whereas breastfeeding has been shown to be a cause of classic and late HDN
(3). The administration of phytonadione to the newborn prevents HDN by



preventing further decline of factors II, VII, IX, and X (3).
The use of prophylactic vitamin K1 in all newborns is common in the United

States but is controversial in other countries (3). The American Academy of
Pediatrics Committee on Nutrition recommended in 1961 and again in 1980 that
all newborns receive 0.5–1.0 mg of parenteral vitamin K1 (11,15). The
Committee recommended that administration to the mother prenatally should
not be substituted for newborn prophylaxis (11). The bleeding risk in breastfed
infants who did not receive prophylactic vitamin K1 is 15–20 times greater than
in infants fed cow’s milk, given vitamin K1, or both (3). Despite this evidence,
new cases of HDN are still reported (4,16). In a recent report, 10 breastfed
infants with intracranial hemorrhage as a result of vitamin K deficiency were
described (16). Onset of the bleeding was between 27 and 47 days of age with
three infants dying and three having permanent brain injury. Milk levels of total
vitamin K (K1 + K2) varied between 1.36 and 9.17 ng/mL. None of the infants
had been given prophylactic therapy at birth.
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PILOCARPINE
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pilocarpine is used topically in the eye for glaucoma or as oral tablets in the
treatment of dry mouth. No reports of developmental toxicity attributable to
the drug have been located. However, animal reproduction studies have
observed toxicity with oral doses ≤10 times the human dose.

FETAL RISK SUMMARY
In reproduction studies in rats at a dose about 26 times the maximum human
oral dose of pilocarpine based on BSA (MRHD), adverse effects consisting of a
decrease in fetal weight and an increase in the incidence of skeletal variations
were observed. These effects may have been secondary to maternal toxicity
(1). In another study with rats, doses approximately 10 times the MRHD during
gestation and lactation were associated with an increased incidence of
stillbirths, whereas doses ≥5 times the MRHD were associated with decreased
neonatal survival and reduced pup body weights (1).

A single report of the topical use during pregnancy has been located. A
woman with glaucoma was treated throughout gestation with topical pilocarpine
(two drops twice daily), timolol (two drops each eye), and oral acetazolamide
(2). Within 48 hours of delivery at 36 weeks’ gestation, the infant presented
with hyperbilirubinemia, hypocalcemia, hypomagnesemia, and metabolic
acidosis. The toxic effects, attributed to the carbonic anhydrase inhibitor
acetazolamide (see Acetazolamide), resolved quickly on treatment. Mild
hypertonicity requiring physiotherapy was observed at examinations at 1, 3,
and 8 months of age.

BREASTFEEDING SUMMARY



No reports describing the use of pilocarpine during lactation have been located.
Because of the molecular weight (about 209 for the free base), excretion into
breast milk should be expected, at least after oral doses.
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PIMECROLIMUS
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pimecrolimus in human pregnancy have
been located. The systemic absorption after topical application of the
cream is minimal. Moreover, the animal reproduction data suggest low risk.
Based on this information, the topical use of the drug during pregnancy
appears to represent a low, if any, risk to the embryo or fetus.

FETAL RISK SUMMARY
Pimecrolimus, a selective inhibitor of inflammatory cytokine release, is an
immunosuppressant that is available as a 1% cream for topical application. It is
the same subclass of topical calcineurin inhibitor immunomodulators as
tacrolimus. Pimecrolimus is indicated as second-line therapy for the short-term
and noncontinuous chronic treatment of mild to moderate atopic dermatitis in
nonimmunocompromised adults and children ≥2 years of age. Systemic
absorption was minimal with blood concentrations <0.5 ng/mL in 91% of adult
subjects (1244/1362) tested. The maximum blood concentration observed in
these subjects was 1.4 ng/mL. Based on in vitro tests, plasma protein binding
of drug reaching the systemic circulation was 99.5%. Following a single oral
dose given to volunteers, pimecrolimus was extensively metabolized to inactive
metabolites and primarily excreted in the feces (1). Based on oral studies in
adult patients with psoriasis, the terminal elimination half-life after 28 days of
therapy was 50–100 hours (2).

Reproduction studies have been conducted in rats and rabbits. No maternal
or fetal toxicity was observed in these species exposed during organogenesis
to dermal doses that were 0.14 times the maximum recommended human dose
of the cream (MRHD) based on BSA and 0.65 times the MRHD based on AUC,



respectively. A second dermal study in pregnant rats at doses up to 0.66 times
the MRHD based on AUC revealed no maternal, reproductive, or embryo–fetal
toxicity, including teratogenicity, attributable to the drug. When pimecrolimus
was given orally to pregnant rats and rabbits, no evidence of developmental
toxicity was observed at doses up to 38 and 3.9 times the MRHD based on
AUC, respectively. In rabbits, an oral dose that was 12 times the MRHD based
on AUC caused maternal, embryo, and fetal toxicity. No toxicity was observed
at 5 times the MRHD based on AUC. Pimecrolimus crossed the placentas of
rats and rabbits given oral doses (1).

In a 2-year dermal carcinogenicity study conducted in rats, a significant
increase in the incidence of follicular cell adenoma of the thyroid was observed.
In mice, lymphoproliferative changes, including lymphoma, were observed. A
39-week oral study in monkeys also observed dose-related and duration-
related changes that could progress to lymphoma. A dose-dependent increase
in opportunistic infections also was noted. No evidence of mutagenicity or
clastogenicity was observed in several tests. No effect on fertility in female and
male rats was observed with oral doses that were 12 and 23 times the MRHD
based on AUC, respectively. In a second oral fertility study, the no effect doses
were 5 and 0.7 times the MRHD based on AUC, respectively (1).

It is not known if pimecrolimus crosses the human placenta. The molecular
weight (about 810) and the long elimination half-life suggest that if the drug
reaches the maternal circulation, exposure of the embryo–fetus will occur.
However, the minimal blood concentrations, high plasma protein binding, and
extensive metabolism suggest that such exposure will be limited, if it occurs at
all.

BREASTFEEDING SUMMARY
No reports describing the use of pimecrolimus during human lactation have
been located. The molecular weight (about 810) and the long elimination half-
life (50–100 hours after 28 days of therapy) suggest that if the drug reaches
the maternal circulation, excretion into breast milk will occur. However, the
minimal blood concentrations, high plasma protein binding (99.5%), and
extensive metabolism to inactive metabolites suggest that such excretion will be
limited, if it occurs at all. The risk to a nursing infant is unknown but does not
appear to be clinically significant.
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PIMOZIDE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience with pimozide is limited, but no embryo–
fetal harm has been reported. The animal data do not suggest a risk of
teratogenicity, but the lack of a meaningful comparison with the human
dose limits the data’s usefulness. The use of antipsychotics, including
pimozide, close to delivery may cause extrapyramidal effects (Parkinson-
like symptoms; akinesia) in the newborn (1). Until adequate human
pregnancy experience has been reported, the safest course is to avoid
pimozide in pregnancy, especially in the 1st trimester and close to delivery.
However, it should not be withheld because of pregnancy if it is the best
drug for the patient.

FETAL RISK SUMMARY
Pimozide is an orally active antipsychotic agent that blocks dopaminergic
receptors on neurons in the CNS. It is indicated for the suppression of motor
and phonic tics in patients with Tourette’s syndrome who have failed to respond
satisfactorily to standard treatment. Pimozide is extensively metabolized,
primarily in the liver, but the antipsychotic activity of the metabolites has not
been determined. In schizophrenic patients, the mean serum elimination half-life
was about 55 hours (2).

Reproduction studies have been conducted in rats and rabbits. In rats, oral
doses up to 8 times the maximum human dose (HD) were not teratogenic, but
decreased rates of pregnancies and increased rates of retarded fetal
development were observed. The decreased pregnancy rates were thought to
be due to an inhibition or delay in implantation, an effect in rodents that has
been observed with other antipsychotic drugs. Although rat fertility studies were



not adequate to assess all aspects of fertility, pimozide caused prolonged
estrus cycles similar to those observed with other antipsychotics. In the rabbit,
dose-related (doses not specified) maternal toxicity, mortality, decreased
weight gain, and embryo toxicity, including increased resorptions, were noted
(2).

Dose-related increases in pituitary and mammary gland tumors in female
mice were observed in long-term studies. The latter tumors may have been
related to drug-induced elevated prolactin levels. Doses up to 50 times the HD
were not tumorigenic in rats, but the limited number of animals surviving this
study makes the findings unclear (2).

It is not known if pimozide crosses the human placenta. The molecular weight
(about 462) and prolonged elimination half-life suggest that the drug will cross
to the embryo–fetus.

A 2006 case report described the use of pimozide throughout pregnancy (3).
The 26-year-old woman had been diagnosed with Tourette’s syndrome at the
age of 12–13 years and was treated with pimozide 1–3 mg/day. At age 19
years, in addition to the occurrence of tics from Tourette’s syndrome, she
began to experience symptoms of obsessive-compulsive disorder (OCD).
Fluoxetine 20 mg daily partially controlled the new disorder. Pimozide 1 mg/day
(the usual maintenance dose is 2–6 mg/day) and fluoxetine were continued until
the 27th week of pregnancy at which time she discontinued fluoxetine.
Ultrasound examinations of the fetus conducted 7 times from weeks 8 through
27 were normal. A cesarean section was planned for week 38 and, to prevent
potential toxicity in the newborn, pimozide was discontinued at 36 weeks’
gestation. However, 1 week after stopping pimozide the patient developed
continuous, severe tics with drastic movements and grimaces always followed
by coughing tics. In addition, she experienced intense symptoms of OCD and
pulled out her hair. During this period, the woman took several doses of
oxazepam. Because of the severity of the combined symptoms, an emergency
cesarean section was performed to deliver a healthy, 2448-g male infant with
Apgar scores of 7, 8, and 10 at 1, 5, and 10 minutes, respectively. Results of
physical and neurologic examinations of the infant at delivery and on day 3 of
life were normal. On day 3, an electroencephalogram was obtained, and
although the infant was asleep during most of the examination, no abnormalities
were observed. The mother restarted pimozide after delivery and decided not
to breastfeed (3).

In a brief 2009 report, a 29-year-old woman with Tourette’s syndrome was
treated with pimozide 4 mg/day throughout gestation (4). She gave birth to a



healthy female infant (no other data available).

BREASTFEEDING SUMMARY
No reports describing the use of pimozide during human lactation have been
located. The molecular weight (about 462) and prolong elimination half-life
(about 55 hours) suggest that the drug will be excreted into breast milk. The
effects, including effects on neurodevelopment, of this exposure on a nursing
infant are unknown. If a woman taking this drug decides to breastfeed, her
infant should be closely monitored for adverse effects seen in adults, such as
extrapyramidal reactions (Parkinson-like symptoms; akinesia), sedation, and
constipation.
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PINDOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

β-Blockade in the newborn has not been reported in the offspring of
pindolol-treated mothers. However, because this complication has been
observed in infants exposed to other β-blockers (see Acebutolol, Atenolol,
and Nadolol), close observation of the newborn is recommended during the
first 24–48 hours after birth. Long-term effects of in utero exposure to β-
blockers have not been studied but warrant evaluation.

Some β-blockers may cause intrauterine growth restriction (IUGR) and
reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Treatment beginning
early in the 2nd trimester results in the greatest weight reductions, whereas
treatment restricted to the 3rd trimester primarily affects only placental
weight. Pindolol does possess ISA. However, IUGR and reduced placental
weight may potentially occur with all agents within this class. Although
IUGR is a serious concern, the benefits of maternal therapy with β-
blockers, in some cases, might outweigh the risks to the fetus and must be
judged on a case-by-case basis.

FETAL RISK SUMMARY
Pindolol, a nonselective β-adrenergic blocking agent, has been used for the
treatment of hypertension occurring during pregnancy (1–7). Reproductive
studies in rats and rabbits at doses >100 times the maximum recommended
human dose (MRHD) found no evidence of embryotoxicity or teratogenicity (8).
Impaired mating behavior and increased mortality of offspring were observed in
female rats given doses 35 times the MRHD before and through 21 days of
lactation (8). At 118 times the MRHD, increased fetal resorptions were noted



(8).
A 1988 review compared the effects of β-blockers, including pindolol, in

pregnancy and concluded that these agents are relatively safe (9) (see
comment below).

Pindolol crosses the placenta to the fetus with maternal serum levels higher
than cord concentrations (10). Cord:maternal serum ratios at 2 and 6 hours
after the last dose were 0.37 and 0.67, respectively. Elimination half-lives in
fetal and maternal serum were 1.6 and 2.2 hours, respectively.

The effect of pindolol on uteroplacental blood flow was studied in 10 women
with gestational hypertension given a 10-mg oral dose (11). A significant fall in
the mean maternal blood pressure and mean arterial blood pressure occurred,
but no significant changes were observed in maternal or fetal heart rates,
uteroplacental blood flow index, or uteroplacental vascular resistance. In
contrast, a 1992 study, comparing the effects of pindolol and propranolol in
women with preeclampsia, found a significant reduction in uterine artery
vascular resistance, prompting the authors to conclude that pindolol acted, at
least in part, through a peripheral vascular mechanism (12).

No fetal malformations attributable to pindolol have been reported, but
experience in the 1st trimester is lacking. In a study comparing three β-blockers
for the treatment of hypertension during pregnancy, the mean birth weight of
pindolol-exposed babies was slightly higher than that of the acebutolol group
and much higher than that of the offspring of atenolol-treated mothers (3375 vs.
3160 vs. 2745 g) (2). It is not known whether these differences were caused
by the degree of maternal hypertension, the potency of the drugs used, or a
combination of these and other factors.

The preliminary results of another study found that more than a third of the
infants delivered from hypertensive women treated with pindolol were of low
birth weight, but the authors thought this did not differ significantly from the
expected rate for this population (3). In mothers treated with pindolol or
atenolol, a decrease in the basal fetal heart rate was noted only in the atenolol-
exposed fetuses (4). Additionally, in a prospective randomized study comparing
27 pindolol-treated women with 24 atenolol-treated women, no differences
between the groups were found in gestational length, birth weight, Apgar
scores, rates of cesarean section, or umbilical cord blood glucose levels (5).
Treatment in both groups started at about 33 weeks’ gestation.

A 1986 reference described the comparison of pindolol plus hydralazine with
hydralazine alone for the treatment of maternal hypertension (6). Treatment in
both groups was started at about 25 weeks’ gestation. The newborn outcomes



of the two groups, including birth weights, were similar.
A 1992 report described the outcomes of 29 women with gestational

hypertension in the 3rd trimester (7). The women were randomized to receive
either the cardioselective β-blocker, atenolol (N = 13), or the nonselective β-
blocker, pindolol (N = 16). The mean maternal arterial blood pressure decrease
in the two groups was 9 and 7.8 mmHg, respectively (ns). In comparing before
and after therapy, several significant changes were measured in fetal
hemodynamics with atenolol but, except for fetal heart rate, no significant
changes were measured with pindolol. The atenolol-induced changes included a
decrease in fetal heart rate, increases in the pulsatility indexes (and thus, the
peripheral vascular resistance) of the fetal thoracic descending aorta, the
abdominal aorta, and the umbilical artery and a decrease in the umbilical
venous blood flow. Although no difference was observed in the birth weights in
the two groups, the placental weight in atenolol-treated pregnancies was
significantly less (529 vs. 653 g, respectively).

An apparently significant drug interaction occurred when a woman, who was
being treated with pindolol for preeclampsia, had indomethacin added for
tocolysis to her therapy (13). Two weeks after starting pindolol, 15 mg/day,
indomethacin was started with a 200-mg rectal loading dose followed by 25 mg
daily for 5 days. A sudden rise in blood pressure (230/130 mmHg) occurred on
the fifth day with cardiotocographic changes in fetal vitality (13). A low-birth-
weight newborn infant was delivered by cesarean section and the mother’s
blood pressure returned to normal (125/85 mmHg) in the postpartum period. A
similar interaction occurred in another patient who was being treated with
propranolol (13).

BREASTFEEDING SUMMARY
No reports describing the use of pindolol during human lactation have been
located. The manufacturer, however, states that pindolol is excreted in human
milk (8). Because β-blockade has been observed in nursing infants exposed to
other β-blockers (see Acebutolol and Atenolol), infants should be closely
observed for bradycardia and other symptoms of β-blockade. Long-term
effects of exposure to β-blockers from milk have not been studied but warrant
evaluation.
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PIOGLITAZONE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pioglitazone during human pregnancy have
been located. Insulin is the treatment of choice for pregnant diabetic
patients because, in general, other hypoglycemic agents do not provide
adequate glycemic control. Moreover, insulin, unlike most oral agents, does
not cross the placenta to the fetus, thus eliminating the additional concern
that the drug therapy itself will adversely affect the fetus. Carefully
prescribed insulin therapy provides better control of the mother’s glucose,
thereby preventing the fetal and neonatal complications that occur with this
disease. High maternal glucose levels, as may occur in diabetes mellitus,
are closely associated with a number of maternal and fetal adverse effects,
including fetal structural anomalies if the hyperglycemia occurs early in
gestation. To prevent this toxicity, the American College of Obstetricians
and Gynecologists recommends that insulin be used for types 1 and 2
diabetes occurring during pregnancy and, if diet therapy alone is not
successful, for gestational diabetes (1,2).

FETAL RISK SUMMARY
Pioglitazone, a thiazolidinedione antidiabetic agent, is used as an adjunct to diet
and exercise to improve glycemic control in patients with type 2 diabetes
mellitus. It is used either alone or in combination with other antidiabetic agents
(insulin, metformin, or sulfonylureas). Pioglitazone is not an insulin
secretagogue, but acts to decrease insulin resistance in the periphery and in
the liver (i.e., decreases insulin requirements). It requires the presence of
insulin for its action. Pioglitazone undergoes extensive metabolism by
hydroxylation and oxidation, and at least three of the metabolites are



pharmacologically active (3).
Reproduction studies with pioglitazone have been conducted in rats and

rabbits at doses up to 17 and 40 times, respectively, the maximum
recommended human dose based on BSA (MRHD) (1). In pregnant rats, at
≥10 times the MRHD, pioglitazone was embryotoxic as evidenced by increased
postimplantation losses, delayed development, and reduced fetal weights. At
≥2 times the MRHD during late gestation and in the lactation period, delayed
development was observed that was attributed to decreased body weights.
Embryotoxicity was observed in rabbits dosed at 40 times the MRHD (3).

It is not known if pioglitazone or its active metabolites cross the placenta to
the fetus. The molecular weight of the parent compound (about 357 for the free
base) is low enough that transfer to the fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of pioglitazone during human lactation have been
located. The molecular weight of pioglitazone (about 357 for the free base) is
low enough that secretion into breast milk should be expected. At least three
active metabolites have been identified and these also may be transferred into
milk. The effect on a nursing infant from these exposures is unknown. However,
weak bases are known to accumulate in milk with concentrations higher than
those in maternal plasma.
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PIPERACETAZINE

[Withdrawn from the market. See 8th edition.]



PIPERACILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although the reported pregnancy experience with piperacillin is limited, all
penicillins are considered low risk in pregnancy.

FETAL RISK SUMMARY
Piperacillin, a piperazine derivative of ampicillin, is a broad-spectrum penicillin
(see also Ampicillin). Animal reproduction studies in mice and rats at doses up
to 4 times the human dose have shown no evidence of impaired fertility or fetal
harm (1).

No reports linking the use of piperacillin with congenital defects in humans
have been located. Piperacillin has been used between 24 and 35 weeks’
gestation in women with premature rupture of the membranes to delay delivery
(2). No adverse maternal or fetal effects were observed.

Piperacillin rapidly crosses the placenta to the fetus (3). Three women,
between 22 and 33 weeks’ gestation, were administered a single 4-g IV dose
of the antibiotic immediately before intrauterine exchange transfusion for Rh
isoimmunization. The mean concentrations of piperacillin in fetal serum,
maternal serum, and amniotic fluid were 20, 121, and 0.9 mcg/mL,
respectively. The fetal:maternal ratio was 0.17.

The pharmacokinetics of piperacillin during pregnancy have been reported
(4). Women were administered a 4-g IV dose just before cesarean section.
The mean venous cord concentration was 9.7 mcg/mL, representing a mean
fetal:maternal ratio of 0.27. As with other penicillins, an increased clearance of
the antibiotic was observed during pregnancy.

BREASTFEEDING SUMMARY
Piperacillin is excreted in small amounts into breast milk (1). Although
concentrations are low, three potential problems exist for the nursing infant:



modification of bowel flora, direct effects on the infant, and interference with
the interpretation of culture results if a fever workup is required.
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PIPERAZINE
Anthelmintic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

No reports associating the use of piperazine with congenital defects have
been located, but the data are very limited. There are no relevant animal
data.

FETAL RISK SUMMARY
A review of the treatment of threadworm infestation during pregnancy cited a
personal communication involving two infants with congenital malformations who
were exposed to piperazine (1). One of the infants had bilateral hare lip, cleft
palate, and anophthalmia, but exposure to piperazine had occurred at 12 and
14 weeks’ gestation, after the period when an exposure could have caused the
defects. The mother in the second case had taken the anthelmintic at 6 and 8
weeks’ gestation and her infant had a defect of the right foot (1). Based on the
timing and scarcity of reports, the possibility of a causal relationship in the both
cases is doubtful.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 3 of
whom had 1st trimester exposure to piperazine. No evidence was found to
suggest a relationship to malformations (2).

BREASTFEEDING SUMMARY
Piperazine is excreted in breast milk (1), but specific data have not been
located. According to one reviewer, the mother should take her dose
immediately following feeding her infant, and then express and discard her milk
during the next 8 hours (1).
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PIPERIDOLATE

[Withdrawn from the market. See 9th edition.]



PIRBUTEROL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pirbuterol in human pregnancy have been
located. The animal reproduction data suggest low risk. Other agents in
this class (see below) are considered low risk or compatible. Because of
its β-2 adrenergic activity, the drug probably inhibits uterine contractions.
However, this effect is not seen clinically because the drug has not been
detected in blood after inhalation. Nevertheless, pirbuterol inhalers should
only be used during labor if clearly indicated. If pirbuterol is used in
pregnancy for the treatment of asthma, health care professionals are
encouraged to call the toll-free number 877-311-8972 for information about
patient enrollment in an Organization of Teratology Information Specialists
(OTIS) study.

FETAL RISK SUMMARY
Pirbuterol is an inhaled sympathomimetic amine that has a preferential effect on
β-2 adrenergic receptors (1). Other agents in this class are albuterol,
metaproterenol, salmeterol, and terbutaline. Pirbuterol is indicated for the
prevention and reversal of bronchospasm in patients ≥12 years of age with
reversible bronchospasm including asthma. It may be used with or without
concurrent theophylline and/or corticosteroid therapy. Each activation delivers a
total dose of 453 mcg of pirbuterol acetate. Systemic blood concentrations of
pirbuterol following inhalation of doses up to 800 mcg were below the level of
detection (2–5 ng/mL). When the drug was given orally, the plasma elimination
half-life was about 2 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, no
teratogenicity was observed with oral doses up to 1000 times the maximum



recommended daily inhalation dose in adults based on BSA (MRDID).
Pirbuterol was not teratogenic in rabbits given oral doses up to 680 times the
MRDID. At 2000 times the MRDID, abortions and fetal death were observed in
rabbits (1).

In long-term studies with rats and mice, no evidence of carcinogenicity was
seen with dietary doses up to 35 and 15 times the MRDID, respectively.
Assays for mutagenicity and cytogenicity were negative. There also was no
evidence of impaired fertility in rats given oral doses up to 35 times the MRDID
(1).

It is not known if pirbuterol crosses the human placenta. Although the
molecular weight (about 300) is low enough, the drug has not been detected in
blood when administered by inhalation.

BREASTFEEDING SUMMARY
No reports describing the use of pirbuterol inhalers during human lactation have
been located. Although the molecular weight (about 300) is low enough, the
drug has not been detected in blood when administered by inhalation.
Consequently, there should be no drug in breast milk.
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PIROXICAM
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1,2). These drugs also have been shown to
inhibit labor and prolong pregnancy, both in humans (3) (see also
Indomethacin) and in animals (4). Women attempting to conceive should
not use any prostaglandin synthesis inhibitor, including piroxicam, because
of the findings in a variety of animal models that indicate these agents block
blastocyst implantation (5,6). Moreover, as noted below, nonsteroidal anti-
inflammatory drugs (NSAIDs) have been associated with spontaneous
abortions (SABs) and congenital malformations. The absolute risk for these
defects, however, appears to be low.

FETAL RISK SUMMARY
Piroxicam is an NSAID used for relief of the signs and symptoms of rheumatoid
arthritis and osteoarthritis. It is in the same NSAID subclass (oxicams) as
meloxicam.

Animal reproduction studies in rabbits and rats have not shown drug-related
embryotoxicity or teratogenicity (7–9). However, decreased fetal growth was
observed in some species (8).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 161 newborns had
been exposed to piroxicam during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Six (3.7%) major birth defects were observed
(seven expected). Specific data were available for six defect categories,



including (observed/expected) 1/2 cardiovascular defects, 1/0 oral clefts, 1/0
spina bifida, 1/0.5 polydactyly, 0/0 limb reduction defects, and 0/0
hypospadias. These data do not support an association between the drug and
congenital defects.

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (10). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (11). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (12). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater
cyclooxygenase 2 (COX-2) affinity, had a lower risk of this toxicity in humans
than aspirin (13).

BREASTFEEDING SUMMARY
Piroxicam is excreted into breast milk. A nursing woman, 9 months postpartum,
was treated with piroxicam 20 mg/day for 4 months (14). Maternal serum
concentrations of the drug 2.5 and 15.0 hours after a dose were 5.85 and
4.79 mcg/mL, respectively. Milk levels varied between 0.05 and 0.17 mcg/mL.
Based on an ingested volume of 600 mL/day, the investigators estimated the
infant would have received a daily dose of about 0.05 mg. However, no drug
was detectable in the infant’s serum. A second woman stopped nursing her 8-
month-old infant when she was treated with piroxicam 40 mg/day (14). Milk
concentrations of the drug ranged from 0.11 to 0.22 mcg/mL, with the highest
level measured 2.5 hours after the second dose. In both cases, the
concentration of the drug in milk was approximately 1% of the mother’s serum
levels. These amounts probably do not present a risk to the nursing infant (15).
The American Academy of Pediatrics classifies piroxicam as compatible with
breastfeeding (16).
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PITAVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of pitavastatin in human pregnancy have
been located. The absence of human pregnancy experience prevents an
assessment of the embryo and/or fetal risk. Because the interruption of
cholesterol-lowering therapy during pregnancy should have no apparent
effect on the long-term treatment of hyperlipidemia, pitavastatin should not
be used during pregnancy. Moreover, cholesterol and other products of
cholesterol biosynthesis are essential components for fetal development
(1). Women taking this agent before conception should stop the therapy
before becoming pregnant and certainly on recognition of pregnancy.
Accidental use of the drug during gestation, though, apparently has no
proven consequences for the fetus.

FETAL RISK SUMMARY
Pitavastatin, a synthetic 3-hydroxy-3-methyl-coenzyme A (HMG-CoA)
reductase inhibitor (a statin) that is lipophilic, is indicated as an adjunctive
therapy to diet to reduce elevated total cholesterol, low-density lipoprotein
cholesterol, apolipoprotein B, and triglycerides and to increase high-density
lipoprotein cholesterol. It has the same mechanism of action as other agents
available in this class, atorvastatin, fluvastatin, lovastatin, pravastatin,
rosuvastatin, and simvastatin (cerivastatin was withdrawn from the market in
2001). Pitavastatin is metabolized to inactive metabolites. Plasma protein
binding is high (>99%), mainly to albumin and α-1-acid glycoprotein, and the
mean plasma elimination half-life is about 12 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats during
organogenesis, doses resulting in systemic exposures up to 22 times the
human systemic exposure at 4 mg/day based on AUC (HSE), the lowest dose
tested, caused no adverse effects. When the drug was given from



organogenesis through weaning, maternal toxicity (mortality at about ≥3 times
the HSE and impaired lactation at about ≥1 times the HSE) contributed to the
decreased survival of neonates. In rabbits, maternal toxicity (reduced body
weight and abortions) were observed at 4 times the HSE (1).

Carcinogenicity studies in mice were negative, but high doses (295 times the
HSE) caused thyroid follicular cell tumors in rats. Pitavastatin was not
mutagenic in several assays but high doses that also caused cytotoxicity were
clastogenic. High doses caused no adverse effects on male and female rat
fertility (1).

It is not known if pitavastatin crosses the human placenta. The molecular
weight (about 813 for the free acid) and elimination half-life suggest that it will
cross, but the high plasma protein binding might limit the exposure. The drug
does cross the rat placenta (1).

BREASTFEEDING SUMMARY
No reports describing the use of pitavastatin during human lactation have been
located. The molecular weight (about 813 for the free acid) and elimination half-
life (about 12 hours) suggest that it will be excreted into breast milk, but the
high plasma protein binding might limit the amount. At least two similar agents
(fluvastatin and pravastatin) appear in human milk. Because of the potential for
adverse effects in the nursing infant, the drug should not be used during
lactation.
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PLERIXAFOR
Hematologic (Hematopoietic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of plerixafor during human pregnancy have
been located. The animal reproduction data suggest risk but only one
species was studied. If a pregnant woman’s disease requires the use of
this agent, she should be informed of the potential risk to her embryo or
fetus.

FETAL RISK SUMMARY
Plerixafor, a hematopoietic stem cell mobilizer, is an inhibitor of the CXCR4
chemokine receptor and blocks binding of its cognate ligand, stromal cell-
derived factor-1α. It is indicated in combination with granulocyte-colony
stimulating factor to mobilize hematopoietic stem cells to the peripheral blood
for collection and subsequent autologous transplantation in patients with non-
Hodgkin’s lymphoma and multiple myeloma. Plerixafor is not metabolized.
Plasma protein binding is up to 58% and the terminal half-life is 3–5 hours in
patients with normal renal function (1).

Reproduction studies have been conducted in rats. In this species, embryo–
fetal toxicity was observed mainly at a dose that was about 10 times the
recommended human dose of 0.24 mg/kg based on BSA or 10 times the AUC
in subjects with normal renal function who received a single of 0.24 mg/kg. The
embryo–fetal toxicities included fetal death, increased resorptions and
postimplantation loss, decreased fetal weights, anophthalmia, shortened digits,
cardiac interventricular septal defect, ringed aorta, globular heart,
hydrocephaly, dilation of olfactory ventricles, and retarded skeletal
development (1).

Carcinogenicity studies have not been conducted with plerixafor. The drug



was not genotoxic in various assays. Studies in animals on male or female
fertility have not been conducted. However, no adverse effects were observed
on spermatogenesis in rats in a 28-day repeated dose toxicity study, nor was
there any evidence of toxicity in male or female reproductive organs (1).

It is not known if plerixafor crosses the human placenta. However, the
molecular weight (about 503), lack of metabolism, moderate plasma protein
binding, and moderately long terminal half-life suggest that the drug will cross
to the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of plerixafor during human lactation have been
located. The molecular weight (about 503), lack of metabolism, moderate
plasma protein binding (up to 58%), and moderately long terminal half-life (3–5
hours) suggest that the drug will be excreted into breast milk. The effect of this
exposure on a nursing infant is unknown. The safest course for the infant would
be to hold nursing for about 24 hours after a dose. If the mother is given this
drug and continues nursing, her infant should be closely monitored for the most
common adverse reactions seen in adults: diarrhea, nausea, fatigue, headache,
arthralgia, dizziness, and vomiting.

Reference
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PLICAMYCIN
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PODOFILOX
Keratolytic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Podofilox (podophyllotoxin) is the active compound in podophyllum resin.
(See Podophyllum.)

FETAL RISK SUMMARY
No teratogenicity was observed in pregnant rabbits after once daily topical use
for 13 days at doses up to 5 times the maximum human dose (1).

BREASTFEEDING SUMMARY
No reports describing the use of podofilox during human lactation have been
located.

Reference
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PODOPHYLLUM
Keratolytic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although it is uncertain whether podophyllum is a human teratogen,
products containing this drug should not be used during pregnancy for the
treatment of genital warts (human papillomavirus infections) because of the
potential severe myelotoxicity and neurotoxicity in the mother. Although one
author believes the topical application of podophyllum resin is safe during
pregnancy (1), most other sources consider it a dangerous agent to use
during this period, especially because of the availability of alternative, safer
treatments. The American College of Obstetricians and Gynecologists (2)
and other reviews (3) and reference sources (4) all state that the drug is
contraindicated during pregnancy. The contraindications to the use of
podophyllum agents include the use of podophyllotoxin (podofilox) during
pregnancy and in the vagina or cervix at any time (2).

FETAL RISK SUMMARY
Podophyllum is the dried rhizomes and roots of Podophyllum peltatum
(American mandrake, May apple) (4). Podophyllum resin is the dried mixture of
resins extracted from podophyllum (4). Podophyllotoxin (podofilox), the major
active compound in podophyllum resin, and podophyllum are keratolytic agents
whose caustic action is thought to be caused by the arrest of mitosis in
metaphase. In addition to its antimitotic effect, podophyllum also has cathartic
action, but should not be used for this purpose because of the potential for
severe drug-induced toxicity (5).

Three reproductive studies in rats and mice with podophyllum or
podophyllotoxin found no teratogenic effects, but resorptions occurred when the
agents were used early in gestation (6–8). A 1952 study observed no
teratogenic changes in mice, rats, and rabbits with podophyllotoxin (9). Two



other studies involving podophyllum reported embryotoxicity, but not
teratogenicity, in mice (10) and only minor skeletal changes in rats (11).
Another agent derived from P. peltatum that is present in podophyllum resin,
peltatin (α and β forms), was not teratogenic in mice (12).

The first report of human teratogenicity related to podophyllum appeared in
1962 (13). A 24-year-old woman took herbal “slimming tablets,” containing
podophyllum and other extracts, from the 5th to 9th weeks of gestation, a total
of 3.5 weeks. The estimated daily dose of podophyllum was 180 mg. The term,
female infant had multiple anomalies, including an absent right thumb and
radius, a supernumerary left thumb, a probable septal defect of the heart, a
defect of the right external ear, and skin tags. The malformations were
attributed to the antimitotic action of podophyllum (13).

In contrast to the above outcome, a woman at 26 weeks’ gestation was
treated with multiple applications of 20% podophyllum resin in compound
benzoin tincture for condylomata acuminata (genital human papillomavirus
infection) that covered the entire vulva, the minor and major labia, and a portion
of the vagina (14). In addition, the woman was accidentally given 5 mL of the
preparation orally, a potentially fatal dose. Toxic symptoms in the mother
included persistent, severe coughing, nausea and vomiting, and hypotension, all
of which had resolved within 72 hours. Three months later, the mother delivered
a normal 3560-g male infant who was doing well.

A 1972 report described severe peripheral neuropathy and intrauterine fetal
death in a woman at either 32 or 34 weeks’ (both dates were used) gestation
following the administration of 7.5 mL (1.88 g of podophyllum) of 25%
podophyllum resin to florid vulval warts that were friable and bled easily (15).
General anesthesia (nitrous oxide and oxygen) was used during application of
podophyllum. Fetal heart sounds were lost 2 days after the application of
podophyllum, and 10 days later a stillborn female infant was delivered. The
woman’s symptoms and death of her fetus were attributed to podophyllum
poisoning, apparently from systemic absorption of the drug. She eventually
recovered and within a year or two she had an uneventful pregnancy and
normal infant (15).

Minor congenital malformations consisting of a simian crease on the left hand
and a preauricular skin tag were observed in a newborn whose mother had
been treated with five applications of 25% podophyllum resin between the 23rd
and 29th weeks of pregnancy for condyloma acuminata (16). Although the
authors attributed the skin tag to the drug, podophyllum was not related to
either anomaly because of the late timing of exposure (17).



The Collaborative Perinatal Project recorded 14 1st trimester exposures to
podophyllum (presumably oral) among 50 mothers who had used a group of
miscellaneous gastrointestinal drugs (18). From this group, one (2%) infant with
an unspecified congenital malformation was observed (standardized relative
risk 0.27). It was not stated whether podophyllum was taken by the mother of
the affected infant.

BREASTFEEDING SUMMARY
No reports describing the use of podophyllum during human lactation have been
located.
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POLIDOCANOL
Sclerosing Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with polidocanol is limited. In animals,
polidocanol was associated with both maternal and fetal toxicity in one
species, but there was no evidence of an increase in structural
abnormalities. The absence of human pregnancy experience prevents a
better assessment of the risk to the embryo–fetus.

FETAL RISK SUMMARY
Polidocanol is given IV. It is a sclerosing agent indicated to treat uncomplicated
spider veins (varicose veins ≤1 mm in diameter) and uncomplicated reticular
veins (varicose veins 1–3 mm in diameter) in the lower extremities. Polidocanol
causes local endothelial damage and occlusion of the varicose vein. In four
patients, the mean half-life was 1.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. No
teratogenic or fetal toxic effects were noted in rats given IV doses up to the
maximum human dose based on BSA (MHD) during gestation days 6–17.
Polidocanol did not affect the ability of rats to deliver and rear pups when IV
doses up to the MHD were given from gestation day 17 to postpartum day 21.
In rabbits, IV doses up to the MHD during gestation days 6–20 caused
maternal and fetal toxicity, including lower fetal weights and reduced fetal
survival, but not skeletal or visceral abnormalities. No adverse maternal or fetal
effects in rabbits were observed with a dose one-fifth the MHD (1).

Carcinogenicity studies have not been conducted with polidocanol. The drug
was not genotoxic in multiple assays, but it induced numerical chromosomal
aberrations in cultured newborn Chinese hamster lung fibroblasts. No effect on
reproductive performance was observed in rats given intermittent IV doses



equivalent to the MHD (1).
It is not known if polidocanol crosses the human placenta. The molecular

weight (about 600) suggests that the drug will cross, but the short elimination
half-life may limit the embryo–fetal exposure. Low systemic blood levels have
been noted in some patients treated for spider or reticular veins (1). This might
result in very-low-level exposure of the embryo–fetus.

A 1991 case report described a woman who was treated for a variceal
hemorrhage with endoscopic intravasal injection of polidocanol in mid-
pregnancy (2). No adverse effects were observed in her infant. A 2008 case
report involved 3rd trimester in utero treatment of two fetuses with polidocanol
for congenital cystic adenomatoid malformation of the lung (3). No apparent
treatment-related adverse effects were noted in the infants.

BREASTFEEDING SUMMARY
No reports describing the use of polidocanol during lactation have been located.
The low-level systemic blood levels and the molecular weight (about 600)
suggest that the drug may be excreted into human milk. The effects of this
exposure on a nursing infant are unknown but most likely lack clinical
significance.
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POLYETHYLENE GLYCOL (3350 & 4000)
Laxative
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the published human pregnancy experience is limited, the
substances are compatible in pregnancy because only minimal amounts are
absorbed without significant change in fluid or electrolyte balance. Several
sources have concluded that polyethylene glycol (PEG), either PEG-3350
or PEG-4000 (numbers refer to the average molecular weight) are safe
and effective and should be considered as first-line therapy for constipation
in pregnancy (1–3).

FETAL RISK SUMMARY
PEG-3350 with electrolytes is a white powder that is dissolved in water. It is
indicated for bowel cleansing prior to colonoscopy. The osmotic activity of
PEG-3350 and the electrolytes result in virtually no net absorption or excretion
of ions so that large volumes can be given without significant change in fluid or
electrolyte balance (4,5). Similar properties should be expected for PEG-4000.

Reproduction studies in animals have not been conducted. Studies for
carcinogenic effects and impairment of fertility in animals have not been
performed (4,5).

It is not known if PEG-3350 or PEG-4000 cross the human placenta.
Although the average molecular weights are high (3350 and 4000), only minimal
amounts are absorbed and clinically significant exposure of the embryo–fetus
should not occur.

In a survey on the choice of colonoscopy preparations for pregnant patients,
gastroenterologists favored the use of the PEG solution and avoided oral
sodium phosphate, whereas obstetricians tended to prefer oral sodium
phosphate over the PEG product (6). However, the majority in both groups
avoided the sodium phosphate laxative.



In a 2004 observational open label study, 40 pregnant women with
constipation were enrolled at 6–37 weeks’ gestation (mean 21.0 weeks) and
given a solution of PEG-4000 for 15 days at a dose of 250 mL once or twice
daily (7). Pregnancy outcomes included one spontaneous abortion at 11 weeks’
and two preterm deliveries at 26 weeks’; one for failure of a cervical cerclage
and the other for severe gestational hypertension. Of the remaining 37 women,
the mean gestational age at delivery was 39.2 weeks. No neonatal
complications were observed (7).

A brief 1989 case report described the use of PEG (molecular weight not
specified) electrolyte solution in a 18-year-old woman at 38 weeks’ gestation
who had ingested 55 tablets of a prenatal iron supplement (8). An x-ray
demonstrated many iron tablets in her stomach. A whole bowel irrigation with
PEG through a nasogastric tube at 2.0 L/hr was started and continued until the
bowels were clear. Deferoxamine also was given for chelation. The patient was
subsequently discharged in good health and, 5 weeks later, gave birth to a
normal 3550-g female infant with no perinatal complications (8).

BREASTFEEDING SUMMARY
No reports describing the use of PEG-3350 or PEG-4000 during human
lactation have been located. However, the substances probably are compatible
with breastfeeding because only minimal amounts are absorbed. Large
volumes can be given without significant change in fluid or electrolyte balance
(4,5).
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POLYMYXIN B
Antibiotic
PREGNANCY RECOMMENDATION: Compatible (Topical)
BREASTFEEDING RECOMMENDATION: Compatible (Topical)

PREGNANCY SUMMARY

No reports linking the use of polymyxin B with congenital defects have been
located. Although available for injection, polymyxin B is used almost
exclusively by topical administration.

FETAL RISK SUMMARY
In one study, seven polymyxin B exposures were recorded in the 1st trimester
(1). No association with congenital defects was observed. In a brief 2005
report from the Hungarian Case–Control Surveillance of Congenital
Abnormalities (1980–1996) database, 6 infants, among 22,843 cases (fetus or
newborn) with birth defects, were exposed in utero to parenteral polymyxin B
(2). Two of the cases, exposed in the 1st trimester (one in the 1st and the
other in the 3rd month of gestation), had cardiovascular malformations. The
other four cases, neural tube defect, microcephaly, limb reduction defect, and
talipes equinovarus, were exposed after the 1st trimester. There were 13
exposed infants in the matched controls. The crude odds ratio for 1st trimester
exposure was 0.8, 95% confidence interval 0.3–2.0 (2).

BREASTFEEDING SUMMARY
No reports describing the use of polymyxin B during human lactation have been
reported.
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POLYTHIAZIDE

[Withdrawn from the market. See 9th edition.]



PONATINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ponatinib in human pregnancy have been
located. Embryo–fetal toxicity was observed in the only species studied at
a dose about one-fourth the human dose. The lack of human pregnancy
experience prevents a more complete assessment of the embryo–fetal
risk. If a woman who is or may be pregnant is given this drug, she must be
informed of the potential embryo–fetal risk.

FETAL RISK SUMMARY
Ponatinib is an oral tyrosine kinase inhibitor. There are several other agents in
this same subclass (see Appendix). It is indicated for the treatment of adult
patients with chronic phase, accelerated phase, or blast phase chronic myeloid
leukemia that is resistant or intolerant to prior tyrosine kinase inhibitor or
Philadelphia chromosome positive acute lymphoblastic leukemia that is resistant
or intolerant to prior tyrosine kinase inhibitor therapy. The drug undergoes
partial metabolism to apparently inactive metabolites. Plasma protein binding is
high (>99%) and the mean elimination half-life is about 24 hours (range 12–66
hours) (1).

Reproduction studies have been conducted in rats. In this species during
organogenesis, a dose that was about 24% of the AUC in patients receiving the
recommended dose (AUC-RD) caused embryo–fetal toxicities that involved
multiple fetal soft-tissue and skeletal alterations, including reduced ossification.
A dose equivalent to the AUC-RD was maternal toxic and caused embryo–fetal
toxicity as shown by increased resorptions, reduced body weight, external
alterations, multiple soft-tissue and skeletal alterations, and reduced
ossification (1).

Carcinogenicity studies have not been conducted with ponatinib. The drug
was not mutagenic or clastogenic in multiple assays. Although fertility studies in



animals have not been conducted, the drug has caused degeneration of
epithelium of the testes in rats and monkeys and follicular atresia in monkey
ovary with associated endometrial atrophy. The effects seen in rats were at a
dose that was about equivalent to the AUC-RD, whereas those in monkeys
were seen at about 4 times the AUC-RD (1).

It is not known if ponatinib crosses the human placenta. The molecular weight
(about 569) and long elimination half-life suggest that the drug will cross to the
embryo–fetus. However, the high plasma protein binding might limit the
exposure.

BREASTFEEDING SUMMARY
No reports describing the use of ponatinib during human lactation have been
located. The molecular weight (about 569) and long elimination half-life (mean
24 hours, range 12–66 hours) suggest that the drug will be excreted into breast
milk. However, the high (>99%) plasma protein binding might limit the exposure.
The effect of exposure to the drug on a nursing infant is unknown. However, in
adults, the drug has caused multiple hematologic and nonhematologic adverse
effects. A nursing infant of a woman who is taking this drug should be closely
monitored.
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PORFIMER
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of porfimer in human pregnancy have been
located. Although the dose comparisons used in the animal reproduction
studies were based on body weight, there was no association with
structural anomalies in two species at doses less than the human dose.
Other aspects of developmental toxicity could not be assessed because
the tested doses caused maternal toxicity. When the dose was decreased
by 50% in one species and continued throughout lactation, there was a
reduction in the body weights of the offspring. The absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. Nevertheless, if porfimer is required by a woman, the
drug should not be withheld because of pregnancy. If inadvertent
pregnancy does occur, the woman should be informed of the potential for
embryo and fetal harm.

FETAL RISK SUMMARY
Porfimer is a mixture of oligomers formed by ether and ester linkages of up to
eight porphyrin units. It is given IV as a photosensitizing agent used in
photodynamic therapy. Photodynamic therapy with porfimer is indicated for
cases of esophageal cancer, endobronchial non–small-cell lung cancer, and
high-grade Barrett’s esophagus. In patients with cancer, the plasma elimination
half-life was 250 ± 285 hours (about 10 ± 12 days), but in healthy volunteers,
the half-life was 415 ± 104 hours (about 17 ± 4.3 days). Porfimer is about 90%
protein bound in human serum.

Reproduction studies with porfimer have been conducted in rats and rabbits.
In pregnant rats, an IV dose 0.64 times the human clinical dose based on BSA



(HCD) given daily during organogenesis did not cause congenital malformations
but did result in maternal and fetal toxicity (resorptions, decreased litter size,
delayed ossification, and reduced fetal weight). An IV dose that was 0.32 times
the HCD given daily to pregnant rats during late pregnancy through lactation
caused a reversible decrease in growth of offspring. An IV dose 0.65 times the
HCD, given daily to pregnant rabbits during organogenesis did not cause fetal
anomalies, but did cause maternal toxicity resulting in resorptions, decreased
litter size, and reduced fetal weight (1).

Long-term studies for carcinogenicity have not been conducted. Porfimer
was not mutagenic or clastogenic in several tests. In studies with male and
female rats, an IV dose 0.32 times the HCD caused no impairment of fertility.
Long-term dosing resulted in discoloration of the testes and ovaries,
hypertrophy of the testes, and decreased body weights (1).

It is not known if porfimer crosses the human placenta. Because it is a
mixture of oligomers, the exact molecular weight, which is high, cannot be
determined. The long elimination half-life, however, does increase the possibility
that some may cross to the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of porfimer during human lactation have been
located.

Because it is a mixture of oligomers, the exact molecular weight, which is
high, cannot be determined,. The long elimination half-life, however, does
increase the possibility that some drug may be excreted into breast milk. The
effect of this potential exposure on a nursing infant is unknown, but this agent is
a photosensitizer.
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POSACONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of posaconazole in human pregnancy have
been located. The animal reproduction data suggest risk, but the absence
of human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. However, the drug will most likely cross the placenta to
the embryo and/or fetus. High-dose fluconazole (400 mg/day) is suspected
of causing birth defects (see Fluconazole), but doses <400 mg/day appear
to be low risk. Developmental toxicity has not been associated with
itraconazole. Thus, the best course is to avoid posaconazole during
pregnancy, especially in the 1st trimester. However, if the woman’s
condition requires posaconazole, the benefit probably outweighs the
unknown risk. The lowest possible dose should be used.

FETAL RISK SUMMARY
Posaconazole is a triazole antifungal agent in the same class as fluconazole,
itraconazole, terconazole, and voriconazole. Oral posaconazole is indicated for
prophylaxis of invasive Aspergillus and Candida infections in patients who are at
high risk of developing these infections due to being severely
immunocompromised, such as hematopoietic stem cell transplant recipients
with graft-versus-host disease or those with hematologic malignancies with
prolonged neutropenia from chemotherapy. It is also indicated for the treatment
of oropharyngeal candidiasis, including oropharyngeal candidiasis refractory to
itraconazole and/or fluconazole. Posaconazole is only partially metabolized
(about 17%) but is highly protein bound (>98%) in the plasma, primarily to
albumin. The mean elimination half-life of posaconazole is 35 hours (range 20–
66 hours) (1).



Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, doses ≥1.4 times the human dose of 400 mg twice daily based on steady-
state plasma concentrations in healthy volunteers (HD) resulted in skeletal
malformations (cranial malformations and missing ribs). The no-effect dose was
0.7 times the HD. In pregnant rabbits, a dose 2.9 times the HD or higher
caused an increase in resorptions. At 5.2 times the HD, maternal toxicity
(reduction in body weight gain) and a reduction in litter size were seen. The no-
effect dose in rabbits was about 1.4 times the HD (1).

No carcinogenicity was observed in 2-year studies in male and female rats
and mice. In addition, the drug was not mutagenic or clastogenic in several
tests. Posaconazole had no effect on fertility in male and female rats given
doses that were 1.7 and 2.2 times the HD, respectively (1).

It is not known if posaconazole crosses the human placenta. The molecular
weight (about 701), low metabolism, and long elimination half-life suggest that
the drug will cross to the embryo and/or fetus. The high plasma protein binding,
however, should limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of posaconazole during human lactation have
been located.

The molecular weight (about 701), low metabolism (about 17%), and long
elimination half-life (35 hours; range 20–66 hours) suggest that the drug will be
excreted into breast milk. The high plasma protein binding (>98%) should limit
the amount in milk. The effects, if any, of this potential exposure on a nursing
infant are unknown, but severe treatment-related toxicity has been reported in
adults, particularly hepatic toxicity, and nausea and vomiting.
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POTASSIUM CHLORIDE
Electrolyte
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Potassium chloride is a natural constituent of human tissues and fluids.
Exogenous potassium chloride may be indicated as replacement therapy
for pregnant women with low serum potassium levels, such as those
receiving diuretics. Because high or low levels are detrimental to maternal
and fetal cardiac function, serum levels should be closely monitored.

FETAL RISK SUMMARY
In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 35 newborns had
been exposed to oral potassium salts during the 1st trimester (F. Rosa,
personal communication, FDA, 1993). One (2.9%) infant with major birth
defects was observed (one expected), a case of limb reduction and
hypospadias.

BREASTFEEDING SUMMARY
Breast milk is naturally high in potassium with levels that are 3–4 times those in
plasma (1). The concentration of potassium in mature milk is about 55–57
mg/dL (about 14–15 mEq/L) (1). Because potassium freely passes into and out
of milk, the use of potassium chloride by a lactating woman with normal plasma
potassium levels would have no adverse effect on a nursing infant.

Reference
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POTASSIUM CITRATE
Electrolyte/Urinary Alkalinizer
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for the case discussed below, no other reports describing the use
of potassium citrate in human pregnancy have been located. In four animal
species, no teratogenicity was observed with very high doses of citric acid.
Citric acid is widely distributed in nature and is a key ingredient in
intermediary metabolism. In addition, potassium is a natural constituent of
human tissues and fluids. The primary risk appears to be from
hyperkalemia, as this product could produce this in patients who have a
condition predisposing them to high blood potassium levels. Because high
levels are detrimental to maternal and embryo–fetal cardiac function,
maternal serum potassium levels should be closely monitored.

FETAL RISK SUMMARY
Potassium citrate, the potassium salt of citric acid, is given orally to raise the
urinary pH. Citric acid is the acid of citrus fruits and is widely distributed in
nature. After absorption, metabolism of citrate increases the alkaline load.
Potassium citrate is indicated for the management of renal tubular acidosis with
calcium stones, hypocitraturic calcium oxalate nephrolithiasis of any etiology,
and uric acid lithiasis with or without calcium stones (1).

Reproduction studies have been conducted with citric acid in mice, rats,
rabbits, and hamsters. The highest doses studied were 241, 295, 425, and 272
mg/kg, respectively. No teratogenicity was observed in these species (2).

A 1964 report mentioned the use of potassium citrate in one pregnant patient
(3). The liveborn infant had an unspecified malformation, but no other details,
such as the timing of the exposure, dose, other drugs used, and the medical
and obstetric history, were provided.



BREASTFEEDING SUMMARY
No reports describing the use of potassium citrate during lactation have been
located. Breast milk is naturally high in potassium with levels that are 3–4 times
those in plasma (4). The concentration of potassium in mature milk is about 55–
57 mg/dL (about 14–15 mEq/L) (4). Because potassium freely passes into and
out of milk, the use of potassium citrate by a lactating woman with normal
plasma potassium levels would have no adverse effect on a nursing infant.
However, if the woman has hyperkalemia, this could result in higher milk
potassium concentrations. In this case, nursing infants should be observed for
gastrointestinal complaints commonly observed in adults with oral potassium
and plasma potassium concentrations should be monitored.
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POTASSIUM GLUCONATE
Electrolyte

See Potassium Chloride.



POTASSIUM IODIDE
Respiratory Drug (Expectorant)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Because a large number of prescription and over-the-counter medications
contain iodide or iodine, pregnant patients should consult with their
physician before using these products. The American Academy of
Pediatrics considers the use of iodides as expectorants during pregnancy
to be contraindicated (1).

FETAL RISK SUMMARY
The primary concern with the use of potassium iodide and the anti-infective,
iodine, during pregnancy relates to the effect of iodide on the fetal thyroid
gland. Because aqueous solutions of iodine are in equilibrium with the ionized
form, all iodide or iodine products are considered as one group.

Iodide readily crosses the placenta to the fetus (2). When used for prolonged
periods or close to term, iodide may cause hypothyroidism and goiter in the
fetus and newborn. Short-term use, such as a 10-day preparation course for
maternal thyroid surgery, does not carry this risk and is apparently safe (3,4).
A 1983 review tabulated 49 cases of congenital iodide goiter dating back to
1940 (66 references) (5). In 14 cases, the goiter was large enough to cause
tracheal compression resulting in death. Cardiomegaly was present in three
surviving newborns and in one of the fatalities. In a majority of the cases,
exposure to the iodide was a result of maternal asthma treatment.

Four studies have shown the potential hazard resulting from the use of
povidone-iodine during pregnancy (6–9). In each case, significant absorption of
iodine occurred in the mother and fetus following topical, vaginal, or perineal
use before delivery. Transient hypothyroidism was demonstrated in some
newborns (6,9).



BREASTFEEDING SUMMARY
Iodide is concentrated in breast milk (5,10,11). In one report, a breastfeeding
mother used povidone-iodine vaginal gel daily for 6 days without douching (10).
Two days after stopping the gel, the mother noted an odor of iodine on the 7.5-
month-old baby. The free iodide serum:milk ratio 1 day later was approximately
23:1. By day 7, the ratio had fallen to about 4:1 but then rose again on day 8 to
10:1. Serum and urine iodide levels in the infant were grossly elevated. No
problems or alterations in thyroid tests were noted in the baby.

In a 2000 case report, a woman delivered a female infant at 29 weeks’
gestation by cesarean section (11). An abscess of the abdominal wall 1 week
after delivery was treated with IV antibiotics and iodine tampons (each tampon
contained about 10.5 mg of iodine). Full breastfeeding of the infant was begun
approximately 20 days after birth. At 29 days, neonatal hypothyroidism was
diagnosed: the thyroid-stimulating hormone (TSH) level was 287.9 µU/mL
(normal range 0.45–10.0 microU/mL). Iodine levels in the mother’s milk and
infant urine were 4410 mcg/L (normal range 29–490 mcg/L) and 3932 mcg/L
(normal <185 mcg/L), respectively. At 32 days, iodine tampons and
breastfeeding were stopped and the infant was given levothyroxine (25
mcg/day). Six days later, thyroid function had normalized and breastfeeding
was restarted. The infant’s thyroid function remained normal over a 4-month
follow-up period (11).

The use of povidone-iodine immediately before delivery as a topical
anesthetic for epidural anesthesia or cesarean section produced iodine
overload in newborn infants who were breastfed as evidenced by increased
neonatal TSH concentrations (12). Breastfed infants had a 25- to 30-fold
increase in the recall rate at screening for congenital hypothyroidism (TSH >50
mU/L) compared with bottle-fed infants.

The normal iodine content of human milk has been recently assessed (13).
Mean iodide levels in 37 lactating women were 178 mcg/L. This is
approximately 4 times the recommended daily allowance (RDA) for infants. The
RDA for iodine was based on the amount of iodine found in breast milk in
earlier studies (13). The higher levels now are probably caused by dietary
supplements of iodine (e.g., salt, bread, cow’s milk). The significance to the
nursing infant from the chronic ingestion of higher levels of iodine is not known.
The American Academy of Pediatrics, although recognizing that the maternal
use of iodides during lactation may affect the infant’s thyroid activity by
producing elevated iodine levels in breast milk, classifies the agents as
compatible with breastfeeding (14).
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POVIDONE-IODINE
Anti-infective

See Potassium Iodide.



PRALATREXATE
Antineoplastic (Antimetabolite)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of pralatrexate in human pregnancy have
been located. The animal data suggest risk based on the two animal
species studied. Although the drug did not cause structural anomalies, it did
cause embryo and fetal death. Moreover, pralatrexate is a folic acid
antagonist in the same subclass of antimetabolites as aminopterin and
methotrexate, agents known to cause embryo–fetal harm. Another agent in
this subclass is pemetrexed. Pralatrexate should be avoided in pregnancy.
If indicated during pregnancy for maternal benefit, the mother should be
informed of the potential risk to her embryo and/or fetus.

FETAL RISK SUMMARY
Pralatrexate is a folate analog metabolic inhibitor that is given as weekly IV
push doses. It is in the same antineoplastic subclass of folic acid antagonists
(antimetabolites) as methotrexate and pemetrexed. Pralatrexate is indicated for
the treatment of patients with relapsed or refractory peripheral T-cell
lymphoma. The drug is partially metabolized (about a third of a dose excreted
unchanged in urine), but the amount of plasma protein binding was not
specified. The terminal elimination half-life is 12–18 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, daily
doses given on gestation days 7–20 that were about 1.2% of the clinical dose
based on BSA (CD) were embryotoxic and fetotoxic. A dose-dependent
decrease in fetal viability manifested as an increase in early, late, and total
resorptions was observed. There was also a dose-dependent increase in
postimplantation loss. In rabbits, similar daily doses given on gestation days 8–
21 caused abortion and fetal lethality. The toxicity was manifested as early and
total resorptions, postimplantation loss, and a decrease in the total number of
live fetuses (1).



Neither carcinogenicity nor fertility studies have been conducted with
pralatrexate. The drug was not mutagenic in multiple tests (1).

It is not known if pralatrexate crosses the human placenta. The molecular
weight (about 477) and the long terminal elimination half-life suggest that the
drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of pralatrexate during human lactation have been
located. The molecular weight (about 477) and the long terminal elimination
half-life (12–18 hours) suggest that the drug will be excreted into breast milk.
Moreover, the long half-life makes a “pump and dump” method impractical (i.e.,
the mother would have to wait about 60–90 hours to eliminate most of the drug
from her circulation). The effect of this exposure on a nursing infant is unknown,
but serious toxicities observed in adults (e.g., pyrexia, bone marrow
depression, mucositis, nausea, and vomiting) are potential complications.
Based on the potential risk, the best course is not to breastfeed.
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PRALIDOXIME
Antidote
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Reproduction studies with pralidoxime have not been conducted and the
human pregnancy experience is limited to two cases. No other reports
describing the use of this drug in human pregnancy have been located.
Although the risk this agent represents in pregnancy cannot be assessed,
the maternal benefit clearly outweighs any concern regarding embryo or
fetal toxicity. Therefore, pralidoxime should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Pralidoxime (2-PAM) reactivates cholinesterase (mainly outside of the CNS)
that has been inactivated by phosphorylation due to an organophosphate
pesticide or related compound. Its most critical effect is relieving the paralysis
of the muscles of respiration. Pralidoxime is short-acting (apparent half-life 74–
77 minutes) and is not bound to plasma proteins. Pralidoxime is available in an
auto-injector that can be used rapidly in cases of exposure to nerve agents
possessing anticholinesterase activity (organophosphate poisoning) (1).

Animal reproduction studies have not been conducted with pralidoxime.
It is not known if pralidoxime crosses the human placenta to the embryo or

fetus. Pralidoxime chloride is a quaternary ammonium compound, but the
molecular weight of the free base (about 137) is low enough for passage
across the placenta. The rapid elimination of the drug should mitigate this
transfer.

A 1988 report described the pregnancy outcomes of two women who were
treated with pralidoxime for self-induced organophosphorus insecticide
poisoning (2). In the first case, a 22-year-old primigravida at 36 weeks’
gestation was admitted to the hospital 3 hours after ingesting methamidophos.



She was treated with pralidoxime and atropine and eventually recovered. Forty-
four days after poisoning, she delivered a healthy 2.85-kg male infant with an
Apgar score of 8 at 1 minute. The second case involved a 25-year-old woman
at 16 weeks’ gestation who ingested fenthion. She also was treated with
pralidoxime and atropine and made a full recovery. She delivered a healthy
3.83-kg infant (Apgar 10 at 1 minute) 24 weeks after intoxication (2).

BREASTFEEDING SUMMARY
No reports describing the use of pralidoxime during lactation have been located.
Pralidoxime chloride is a quaternary ammonium compound, but the molecular
weight of the free base (about 137) is low enough for excretion into breast milk.
The rapid elimination of the drug should mitigate this transfer into milk.
Moreover, the emergency nature of its use suggests that nursing is unlikely
when it has been used. In any event, the maternal benefit is clear and
breastfeeding should be held for at least 6–7 hours (about five half-lives) after
a dose is given.
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PRAMIPEXOLE
Antiparkinson Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report described the use of pramipexole throughout pregnancy with
the birth of a normal infant. The limited animal data do not suggest a
significant risk for teratogenicity or toxicity. The toxicity observed in rats
apparently was caused by mechanisms not present in human pregnancy.
However, the near absence of human pregnancy experience prevents an
assessment of the embryo–fetal risk. Since Parkinson disease is relatively
uncommon during the childbearing years, the use of pramipexole during
pregnancy also will be uncommon. Until data on such use are available, the
safest course is to avoid, if possible, the use of pramipexole during the 1st
trimester.

FETAL RISK SUMMARY
Pramipexole is a nonergoline dopamine agonist indicated for the treatment of
the signs and symptoms of idiopathic Parkinson disease. The drug has high
specificity for the D2 and D3 receptor subtypes. Pramipexole undergoes little if
any metabolism, and no metabolites in plasma or urine have been identified.
The plasma protein binding of the agent is low (about 15%) and the elimination
half-life, in young healthy adults, is about 8 hours. Pramipexole is commonly
used in combination with levodopa (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats given pramipexole throughout gestation, a dose 5.4 times the highest
recommended human clinical dose (1.5 mg 3 times daily) based on BSA
(HRHCD) inhibited implantation. A lower dose (3.2 times the HRHCD),
administered during organogenesis, caused a high incidence of total
resorptions. At this dose, the AUC was 4.3 times the AUC of adults taking 1.5



mg 3 times daily. These adverse effects were thought to be secondary to the
prolactin-lowering effect of the drug and prevented an adequate evaluation of
the teratogenic potential of pramipexole. Prolactin is required for implantation
and pregnancy maintenance in rats but not in rabbits or humans. Offspring
postnatal growth was inhibited when pramipexole, at doses approximately
equal to the HRHCD or higher, was given to rats during the latter half of
pregnancy and throughout lactation. In pregnant rabbits treated during
organogenesis with doses 71 times the AUC of adults taking 1.5 mg 3 times
daily, no evidence of adverse effects on embryo or fetal development was
observed (1).

In a 2-year carcinogenicity study in mice, dietary administration of
pramipexole, at doses up to 11 times the HRHCD, was not associated with a
significant increase in tumors. A similar study in rats, at doses up to 12.5 times
the AUC of adults taking 1.5 mg 3 times daily, also was negative for tumors
(1).

It is not known if pramipexole crosses the human placenta. The low
molecular weight (about 211 for the free base), low protein binding, and
prolonged elimination half-life suggest that the drug will cross to the embryo–
fetus.

A 2004 case report described the use of pramipexole throughout pregnancy
in a 41-year-old woman with movement disorder caused by Parkinson disease
(2). She gave birth by cesarean section to a normal female infant at term with
an Apgar score of 9. At 6 months of age, the infant was doing well with normal
development (2).

BREASTFEEDING SUMMARY
No reports describing the use of pramipexole during human lactation have been
located. The molecular weight (about 211 for the free base) and low protein
binding (about 15%) suggest that it will be excreted into breast milk. Because it
is a base, accumulation in milk should be expected. The effect of this exposure
on a nursing infant is unknown. Infants should be monitored for adverse events
commonly observed in adults, such as extrapyramidal disorders (e.g.,
dyskinesia), hallucinations, somnolence, nausea, and constipation. Pramipexole
inhibits prolactin secretion and may inhibit lactation. Until data on its safe use
are available, pramipexole should not be used during lactation.
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PRAMLINTIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pramlintide in human pregnancy have been
located. The developmental toxicity (structural anomalies) that was
observed in one animal species suggests moderate risk. Although
pramlintide is an analog of a naturally occurring hormone and the human
risk is probably low, the absence of any human pregnancy experience
prevents a better assessment of the embryo–fetal risk.

FETAL RISK SUMMARY
Pramlintide, a synthetic analog of human amylin, acts as an amylinomimetic
agent that slows the rate of gastric emptying, prevents the postprandial rise in
plasma glucagon, and promotes satiety leading to decreased caloric intake and
potential weight loss (1). Amylin is a naturally occurring neuroendocrine
hormone that is synthesized by pancreatic beta cells. It is located with insulin in
beta cells and is excreted with insulin in response to food intake. Pramlintide is
37-amino acid peptide that slightly differs in the amino acid sequence found in
human amylin. The agent, given by SC injection, is indicated for type 1 and type
2 diabetes as an adjunct treatment in patients who use mealtime insulin therapy
and have not achieved desired glucose control despite optimal insulin therapy.
For type 2 diabetes, pramlintide can be given with or without a concurrent
sulfonylurea agent and/or metformin. Pramlintide is metabolized primarily by the
kidneys, and about 60% is bound to blood cells and albumin. The elimination
half-life is about 48 minutes (1).

Reproduction studies with pramlintide have been conducted in rats and
rabbits. In rats during organogenesis, increases in structural anomalies (neural
tube defects, cleft palate, and exencephaly) were observed at doses producing



systemic exposures 10 or more times the exposure from the maximum
recommended human dose based on AUC (MRHD). In pregnant rabbits, no
evidence of fetal harm was observed with doses producing exposures 9 times
the MRHD (1).

No evidence of carcinogenicity was observed in mice and rats given doses
over a 2-year period that produced exposures up to 159 and 25 times the
MRHD, respectively. Neither mutagenic nor clastogenic effects have been
observed in tests with pramlintide. Fertility in male and female rats was not
impaired at doses up to 82 times the maximum recommended human dose
based on BSA. However, the highest dose resulted in dystocia in 67% of
female rats secondary to significant decreases in serum calcium levels (1).

A 2003 ex vivo study using single human cotyledons from term placentas
investigated if pramlintide crossed the placenta (2). Consistent with the drug’s
high molecular weight (about 3949) and the very short elimination half-life, the
fetal:maternal ratio was ≤0.006. Although these results might not be
reproducible throughout gestation, it is likely that embryo and/or fetal exposure
to pramlintide is negligible.

BREASTFEEDING SUMMARY
No reports describing the use of pramlintide during lactation have been located.
The high molecular weight (about 3949) and the very short elimination half-life
(48 minutes) suggest that little, if any, of the polypeptide will be excreted into
breast milk. Even if the polypeptide were excreted into milk, it should be
digested in the stomach of the nursing infant. Therefore, although the effect of
exposure on a nursing infant is unknown, the risk appears to be negligible.
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PRAMOXINE
Local Anesthetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Even though no studies describing the use of pramoxine during animal or
human pregnancy have been located (1,2), since symptomatic hemorrhoids
occur frequently in pregnancy, products containing pramoxine probably
have been used during gestation. Because there is insignificant systemic
absorption, there does not appear to be a risk to the embryo or fetus from
pramoxine.

FETAL RISK SUMMARY
Pramoxine is a local anesthetic used for topical anesthesia. It is administered
either alone or combined with hydrocortisone or other ingredients for the
temporary relief of pain and itching secondary to minor skin irritations resulting
from burns, sunburn, cuts, abrasions, insect bites, and hemorrhoids and other
anorectal disorders. Pramoxine is typically formulated in a 1% concentration.
Animal reproduction studies with pramoxine have not been conducted.

The molecular weight of pramoxine (about 294 for the free base) is low
enough to cross the placenta, but the amount, if any, that is absorbed after
topical administration into the systemic circulation is unknown. A 1985 review
stated that pramoxine and similar anorectal products were not absorbed (1).
However, even if some were absorbed systemically, the maternal plasma
concentration would be very low, thus the amount available for transfer to the
embryo or fetus should be negligible.

BREASTFEEDING SUMMARY
No studies describing the use of pramoxine during lactation have been located.
The molecular weight of the free base (about 294) is low enough for excretion
into breast milk, but the drug is not thought to be absorbed (1). Even if some



absorption does occur, the amount in the maternal plasma should be very low
so that little, if any, drug would appear in milk. The risk to a nursing infant is
probably nil.
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PRASUGREL
Hematologic Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of prasugrel in human pregnancy have been
located. The drug did not cause developmental toxicity (in the absence of
maternal toxicity) in two animal species, but the recommended combination
of prasugrel and aspirin was not used in animal studies. (See also Aspirin.)
The lack of human pregnancy experience prevents a complete assessment
of the embryo–fetal risk. Prasugrel is a prodrug that has not been detected
in the system circulation, but the active and inactive metabolites have been
detected and exposure of the embryo–fetus to these compounds may
occur. However, if a woman’s condition requires prasugrel combined with
aspirin, the benefits appear to outweigh the unknown fetal risks and the
drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Prasugrel is an irreversible inhibitor of platelet activation and aggregation that is
in the same subclass of aggregation inhibitors as cilostazol, clopidogrel,
ticlopidine, and treprostinil. It is indicated to reduce the rate of thrombotic
cardiovascular events (including stent thrombosis) in patients with acute
coronary syndrome who are to be managed with percutaneous coronary
intervention. Combination with aspirin (75–325 mg/day) is recommended.
Prasugrel is a prodrug that is hydrolyzed in the intestine and converted to the
active metabolite before reaching the plasma. The active metabolite has an
elimination half-life of about 7 hours (range 2–15 hours) and is highly bound
(98%) to serum albumin. The two major inactive metabolites also are highly
bound plasma proteins (1,2).

Reproduction studies have been conducted in rats and rabbits. In these



species, oral doses up to 30 times the recommended therapeutic human
exposure based on plasma exposures to the major circulating human metabolite
(RTHE) revealed no evidence of fetal harm. When the doses were increased to
a maternal toxic dose, 40 times the RTHE, a slight decrease in pup body
weight was observed. At doses >150 times the RTHE, no effect on the
behavioral or reproductive development of the offspring was noted (1,2).

In 2-year carcinogenicity studies with high doses, there was an increase in
hepatocellular adenomas in mice but no tumors in rats. The drug was not
genotoxic or clastogenic in several assays. It had no effect on the fertility of
male and female rats at daily doses that were 80 times the human major
metabolite exposure at a daily dose of 10 mg (1,2).

The prodrug prasugrel is not detected in plasma. It is not known if the active
metabolite crosses the human placenta. The molecular weight of the active
metabolite was not stated, but it should be close to the molecular weight of
prasugrel (about 374 for the free base). Combined with the long elimination
half-life, this suggests that the active metabolite will cross, although the high
binding to albumin should limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of prasugrel, a prodrug, during human lactation
have been located. The prodrug is not detected in plasma, but the active and
inactive metabolites have been detected. The molecular weight of the active
metabolite was not stated, but it should be close to the molecular weight of
prasugrel (about 374 for the free base). Combined with the long elimination
half-life (7 hours; range 2–15 hours), this suggests that the active metabolite
will be excreted into breast milk, although the high binding to albumin (98%)
should limit the amount excreted. Moreover, daily aspirin is recommended for
patients taking prasugrel. The effects of these possible exposures on a nursing
infant are unknown. However, the American Academy of Pediatrics
recommends that aspirin should be used cautiously by the mother during
lactation because of potential adverse effects in the nursing infant (see Aspirin).
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PRAVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Because the interruption of cholesterol-lowering therapy during pregnancy
should have no effect on the long-term treatment of hyperlipidemia, and
because of the human data reported with lovastatin, the use of pravastatin
is contraindicated during pregnancy. However, evidence suggesting that
pravastatin has a lower risk of developmental toxicity because of its
hydrophilic properties has been published (see Lovastatin).

FETAL RISK SUMMARY
Pravastatin is used to lower elevated levels of cholesterol. It is a hepatic 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitor (a statin).
It has the same mechanism of action as other available drugs in this class,
atorvastatin, fluvastatin, lovastatin, pitavastatin, rosuvastatin, and simvastatin
(cerivastatin was withdrawn from the market in 2001). Pravastatin is
structurally related to lovastatin and simvastatin but, in contrast to the lipophilic
properties of these agents, it is hydrophilic.

Pravastatin was not teratogenic in rats and rabbits administered doses up to
240 times and 20 times, respectively, the human exposure based on BSA (HE)
(1). Similarly, no adverse effects on fertility or reproductive performance were
observed in rats with doses up to 120 times the HE (1).

The FDA has received a single report of a fetal loss in a mother taking
pravastatin, but further details are not available (F. Rosa, personal
communication, FDA, 1995).

In a 2004 case report, a 39-year-old woman took pravastatin (80 mg/day),
metformin (2 g/day), and nateglinide (360 mg/day) during the first 24 weeks of
gestation (2). All therapy was discontinued and insulin was started for her
diabetes. At term, the woman delivered a healthy 2.4-kg male infant (head
circumference 34 cm, length 46 cm) with Apgar scores of 8 and 9 at 1 and 5



minutes, respectively. The infant’s growth and development were normal at
follow-up examinations during the first 6 months of life (2).

A 2004 report described the outcomes of pregnancy that had been exposed
to statins and reported to the FDA (see Lovastatin).

Among 19 cases followed by a teratology information service in England, 4
involved 1st trimester exposure to pravastatin (3). The pregnancy outcomes
included four healthy newborns (3).

BREASTFEEDING SUMMARY
No reports describing the use of pravastatin during lactation have been located.
The manufacturer reports that pravastatin is excreted into breast milk in small
amounts (1). Because of the potential for adverse effects in the nursing infant,
the drug should not be used during lactation.
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PRAZIQUANTEL
Anthelmintic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Praziquantel is not an animal teratogen, but human data are limited to one
case. The lack of published human data prevents any assessment of a
human risk. Recent data have indicated that the agent may be mutagenic
and carcinogenic in humans, especially in developing countries where
infections of trematodes and cestodes are frequent and multiple treatment
courses may be prescribed. Moreover, the presence of other
environmental mutagens combined with praziquantel may increase the risk
for mutagenicity (1). Because of this potential toxicity, the use of
praziquantel during pregnancy should be reserved for those cases in which
the parasite is causing clinical illness or public health problems.

FETAL RISK SUMMARY
Praziquantel is a systemic anthelmintic used in the treatment of parasitic
infections involving cestodes (tapeworms), including neurocysticercosis, and
trematode (flukes) infestations of the liver and other tissues. The drug is rapidly
and nearly completely (80%) absorbed following oral administration. The
various metabolites are excreted primarily by the kidneys (2).

Praziquantel was not carcinogenic in rats and hamsters but mutagenic effects
in Salmonella tests were observed in one laboratory. The mutagenicity was not
confirmed in the same tested strain by other laboratories (2). Similarly, a study
published in 1982 found no mutagenic effects in five strains of Salmonella
exposed to praziquantel (3). A 1984 review also described negative mutagenic
results in a variety of tests, including those with mice, rats, and humans, and
negative carcinogenic results in tests with rats and hamsters (4). A 1997
review, however, cited studies that observed a co-mutagenic effect between



praziquantel and several mutagens and carcinogens (5). Praziquantel has also
been shown in in vitro studies to induce micronuclei in hamster embryonic cells
and lymphocytes. Moreover, in some pigs and humans, praziquantel was found
to induce hyperploid lymphocytes and structural chromosomal aberrations (5).

Reproduction studies in mice, rats, and rabbits at doses up to 40 times the
human dose (60–75 mg/kg over 1 day) showed no evidence of impaired fertility
or teratogenicity (2,4). An increase in the abortion rate in rats, however, was
observed at doses 3 times the single human therapeutic dose (2). No
teratogenicity was observed in other studies in rats and rabbits with doses up
to 300 mg/kg (5,6) or in rats with doses up to 450 mg/kg (3). Compared with
controls, the administration of praziquantel and ivermectin (another anthelmintic
agent) to possums at 8- to 10-week intervals throughout the breeding season
to the time of emergence of young from the pouch had no significant effect on
the number of births or survival of the young to emergence (7).

A study published in 1985 concluded that treatment of parasitic disease with
potentially teratogenic or toxic drugs might not always be indicated in otherwise
healthy pregnant women (8). For example, in their study, the authors found that
treatment of some gastrointestinal parasites, including some tapeworms and
liver flukes, could be postponed until after delivery unless the parasite was
causing clinical disease or public health problems (8). Similarly, reviews in 1996
and 1997 recommended avoiding praziquantel during pregnancy (9,10).

There were two cases of neurocysticercosis treated with praziquantel during
gestation, but no outcome information is available in either case. A 1996 case
report, however, described the use of praziquantel for the treatment of
neurocysticercosis in a 17-year-old pregnant woman (11).

She received praziquantel, 1050 mg 3 times daily, for 21 days starting at
about 8 weeks’ gestation. Seizures, which occurred at the time of presentation
and again 4 days after the start of anticysticercus therapy, were successfully
controlled with phenytoin and carbamazepine. She eventually delivered a 2.5-kg
female at term. Other than documented anemia, no other abnormalities or
malformations were found. The placenta appeared normal on gross
examination.

BREASTFEEDING SUMMARY
Because praziquantel is excreted into breast milk at a concentration of about
one-fourth that of the maternal serum, the manufacturer advises holding nursing
on the day of treatment and during the subsequent 72 hours (2). The drug is
excreted primarily in the urine with 80% of the dose being eliminated within 4



days (12). About 90% of this elimination, however, occurs in the first 24 hours
(12).

No reports describing the use of praziquantel during nursing have been
located, but a 1996 review recommended avoiding praziquantel during lactation
(9). The effects, if any, on a healthy, noninfected nursing infant from exposure
to the drug via breast milk are unknown. Because adverse reactions induced by
the death of an infecting parasite have been observed in treated adults (7),
nursing infants with parasitic infections sensitive to praziquantel may be at risk
for similar adverse effects. Moreover, the potential for mutagenic and
carcinogenic effects of the drug should be considered (see Fetal Risk
Summary).
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PRAZOSIN
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Prazosin is an α1-adrenergic blocking agent used for hypertension. The
limited human pregnancy experience and the animal reproduction data
suggest low embryo–fetal risk.

FETAL RISK SUMMARY
No evidence of teratogenicity was observed in reproduction studies with rats,
rabbits, and monkeys at doses more than 225, 225, and 12 times, respectively,
the usual maximum recommended human dose (1). A decreased litter size at
birth in rats, however, was observed at the maximum dose.

The molecular weight of prazosin (about 384 for the free base) is low enough
that transfer across the placenta to the embryo–fetus is likely. Consistent with
this, a 1995 study using a 5-mg delayed-release formulation in three women
measured umbilical cord blood concentrations at delivery that were 9%–23% of
the maternal plasma levels 8–15 hours after the last dose (2).

In two studies, prazosin was combined with oxprenolol or atenolol, β-
adrenergic blockers, in the treatment of pregnant women with severe essential
hypertension or gestational hypertension (3,4). The combinations were effective
in the first group but less so in the patients with gestational hypertension. No
adverse effects attributable to the drugs were noted. Prazosin, 20 mg/day, was
combined with minoxidil and metoprolol throughout gestation to treat severe
maternal hypertension secondary to chronic nephritis (5). The child, normal
except for hypertrichosis as a result of minoxidil, was doing well at 2 years of
age.

Prazosin has been used during the 3rd trimester in patients with
pheochromocytoma (6,7). In one case, blood pressure was well controlled, but



maternal tachycardia required the addition of a β-blocker. A healthy male infant
was delivered by cesarean section (6).

A case report published in 1986 described the pregnancy of a 24-year-old
woman at 30 weeks’ gestation who was managed for recurrent
pheochromocytoma with a combination of prazosin, metyrosine (a tyrosine
hydroxylase inhibitor), and timolol (a β-adrenergic blocker) (7). Hypertension
had been noted at her first prenatal visit at 12 weeks’ gestation. Because of
declines in fetal breathing, body movements, and amniotic fluid volume that
began 2 weeks after the start of therapy, a cesarean section was conducted at
33 weeks’. The 1450-g female infant had Apgar scores of 3 and 5 at 1 and 5
minutes, respectively. Mild metabolic acidosis was found on analysis of
umbilical cord blood gases. Multiple infarcts were noted in the placenta but
there was no evidence of metastatic tumor. The growth-restricted infant did
well and was discharged home on day 53 of life (7).

BREASTFEEDING SUMMARY
No reports describing the use of prazosin during lactation have been located.
The manufacturer reports that small amounts are excreted into human milk (1).
This is consistent with the molecular weight (about 384 for the free base) of
prazosin. The effects on a nursing infant from exposure to the drug from breast
milk are unknown.
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PREDNISOLONE
Corticosteroid
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Prednisolone is the biologically active form of prednisone (see Prednisone).
The placenta can oxidize prednisolone to inactive prednisone or less active
cortisone (see Cortisone).

BREASTFEEDING SUMMARY
See Prednisone.



PREDNISONE
Corticosteroid
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Prednisone and prednisolone apparently pose a small risk to the developing
fetus. One of these risks appears to be orofacial clefts. Although the
available evidence supports their use to control various maternal diseases,
the mother should be informed of this risk so that she can actively
participate in the decision on whether to use these agents during her
pregnancy. If prednisone (or prednisolone) is used in pregnancy for the
treatment of rheumatoid arthritis, health care professionals are encouraged
to call the toll-free number (877-311-8972) for information about patient
enrollment in the Organization of Teratology Information Specialists (OTIS)
Rheumatoid Arthritis study.

FETAL RISK SUMMARY
Prednisone is metabolized to prednisolone. There are a number of studies in
which pregnant patients received either prednisone or prednisolone (see also
various antineoplastic agents for additional references) (1–14).

Although most reports describing the use of prednisone or prednisolone
during gestation have not observed abnormal outcomes, four large
epidemiologic studies have associated the use of corticosteroids in the 1st
trimester with nonsyndromic orofacial clefts. Specific agents were not identified
in three of these studies (see Hydrocortisone for details), but in one 1999
study, discussed below, the corticosteroids were listed.

In a case–control study, the California Birth Defects Monitoring Program
evaluated the association between selected congenital anomalies and the use
of corticosteroids 1 month before to 3 months after conception
(periconceptional period) (15). Case infants or fetal deaths diagnosed with
orofacial clefts, conotruncal defects, neural tubal defects (NTDs), and limb
anomalies were identified from a total of 552,601 births that occurred from



1987 through the end of 1989. Controls, without birth defects, were selected
from the same database. Following exclusion of known genetic syndromes,
mothers of case and control infants were interviewed by telephone, an average
of 3.7 years (cases) or 3.8 years (controls) after delivery, to determine various
exposures during the periconceptional period. The number of interviews
completed were orofacial cleft case mothers (N = 662, 85% of eligible),
conotruncal case mothers (N = 207, 87%), NTD case mothers (N = 265, 84%),
limb anomaly case mothers (N = 165, 82%), and control mothers (N = 734,
78%) (15). Orofacial clefts were classified into four phenotypic groups: isolated
cleft lip with or without cleft palate (ICLP, N = 348), isolated cleft palate (ICP,
N = 141), multiple cleft lip with or without cleft palate (MCLP, N = 99), and
multiple cleft palate (MCP, N = 74). A total of 13 mothers reported using
corticosteroids during the periconceptional period for a wide variety of
indications. Six case mothers of infants with ICLP and three of infants with ICP
used corticosteroids (unspecified corticosteroid N = 1, prednisone N = 2,
cortisone N = 3, triamcinolone acetonide N = 1, dexamethasone N = 1, and
cortisone plus prednisone N = 1). One case mother of an infant with NTD used
cortisone and an injectable unspecified corticosteroid, and three controls used
corticosteroids (hydrocortisone N = 1 and prednisone N = 2). The odds ratio
(OR) for corticosteroid use and ICLP was 4.3 (95% confidence interval [CI]
1.1–17.2), whereas the OR for ICP and corticosteroid use was 5.3 (95% CI
1.1–26.5). No increased risks were observed for the other anomaly groups.
Commenting on their results, the investigators thought that recall bias was
unlikely because they did not observe increased risks for other malformations,
and it was also unlikely that the mothers would have known of the suspected
association between corticosteroids and orofacial clefts (15).

A prospective cohort study and meta-analysis of corticosteroid use in
pregnancy was reported in 2000 (16). In the prospective study, 187 outcomes
(184 pregnancies, 3 sets of twins) exposed to prednisone were compared with
the outcomes in 188 controls. Prednisone-exposed infants were delivered at a
lower gestational age (38 vs. 39.5 weeks), had an increased rate of premature
delivery (17% vs. 5%), and had a lower birth weight (3112 vs. 3429 g) (all
statistically significant). There was no significant difference in the rate of major
birth defects (3.6% vs. 2%) and there was no cluster of malformations
suggesting a common cause. The defects in the prednisone-exposed cases
were: Hirschsprung disease; double outlet right ventricle, valvar and subvalvar
pulmonary stenosis, hypothyroidism, hypospadias; undescended testicle; and
cleft palate, hypospadias. Two cases were excluded from the analysis because



the cause of the defects was known (genetic history and maternal infection)
(16). In their meta-analysis, they found a small increase in major malformations
(OR 3.03, 95% CI 1.08–8.54) for 1st trimester corticosteroid exposure (16). In
addition, case–control studies showed a significant association with oral clefts
(OR 3.35, 95% CI 1.97–5.69) (16).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 143, 236, and 222
newborns had been exposed to prednisolone, prednisone, and
methylprednisolone, respectively, during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). The number of birth defects, the number
expected, and the percent for each drug were 11/6 (7.7%), 11/10 (4.7%), and
14/9 (6.3%), respectively. Specific details were available for six defect
categories (observed/expected): cardiovascular defects (2/1, 2/2, 3/2), oral
clefts (0/0, 0/0, 0/0), spina bifida (0/0, 0/0, 0/0), polydactyly (0/0, 0/1, 0/1),
limb reduction defects (0/0, 0/0, 1/0), and hypospadias (1/0, 0/1, 1/1),
respectively. These data do not support an association between the drugs and
congenital defects, except for a possible association between prednisolone and
the total number of defects. In the latter case, other factors, such as the
mother’s disease, concurrent drug use, and chance may be involved.

Immunosuppression was observed in a newborn exposed to high doses of
prednisone with azathioprine throughout gestation (17). The newborn had
lymphopenia, decreased survival of lymphocytes in culture, absence of
immunoglobulin M and reduced levels of immunoglobulin G. Recovery occurred
at 15 weeks of age. However, these effects were not observed in a larger
group of similarly exposed newborns (18). A 1968 study reported an increase
in the incidence of stillbirths following prednisone therapy during pregnancy (7).
Increased fetal mortality has not been confirmed by other investigators.

An infant exposed to prednisone throughout pregnancy was born with
congenital cataracts (1). The eye defect was consistent with reports of
subcapsular cataracts observed in adults receiving corticosteroids. The
relationship in this case between the cataracts and prednisone is unknown, but
other reports have also described cataracts after corticosteroid use during
gestation (see Hydrocortisone).

In a 1970 case report, a female infant with multiple deformities was
described (19). Her father had been treated several years before conception
with prednisone, azathioprine, and radiation for a kidney transplant. The authors
speculated that the child’s defects might have been related to the father’s
immunosuppressive therapy. A relationship to prednisone seems remote



because previous studies have shown that the drug has no effect on
chromosome number or morphology (20). High, prolonged doses of
prednisolone (30 mg/day for at least 4 weeks) may damage spermatogenesis
(21). Recovery may require 6 months after the drug is stopped.

Prednisone has been used successfully to prevent neonatal respiratory
distress syndrome when premature delivery occurs between 28 and 36 weeks
of gestation (22). Therapy between 16 and 25 weeks of gestation had no
effect on lecithin:sphingomyelin ratios (23).

BREASTFEEDING SUMMARY
Trace amounts of prednisone and prednisolone have been measured in breast
milk (24–27). Following a 10-mg oral dose of prednisone, milk concentrations
of prednisone and prednisolone at 2 hours were 26.7 and 1.6 ng/mL,
respectively (24). The authors estimated the infant would ingest approximately
28.3 mcg in 1000 mL of milk. In a second study using radioactive-labeled
prednisolone in seven patients, a mean of 0.14% of a 5-mg oral dose was
recovered per liter of milk during 48–61 hours (25).

In six lactating women, prednisolone doses of 10–80 mg/day resulted in milk
concentrations ranging from 5% to 25% of maternal serum levels (26). The
milk:plasma ratio increased with increasing serum concentrations. For maternal
doses of 20 mg 1–2 times daily, the authors concluded that the nursing infant
would be exposed to minimal amounts of steroid. At higher doses, they
recommended waiting at least 4 hours after a dose before nursing was
performed. However, even at 80 mg/day, the nursing infant would ingest <0.1%
of the dose, which corresponds to <10% of the infant’s endogenous cortisol
production (26).

A 1993 report described the pharmacokinetics of prednisolone in milk (27).
Following a 50-mg IV dose, an average of 0.025% (range 0.010%–0.049%)
was recovered from the milk. The data suggested a rapid, bidirectional transfer
of unbound prednisolone between the milk and serum (27). The investigators
concluded that the measured milk concentrations of the steroid did not pose a
clinically significant risk to a nursing infant.

Although nursing infants were not involved in the above studies, it is doubtful
whether the amounts measured are clinically significant. The American
Academy of Pediatrics classifies prednisolone and prednisone as compatible
with breastfeeding (28).
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PREGABALIN
Anticonvulsant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of pregabalin in human pregnancy have been
located. The animal reproduction data suggest moderate risk, but the
absence of human pregnancy experience prevents an assessment of the
embryo–fetal risk. Until human pregnancy experience is available, the best
course is to avoid pregabalin during gestation.

FETAL RISK SUMMARY
Pregabalin is a structural derivative of the inhibitory neurotransmitter gamma-
aminobutyric acid (GABA). However, it does not directly bind to GABA or
benzodiazepine receptors, augment GABA responses, alter rat brain GABA
concentrations, or have acute effects on GABA uptake or degradation.
Pregabalin is indicated as oral adjunctive therapy for adult patients with partial-
onset seizures. It is also indicated for the management of neuropathic pain
associated with diabetic peripheral neuropathy and postherpetic neuralgia.
Pregabalin is freely soluble in water and in both acidic and basic aqueous
solutions. It undergoes minimal metabolism and the elimination half-life is about
6 hours. The drug is not bound to plasma proteins (1).

Reproduction studies have been conducted in rats and rabbits. Skull
alterations secondary to abnormally advanced ossification were observed in the
embryos of rats given an oral dose of pregabalin during organogenesis that
produced plasma exposures (AUC) about 42 times the human exposure at the
maximum recommended dose of 600 mg/day (HE-MRD). Doses producing
exposures about 17–85 times the HE-MRD resulted in increased incidences of
skeletal variations and retarded ossification. Decreased fetal body weights
were observed at about 85 times the HE-MRD. A no-effect dose for rat



embryo–fetal developmental toxicity was not established (1).
When rats were dosed throughout gestation and lactation, offspring growth

and survival were decreased at exposures about ≥4 and ≥10 times the HE-
MRD, respectively. Mortality was 100% at exposures about 85 times the HE-
MRD. Neurobehavioral deficits (decreased auditory startle response) and
reproductive impairment (decreased fertility and litter size) were observed in
the adult offspring of rats given doses producing exposures about ≥10 and 42
times the HE-MRD, respectively. The no-effect dose for prenatal and postnatal
developmental toxicity in rats produced a plasma exposure about 2 times the
HE-MRD (1).

In pregnant rabbits given doses during organogenesis that produced plasma
exposures about 40 times the HE-MRD, decreased fetal body weight and
increased incidences of skeletal malformations, visceral variations, and
retarded ossification were observed. The no-effect dose for developmental
toxicity was about 16 times the HE-MRD (1).

Pregabalin produced dose-related carcinogenicity (hemangiosarcomas) in
two strains of mice. The lowest dose resulting in the malignant vascular tumors
was about equal to the HE-MRD; a no-effect dose in mice was not established.
No carcinogenic effects were observed in rats. Mutagenic and clastogenic
effects were not observed in various assays (1).

Pregabalin caused reproductive toxicity in male rats: decreased sperm
counts and motility, increased sperm abnormalities, and reduced fertility. When
the males were mated with untreated females, increased preimplantation
embryo loss, decreased litter size, decreased fetal body weights, and an
increased incidence of fetal abnormalities were observed. The no-effect dose
for male reproductive toxicity was about 3 times the HE-MRD. Adverse effects
were also noted on male reproductive organs (testes, epididymides)
histopathology. The no-effect dose for male fertility toxicity produced plasma
exposures about 8 times the HE-MRD. Pregabalin also impaired the fertility of
female rats (disrupted estrous cyclicity) and increased the number of days to
mating at exposures as low as 9 times the HE-MRD. A no-effect dose for
female fertility toxicity was not established (1).

It is not known if pregabalin crosses the human placenta. The low molecular
weight (about 159), minimal metabolism, lack of plasma protein binding, and
the moderately long elimination half-life suggest that the drug will reach the
embryo and fetus.

BREASTFEEDING SUMMARY



No reports describing the use of pregabalin during lactation have been located.
The molecular weight (about 159), minimal metabolism, lack of plasma protein
binding, and the moderately long elimination half-life (6 hours) suggest that the
drug will be excreted into breast milk. Because it is freely soluble in water, the
highest concentrations of the drug should be found in fore-milk. In adults,
increased incidences of several adverse effects have been observed, including
dizziness and somnolence, blurred vision, peripheral edema, myopathy, and
decreased platelet count. The lack of data on the excretion of pregabalin into
breast milk, combined with the potential for serious toxicity in a nursing infant,
suggest that the drug should not be used by women who are breastfeeding.
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PRIMAQUINE
Antimalarial
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of primaquine in human pregnancy have been
located. Primaquine may cause hemolytic anemia in patients with glucose-
6-phosphate dehydrogenase (G6PD) deficiency. Two 1978 references
stated that pregnant patients at risk for this disorder should be tested
accordingly (1), but if the G6PD status was unknown the drug should be
withheld until after delivery (2). However, because the fetus is relatively
G6PD-deficient (see below), the drug should not be used in pregnancy
regardless of the mother’s status.

FETAL RISK SUMMARY
Primaquine phosphate is indicated for the radical cure (prevention of relapse) of
vivax malaria. Animal reproduction studies were not provided by the
manufacturer (3).

It is not known if primaquine phosphate crosses the human placenta. The
molecular weight (about 455 for primaquine) is low enough that exposure of the
embryo–fetus should be expected.

A 1982 article stated that if prophylaxis or treatment is required with
primaquine, it should not be withheld (4). However, more recent reviews have
concluded that the drug should not be used in pregnancy because primaquine
causes acute hemolysis in those who are G6PD-deficient and because the
fetus is relatively G6PD-deficient (5–7).

BREASTFEEDING SUMMARY
No reports describing the use of primaquine during human lactation have been
located. The molecular weight (about 259 primaquine) is low enough for
excretion into breast milk. The effect of this exposure on a nursing infant is



unknown. However, the mother and the infant should be tested for G6PD
deficiency before the drug is used during breastfeeding.
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PRIMIDONE
Anticonvulsant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Primidone, a structural analog of phenobarbital (see also Phenobarbital), is
effective against generalized convulsive seizures and psychomotor attacks.
The epileptic patient on anticonvulsant medication is at a higher risk for
having a child with developmental toxicity compared with the general
population (1–7).

FETAL RISK SUMMARY
A total of 323 infants who were exposed to primidone during the 1st trimester
have been noted in various publications (4,8–17). Of the 41 malformed infants
described in these reports, only 3 infants were exposed to primidone alone
during gestation (8,15,16). The anomalies observed in these three infants were
similar to those observed in the fetal hydantoin syndrome (see Phenytoin).

Acardia, a rare congenital defect, was described in a 1996 case report (18).
The 28-year-old mother with two healthy children and a long history of epilepsy
had taken primidone (500 mg/day) until the 3rd month of pregnancy. She
stopped the drug at this time because of concern for malformations. Her
pregnancy history included three epileptic seizures in months 4, 5, and 8. She
had no prenatal care during the pregnancy until she presented at term. An
ultrasound revealed a twin pregnancy. A cesarean section was performed to
deliver a normal 2300-g female infant and a female acardiac acephalic
monster. Both were in a single amniotic cavity. The normal female infant did
well with no problems in the neonatal period. Genetic studies on the anomalous
twin could not be conducted because of delay in receiving permission to study
it. At autopsy, the head and upper extremities were totally absent and the
major internal organs (heart, lungs, liver, spleen, pancreas, and the upper
gastrointestinal tract) could not be identified. Structures that were identified



included the small intestine with a blind proximal ending, colon with an anal
opening, two adrenal glands, two hypoplastic kidneys and ureters, bladder,
uterus and tubes, two ovaries, and a single umbilical artery and vein. The cause
of the rare defect could not be determined.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 36 newborns had
been exposed to primidone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.8%) major birth defect was observed (two
expected). Details were not available on the single case, but no anomalies
were observed in six defect categories (cardiovascular defects, oral clefts,
spina bifida, polydactyly, limb reduction defects, and hypospadias) for which
specific data were available.

The effects of exposure (at any time during the 2nd or 3rd month after the
last menstrual period) to folic acid antagonists on embryo–fetal development
were evaluated in a large, multicenter, case–control surveillance study
published in 2000 (19). The report was based on data collected between 1976
and 1998 from 80 maternity or tertiary care hospitals. Mothers were
interviewed within 6 months of delivery about their use of drugs during
pregnancy. Folic acid antagonists were categorized into two groups: group I—
dihydrofolate reductase inhibitors (aminopterin, methotrexate, sulfasalazine,
pyrimethamine, triamterene, and trimethoprim); group II—agents that affect
other enzymes in folate metabolism, impair the absorption of folate, or increase
the metabolic breakdown of folate (carbamazepine, phenytoin, primidone, and
phenobarbital) (18). The case subjects were 3870 infants with cardiovascular
defects, 1962 with oral clefts, and 1100 with urinary tract malformations.
Infants with defects associated with a syndrome were excluded, as were
infants with coexisting neural tube defects (NTDs; known to be reduced by
maternal folic acid supplementation). Too few infants with limb reduction
defects were identified to be analyzed. Controls (N = 8387) were infants with
malformations other than oral clefts and cardiovascular, urinary tract, and limb
reduction defects and NTDs, but included infants with chromosomal and genetic
defects. The risk of malformations in control infants would not have been
reduced by vitamin supplementation, and none of the controls used folic acid
antagonists. For group I cases, the relative risks (RRs) of cardiovascular
defects and oral clefts were 3.4 (95% confidence interval [CI] 1.8–6.4) and 2.6
(95% CI 1.1–6.1), respectively. For group II cases, the RRs of cardiovascular
and urinary tract defects, and oral clefts were 2.2 (95% CI 1.4–3.5), 2.5 (95%
CI 1.2–5.0), and 2.5 (95% CI 1.5–4.2), respectively. Maternal use of



multivitamin supplements with folic acid (typically 0.4 mg) reduced the risks in
group I cases, but not in group II cases (19).

A prospective study published in 1999 described the outcomes of 517
pregnancies of epileptic mothers identified at one Italian center from 1977 (20).
Excluding genetic and chromosomal defects, malformations were classified as
severe structural defects, mild structural defects, and deformations. Minor
anomalies were not considered. Spontaneous (N = 38) and early (N = 20)
voluntary abortions were excluded from the analysis, as were 7 pregnancies
that delivered at other hospitals. Of the remaining 452 outcomes, 427 were
exposed to anticonvulsants of which 313 involved monotherapy: primidone (N =
35), carbamazepine (N = 113), phenobarbital (N = 83), valproate (N = 44),
phenytoin (N = 31), clonazepam (N = 6), and other (N = 1). There were no
defects in the 25 pregnancies not exposed to anticonvulsants. Of the 42 (9.3%)
outcomes with malformations, 24 (5.3%) were severe, 10 (2.2%) were mild,
and 8 (1.8%) were deformities. There were three malformations with primidone
monotherapy: two (5.7%) were severe (intraventricular defect and
hypospadias), and one (2.8%) was mild (undescended testis and inguinal
hernia). The investigators concluded that the anticonvulsants were the primary
risk factor for an increased incidence of congenital malformations (see also
Carbamazepine, Clonazepam, Phenobarbital, Phenytoin, and Valproic Acid)
(20).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997 (21). The final report was
published in July 2010. The Registry is now closed. In nine prospectively
enrolled pregnancies exposed in the 1st trimester to primidone and lamotrigine,
with or without other anticonvulsants, the outcomes were seven live births
without birth defects, one elective abortion, and one birth defect (21).

There are other potential complications associated with the use of primidone
during pregnancy. Neurologic manifestations in the newborn, such as
overactivity and tumors, have been associated with use of primidone in
pregnancy (16,22). Neonatal hemorrhagic disease with primidone alone or in
combination with other anticonvulsants has been reported (14,23–27).
Suppression of vitamin K1-dependent clotting factors is the proposed
mechanism of the hemorrhagic effect (14,23). Administration of prophylactic
vitamin K1 to the infant immediately after birth is recommended (see
Phytonadione, Phenytoin, and Phenobarbital).

BREASTFEEDING SUMMARY



Primidone is excreted into breast milk. Because primidone undergoes limited
conversion to phenobarbital, breast milk concentrations of phenobarbital should
be anticipated (see Phenobarbital). A milk:plasma ratio of 0.8 for primidone has
been reported (28). The amount of primidone available to the nursing infant is
small, with milk concentrations of 2.3 mcg/mL. No reports linking adverse
effects to the nursing infant have been located, however, patients who
breastfeed should be instructed to watch for potential sedative effects in the
infant. The American Academy of Pediatrics classifies primidone as an agent
that has been associated with significant effects in some nursing infants and
should be used with caution in the lactating woman (29).
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PROBENECID
Antigout (Uricosuric)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of probenecid with congenital defects have been
located. Probenecid has been used during pregnancy without producing
adverse effects in the fetus or in the infant (1–7).

FETAL RISK SUMMARY
Probenecid is a uricosuric and renal tubular blocking agent. It is indicated for
the treatment of the hyperuricemia associated with gout and gouty arthritis. It
also is indicated as an adjuvant to therapy with penicillin or with ampicillin,
methicillin, ocacillin, cloxacillin, or nafcillin, for elevation and prolongation of
plasma levels by whatever route the antibiotic is given (8).

Animal reproduction studies have apparently not been conducted.
The manufacturer reports that the drug crosses the placenta and appears in

cord blood (8). This is consistent with its relatively low molecular weight (about
285).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 339 newborns had
been exposed to probenecid during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 17 (5.0%) major birth defects were
observed (14 expected). Specific data were available for six defect categories,
including (observed/expected) 5/3 cardiovascular defects, 1/1 oral clefts, 0/0
spina bifida, 1/1 polydactyly, 0/1 limb reduction defects, and 1/1 hypospadias.
These data do not support an association between the drug and congenital
defects.

BREASTFEEDING SUMMARY



Consistent with its molecular weight (about 285), probenecid is excreted into
breast milk. A 30-year-old, penicillin-allergic, breastfeeding woman developed
erysipelas/cellulitis in her breasts 9 days after a cesarean section (9). She was
treated with IV cephalothin, 1 g every 6 hours for 3 days, then oral cephalexin
and probenecid (both 500 mg 4 times daily). Severe diarrhea, discomfort, and
crying was observed in the nursing infant during IV therapy and continued with
oral therapy, but at a decreased level. The symptoms had nearly resolved after
partial replacement of breast milk with goat’s milk for 7 days. Sixteen days
after initiation of oral therapy, the woman collected 12 milk samples (6 pairs of
fore- and hind-milk) by manual expression over a 16-hour interval. The average
concentrations of probenecid and cephalexin were 964 and 745 mcg/L,
respectively. The concentrations of the two substances in fore- and hind-milk
were not significantly different. The infant doses, based on the milk AUC and an
estimated intake of 150 mL/kg/day, of probenecid and cephalexin were 0.7%
and 0.5%, respectively, of the mother’s weight-adjusted dose. Although these
doses were thought to be low enough to exclude systemic effects, it was
concluded that cephalexin was the most likely cause of the diarrhea (9).
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PROCAINAMIDE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Procainamide is a cardiac drug used for the termination and prophylaxis of
atrial and ventricular tachyarrhythmias (1). The limited human pregnancy
data suggest low risk for the embryo–fetus, but there is no 1st trimester or
animal reproduction data.

FETAL RISK SUMMARY
Animal reproduction studies with procainamide have not been conducted. The
use of procainamide during human pregnancy has not been associated with
congenital anomalies or other adverse fetal effects (1–9).

Successful cardioversion with procainamide of a fetal supraventricular
tachycardia presenting at 30 weeks’ gestation has been reported (4). Therapy
with digoxin alone and digoxin combined with propranolol failed to halt the
arrhythmia. Procainamide was then combined with digoxin, resulting in
cardioversion to a sinus rhythm and resolution of fetal ascites and pericardial
effusion. During the following 3 weeks, the mother was maintained on oral
procainamide, 1 g every 6 hours, and digoxin. Maternal serum levels of
procainamide varied from 2.4 to 4.1 mcg/mL. The abnormal rhythm returned at
33 weeks’ gestation, and control became increasingly difficult. Additional
therapy with procainamide increased the maternal serum concentration to 6.8
mcg/mL. During the last 24 hours, four IV bolus doses of procainamide (700
mg 3 times, 650 mg once) were administered plus a maintenance dose of 3
mg/minute. Three hours after the last bolus dose, a 2650-g female infant was
delivered by cesarean section. Serum procainamide concentrations in the
newborn and mother were 4.3 and 15.6 mcg/mL, respectively, a ratio of 0.28.
During the subsequent neonatal course, the infant was successfully treated for



congestive heart failure and persistent supraventricular tachycardia. The
electrocardiogram was normal at 6 months of age.

In a case similar to the one described above, therapy with digoxin, verapamil,
and procainamide failed to control fetal supraventricular tachycardia presenting
at 24 weeks’ gestation (5). At cordocentesis, procainamide concentrations in
the fetus and mother were 11.7 and 12.8 mcg/mL (ratio 0.91), respectively.
Levels of the active metabolite, N-acetylprocainamide, were 3.0 and 3.5
mcg/mL (ratio 0.86), respectively. Cardioversion was eventually accomplished
with direct fetal digitalization by periodic IM injection.

Procainamide was prescribed for a woman in her 24th week of gestation for
ventricular tachycardia (7). She was treated with doses up to 2000 mg every 6
hours, combined with metoprolol 100 mg every 12 hours, until delivery of a
healthy 3155-g female at 38 weeks’ gestation. Maternal and mixed cord blood
concentrations of procainamide were 6.0 and 6.4 mcg/mL (fetal:maternal ratio
1.1), respectively. Similar analysis for N-acetylprocainamide yielded levels of
9.4 and 8.7 mcg/mL (ratio 0.9), respectively. No fetal or newborn adverse
effects were observed.

BREASTFEEDING SUMMARY
Procainamide and its active metabolite, N-acetylprocainamide, are accumulated
in breast milk (10). A woman was treated with procainamide, 375 mg 4 times
daily, for premature ventricular contractions during the 3rd trimester (10). The
dose was increased to 500 mg 4 times daily 1 week before delivery at 39
weeks’ gestation. Simultaneous serum and milk samples were obtained in the
postpartum period (exact time not specified) every 3 hours for a total of 15
hours. Procainamide (500 mg) was administered orally at hours 0, 6, and
12 immediately after samples were obtained. Mean serum concentrations of
procainamide and N-acetylprocainamide were 1.1 and 1.6 mcg/mL,
respectively, while the concentrations in the milk were 5.4 and 3.5 mcg/mL,
respectively. The mean milk:serum ratios for the parent drug and the metabolite
were 4.3 (range 1.0–7.3) and 3.8 (range 1.0–6.2), respectively. The amount of
drug available to the nursing infant based on a hypothetical serum level of 8
mcg/mL was estimated to be 64.8 mcg/mL (procainamide plus metabolite).
Assuming the infant could ingest 1000 mL of milk/day (thought to be unlikely),
this would only provide about 65 mg of total active drug. This amount was not
expected to yield clinically significant serum concentrations (10).

The American Academy of Pediatrics classifies procainamide as compatible
with breastfeeding (11). However, the long-term effects of exposure in the



nursing infant to procainamide and its metabolites are unknown, particularly in
regard to potential drug toxicity (e.g., development of antinuclear antibodies
and lupus-like syndrome).
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PROCARBAZINE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although combined with other antineoplastics, structural anomalies have
been observed when procarbazine was used in the 1st trimester. The drug
is best avoided during organogenesis.

FETAL RISK SUMMARY
The use of procarbazine, in combination with other antineoplastic agents, during
pregnancy has been described in nine patients, five during the 1st trimester
(1–8). One of the 1st trimester exposures was electively terminated, but no
details on the fetus were given (5). Congenital malformations were observed in
the remaining four 1st trimester exposures (1–4):

Multiple hemangiomas (1)
Oligodactyly of both feet with webbing of third and fourth toes, four

metatarsals on left, three on right, bowing of right tibia, cerebral
hemorrhage, spontaneously aborted at 24 weeks’ gestation (2)

Malformed kidneys—markedly reduced size and malposition (3)
Small secundum atrial septal defect, intrauterine growth restriction (4)

A patient in her 12th week of pregnancy received procarbazine, 50 mg daily,
in error for 30 days when she was given the drug instead of an iron/vitamin
supplement (6). A normal 3575-g male infant was delivered at term.

Long-term studies of growth and mental development in offspring exposed to
procarbazine during the 2nd trimester, the period of neuroblast multiplication,
have not been conducted (9). Data from one review indicated that 40% of the
infants exposed to anticancer drugs were of low birth weight (10). This finding
was not related to the timing of exposure.

Procarbazine is mutagenic and carcinogenic in animals (11). In combination
with other antineoplastic drugs, procarbazine may produce gonadal dysfunction



in males and females (12–17). Ovarian and testicular function may return to
normal, with successful pregnancies possible, depending on the patient’s age at
the time of therapy and the total dose of chemotherapy received (16–20).

It is not known if procarbazine crosses the human placenta. The molecular
weight (about 222 for the free base) is low enough that exposure of the
embryo–fetus should be expected.

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of procarbazine during lactation have been
located. The molecular weight (about 222 for the free base) is low enough that
excretion into breast milk should be expected. Because of the potential for
tumorigenicity, women receiving this drug should not nurse (21).
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PROCHLORPERAZINE
Antipsychotic/Antiemetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although there are isolated reports of congenital defects in children
exposed to prochlorperazine in utero, the majority of the evidence indicates
that this drug and the general class of phenothiazines are low risk for both
mother and fetus if used occasionally in low doses. Other reviewers have
also concluded that the phenothiazines are not teratogenic (1,2).

FETAL RISK SUMMARY
Prochlorperazine is a piperazine phenothiazine. In one rat study,
prochlorperazine produced significant postnatal weight decrease, increased
fetal mortality, and minor behavioral changes, but no structural defects (3). In a
second rat study, an increased incidence of cleft palate, a few anencephalic
fetuses, and one double monster was observed (4).

The drug readily crosses the placenta (5). Prochlorperazine has been used
to treat nausea and vomiting of pregnancy. Most studies have found the drug to
be safe for this indication (see also Chlorpromazine) (6–8).

The Collaborative Perinatal Project (CPP) monitored 50,282 mother–child
pairs, 877 of whom had 1st trimester exposure to prochlorperazine (8). For use
anytime during pregnancy, 2023 exposures were recorded. No evidence was
found in either group to suggest a relationship to malformations or an effect on
perinatal mortality rate, birth weight, or IQ scores at 4 years of age (8).

In a separate study using data from the CPP, offspring of psychotic or
neurotic mothers who had consumed prochlorperazine for 1–2 months during
gestation (N = 30) were significantly taller than nonexposed controls (N = 71) at
4 months and at 1 year of age (9). Those who had been exposed for longer
than 2 months (N = 8) were also taller than controls at both ages, but not
significantly so. Offspring (N = 21) of normal women, who had taken the drug



for more than 2 months during pregnancy, were significantly taller than
nonexposed controls (N = 68) at 1 year of age but no difference was measured
at 7 years of age. Moreover, the mean weight of exposed children of normal
mothers was significantly greater than controls at 1 year of age, but not at 7
years of age. The mechanisms behind these effects were not clear, but may
have been related to the dopamine receptor-blocking action of the drug (9).

Five infants exposed to prochlorperazine, and, in some cases, to multiple
other drugs, during the 1st trimester are described below:

Cleft palate, micrognathia, congenital heart defects, skeletal defects (10)
Thanatophoric dwarfism (short limb anomaly) (11)
Hypoplasia of radium and ulnar bones with a vestigial wrist and hand (12)
Below-the-elbow amputation in one arm and small atrophic hand attached to

the stump (13)
Below-the-knee amputation in one limb, with rudimentary foot attached to

stump (one twin) (13)

The relationship between prochlorperazine and the above defects is
unknown. The case of dwarfism was probably caused by genetic factors. No
evidence of amniotic bands was observed in the two cases involving
amputations, both of whom were exposed during the mothers’ treatment for
hyperemesis gravidarum (13).

A 1963 report described phocomelia of the upper limbs in a male infant
exposed to two phenothiazines during gestation (14). The mother had not taken
prochlorperazine until approximately the 13th week of gestation, so no
association between the drug and the defect is possible. However, the other
agent, trifluoperazine, was taken early in pregnancy (see also Trifluoperazine).
In another study, no increase in defects or pattern of malformations were
observed in 76 infants (2 sets of twins) exposed in utero to the antiemetic (15).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 704 newborns had
been exposed to prochlorperazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 24 (3.4%) major birth defects were
observed (29 expected). Specific data were available for six defect categories,
including (observed/expected) 6/7 cardiovascular defects, 1/1 oral clefts, 0/0
spina bifida, 1/2 polydactyly, 1/1 limb reduction defects, and 0/2 hypospadias.
These data do not support an association between the drug and congenital
defects.



BREASTFEEDING SUMMARY
No reports describing the excretion of prochlorperazine into breast milk have
been located. Because other phenothiazines appear in human milk (e.g.,
chlorpromazine), excretion of prochlorperazine should be expected. Sedation is
a possible effect in the nursing infant.
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PROGUANIL
Antimalarial
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No adverse fetal or newborn effects attributable to the use of proguanil
during gestation have been reported. It is considered by some to be the
least toxic prophylactic agent available (1).

FETAL RISK SUMMARY
Proguanil is not available in the United States as a single agent, but is available
in combination with atovaquone (see also Atovaquone). Proguanil, a biguanide
compound that inhibits plasmodial dihydrofolate reductase, has been frequently
used in other parts of the world for causal prophylaxis (defined as absolute
prevention) of falciparum malaria since 1948. It is now known, however, that no
chemoprophylaxis regimen ensures complete protection against infection with
malaria (2). Proguanil is also indicated for the suppression of other forms of
malaria and reduced transmission of infection, but because of its slow action it
is not used for the acute treatment of malaria. Combination with other
antimalarial agents such as chloroquine is common because of the rapid
development of drug resistance. Proguanil is converted in vivo to cycloguanil,
the active metabolite. Because it is a folate antagonist, pregnant women taking
proguanil should also take folic acid supplements (3–7). One reviewer
recommended either 5 mg/day of folic acid or 5 mg/week of folinic acid
(leucovorin) at least during the 1st trimester (7). Moreover, because iron-
deficiency anemia is often present in some regions, a combination of proguanil,
iron, and folic acid has been recommended (8).

A reproductive study in pregnant rats given proguanil and the active
metabolite, cycloguanil, was summarized by Shepard (9) and also cited by
Schardein (10). Proguanil, 30 mg/kg every 4 hours, was given by gavage on



days 1, 9, and 13 of gestation. No effects on the embryos or fetuses were
observed. In contrast, the same dose of cycloguanil on day 1 of gestation
caused death in 90% of the embryos. As with proguanil, no effects were
observed from exposure to cycloguanil on days 9 and 13.

Antimalarial agents, including proguanil, are used routinely during pregnancy
because the risks from the disease far outweigh the risks to the fetus from
drug therapy (4,5). The risks of complications from maternal malarial infection
are increased during pregnancy, especially in primigravidas and in women not
living in endemic areas (i.e., nonimmune women) (11–14). Infection is
associated with a number of severe maternal and fetal outcomes: maternal
death, anemia, abortion, stillbirth, prematurity, low birth weight, intrauterine
growth restriction, fetal tachycardia, fetal distress, and congenital malaria
(11–16). One of these outcomes, low birth weight with the resulting increased
risk of infant mortality, may have other causes, however, inasmuch as it has not
been established that antimalarial chemoprophylaxis can completely prevent
this complication (12). Increased maternal morbidity and mortality includes adult
respiratory distress syndrome, pulmonary edema, massive hemolysis,
disseminated intravascular coagulation, acute renal failure, and hypoglycemia
(13–15). Severe Plasmodium falciparum malaria in pregnant nonimmune
women has a poor prognosis and may be associated, in addition to the
toxicities noted above, with asymptomatic uterine contractions, placental
insufficiency because of intense parasitization, and hypoglycemia (12,15).
Because of the severity of this disease in pregnancy, chemoprophylaxis is
recommended for women of childbearing age traveling in areas where malaria
is present (6,11–13).

Of 200 Nigerian women enrolled in a randomized double-blind trial, 160 were
given an initial curative chloroquine course (600 mg base once), followed by
prophylaxis regimens consisting of proguanil, 100 mg/day, with or without daily
iron supplements, or 1 mg/day of folic acid (17,18). A control group of 40
women received no treatment. All patients were primigravidas seen before 24
weeks’ gestation. In the treated groups, the prevalence of falciparum
parasitemia was decreased from 32%–35% to about 2% at gestational weeks
28 and 36. Benefits of the regimens that included iron and/or folic acid were
reductions in (a) severe anemia during pregnancy (from 18% to 3%), (b)
megaloblastic erythropoiesis at or before delivery (from 56% to 25%), and (c)
anemia at 6 weeks postpartum (from 61% to 29%). However, the mean birth
weight was increased by only 132 g in treated compared with untreated
pregnancies (difference not significant). Other than a single case of talipes and



two infants with umbilical hernias, no other birth defects were observed. The
authors stated that no association with the maternal treatment groups was
evident, but the groups the infants were in was not specified (17).

In the first of a series of four reports, a study published in 1993 described
the use of proguanil, either alone (N = 124) (200 mg once daily) or in
combination with chloroquine (N = 90) (300 mg base once weekly), or of
chloroquine alone (N = 113) (300 mg base once weekly) as malarial
chemoprophylaxis during pregnancy in Tanzania (19). Chemoprophylaxis was
begun after a single curative dose of pyrimethamine/sulfadoxine (Fansidar) was
administered to clear preexisting parasitemia. Both proguanil chemoprophylaxis
regimens were superior to chloroquine alone. The proguanil regimens were well
tolerated by the mothers, with no cases of mouth ulcers and palmar or plantar
skin scaling, although a few of the women complained of nausea. Based on
urinary levels of proguanil and cycloguanil, they concluded that better protection
from infection would have been achieved if a 12-hour dosing regimen with
proguanil had been used (19).

In the second report, the effects of drug therapy on maternal hemoglobin,
placental malaria, and birth weight were examined (20). As above, either
proguanil alone or proguanil in combination with chloroquine was superior to
chloroquine alone, producing higher levels of maternal hemoglobin, higher birth
weights, and less placental malaria. The difference in outcomes between the
two proguanil groups was not significant, however, leading the investigators to
the conclusion that chemoprophylaxis with proguanil alone was suitable for this
particular region (20).

The third and fourth reports in the series related to the effects of the therapy
on the maternal malaria immunity and the transfer of maternal antibodies to the
fetus and subsequent immunity of the offspring during early infancy (21,22).
The data demonstrated that the chemoprophylaxis regimens did not significantly
interfere with the maternal–fetal transfer of antisporozoite antibodies but that
antibody levels at birth did not alter the first occurrence of malaria parasitemia
in the infant (22).

The pharmacokinetics of proguanil in pregnant and postpartum women was
described in a 1993 report (23). Ten healthy women in the 3rd trimester were
given a single 200-mg oral dose and four of the women were restudied 2
months after delivery. The pharmacokinetics of proguanil during pregnancy and
postpartum were similar, but the blood concentrations of the active metabolite,
cycloguanil, were markedly decreased during late gestation. The mean
maximum concentration (ng/mL) of cycloguanil in plasma and whole blood



during pregnancy was 12.5 and 11.9, respectively, compared with postpartum
levels of 28.4 and 22.4, respectively. Moreover, the proguanil:cycloguanil ratio
based on the area under the plasma concentration curve (AUC) was 16.7
during pregnancy and 7.8 following pregnancy. The decreased conversion to
the active antimalarial metabolite may have been caused by estrogen inhibition
of the enzyme that metabolizes proguanil. Although the antimalarial prophylaxis
concentration of cycloguanil is not known with certainty, these data indicate that
the currently recommended dose of 200 mg/day may need to be doubled
during late pregnancy to achieve the same blood levels as those obtained 2
months postpartum (23).

Most investigators have concluded that proguanil is safe to use during
pregnancy (1–7,11,19,24,25).

BREASTFEEDING SUMMARY
No reports quantifying the amount of proguanil excreted in breast milk have
been located. At least two reports have stated that agents used for malaria
prophylaxis, such as proguanil, are excreted in small amounts in milk (3,11).
These amounts, however, are too low for adequate malaria chemoprophylaxis
of a nursing infant (3,11). Because proguanil is recommended for malaria
protection in infants of any age (3,11,25), the use of the agent by a nursing
woman is probably safe. Studies are needed, however, to measure the amount
of proguanil and the active metabolite, cycloguanil, in milk and to determine the
safety of this exposure in the nursing infant.
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PROMAZINE

[Withdrawn from the market. See 9th edition.]



PROMETHAZINE
Antihistamine/Antiemetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Promethazine is a phenothiazine antihistamine that is sometimes used as
an antiemetic in pregnancy and as an adjunct to narcotic analgesics during
labor. There are reports of embryo–fetal harm but confirming studies are
required. In general, use of the drug in pregnancy appears to be low risk
for the embryo–fetus.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 114
of whom had promethazine exposure in the 1st trimester (1, pp. 323–324). For
use anytime during pregnancy, 746 exposures were recorded (1, p. 437). In
neither group was evidence found to suggest a relationship to large categories
of major or minor malformations or to individual defects. A 1964 report also
failed to show an association between 165 cases of promethazine exposure in
the 1st trimester and malformations (2). In a 1971 reference, infants of mothers
who had ingested antiemetics during the 1st trimester actually had significantly
fewer abnormalities when compared with controls (3). Promethazine was the
most commonly used antiemetic in this latter study.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1197 newborns
had been exposed to promethazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 61 (5.1%) major birth defects were
observed (51 expected). Specific data were available for six defect categories,
including (observed/expected) 1/2 oral clefts, 0/1 spina bifida, 4/3 polydactyly,
1/2 limb reduction defects, 1/3 hypospadias, and 17/12 cardiovascular defects.
Only with the latter defect is there a suggestion of a possible association, but
other factors, including the mother’s disease, concurrent drug use, and chance,



may be involved.
At term, the drug rapidly crosses the placenta, appearing in cord blood within

1.5 minutes of an IV dose (4). Fetal and maternal blood concentrations are at
equilibrium in 15 minutes, with infant levels persisting for at least 4 hours.

Several investigators have studied the effect of promethazine on labor and
the newborn (5–13). Significant neonatal respiratory depression was seen in a
small group of patients (5). However, in three large series, no clinical evidence
of promethazine-induced respiratory depression was found (6–8). In a series of
33 mothers at term, 28 received either promethazine alone (1 patient) or a
combination of meperidine with promethazine or phenobarbital (27 patients).
Transient behavioral and electroencephalographic changes, persisting for <3
days, were seen in all newborns (10). These and other effects prompted one
author to recommend that promethazine should not be used during labor (14).

Maternal tachycardia as a result of promethazine (mean increase 30
beats/minute) or promethazine-meperidine (mean increase 42 beats/minute)
was observed in one series (9). The maximum effect occurred about 10
minutes after injection. The fetal heart rate did not change significantly.

The antiemetic effects of promethazine 25 mg and metoclopramide 10 mg
following the use of meperidine in labor were described in a study involving 477
women (13). Both drugs were superior to placebo as antiemetics, but
significantly more of the promethazine-treated mothers had persistent sedation
that extended into the immediate postpartum period. Moreover, an
antianalgesic effect, as evidenced by pain score, duration of analgesia, and an
increased need for meperidine, was observed when promethazine was used.

Fatal shock was reported in a pregnant woman with an undiagnosed
pheochromocytoma given promethazine (15). A precipitous drop in blood
pressure resulted from administration of the drug, probably secondary to
unmasking of hypovolemia (15).

Effects on the uterus have been mixed, with both increases and decreases in
uterine activity reported (8,9,11).

Promethazine used during labor has been shown to markedly impair platelet
aggregation in the newborn but less so in the mother (12,16). Although the
clinical significance of this is unknown, the degree of impairment in the newborn
is comparable to those disorders associated with a definite bleeding state.

Promethazine has been used to treat hydrops fetalis in cases of anti-
erythrocytic isoimmunization (17). Six patients were treated with 150 mg/day
orally between the 26th and 34th weeks of gestation while undergoing
intraperitoneal transfusions. No details on the infants’ conditions were given



except that all were born alive. Other authors have reported similarly successful
results in Rh-sensitized pregnancies (18,19). As described by some authors,
doses up to 6.5 mg/kg/day may be required (18). However, a 1991 review
concluded that the benefits of promethazine in the treatment of Rh immunization
were marginal and may be hazardous to the fetus (20).

Two female anencephalic infants were born to mothers after ovulatory
stimulation with clomiphene (21). One of the mothers had taken promethazine
for morning sickness. No association between promethazine and this defect has
been suggested.

BREASTFEEDING SUMMARY
Available laboratory methods for the accurate detection of promethazine in
breast milk are not clinically useful because of the rapid metabolism of
phenothiazines (M. Lipshutz, personal communication, Wyeth Laboratories,
1981). Because of the low molecular weight (about 284), excretion into breast
milk should be expected. The potential effects of this exposure on a nursing
infant are unknown.
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PROPAFENONE
Antiarrhythmic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Four reports and a review have described the use of propafenone in late
pregnancy (1–5). There is no reported experience in the 1st trimester. No
adverse effects were observed in the fetus or the newborn.

FETAL RISK SUMMARY
Propafenone is an orally active antiarrhythmic used in the treatment of
ventricular tachycardia. The agent has an active metabolite, 5-OH-propafenone.
No teratogenic effects have been observed in studies with rabbits and rats, but
propafenone was embryotoxic in both species when given in doses of 10 and
40 times the maximum recommended human dose, respectively (6).

Propafenone crosses the human placenta at term (1). A woman, delivering at
36 weeks’ gestation, was taking 300 mg 3 times daily in the 3rd trimester.
Trough concentrations of propafenone and its active metabolite in the mother
were 145 and 69 ng/mL, respectively, and in the newborn were 30 and 29
ng/mL, respectively.

BREASTFEEDING SUMMARY
Propafenone is excreted into breast milk. A woman took propafenone 300 mg 3
times a day during the latter part of pregnancy and during breastfeeding (1).
Three days postpartum, trough concentrations of propafenone and its active
metabolite were 32 and 47 ng/mL, respectively, whereas the maternal plasma
levels were 219 and 86 ng/mL, respectively.

In a 2005 study, a single oral dose of propafenone 150 mg was given to a
nursing mother (7). The infant was not allowed to breastfeed during the study.
Six paired samples of milk and maternal plasma were drawn over 12 hours.



The milk:plasma ratio, based on AUC, was 0.25, and the relative infant dose
was 0.1% of the mother’s weight-adjusted dose (7).
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PROPANTHELINE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Propantheline is an anticholinergic quaternary ammonium bromide. There
are no reports associating the use of this drug with developmental toxicity,
but the data are limited. There also are no relevant animal data. (See also
Atropine.)

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 33 of
whom used propantheline in the 1st trimester (1). No evidence was found for an
association with congenital malformations. When the group of
parasympatholytics were taken as a whole (2323 exposures), a possible
association with minor malformations was found (1).

BREASTFEEDING SUMMARY
No reports describing the use of propantheline during human lactation have
been located. (See also Atropine.)
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PROPOFOL
Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

A number of studies have described the use of propofol during cesarean
section. The drug has caused transient newborn depression. No reports
describing the use of the drug during the 1st and 2nd trimesters have been
located.

FETAL RISK SUMMARY
Propofol is a hypnotic agent used for the IV induction and maintenance of
anesthesia (1–20). Reproduction studies in rats and rabbits at doses 6 times
the recommended human induction dose have revealed no evidence of impaired
fertility or fetal harm (21).

The pharmacokinetics of propofol in women undergoing cesarean section
was reported in 1990 (1). Propofol rapidly crosses the placenta and distributes
in the fetus (2–12). The fetal:maternal (umbilical vein:maternal vein) ratio is
approximately 0.7. Doses were administered either by IV bolus, by continuous
infusion, or by both methods.

Several studies have examined the effect of maternal propofol anesthesia on
infant Apgar scores, time to sustained spontaneous respiration, and
Neurological and Adaptive Capacity Score (NACS) or the Early Neonatal
Neurobehavioural Scale (ENNS) (1,2,4,5,7,8,11–18). Most investigators
reported no difference in the Apgar scores of infants exposed to propofol either
alone or when compared with other general anesthesia techniques, such as
thiopental with enflurane or isoflurane (2,5,7,8,14–18). Moreover, no correlation
was found between the Apgar scores and umbilical arterial or venous
concentration of propofol (2,5,8,11,15).

In one study, infants (N = 20) exposed to a maternal propofol dose of 2.8



mg/kg had significantly lower Apgar scores at 1 and 5 minutes compared with
infants (N = 20) whose mothers were treated with thiopental 5 mg/kg (13). The
Apgar scores in both groups were significantly lower when compared with
infants born by spontaneous vaginal delivery. The induction-to-delivery and
uterine incision-to-delivery intervals in the two treatment groups were nearly
identical. Five propofol-exposed infants had profound muscular hypotonus at
birth and at 5 minutes, and one newborn was somnolent (13). Propofol-
exposed infants were evaluated using the ENNS and were found to have a
depression in alert state, pinprick and placing reflexes, and mean decremental
count in Moro and light reflexes 1 hour after birth but not at 4 hours (13). Five
(25%) of the infants exhibited generalized irritability and continuous crying at 1
hour, but not at 4 hours.

In contrast, most studies found no difference in the NACS or time to
sustained spontaneous respiration between various groups with propofol IV
bolus doses of 2.5 mg/kg or when continuous infusion doses were no higher
than 6 mg/kg/hr (2,5,8,14–16). Higher doses, such as 9 mg/kg/hr, were
correlated with a depressed NACS (8,12,14–16,18).

BREASTFEEDING SUMMARY
Small amounts of propofol are excreted into breast milk and colostrum following
use of the agent for the induction and maintenance of maternal anesthesia
during cesarean section (3). Two groups of women were studied. The first
group consisted of four women who had received a mean IV propofol dose of
2.55 mg/kg at a mean of 25.9 minutes before delivery. The mean total dose
received by patients in this group was 155.5 mg. The second group consisted
of three women who had received a mean IV dose of 2.51 mg/kg plus a mean
infusion of 5.08 mg/kg/hr. The mean total dose in this group was 247.4 mg, and
the mean time to delivery was 20.2 minutes. Breast milk or colostrum samples
were collected at various intervals from 4 to 24 hours after delivery. Propofol
concentrations in the seven patients varied between 0.048 and 0.74 mcg/mL,
with the highest levels predictably occurring at 4–5 hours in group 2. In one
patient from group 2, the milk/colostrum concentration was 0.74 mcg/mL at
5 hours and fell to 0.048 mcg/mL (6% of the initial sample) at 24 hours. These
amounts were considered negligible when compared with the amounts the
infants received before birth from placental transfer of the drug (3).
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PROPRANOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Propranolol has been used during pregnancy for maternal and fetal
indications. The drug is apparently not a teratogen, but fetal and neonatal
toxicity may occur. Some β-blockers, including propranolol, may cause
intrauterine growth restriction (IUGR) and reduced placental weight,
especially those lacking intrinsic sympathomimetic activity (ISA) (partial
agonist). Treatment beginning early in the 2nd trimester results in the
greatest weight reductions, whereas treatment restricted to the 3rd
trimester primarily affects only placental weight. Propranolol does not
possess ISA. However, IUGR and reduced placental weight may potentially
occur with all agents within this class. Although growth restriction is a
serious concern, the benefits of maternal therapy with β-blockers, in some
cases, might outweigh the risks to the fetus and must be judged on a case-
by-case basis. Newborn infants of women consuming the drug near
delivery should be closely observed during the first 24–48 hours after birth
for bradycardia, hypoglycemia, and other symptoms of β-blockade. Long-
term effects of in utero exposure to β-blockers have not been studied but
warrant evaluation.

FETAL RISK SUMMARY
Propranolol, a nonselective β-adrenergic blocking agent, has been used for
various indications in pregnancy:

Maternal hyperthyroidism (1–7)
Pheochromocytoma (8)
Maternal cardiac disease (6,7,9–20)
Fetal tachycardia or arrhythmia (21,22)



Maternal hypertension (7,20,23–30)
Dysfunctional labor (31)
Termination of pregnancy (32)

Reproduction studies, all apparently based on body weight, have been
conducted in rats and rabbits. In rats, embryotoxicity (increased resorption
sites and reduced litter sizes) and reduced neonatal survival were observed at
doses ≤10 times the maximum recommended human dose (MRHD) (33). No
embryotoxicity was observed in rabbits at doses ≤20 times the MRHD. No
teratogenicity was noted in either species.

The drug readily crosses the placenta (2,6,12,16,22,29,34,35). Cord serum
levels varying between 19% and 127% of maternal serum have been reported
(2,16,22,29). Oxytocic effects have been demonstrated following IV, extra-
amniotic injections, and high oral dosing (17, 31,32,36,37). IV propranolol has
been shown to block or decrease the marked increase in maternal plasma
progesterone induced by vasopressin or theophylline (38). The
pharmacokinetics of propranolol in pregnancy have been described (39).
Plasma levels and elimination were not significantly altered by pregnancy.

A number of fetal and neonatal adverse effects have been reported following
the use of propranolol in pregnancy. Whether these effects were caused by
propranolol, maternal disease, other drugs consumed concurrently, or a
combination of these factors is not always clear. Daily doses of ≥160 mg seem
to produce the more serious complications, but lower doses have also resulted
in toxicity. Analysis of 23 reports involving 167 liveborn infants exposed to
chronic propranolol in utero is shown in below table
(1–4,6,7,9,11–14,20,22–24,26–29,40–43):



Two infants were reported to have anomalies (pyloric stenosis; crepitus of
hip), but the authors did not relate these to propranolol (27,40). In another
case, a malformed fetus was spontaneously aborted from a 30-year-old
woman with chronic renovascular hypertension (44). The patient had been
treated with propranolol, amiloride, and captopril for her severe hypertension.
Malformations included absence of the left leg below the midthigh and no
obvious skull formation above the brain tissue. The authors attributed the defect
either to captopril alone or to a combination effect of the three drugs (44), but
recent reports have associated fetal calvarial hypoplasia with captopril (see
Captopril).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 274 newborns had
been exposed to propranolol during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 11 (4.0%) major birth defects were
observed (12 expected), including (observed/expected) 3/3 cardiovascular
defects and 2/1 hypospadias. No anomalies were observed in four other defect
categories (oral clefts, spina bifida, polydactyly, and limb reduction defects) for
which specific data were available.

Respiratory depression was noted in four of five infants whose mothers were
given 1 mg of propranolol IV just before cesarean section (45). None of the five



controls in the double-blind study was depressed at birth. The author
suggested the mechanism may have been β-adrenergic blockade of the
cervical sympathetic discharge that occurs at cord clamping.

Fetal bradycardia was observed in 2 of 10 patients treated with propranolol,
1 mg/minute for 4 minutes, for dysfunctional labor (31). No lasting effects were
seen in the babies. In a retrospective study, 8 markedly hypertensive patients
(9 pregnancies) treated with propranolol were compared with 15 hypertensive
controls not treated with propranolol (25). Other antihypertensives were used in
both groups. A significant difference was found between the perinatal mortality
rates, with seven deaths in the propranolol group (78%) and five deaths in the
controls (33%). A possible explanation for the difference may have been the
more severe hypertension and renal disease in the propranolol group than in
the controls (46).

IUGR may be related to propranolol. Several possible mechanisms for this
effect have been reviewed (47). Premature labor has been suggested as a
possible complication of propranolol therapy in patients with gestational
hypertension (42). In nine women treated with propranolol for gestational
hypertension, three delivered prematurely. The author speculated that these
patients were relatively hypovolemic and when a compensatory increase in
cardiac output failed to occur, premature delivery resulted. However, another
report on chronic propranolol use in 14 women did not observe premature labor
(43).

In a randomized, double-blind trial, 36 patients at term were given either 80
mg of propranolol or placebo (48). Fetal heart rate reaction to a controlled
sound stimulus was then measured at 1, 2, and 3 hours. The heart rate
reaction in the propranolol group was significantly depressed, compared with
placebo, at all three time intervals.

The reactivity of nonstress tests (NSTs) was affected by propranolol in two
hypertensive women in the 2nd and 3rd trimesters (49). One woman was
taking 20 mg every 6 hours and the other 10 mg 3 times daily. Repeated NSTs
were nonreactive in both women, but immediate follow-up contraction stress
tests were negative. The NSTs became reactive 2 and 10 days, respectively,
after propranolol was discontinued.

A 1988 review on the use of β-blockers including propranolol, during
pregnancy, concluded that these agents are relatively safe (50).

BREASTFEEDING SUMMARY
Propranolol is excreted into breast milk. Peak concentrations occur 2–3 hours



after a dose (12,20,43,51). Milk levels have ranged from 4 to 64 ng/mL, with
milk:plasma ratios of 0.2–1.5 (12,20,29,50). Although such adverse effects as
respiratory depression, bradycardia, and hypoglycemia have not been
reported, nursing infants exposed to propranolol in breast milk should be
closely observed for these symptoms of β-blockade. Long-term effects of
exposure to β-blockers from milk have not been studied but warrant evaluation.
The American Academy of Pediatrics classifies propranolol as compatible with
breastfeeding (52).
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PROPYLTHIOURACIL
Antithyroid
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Propylthiouracil (PTU) is routinely used in pregnancy for the treatment of
hyperthyroidism. The maternal benefit outweighs the potential embryo–fetal
risk.

FETAL RISK SUMMARY
PTU has been used for the treatment of hyperthyroidism during pregnancy
since its introduction in the 1940s (1–39). The drug prevents synthesis of
thyroid hormones and inhibits peripheral deiodination of levothyroxine (T4) to
liothyronine (T3) (40).

PTU crosses the placenta. Four patients undergoing therapeutic abortion
were given a single 15-mg 35S-labeled oral dose 2 hours before pregnancy
termination (41). Serum could not be obtained from two 8-week-old fetuses,
but 0.0016%–0.0042% of the given dose was found in the fetal tissues. In two
other fetuses at 12 and 16 weeks of age, the fetal:maternal serum ratios were
0.27 and 0.35, respectively, with 0.020% and 0.025% of the dose in the
fetuses. A 1986 report described the pharmacokinetics of PTU in six pregnant,
hyperthyroid women (42). Serum concentrations of PTU consistently decreased
during the 3rd trimester. At delivery in five patients, 1–9 hours after the last
dose of 100–150 mg, the mean maternal serum concentration of PTU was 0.19
mcg/mL (range <0.02–0.52 mcg/mL) compared with a mean cord blood level of
0.36 mcg/mL (range 0.03–0.67 mcg/mL). The cord:maternal serum ratio was
1.9 (42).

The primary effect on the fetus from transplacental passage of PTU is the
production of a mild hypothyroidism when the drug is used close to term. This
usually resolves within a few days without treatment (34). Clinically, the
hypothyroid state may be observed as a goiter in the newborn and is the result



of increased levels of fetal pituitary thyrotropin (24). The incidence of fetal
goiter after PTU treatment in reported cases is approximately 12% (29
goiters/241 patients) (1–37,43). Some of these cases may have been caused
by co-administration of iodides (9,11,18,22). The use of PTU early in
pregnancy does not produce fetal goiter, as the fetal thyroid does not begin
hormone production until approximately the 11th or 12th week of gestation (44).
Goiters from PTU exposure are usually small and do not obstruct the airway as
do iodide-induced goiters (see also Potassium Iodide) (43–45). However, two
reports have been located that described PTU-induced goiters in newborns that
were sufficiently massive to produce tracheal compression resulting in death in
one infant and moderate respiratory distress in the second (7,10). In two other
PTU-exposed fetuses, clinical hypothyroidism was evident at birth with
subsequent slow mental and physical development (10–12). One of these
infants was also exposed to high doses of iodide during gestation (12). PTU-
induced goiters are not predictable or dose dependent, but the smallest
possible dose of PTU should be used, especially during the 3rd trimester
(19,33,44–46). No effect on intellectual or physical development from PTU-
induced hypothyroxinemia was observed in comparison studies between
exposed and nonexposed siblings (19,47).

Congenital anomalies have been reported in seven newborns exposed to
PTU in utero (14,17,21,27,34). This incidence is well within the expected rate of
malformations. Maternal hyperthyroidism itself has been shown to be a cause
of malformations (48). No association between PTU and defects has been
suggested. The reported defects were as follows: congenital dislocation of hip
(14), cryptorchidism (17), muscular hypotonicity (17), syndactyly of hand and
foot (I131 also used) (21), hypospadias (27), aortic atresia (27), and choanal
atresia (34).

In a large prospective study, 25 patients were exposed to ≥1 noniodide
thyroid suppressants during the 1st trimester, 16 of whom took PTU (49). From
the total group, four children with nonspecified malformations were found,
suggesting that this group of drugs may be teratogenic. However, because of
the maternal disease and the use of other drugs (i.e., methimazole in nine
women and other thiouracil derivatives in two), the relationship between PTU
and the anomalies cannot be determined. This study also noted that
independent confirmation of the data was required (49).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 35 newborns had
been exposed to PTU during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). One (2.9%) major birth defect was observed (one
expected), a case of hypospadias (none expected).

A 1992 abstract and a later full report described a retrospective evaluation of
hyperthyroid pregnancy outcomes treated with either PTU (N = 99) or
methimazole (N = 36) (50,51). Three (3.0%) defects were observed in those
exposed to PTU (ventricular septal defect; pulmonary stenosis; patent ductus
arteriosus in a term infant), whereas one newborn (2.8%) had a defect (inguinal
hernia) in the methimazole group. No scalp defects were observed.

A 2002 review of the fetal effects of antithyroid drugs concluded that the risk
of congenital defects with PTU is not increased over that of nontreated controls
(52). However, PTU was more likely than methimazole to cause suppression of
fetal thyroid function that could result in fetal thyroid hyperplasia and goiter.
Suppression of the fetal thyroid function occurred in 1%–5% of newborns of
PTU-treated mothers, and many exhibited goiter. In addition, little is known of
the long-term consequences of suppression of the fetal thyroid gland on
postnatal brain development (52).

In comparison with other antithyroid drugs, PTU is considered the drug of
choice for the medical treatment of hyperthyroidism during pregnancy (see also
Carbimazole, Methimazole, Potassium Iodide) (34,36,44–46). Combination
therapy with thyroid–antithyroid drugs was advocated at one time but is now
considered inappropriate (25,26,34,36,44–46,53). Two reasons contributed to
this change: (a) use of thyroid hormones may require higher doses of PTU to
be used, and (b) placental transfer of T4 and T3 is minimal and not sufficient to
reverse fetal hypothyroidism (see also Levothyroxine and Liothyronine).

BREASTFEEDING SUMMARY
PTU is excreted into breast milk in low amounts. In a patient given 100 mg of
radiolabeled PTU, the milk:plasma ratio was a constant 0.55 for a 24-hour
period, representing about 0.077% of the given radioactive dose (54). In a
second study, nine patients were given an oral dose of 400 mg (55). Mean
serum and milk levels at 90 minutes were 7.7 and 0.7 mcg/mL, respectively.
The average amount excreted in milk during 4 hours was 99 mcg, about
0.025% of the total dose. One mother took 200–300 mg daily while
breastfeeding. No changes in any of the infant’s thyroid parameters were
observed (55).

Based on these two reports, PTU does not seem to pose a significant risk to
the breastfed infant, but periodic evaluation of the infant’s thyroid function would
be prudent. A 1987 review of antithyroid medication during lactation considered



PTU the drug of choice because it is ionized at phyiologic pH and protein bound
(80%), both limiting its transfer into milk (56).

An interesting study published in 2000 found that the physician’s advice was
the only significant predictor of a woman’s choice to breastfeed during PTU
therapy (57). In the postpartum period, a group of 36 hyperthyroid women who
required PTU were compared with 30 women who no longer required PTU
therapy and 36 healthy women (controls). The breastfeeding initiation rates in
the three groups were 44%, 83%, and 83%, respectively. In 15 of the women
receiving PTU who breastfed, advice on breastfeeding was given by 22
physicians (20 in favor, 1 against, and 1 equivocal). In those women taking PTU
who formula-fed, 11 received advice from 17 physicians (4 in favor, 12 against,
and 1 equivocal) (57).

The American Academy of Pediatrics classifies PTU as compatible with
breastfeeding (58).
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PROTAMINE
Antiheparin
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Protamine is used to neutralize the anticoagulant effect of heparin. No
reports of its use in pregnancy have been located. Reproduction studies in
animals have not been conducted (1).

BREASTFEEDING SUMMARY
No reports describing the use of protamine during human lactation have been
located. Such reports are unlikely due to its indication.

Reference
1. Product information. Protamine sulfate. Eli Lilly, 1993.



PROTIRELIN

[Withdrawn from the market. See 9th edition.]



PROTRIPTYLINE
Antidepressant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports on the use of protriptyline during human pregnancy have been
located. (See also Amitriptyline and Nortriptyline.)

FETAL RISK SUMMARY
Protriptyline, a dibenzocycloheptene derivative, is a tricyclic antidepressant.
Other antidepressants in this class are amitriptyline and its metabolite,
nortriptyline.

Reproduction studies in mice, rats, and rabbits at doses about 10 times
greater than the recommended human dose had no apparent adverse effects
on reproduction (1).

It is not known if protriptyline crosses the human placenta. The molecular
weight (about 264 for the free base) is low enough that exposure of the
embryo–fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of protriptyline during lactation have been
located. The molecular weight (about 264 for the free base) is low enough that
excretion into breast milk should be expected. The effect on a nursing infant
from exposure to the drug in breast milk is unknown. The American Academy of
Pediatrics classifies amitriptyline, a similar antidepressant, as a drug whose
effect on the nursing infant is unknown but may be of concern (see
Amitriptyline).

Reference
1. Product information. Vivactil. Merck, 2000.



PSEUDOEPHEDRINE
Sympathomimetic (Adrenergic)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the limited human data suggest there may be a risk of
gastroschisis and small intestinal atresia (SIA) from 1st trimester exposure
to pseudoephedrine, the risk is low and may only be identifiable in case–
control studies. Moreover, the risk may only be present when
pseudoephedrine is combined with other agents, not when it used alone.
Confirmation of these findings is required. Until such data are available, the
best course is to avoid pseudoephedrine during the 1st trimester.

FETAL RISK SUMMARY
Pseudoephedrine is a sympathomimetic used to alleviate the symptoms of
allergic disorders or upper respiratory infections. It is a common component of
proprietary mixtures containing antihistamines and other ingredients. Thus, it is
difficult to separate the effects of pseudoephedrine on the fetus from those of
other drugs, disease states, and viruses.

Sympathomimetic amines are teratogenic in some animal species, but human
teratogenicity has not been suspected (1). The Collaborative Perinatal Project
monitored 50,282 mother–child pairs, 3082 of whom had 1st trimester
exposure to sympathomimetic drugs (2, pp. 345–356). For use anytime during
pregnancy, 9719 exposures were recorded (2, p. 439). An association in the
1st trimester was found between the sympathomimetic class of drugs as a
whole and minor malformations (not life-threatening or major cosmetic defects),
inguinal hernia, and clubfoot (2, pp. 345–356). However, independent
confirmation of these results is required (2, pp. 345–356).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 940 newborns had
been exposed to pseudoephedrine during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). A total of 37 (3.9%) major birth defects were
observed (40 expected). Specific data were available for six defect categories,
including (observed/expected) 3/9 cardiovascular defects, 2/2 oral clefts, 0/0
spina bifida, 3/3 polydactyly, 0/2 limb reduction defects, and 0/2 hypospadias.
These data do not support an association between the drug and congenital
defects.

A case–control surveillance study published in 1992 reported a significantly
elevated relative risk of 3.2 (95% confidence interval [CI] 1.3–7.7) for the use
of pseudoephedrine during the 1st trimester and 76 exposed cases with
gastroschisis (3). A total of 2142 infants with other malformations formed a
control group. Relative risks for other drugs were salicylates, 1.6;
acetaminophen, 1.7; ibuprofen, 1.3; and phenylpropanolamine, 1.5. Because
some of these drugs are vasoactive substances, and because the cause of
gastroschisis is thought to involve vascular disruption of the omphalomesenteric
artery (3), the investigators compared the use of 1st trimester
pseudoephedrine and other drugs in relation to a heterogeneous group of
malformations, other than gastroschisis, suspected of also having a vascular
origin. In this case, however, the relative risk for the drugs approximated unity.
These data suggested that the association between pseudoephedrine and the
other drugs and gastroschisis may have been caused by an underlying maternal
illness (3).

In a 2002 retrospective case–control study, conducted in 1995–1999,
mothers of 206 gastroschisis cases, 126 SIA cases, and 798 controls were
interviewed about medication use and illnesses (4). The interval of between
birth and interview was <6 months for all cases. The risk of gastroschisis was
increased for aspirin (odds ratio [OR] 2.7, 95% CI 1.1–5.9), all
pseudoephedrine (OR 1.8, 95% CI 1.0–3.2), all acetaminophen (OR 1.5, 95%
CI 1.1–2.2), and pseudoephedrine plus acetaminophen (OR 4.2, 95% CI 1.9–
9.2). The risk for SIA was increased for all pseudoephedrine (OR 2.0, 95% CI
1.0–4.0), and pseudoephedrine plus acetaminophen (OR 3.0, 95% CI 1.1–9.0).
However, when pseudoephedrine was used as a single agent, the ORs and
95% CIs for gastroschisis and SIA were 0.7 (0.2–2.1) and 1.1 (0.5–2.9),
respectively. Fever (as reported by the patient), upper respiratory infection,
and allergy were not associated with increased risks of gastroschisis or SIA.
There were also no significant associations with phenylpropanolamine,
ibuprofen, antihistamines, guaifenesin, or dextromethorphan. The results
confirmed the association of an increased risk of gastroschisis with aspirin
shown in previous studies. However, the data for pseudoephedrine raised



questions concerning interactions between drugs and possible confounding by
underlying illness (4).

A 2005 abstract reviewed the fetal effects of pseudoephedrine after 1st
trimester exposure (5). Two analyses of pharmacy data from health
maintenance organizations revealed 9 malformed infants among 902
exposures, suggesting no association with congenital malformations overall.
However, case–control studies have shown that 1st trimester exposure to
decongestants is associated with small to moderate increases in the risk of
gastroschisis, SIA, and hemifacial microsomia. Moreover, these risks are
increased if the mother also smokes cigarettes (5).

Data from the Swedish Medical Birth Registry regarding pregnancy exposure
to oral decongestants were reported in 2006 (6). The 1st trimester pregnancy
exposures reported by 2474 women were 2304 phenylpropanolamine alone,
136 phenylpropanolamine plus cinnarizine, 23 pseudoephedrine alone, and 11
used 2 of these preparations. Compared with 1771 women who were
prescribed an oral decongestant later in pregnancy, the risk ratio for any
congenital malformation among the 2474 subjects was 0.96, 95% CI 0.80–1.16
(6).

A 1981 report described a woman who consumed, throughout pregnancy,
480–840 mL/day of a cough syrup (7). The potential maximum daily doses
based on 840 mL of syrup were 5.0 g of pseudoephedrine, 16.8 g of
guaifenesin, 1.68 g of dextromethorphan, and 79.8 mL of ethanol. The infant
had features of the fetal alcohol syndrome (see Ethanol) and displayed
irritability, tremors, and hypertonicity (7). It is not known whether the
ingredients, other than the ethanol, were associated with the adverse effects
observed in the infant.

BREASTFEEDING SUMMARY
Pseudoephedrine is excreted into breast milk (8,9). Three mothers, who were
nursing healthy infants, were given an antihistamine-decongestant preparation
containing 60 mg of pseudoephedrine and 2.5 mg of triprolidine (8). Two of the
mothers had been nursing for 14 weeks, and one had been nursing for 18
months. Milk concentrations of pseudoephedrine were higher than plasma
levels in all three patients, with peak milk concentrations occurring at 1.0–1.5
hours. The milk:plasma ratios at 1, 3, and 12 hours in one subject were 3.3,
3.9, and 2.6, respectively. The investigators calculated that 1000 mL of milk
produced during 24 hours would contain 0.25–0.33 mg of pseudoephedrine
base, approximately 0.5%–0.7% of the maternal dose (8).



A single-blind, cross-over study of pseudoephedrine 60 mg vs. placebo was
conducted in eight lactating women (9). The mean milk volume was significantly
reduced by pseudoephedrine, falling from 784 mL/day (placebo period) to 623
mL/day (pseudoephedrine period). The effect on milk volume was not due to
breast blood flow, but the slightly reduced (ns) serum prolactin concentrations
in the women may have contributed. The mean average milk concentration was
829 mcg/L. Assuming a pseudoephedrine 60 mg 4 times daily dose (maximum
recommended dose), the estimated infant dose, based on AUC and 150
mL/kg/day, was 4.3% of the mother’s weight-adjusted dose (9).

The American Academy of Pediatrics classifies pseudoephedrine as
compatible with breastfeeding (10).
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PUMPKIN SEED
Herb
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of pumpkin seed in human pregnancy have
been located. Animal reproduction data also are lacking. However, this
product has been used worldwide as a food and in traditional medicine for
centuries (1). When used as a food, pumpkin seed probably is harmless for
the embryo–fetus. High doses, such as those that might be used in
traditional medicine or in eating disorders should be avoided.

FETAL RISK SUMMARY
Several subspecies of pumpkin are widely consumed as food and used in
traditional medicine. The subspecies belong to the family Cucurbitaceae and
include Cucurbita pepo (also known as C. galeotti, C. mammeata, and Cucumis
pepo) , C. maxima Duchesne (autumn squash), and C. moschata Poir
(crookneck squash). Pumpkin seeds are used as a food, an anthelmintic and, in
combination with other herbal products, in the treatment of dysuria caused by
benign prostatic hyperplasia. The anthelmintic agent in pumpkin seeds is
cucurbitin, a carboxypyrrolidine. The concentration of cucurbitin in pumpkin
seeds depends on the subspecies, varying from 0.18% to 1.94%, with the
highest concentrations in C. maxima. Other chemicals in pumpkin seeds are
fatty acids (primarily palmitic, stearic, oleic, and linoleic), carotenoids (primarily
β-carotene), amino acids and protein, and carbohydrates. In addition to β-
carotene, the seeds are high in vitamin E (primarily γ-tocopherol) (1,2).

Animal reproduction studies involving pumpkin seed have not been located.
Vitamin A (i.e., from conversion of β-carotene), vitamin E, and fatty acids are

known to cross the placenta and the other components of pumpkin probably
also cross.



BREASTFEEDING SUMMARY
No reports describing the use of pumpkin seed during human lactation have
been located. When used as a food, pumpkin seed probably is harmless for the
nursing infant. High doses, such as those that might be used in traditional
medicine or in eating disorders should be avoided.

References
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Wolters Kluwer Health, July 2004.
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PYRANTEL PAMOATE
Anthelmintic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports on the use of this drug in human pregnancy have been located.
Shepard cited two studies in which no congenital defects or postnatal
effects were observed in pregnant rats fed doses up to 3000 mg/kg or in
pregnant rabbits given 1000 mg/kg (1,2).

FETAL RISK SUMMARY
It is not known if pyrantel pamoate crosses the human placenta. The molecular
weight (about 595) is low enough that exposure of the embryo–fetus should be
expected.

BREASTFEEDING SUMMARY
No reports describing the use of pyrantel pamoate during human lactation have
been located. The molecular weight (about 595) is low enough for excretion into
breast milk. The effect of this exposure on a nursing infant is unknown.

References
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PYRAZINAMIDE
Antituberculosis Agent
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pyrazinamide is a synthetic antituberculosis agent derived from
niacinamide. There is no relevant animal data, but a small number of human
pregnancy exposures without fetal harm have been reported (1).
Therefore, because active tuberculosis is a far greater risk to the embryo–
fetus than the drug, pyrazinamide, if indicated should not be withheld in
pregnancy (2).

FETAL RISK SUMMARY
Pyrazinamide is indicated for the initial treatment of active tuberculosis in adults
and children when combined with other antituberculosis agents. Plasma protein
binding (about 10%) is low and the elimination half-life in patients with normal
renal and hepatic function is 9–10 hours. The drug is metabolized in the liver to
an active metabolite (3).

Animal reproduction studies have not been conducted with pyrazinamide. The
drug was not carcinogenic in rats and male mice (data lacking for female mice)
or mutagenic in one test. However, pyrazinamide did induce chromosomal
aberrations in human lymphocyte cell cultures (3).

It is not known if pyrazinamide crosses the human placenta. The molecular
weight (about 123), low plasma protein binding, and prolonged elimination half-
life suggest that exposure of the embryo–fetus will occur.

A 1994 report described the use of pyrazinamide in a pregnant woman (4).
She had been treated for cavitary pulmonary tuberculosis with three other
agents for 5 months before the addition of pyrazinamide at 26 weeks’ gestation
for persistent positive sputum cultures. No drug-related fetal toxicity was
mentioned (4). Although past investigators have cautioned that pyrazinamide



should not be routinely used because of the lack of information pertaining to its
fetal effects (4–7), a more recent recommendation states that the drug can be
used in pregnancy (2).

In a 1999 study involving 33 pregnant women with extrapulmonary
tuberculosis, 6 (21%) were treated with isoniazid, rifampin, and pyrazinamide
(8). Pyrazinamide was stopped after 2 months and all therapy was stopped
after 9 months. No cases of congenital tuberculosis or fetal malformations were
observed (8).

A 2003 report described the use of pyrazinamide in a pregnant woman with
multidrug-resistant tuberculosis (9). The 22-year-old woman was diagnosed
with the infection at 23 weeks’ and daily treatment was initiated with rifampin
(600 mg), isoniazid (300 mg), and ethambutol (700 mg). Because of lack of
response, her therapy was changed after 3 weeks to capreomycin (IV 1000
mg 5 days/week), cycloserine (750 mg/day), levofloxacin (1000 mg/day), para-
aminosalicylic acid (12 g/day), and pyrazinamide (1500 mg/day). After
spontaneous rupture of the membranes, she gave birth at 35 weeks’ to a
healthy 2003-g infant. The results of a tuberculin skin test and three nasogastric
aspiration cultures were negative, as were a neurologic examination and
electrophysiology hearing studies. The infant was kept separated from the
mother (9).

Pyrazinamide, in combination with isoniazid, rifampin, and ethambutol, was
used in five pregnancies in a 2008 report (10). No adverse effects on the
fetuses or newborns were observed.

BREASTFEEDING SUMMARY
Pyrazinamide is excreted into human milk. A patient who was not breastfeeding
(days postpartum not stated) was given an oral 1-g dose of pyrazinamide (11).
The peak milk concentration, 1.5 mcg/mL, occurred at 3 hours. The peak
maternal plasma concentration, 42.0 mcg/mL, occurred at 2 hours (10).

In the above case, the milk:plasma ratio was approximately 0.04. The weight
of the woman was not specified, but if her weight was 70 kg and a nursing
infant consumed 150 mL/kg/day of breast milk, then the theoretically maximum
infant dose as a percentage of the mother’s weight-adjusted dose would be
1.6%. This suggests that if similar results are eventually reported in other
studies, the risk of toxicity to a nursing infant is probably nil. Based on the one
case, maternal treatment with pyrazinamide appears to be compatible with
breastfeeding. However, nursing infants should be monitored for the rare
toxicity observed in patients taking the drug, such as jaundice, fever, loss of



appetite, nausea and vomiting, thrombocytopenia, rash, and arthralgia.
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PYRETHRINS WITH PIPERONYL BUTOXIDE
Pediculicide
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pyrethrins with piperonyl butoxide is a synergistic combination product used
topically for the treatment of lice infestations. It is considered the drug of
choice for lice (1). Although no reports of its use in pregnancy have been
located, topical absorption is poor, so potential toxicity should be less than
that of lindane (see also Lindane) (2). For this reason, use of the
combination is probably preferred over lindane in the pregnant patient.

BREASTFEEDING SUMMARY
No reports describing the use of pyrethrins with piperonyl butoxide during
human lactation have been located. Because the drug is absorbed poorly after
topical application, exposure of a nursing infant from breast milk is probably nil.

References
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PYRIDOSTIGMINE
Parasympathomimetic (Cholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pyridostigmine is a quaternary ammonium compound with
anticholinesterase activity used in the treatment of myasthenia gravis. Most
reports have described no fetal harm and the animal data suggest low risk.

FETAL RISK SUMMARY
Pyridostigmine was not teratogenic in rats at doses up to 30 mg/kg/day, but
maternal and fetal toxicity (reduced weight) were observed at the highest dose
(1).

Although it is ionized at physiologic pH, the low molecular weight of
pyridostigmine (about 261) allows the nonionized fraction to cross to the fetus.
Pyridostigmine concentrations have been determined at birth in maternal
plasma, cord blood, and amniotic fluid (2). Two women with long-term
myasthenia gravis were treated throughout gestation with pyridostigmine, 360
and 420 mg per day, respectively. The latter woman was also treated with
neostigmine (105 mg/day) and ambenonium (60 mg/day). In the first case, the
maternal plasma, cord blood, and amniotic drug concentrations were 77, 65,
and 290 ng/mL, respectively, and in the second, 53, 39, and 300 ng/mL,
respectively. Thus, the cord blood:maternal plasma ratios were 0.84 and 0.74,
respectively, whereas the amniotic fluid:maternal plasma ratios were 3.8 and
5.7 respectively (2).

Caution has been advised against the use in pregnancy of IV
anticholinesterases because they may cause premature labor (3,4). This effect
on the pregnant uterus increases near term.

A number of reports have described the apparent safe use of pyridostigmine
during human gestation (2–16). However, a case report published in 2000



described microcephaly and CNS injury in a newborn that was attributed to
high-dose pyridostigmine (17). The infant’s mother was a 24-year-old
primigravida with a 14-year history of myasthenia gravis. She required high-
dose pyridostigmine (1500–3000 mg/day) throughout gestation to control her
diplopia and ptosis. In comparison, the average recommended daily dose is
600 mg, with daily doses ≤1500 mg required in severe cases (18). The mother
denied smoking and the use of other drugs during pregnancy. At 36 weeks’
gestation, an emergency cesarean section for fetal bradycardia was
conducted, delivering a severely growth-restricted (1880 g, <2nd percentile),
hypotonic male infant with Apgar scores of 3 and 8 at 1 and 5 minutes,
respectively. Shortly after birth, neonatal myasthenia gravis was diagnosed,
two exchange transfusions were used to lower his acetylcholine receptor
antibody titer, and IV immunoglobulin was administered. The infant required
immediate intubation because of poor respiratory effort and was continued on
the respirator until age 3.5 months. Mild finger and wrist contractures and
bilateral cryptorchidism were noted at birth, but he had no abnormal ocular
findings (17). The head circumference was 33.5 cm at birth and 37 cm (<5th
percentile) at 3 months of age. By about 5 months of age, a number of
dysmorphic features were noted, including a broad nasal bridge with a
prominent nose, slight downslanting palpebral fissures, high arched palate,
short neck, broad chest, campylodactyly, and hammer toes (17). He continued
to do poorly, requiring additional hospitalizations and mechanical ventilation. At
4.5 months, he was discharged home but readmitted 1 week later because of
prolonged apnea and cyanosis. His weight (5.1 kg, 10th percentile) and head
circumference (38 cm, <2nd percentile) were still restricted and he remained
hypotonic. A cranial ultrasound, karyotyping, and TORCH titers (i.e.,
toxoplasmosis, other infections, rubella, cytomegalovirus, and herpes simplex)
were normal or negative and there was no evidence of craniosynostosis. A
brain magnetic resonance imaging scan at 5 months revealed apparent
brachycephaly and mild ventriculomegaly. At 9 months of age, he still required
nasal oxygen, tone was normal, and the joint contractures had resolved, but his
reflexes were brisk and ankle clonus was evident. Because no other cause
could be identified, the authors attributed the microcephaly and CNS injury to
pyridostigmine (17).

Both antenatal and neonatal myasthenia gravis have been reported and
either may result in perinatal death. Both forms of the disorder are caused by
transplacental passage of anti-acetylcholine receptor immunoglobulin G
antibodies (11,19). The inhibited fetal skeletal muscle movement and



development may result in pulmonary hypoplasia, arthrogryposis multiplex, and
polyhydramnios (19).

Transient muscular weakness has been observed in about 20% of newborns
of mothers with myasthenia gravis (11,19).

BREASTFEEDING SUMMARY
Pyridostigmine is excreted into breast milk. Levels in two women receiving
120–300 mg/day were 2–25 ng/mL, representing milk:plasma ratios of 0.36–
1.13 (15). Although pyridostigmine is an ionized quaternary ammonium
compound, these values indicate that the nonionized fraction crosses easily into
breast milk. The drug was not detected in the infants nor were any adverse
effects noted. The authors estimated that the two infants were ingesting 0.1%
or less of the maternal doses (15). The American Academy of Pediatrics
classifies pyridostigmine as compatible with breastfeeding (20).
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PYRIDOXINE
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Pyridoxine (vitamin B6) deficiency during pregnancy is a common problem in
unsupplemented women. Supplementation with oral pyridoxine reduces but
does not eliminate the frequency of deficiency. No definitive evidence has
appeared that indicates mild to moderate deficiency of this vitamin is a
cause of maternal or fetal complications. Most of the studies with this
vitamin have been open and uncontrolled. If a relationship does exist with
poor pregnancy outcome, it is probable that a number of factors, of which
pyridoxine may be one, contribute to the problem. A significant reduction in
nausea and vomiting of pregnancy, however, appears to occur with
pyridoxine. The available data are sufficient to conclude that the
combination of pyridoxine and doxylamine is safe and effective for nausea
and vomiting of pregnancy. Severe deficiency or abnormal metabolism is
related to fetal and infantile convulsions and possibly to other conditions.
However, the association of pyridoxine deficiency, with or without folate
deficiency, and oral clefts requires confirmation. High doses apparently
pose little risk to the fetus. Because pyridoxine is required for good
maternal and fetal health, and an increased demand for the vitamin occurs
during pregnancy, supplementation of the pregnant woman with the
recommended dietary allowance (RDA) for pyridoxine is recommended.

FETAL RISK SUMMARY
Pyridoxine, a water-soluble B-complex vitamin, acts as an essential coenzyme
involved in the metabolism of amino acids, carbohydrates, and lipids (1). The
National Academy of Sciences’ RDA for pyridoxine in pregnancy is 2.2 mg (1).

Pyridoxine is actively transported to the fetus (2–4). Like other B-complex
vitamins, concentrations of pyridoxine in the fetus and newborn are higher than
in the mother and are directly proportional to maternal intake (5–16). Actual



pyridoxine levels vary from report to report because of the nutritional status of
the populations studied and the microbiologic assays used, but usually indicate
an approximate newborn:maternal ratio of 2:1 with levels ranging from 22 to 87
ng/mL for newborns and 13–51 ng/mL for mothers (4,14–16).

Pyridoxine deficiency without clinical symptoms is common during pregnancy
(10,16–34). Clinical symptoms consisting of oral lesions have been reported,
however, in severe B6 deficiency (35). Supplementation with multivitamin
products reduces, but does not always eliminate, the incidence of pyridoxine
hypovitaminemia (16).

Severe vitamin B6 deficiency is teratogenic in experimental animals (36,37).
No reports of human malformations linked to B6 deficiency have been located.
A brief report in 1976 described an anencephalic fetus resulting from a woman
treated with high doses of pyridoxine and other vitamins and nutrients for
psychiatric reasons, but the relationship between the defect and the vitamins is
unknown (38).

The effects on the mother and fetus resulting from pyridoxine deficiency or
excess are controversial. These effects can be summarized as follows:

Gestational hypertension (GH)
Gestational diabetes mellitus
Infantile convulsions
Nausea and vomiting of pregnancy
Congenital malformations
Miscellaneous effects

Gestational Hypertension
Several researchers have claimed that pyridoxine deficiency is associated with
the development of GH (12,39–41). Others have not found this relationship
(10,19,42,43). One group of investigators demonstrated that women with GH
excreted larger amounts of xanthurenic acid in their urine after a loading dose
of dl-tryptophan than did normal pregnant women (39). Although the test only
was partially specific for GH, they theorized that it could be of value for early
detection of the disease and was indicative of abnormal pyridoxine–niacin–
protein metabolism. In another study, 410 women treated with 10 mg of
pyridoxine daily were compared with 410 controls (40). GH occurred in 18
(4.4%) of the untreated controls and in 7 (1.7%) of the pyridoxine-
supplemented patients, a significant difference. In an earlier report, no
significant differences were found between women with GH and normal



controls in urinary excretion of 4-pyridoxic acid, a pyridoxine metabolite, after a
loading dose of the vitamin (19). Some investigators have measured lower
levels of pyridoxine in mothers with GH than in mothers without GH (12). The
difference in levels between the newborns of GH and normal mothers was
more than twofold and highly significant. In a 1961 Swedish report, pyridoxine
levels in 10 women with GH were compared with those in 26 women with
uncomplicated pregnancies (42). The difference between the mean levels of the
two groups, 25 and 33 ng/mL, respectively, was not significant. Similarly,
others have been unable to find a correlation between pyridoxine levels and GH
(10,43).

Gestational Diabetes Mellitus
Pyridoxine levels were studied in 14 pregnant women with an abnormal glucose
tolerance test (GTT), and 13 of these patients were shown to be pyridoxine
deficient (44). All were placed on a diet and given 100 mg of pyridoxine per day
for 14 days, after which only two were diagnosed as having gestational
diabetes mellitus. The effect of the diet on the GTT was said to be negligible,
although a control group was not used. Other investigators duplicated these
results in 13 women using the same dose of pyridoxine but without mentioning
any dietary manipulation and without controls (45). However, a third study was
unable to demonstrate a beneficial effect in four patients with an abnormal GTT
using 100 mg of vitamin B6 for 21 days (46). Moreover, all of the mothers had
large-for-gestational-age infants, an expected complication of diabetic
pregnancies. In 13 gestational diabetic women treated with the doses of
pyridoxine described above, an improvement was observed in the GTT in 2
patients, a worsening was seen in 6, and no significant change occurred in the
remaining 5 (47).

Infantile Convulsions
An association between pyridoxine and infantile convulsions was first described
in the mid-1950s (48–52). Some infants fed a diet deficient in this vitamin
developed intractable seizures that responded only to pyridoxine. A 1967
publication reviewed this complication in infants and differentiated between the
states of pyridoxine deficiency and dependency (53). Whether or not these
states can be induced in utero is open to question. As noted earlier, pyridoxine
deficiency is common during pregnancy, even in well-nourished women, but the
fetus accumulates the vitamin, although at lower levels, even in the face of
maternal hypovitaminemia. Reports of seizures in newborn infants delivered



from mothers with pyridoxine deficiency have not been located. On the other
hand, high doses of pyridoxine early in gestation in one patient were suspected
of altering the normal metabolism of pyridoxine, leading to intractable
convulsions in the newborn (54). The woman, in whom two pregnancies were
complicated by hyperemesis gravidarum, was treated with frequent injections
of pyridoxine and thiamine, 50 mg each (54). The first newborn began
convulsing 4 hours after birth and died within 30 hours. The second infant began
mild twitching at 3 hours of age and progressed to severe generalized
convulsions on the 5th day. Successful treatment was eventually accomplished
with pyridoxine but not before marked mental retardation had occurred. The
authors of this report postulated that the fetus, exposed to high doses of
pyridoxine, developed an adaptive enzyme system that was capable of rapidly
metabolizing the vitamin; following delivery, this adaptation was manifested by
pyridoxine dependency and convulsions (54). Since this case, more than 50
additional cases of pyridoxine dependency have been reported, and the
disease is now thought to be an inherited autosomal recessive disorder (55).

A 1967 report described in utero dependency-induced convulsions in three
successive pregnancies in one woman (56). The first two newborns died—one
during the 7th week and one on day 2—as a result of intractable convulsions.
During the third pregnancy, in utero convulsions stopped after the mother was
treated with 110 mg/day of pyridoxine 4 days before delivery. Following birth,
the newborn was treated with pyridoxine. Convulsions occurred on three
separate occasions when vitamin therapy was withheld and then abated when
therapy was restarted. Late-onset seizures in a female infant were reported in
1999 (57). The mother had taken pyridoxine 80 mg/day throughout pregnancy
and intermittently when the nursing infant was between 1 and 10 weeks of age.
Four days after birth, the infant had two generalized colonic seizures. Then, at
3.5 months of age, the infant became irritable and fussy and had a cluster of 12
generalized seizures, each lasting 2–5 minutes, over 4 days. Laboratory tests
and an electroencephalogram, taken when the infant was not seizing, were
normal. A single dose of pyridoxine 100 mg IV was given and she was seizure-
free for 3 weeks. Then three more seizures occurred over 4 days. She was
given 100 mg oral pyridoxine and then 12.5 mg/day thereafter. At 7 months old,
the infant was seizure free with normal temperament and development since
starting oral pyridoxine (57).

Nausea and Vomiting of Pregnancy
The first use of pyridoxine for severe nausea and vomiting of pregnancy



(hyperemesis gravidarum) was reported in 1942 (58). Individual injections
ranged from 10 to 100 mg, with total doses up to 1500 mg being given.
Satisfactory relief was obtained in most cases. In one study, patients were
successfully treated with IM doses of 50–100 mg 3 times weekly (59). Another
report described a single patient with hyperemesis who responded to an IV
mixture of high-dose B-complex vitamins, including 50 mg of pyridoxine, each
day for 3 days (60). Much smaller doses were used in a study of 17 patients
(61). IM doses of 5 mg every 2–4 days were administered to these patients,
with an immediate response observed in 12 women and all responding by the
second dose. Oral doses of 60–80 mg/day up to a total dose of 2500 mg gave
partial or complete relief from nausea and vomiting in 68 patients; an additional
10 patients required oral plus injectable pyridoxine (62). A success rate of 95%
was claimed in a study of 62 women treated with a combination of pyridoxine
and suprarenal cortex (adrenal cortex extract) (63). None of the preceding six
studies was double-blind or controlled. The effect of pyridoxine on blood urea
concentrations in hyperemesis has been investigated (64). Blood urea was
decreased below normal adult levels in pregnant women and even lower in
patients with hyperemesis. Pyridoxine, 40 mg/day orally for 3 days, significantly
increased blood urea only in women with hyperemesis. In another measure of
the effect of pyridoxine on hyperemesis, elevated serum glutamic acid levels
observed with this condition were returned to normal pregnant values after
pyridoxine therapy (65). However, another investigator could not demonstrate
any value from pyridoxine therapy in 16 patients (66). Placebos were used but
the study was not blinded. In addition, only 1 of 16 patients had hyperemesis
gravidarum with the remaining 15 presenting with lesser degrees of nausea and
vomiting. Based on the above studies, it is impossible to judge the effectiveness
of the vitamin in allaying true hyperemesis gravidarum. More than likely, the
effect of hydration, possibly improved prenatal care, the attention of health care
personnel, the transitory nature of hyperemesis, the lack of strict diagnostic
criteria in classifying patients with the disease, and other factors were involved
in the reversal of the symptoms of the women involved in these studies. The
vitamin, however, does appear to reduce nausea and vomiting of pregnancy as
demonstrated in the two investigations described below.

Two studies have demonstrated that oral doses of pyridoxine are effective in
alleviating nausea and vomiting of pregnancy (67–69). A randomized, double-
blind, placebo-controlled study, found that pyridoxine, 25 mg orally every 8
hours for 72 hours, administered to 31 women at a mean gestational age of 9.3
weeks, significantly reduced severe nausea and vomiting of pregnancy (67,68).



A second study, using pyridoxine 10 mg orally every 8 hours for 5 days in
167 women at a mean gestational age of 10.9 weeks, produced a significant
reduction in nausea and nearly a significant decrease in the number of vomiting
episodes (69).

Congenital Malformations
A case report suggested a link between high doses of pyridoxine and
phocomelia (70). The mother, who weighed only 47 kg, took 50 mg of
pyridoxine daily plus unknown doses of lecithin and vitamin B12 through the first
7 months of pregnancy. The full-term female infant was born with a near-total
amelia of her left leg at the knee. A relationship between any of the drugs and
the defect is doubtful.

The combination of doxylamine and pyridoxine (Bendectin, others) has been
the focus of considerable debate in the past. The debate centered on whether
the preparation was teratogenic. The combination had been used by millions of
women for pregnancy-induced nausea and vomiting but was removed from the
market by the manufacturer because of a number of large legal awards against
the company. Jury decisions notwithstanding, the available scientific evidence
indicates the combination is not teratogenic (see Doxylamine).

Pyridoxine has been shown to protect fetal rats from β-aminoproprionitrile-
induced palatal clefting when given before and during administration of the
chemical (71). The same protection may occur in humans. In a case–control
study from two sites in the Philippines, women with offspring with an oral cleft
(cleft lip, with or without cleft palate) had worst pyridoxine deficiency than
controls (72). The association was strongest if the mother also had lower folate
levels. However, folate–oral cleft associations were inconsistent and were
thought to be due to differing pyridoxine status in the two populations studied.
In contrast, poor maternal pyridoxine status was consistently associated with
an increased risk of oral clefts (72).

Miscellaneous Effects
Among miscellaneous effects, two studies were unable to associate low
maternal concentrations of pyridoxine with premature labor (29,43). Similarly,
no correlation was found between low levels and stillbirths (10,40). However,
1–minute Apgar scores were significantly related to low maternal and newborn
pyridoxine concentrations (14,73). The effects of pyridoxine supplementation in
black pregnant women have been studied (74). Lower maternal serum lipid,
fetal weight, and placental weight and the frequency of placental vascular



sclerosis were observed. Others have not found a correlation between
pyridoxine levels and birth weight (15,43,73). In an unusual report, pregnant
women given daily 20–mg supplements of pyridoxine by either lozenges or
capsules had less dental disease than untreated controls (75). The best
cariostatic effect was seen in patients in the lozenge group.

BREASTFEEDING SUMMARY
Pyridoxine is excreted into breast milk (14,76–82). Concentrations in milk are
directly proportional to intake (76–82). In well-nourished women, pyridoxine
levels varied, depending on intake, from 123 to 314 ng/mL (76–78). Peak
pyridoxine milk levels occurred 3–8 hours after ingestion of a vitamin
supplement (76,78,79). A 1983 study measured pyridoxine levels in pooled
human milk obtained from preterm (26 mothers: 29–34 weeks) and term (35
mothers: 39 weeks or longer) patients (80). Levels in milk obtained from
preterm mothers rose from 11.1 ng/mL (colostrum) to 62.2 ng/mL (16–196
days), whereas levels in milk from term mothers increased during the same
period from 17.0 to 107.1 ng/mL. In a 1985 study, daily supplements of 0–20
mg resulted in milk concentrations of 93–413 ng/mL, corresponding to an infant
intake of 0.06–0.28 mg/day (79). A significant correlation was found between
maternal intake and infant intake. Most infants, however, did not receive the
RDA for infants (0.3 mg) even when the mother was consuming 8 times the
RDA for lactating women (2.5 mg) (79). In lactating women with low nutritional
status, supplementation with pyridoxine, 0.4–40 mg/day, resulted in mean milk
concentrations of 80–158 ng/mL (81).

Convulsions have been reported in infants fed a pyridoxine-deficient diet (see
discussion in the Fetal Risk Summary) (49–54). Seizures were described in two
breastfed infants, one of whom was receiving only 67 mcg/day in the milk (83).
Intake in the second infant was not determined. A similar report involved three
infants whose mothers had levels <20 ng/mL (at 7 days postpartum) or <60
ng/mL (at 4 weeks) of pyridoxine in their milk (84). The convulsions responded
promptly to pyridoxine therapy in all five of these infants.

Very large doses of pyridoxine have been reported to have a lactation-
inhibiting effect (85). Using oral doses of 600 mg/day, lactation was
successfully inhibited in 95% of patients within 1 week as compared with only
17% of placebo-treated controls. Very high IV doses of pyridoxine, 600 mg
infused for 1 hour in healthy, nonlactating young adults, successfully
suppressed the rise in prolactin induced by exercise (86). However, because
use of this dose and method of administration in lactating women would be



unusual, the relevance of these data to breastfeeding is limited. With dosage
much closer to physiologic levels, such as 20 mg/day, no effect on lactation has
been observed (79). In addition, two separate trials, using 450 mg and 600
mg/day in divided oral doses, failed to reproduce the lactation-inhibiting effect
observed earlier or to show any suppression of serum prolactin levels (87,88).
One writer, however, has suggested that pyridoxine be removed from
multivitamin supplements intended for lactating women (89). This proposal has
invoked sharp opposition from other correspondents who claimed the available
evidence does not support a milk-inhibiting property for pyridoxine (90,91).
Moreover, a study published in 1985 examined the effects of pyridoxine
supplements, 0.5 or 4.0 mg/day started 24 hours after delivery, on lactation
(92). Women receiving the higher dose of pyridoxine had significantly higher
concentrations of plasma pyridoxal phosphate (p <0.01) and milk total vitamin
B6 (p <0.05) at 1, 3, 6, and 9 months. Plasma prolactin concentrations were
similar between the two groups throughout the study.

The American Academy of Pediatrics classifies pyridoxine as compatible with
breastfeeding (93). The National Academy of Sciences’ RDA for pyridoxine
during lactation is 2.1 mg (1). If the diet of the lactating woman adequately
supplies this amount, maternal supplementation with pyridoxine is not required
(82). Supplementation with the RDA for pyridoxine is recommended for those
women with inadequate nutritional intake.
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PYRILAMINE
Antihistamine
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Pyrilamine is used infrequently during pregnancy. One source found an
increased risk of structural anomalies, but confirmation has not been
reported. In general, antihistamines are considered low risk in pregnancy.
However, exposure near birth of premature infants has been associated
with an increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 121
of whom had pyrilamine exposure in the 1st trimester (1, pp. 323–324). No
evidence was found to suggest a relationship to large categories of major or
minor malformations. For use anytime during pregnancy, 392 exposures were
recorded (1, pp. 436–437). A possible association with malformations was
found on the basis of 12 defects, 6 of which involved benign tumors (1, p. 489).

It is not known if pyrilamine crosses the human placenta. The molecular
weight (about 402) is low enough that exposure of the embryo–fetus should be
expected.

An association between exposure during the last 2 weeks of pregnancy to
antihistamines in general and retrolental fibroplasia in premature infants has
been reported. See Brompheniramine for details.

BREASTFEEDING SUMMARY
No reports describing the use of pyrilamine during human lactation have been
reported. The molecular weight (about 402) is low enough for excretion into
breast milk. The effect of this exposure on a nursing infant is unknown.
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PYRIMETHAMINE
Antimalarial
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Two reviews of toxoplasmosis (Toxoplasma gondii) in pregnancy were
published in 1994 (1,2). Pyrimethamine, in combination with sulfadiazine,
was recommended in both as the most effective treatment after the
infection had reached the fetus. No fetal adverse effects of this therapy
have been observed. Despite one animal study that described increased
embryotoxicity after oral folic acid, if pyrimethamine is used during
pregnancy, folic acid (5 mg/day) or folinic acid (leucovorin; 5 mg/day)
supplementation is recommended, especially during the 1st trimester, to
prevent folate deficiency (1,3–9).

FETAL RISK SUMMARY
Pyrimethamine is a folic acid antagonist (inhibitor of dihydrofolate reductase)
used in combination with other agents primarily for the treatment and
prophylaxis of malaria, but also for toxoplasmosis. Shepard (10) reviewed 15
studies that evaluated the reproductive effects of pyrimethamine in rats, mice,
and hamsters. Malformations in fetal rats included cleft palate, mandibular
hypoplasia, limb defects, and neural tube defects. In some cases, the
teratogenic dose was similar to the human dose. At slightly higher doses in
rats, pyrimethamine caused chromosomal aberrations such as trisomy or
chromosomal mosaicism (10).

A 1993 study found in pregnant rats and mice that oral folic acid potentiated
the embryotoxicity of pyrimethamine but that decreased embryotoxicity was
observed when folic acid was given intraperitoneally (11). The mechanism of
the increased toxicity appeared to be reduced plasma levels of 5-
methyltetrahydrofolic acid in the dams. 5-Methyltetrahydrofolic acid is the



principal active folate in plasma and it undergoes a large amount of
enterohepatic circulating (11). Folic acid inhibited the absorption of the active
folate from the intestine.

Reproduction studies, reported by the manufacturer, revealed teratogenicity
in rats, hamsters, and miniature pigs (12). In rats, oral doses 7 times the
human dose for chemoprophylaxis of malaria (HDCM) or 2.5 times the human
dose for toxoplasmosis (HDT), caused cleft palate, brachygnathia, oligodactyly,
and microphthalmia. Meningocele was seen in hamsters, given doses 170 times
the HDCM or HDT, and cleft palate occurred in miniature pigs at 5 times the
HDCM or HDT (12).

In an in vitro study using human perfused placentas, the transfer rate of
pyrimethamine was about 30% (13). The results suggested that the placental
transfer was independent of maternal concentration and the transfer occurred
by passive diffusion.

Antimalarial agents, including pyrimethamine, are used routinely during
pregnancy because the risks from the disease far outweigh the risks to the
fetus from drug therapy (see Proguanil for a discussion on the maternal and
fetal risks of malaria during pregnancy).

Although some folic acid antagonists are human teratogens (e.g., see
Methotrexate), this does not seem to occur with pyrimethamine (3–7,14,15).
One case report, however, did describe a severe defect of the abdominal and
thoracic wall (exteriorization of the heart, lungs, and most of the abdominal
viscera; possible variant of ectopia cordis) and a missing left arm in an infant
exposed to the drug (16). The woman had been treated with chloroquine, 100
mg/day, plus a combination of dapsone (100 mg) and pyrimethamine (12.5 mg)
(Maloprim) on postconception days 10, 20, and 30. However, an association
between the drug and the defect has been questioned (8,17). Moreover, most
studies describing the use of pyrimethamine in pregnant women for the
treatment or prophylaxis of malaria have found the drug to be relatively safe
and effective (8,9,18–31), although some recommend avoiding the drug during
the 1st trimester (9).

BREASTFEEDING SUMMARY
Pyrimethamine is excreted into breast milk (32,33). Mothers treated with 25–75
mg orally produced peak concentrations of 3.1–3.3 mcg/mL at 6 hours (32).
The drug was detectable up to 48 hours after a dose. Malaria parasites were
completely eliminated in infants up to 6 months of age who were entirely
breastfed. In a 1986 study, three women were treated with a combination



tablet containing 100 mg of dapsone and 12.5 mg of pyrimethamine at 2–5
days postpartum (33). Blood and milk samples were collected up to 227 hours
after the dose. The milk:plasma AUC ratios ranged from 0.46 to 0.66. Based
on an estimated ingestion of 1000 mL of milk per day, the infants would have
consumed between 16.8% and 45.6% of the maternal doses during a 9-day
period.

The American Academy of Pediatrics classifies pyrimethamine as compatible
with breastfeeding (34).
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QUAZEPAM
Hypnotic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports of human use of quazepam during human pregnancy have been
located, but the effects of this agent on the fetus following prolonged use
should be similar to those observed with other benzodiazepines (see also
Diazepam). Maternal use near delivery may potentially cause neonatal
motor depression and withdrawal.

FETAL RISK SUMMARY
Quazepam is a benzodiazepine that is used as a hypnotic for the short-term
management of insomnia. No major abnormalities were observed in mice and
rabbits at doses up to 400 and 134 times the human dose, respectively. Minor
defects observed in mice were delayed ossification of the sternum, vertebrae,
distal phalanges, and supraoccipital bones. The manufacturer considers the
drug to be contraindicated during pregnancy (1).

BREASTFEEDING SUMMARY
Quazepam is excreted into breast milk (2). Four healthy, lactating volunteers,
who agreed not to breastfeed their infants, were given a single 15-mg dose of
the hypnotic. After the dose, blood and milk samples were collected at
scheduled times during a 48-hour interval. Mean cumulative amounts of
quazepam and its two major active metabolites excreted into milk during the



48-hour period were 11.6 mcg (range 2.4–32.8 mcg) quazepam, 4.0 mcg
(range 1.3–10.0 mcg) 2-oxoquazepam, and 1.0 mcg (range 0.4–1.6 mcg) N-
desalky-2-oxoquazepam. These amounts represented 0.08%, 0.02%, and
0.09% of the dose, respectively. Milk concentrations of quazepam and 2-
oxoquazepam were always higher than those in the plasma, with milk:plasma
ratios of 4.18 and 2.02, respectively. Because of the lipophilic properties of
quazepam, these ratios are much higher than those observed with diazepam
(see Diazepam). The investigators estimated that following a multiple-dose
regimen, only 28.7 mcg/day of the three compounds combined would be
excreted into milk, representing 0.19% of the daily dose. Moreover, they
concluded that the pharmacokinetics of quazepam indicated that accumulation
would not occur except for N-desalky-2-oxoquazepam, the metabolite excreted
in milk in the smallest amounts (2).

Although the amounts measured in the above study are small, the effects, if
any, on a nursing infant’s central nervous system function are unknown. The
American Academy of Pediatrics classifies quazepam, especially when taken
by nursing mothers for long periods, as a drug for which the effect on nursing
infants is unknown but may be of concern (3).

References
1. Product information. Doral. Wallace Laboratories, 1994.
2. Hilbert JM, Gural RP, Symchowicz S, Zampaglione N. Excretion of quazepam into human breast milk. J

Clin Pharmacol 1984;24:457–62.
3. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into

human milk. Pediatrics 2001;108:776–89.



QUETIAPINE
Antipsychotic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although no structural malformations attributable to quetiapine or other
agents in this subclass have been reported, the number of exposures is too
low to fully assess the embryo–fetal risk. In addition, there is a risk of
extrapyramidal and/or withdrawal symptoms in the newborn if the drug is
used in the 3rd trimester. Nevertheless, quetiapine is indicated for severe
debilitating mental disease and the benefits to the mother appear to
outweigh the potential embryo–fetal risks. Because of the limited human
pregnancy experience with atypical antipsychotics, the American College of
Obstetricians and Gynecologists does not recommend the routine use of
these agents in pregnancy, but a risk–benefit assessment may indicate that
such use is appropriate (1). However, the benefits to the mother appear to
outweigh the unknown risk to the embryo-fetus (2). A 1996 review on the
management of psychiatric illness concluded that patients with histories of
chronic psychosis or severe bipolar illness represent a high-risk group (for
both the mother and the fetus) and should be maintained on pharmacologic
therapy before and during pregnancy (3). Folic acid 4 mg/day has been
recommended for women taking atypical antipsychotics because they may
have a higher risk of neural tube defects due to inadequate folate intake
and obesity (4). A 2010 review of antipsychotic use in pregnancy concluded
that most studies reported no adverse effects, including congenital
anomalies in the offspring of mothers who had taken quetiapine during
pregnancy (5).

FETAL RISK SUMMARY
Quetiapine is an atypical antipsychotic agent that is indicated for the treatment



of schizophrenia. The drug is an antagonist of histamine H1 and adrenergic α1-
receptors and may cause somnolence and orthostatic hypotension,
respectively. Other antipsychotic agents in the same subclass of dibenzapine
derivatives are asenapine, clozapine, loxapine, and olanzapine. The drug is
extensively metabolized to primarily inactive metabolites and one active
metabolite. Plasma protein binding to albumin is 83% and the mean terminal
half-life is about 6 hours (6).

Reproduction studies have been conducted in rats and rabbits. No evidence
of teratogenicity was observed in pregnant rats or rabbits at oral doses up to
2.4 times the maximum human dose based on BSA (MHD) during
organogenesis. However, minor soft-tissue malformations (carpal/tarsal flexure)
were noted in rabbit fetuses at 2.4 times the MHD. Embryo–fetal toxicity was
observed in both species but the doses used (in rats only with the highest dose
and in rabbits with all doses) also caused maternal toxicity (decreased weight
gain and/or death). Delays in skeletal ossification were observed in rats at
doses equivalent to 0.6 and 2.4 times the MHD. Similar fetal effects were
observed in rabbits at doses 1.2 and 2.4 times the MHD. Reduced fetal body
weights were noted at the highest doses in both species. No drug-related
effects were noted in rat offspring in a perinatal/postnatal study using oral
doses that were 0.1–0.24 times the MHD (6).

Quetiapine decreased mating and fertility in male rats given oral doses up to
1.8 times the MHD. Adverse effects (increased interval to mate and number of
matings required for successful impregnation) continued to be observed in the
high-dose group 2 weeks after treatment had been stopped. In male rats, the
no-effect dose for impaired mating and fertility was 0.3 times the MHD.
Quetiapine also adversely effected mating and fertility in female rats. At an oral
dose 0.6 times the MHD, drug effects included decreases in mating and in
matings resulting in pregnancy, and increases in the interval to mate and in
irregular estrus cycles (also noted at 0.1 times the MHD). The no-effect dose in
female rats was 0.01 times the MHD (6).

In an in vitro study using dually perfused human placentas, small amounts
(about 4%) of quetiapine crossed from the maternal side to the fetal venous
outflow (7). This is consistent with the molecular weight (about 767 for the free
base), moderate protein binding, and the moderately long elimination half-life. In
another study, 21 women taking a staple dose (mean 336.9 mg/day) of
quetiapine for a mean 28.9 weeks before delivery had maternal and cord
concentrations of the drug determined at birth (8). The cord blood
concentration was 24.1% of the maternal concentration. The pregnancy



outcomes include one premature infant (<37 weeks) and one growth-restricted
infant (<2500 g). The mean Apgar scores were 7.6 and 8.9 at 1 and 5 minutes,
respectively. There were nine neonatal complications, two cardiovascular and
7 respiratory (complications were not further described), and two infants were
admitted to the neonatal intensive care unit (reasons not provided) (8).

A 38-year-old woman with paranoid-type schizophrenia was started on
quetiapine (300 mg/day) after an unsuccessful trial with zuclopenthixol (9). After
a marked improvement in her symptoms, she conceived with her pregnancy
being diagnosed at 17 weeks’ gestation when she reported amenorrhea. At 20
weeks’ her dose was lowered to 200 mg/day, and then 2 weeks later to 150
mg/day. She eventually gave birth to a healthy 3120-g male infant with Apgar
scores of 9 and 10 at 1 and 5 minutes, respectively. Birth length was 48 cm.
The infant was developing normally at 6 months of age (9).

A 33-year-old woman with psychosis was treated with quetiapine (300
mg/day) beginning 2 weeks before conception and continuing during gestation
(10). The dose was decreased to 200 mg/day at week 21. The dose was
further reduced by 50 mg/day each week starting 4 weeks before her
estimated due date to enable breastfeeding. At 39 weeks’ gestation, she gave
birth to a healthy, 3.61-kg female infant with Apgar scores of 8 and 9 at 1 and
5 minutes, respectively. The infant was doing well in the first month after birth
(10).

A woman took quetiapine (200 mg/day) throughout pregnancy and gave birth
to a term, male infant (11). No information was provided on the pregnancy
outcome, but the mother planned to continue the drug while breastfeeding her
infant (see below).

A 2005 study, involving women from Canada, Israeli, and England, described
151 pregnancy outcomes in women using atypical antipsychotic drugs (12). The
exposed group was matched with a comparison group (N = 151) who had not
been exposed to these agents. The drugs and number of pregnancies were
olanzapine (N = 60), risperidone (N = 49), quetiapine (N = 36), and clozapine (N
= 6). In those exposed, there were 110 live births (72.8%), 22 spontaneous
abortions (14.6%), 15 elective abortions (9.9%), and 4 stillbirths (2.6%).
Among the live births, one infant exposed in utero to olanzapine had multiple
anomalies including midline defects (cleft lip, encephalocele, and aqueductal
stenosis). The mean birth weight was 3341 g. There were no statistically
significant differences, including rates of neonatal complications, between the
cases and controls, with the exceptions of low birth weight (10% vs. 2%, p =
0.05) and elective abortions (9.9% vs. 1.3%, p = 0.003). The low birth weight



may have been caused by the increased rate of cigarette smoking (38% vs.
13%, p ≤0.001) and heavy/binge alcohol use (5 vs. 1) in the exposed group
(12).

A 2006 report mentioned three women treated with quetiapine and other
agents during gestation (13). The drug therapy was continued during
breastfeeding (see below).

In a second 2006 report, a 33-year-old woman with severe psychotic
depression was treated with quetiapine (400 mg/day) and fluvoxamine (200
mg/day) (14). After appropriate counseling, she continued this therapy and
conceived; after a normal pregnancy, she delivered a healthy, 2600-g, length
49 cm, female infant with Apgar scores of 9 and 10 at 1 and 5 minutes,
respectively. The infant was developing normally a 3 months (14).

A 26-year-old woman was treated with quetiapine for resistant depression
with comorbid chronic pain (15). She took 300 mg/day during the 1st trimester.
The dose was increased to 400 mg/day in the 4th month and continued for the
remainder of her pregnancy. Other drugs taken throughout pregnancy included
oxycodone (20 mg 3 times daily) and fluoxetine (40 mg daily). She delivered a
3.4-kg (50th percentile) male infant at 37 weeks’ gestation, but other details
were not provided. She continued the three drugs during breastfeeding (see
below) (15).

A 2006 review of prophylactic therapy of bipolar disorder briefly described
the effects in pregnancy and breastfeeding of a number of drugs, including
(16). Untreated pregnant and nursing women with the disorder are at an
increased risk of poor obstetrical outcomes and relapse of affective symptoms.
Although the limited data prevented conclusions on the relative safety of the
drugs, the author did state that each case needed to be considered separately
(16).

A 17-year-old pregnant adolescent with bipolar disorder was treated
throughout gestation with quetiapine 300 mg/day, venlafaxine 75 mg/day, and
trazodone 150 mg/day (17). In the 1st, 2nd, and 3rd trimesters, plasma
concentrations of quetiapine were –27%, –42%, and –18%, respectively, of the
concentrations at 6 months postpartum. She gave birth to a healthy 3-kg male
infant with Apgar scores of 9, 10, and 10. The infant had jitteriness during the
first 4 days of life that did not require intervention. He was seen monthly and
met developmental milestones during the first year (17).

A woman with schizophrenia was treated with quetiapine 250 mg/day
throughout two consecutive pregnancies (18). In the first pregnancy, she gave
birth at term to a healthy 2.5-kg female infant. She conceived again about 1



year later and again delivered a healthy 2.4-kg female infant. Both infants were
breastfed while the mother continued quetiapine. Both girls were healthy, the
first one at about 2 years of age and the other at about 9 months (18).

A 2014 case study described the use of phenelzine (105 mg/day), lithium
(900 mg/day), and quetiapine (600 mg/day) in a 31-year-old woman with
bipolar affective disorder (19). She was also taking metformin (1 g/day) for
polycystic ovarian syndrome with oligomenorrhea. Despite her oligomenorrhea,
a pregnancy was confirmed at 17 weeks’ gestation. A glucose tolerance test
was negative at 26 weeks’. Lithium was suspended 24–48 hours before
induction of labor at 39 weeks’. Because of obstructed labor, a cesarean
section was performed to give birth to a 4.2-kg male infant with Apgar scores
of 5 and 9 at 1 and 5 minutes, respectively. The baby required initial
resuscitation during the first 10 minutes. The baby was discharged home with
the mother at 5 days. At 10 weeks of age, the baby’s growth and development
were normal (19).

BREASTFEEDING SUMMARY
Consistent with its molecular weight (about 767 for the free base), protein
binding (83%), and mean terminal half-life (about 6 hours), quetiapine is
excreted into breast milk. A 36-year-old woman took quetiapine (200 mg/day)
throughout gestation and planned to continue the drug while breastfeeding her
term, male infant (11). However, the infant was initially given formula because it
was not known how much of the drug was excreted in milk. At 3 weeks
postpartum, manually expressed milk samples were obtained before a dose
and again at 1, 2, 4, and 6 hours after a dose. The average milk AUC over 6
hours was 13 mcg/L, with a maximum concentration of 62 mcg/L measured at
1 hour. At 2 hours, the milk concentrations were almost predose levels. Based
on a milk intake of 150 mL/kg/day, it was estimated that an exclusively
breastfed infant would ingest 0.09% of the weight-adjusted maternal dose.
Even at the maximum concentration, the estimated infant dose was only 0.43%
of the maternal dose. When the mother was told of these findings, she began
exclusive breastfeeding at 8 weeks. No adverse effects of quetiapine were
reported and the infant was developing normally at 4.5 months (11).

A 2006 report described six women treated with quetiapine and other agents
during lactation (13). In three cases, therapy was started before or during
pregnancy (gestational age shown in parentheses): quetiapine (50 mg) and
paroxetine (40 mg) (18 weeks); quetiapine (75 mg), trazodone (75 mg), and
venlafaxine (75 mg) (before conception); and quetiapine (100 mg) and



venlafaxine (225 mg) (35.5 weeks). In the other three cases, quetiapine was
added after delivery (postpartum weeks shown in parentheses): quetiapine (25
mg), paroxetine (60 mg), and clonazepam (0.5 mg) (16.5 weeks); quetiapine
(25 mg) and paroxetine (12.5 mg) (3 weeks); and quetiapine (400 mg) and
paroxetine (50 mg) (10.5 weeks). Breast milk samples, drawn at variable times
after the dose, were obtained between 6.5 and 18.5 weeks postpartum.
Quetiapine was not detected (<30 nmol/L) in the breast milk of four women
(doses 25–75 mg). The estimated infant exposures in these four cases were
<0.01 mg/kg/day. In the two women taking 100 or 400 mg doses, the
quetiapine milk levels were 32 and 264 nmol/L, respectively, and the estimated
infant exposures were <0.01 and <0.10 mg/kg/day, respectively. Milk levels for
the other agents were clonazepam (not detected), paroxetine (not detected in
three; 776 nmol/L in one; estimated infant exposure <0.26 mg/kg/day),
trazodone (108 nmol/L; estimated infant exposure <0.01 mg/kg/day), and
venlafaxine (371 and 1179 nmol/L; estimated infant exposure <0.01 mg/kg/day
for both) (13).

At 9–18 months of age, infant behavior was evaluated using the Bayley
Scales of Infant Development, Second Edition (13). Four scored within normal
limits, whereas two showed mild developmental delay (evaluated at 9 and
12.72 months, respectively). Both infants were exposed to quetiapine and
paroxetine; one from 18 weeks’ gestation and the other starting at 3 weeks
postpartum. Neither agent was detected in the breast milk of the mothers.
Based on the limited sample, the authors concluded that there appeared to be
no association between developmental outcomes and exposure to the drugs in
breast milk (13).

In a case described in the Fetal Risk Summary section, a woman took
quetiapine 400 mg/day and fluvoxamine 200 mg/day throughout a normal
pregnancy (14). She continued this therapy while attempting to breastfeed her
healthy female infant. Because of insufficient milk production, formula
supplementation was required. The infant was developing normally and meeting
all milestones at 3 months of age (14).

Another case, also described in the Fetal Risk Summary section, involved a
26-year-old mother taking quetiapine 400 mg/day, oxycodone 60 mg/day, and
fluoxetine 40 mg/day during pregnancy and while breastfeeding her 3-month-old
male infant (15). The infant’s weight, 3.4 kg (50th percentile) at birth, was now
5.6 kg (25th percentile). Blood and milk samples were collected before the
night quetiapine dose was administered and at various times over a 24-hour
period. Sixteen milk samples were collected by manual expression at regular



feeding times. The average milk concentration of quetiapine was 41 mcg/L and
the milk:plasma ratio was 0.29. Using 150 mL/kg/ day as an estimated milk
intake, the infant’s dose was 0.09% of the maternal weight-adjusted dose. The
infant’s plasma level, 1.4 mcg/L, was about 6% of the corresponding maternal
plasma concentration. No adverse effects were noted in the infant. The results
of a Denver developmental assessment were consistent with the chronologic
age (15).

The long-term effects of these exposures on nursing infants are unknown.
The manufacturer recommends women receiving quetiapine should not
breastfeed (6). Moreover, the American Academy of Pediatrics classifies other
antipsychotics (e.g., see Clozapine) as drugs whose effect on the nursing infant
is unknown but may be of concern (20).
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QUINAPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of quinapril in the 2nd and 3rd trimesters is similar to other
angiotensin-converting enzyme (ACE) inhibitors. The use of this drug during
the 2nd and 3rd trimesters may cause teratogenicity and severe fetal and
neonatal toxicity. Fetal toxic effects may include anuria, oligohydramnios,
fetal hypocalvaria, intrauterine growth restriction (IUGR), prematurity, and
patent ductus arteriosus. Stillbirth or neonatal death may occur. Anuria-
associated oligohydramnios may produce fetal limb contractures,
craniofacial deformation, and pulmonary hypoplasia. Severe anuria and
hypotension, which is resistant to both pressor agents and volume
expansion, may occur in the newborn following in utero exposure. Newborn
renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Quinapril is an ACE inhibitor. No teratogenic effects were observed in
reproduction studies in rats and rabbits with doses 180 and 1 times the
maximum recommended human dose, respectively (1).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, who
had 1st trimester exposure to ACE inhibitors (2). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives (N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),



respectively. Compared with the no-antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were: atrial septal
defect (N = 6) (includes three with pulmonic stenosis and/or three with patent
ductus arteriosus [PDA]), renal dysplasia (N = 2), PDA alone (N = 2), and one
each of ventricular septal defect, spina bifida, microcephaly with eye anomaly,
coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung disease,
and diaphragmatic hernia (2). In an accompanying editorial, it was noted that
neither previous reports of 1st trimester exposure to ACE inhibitors nor the
animal studies had observed an increased risk of birth defects (3). It also was
noted that no mechanism for ACE inhibitor–induced teratogenicity was known.
A subsequent communication raising concerns about the validity of the study in
terms of adequate exclusion of diabetes, charting and coding errors in busy
medical practices, and the effects of maternal obesity (4) was addressed by
the investigators (5).

Quinapril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(6,7). IUGR, prematurity, and severe neonatal hypotension may also be
observed. Two reviews of fetal and newborn renal function indicated that both
renal perfusion and glomerular plasma flow are low during gestation and that
high levels of angiotensin II may be physiologically necessary to maintain
glomerular filtration at low perfusion pressures (8,9). Quinapril prevents the
conversion of angiotensin I to angiotensin II and, thus, may lead to in utero
renal failure. Because the primary means of removal of the drug is renal, the
impairment of this system in the newborn prevents elimination of the drug
resulting in prolonged hypotension. Newborn renal function and blood pressure
should be closely monitored. If oligohydramnios occurs, stopping quinapril may
resolve the problem but may not improve infant outcome because of irreversible
fetal damage (6). In those cases in which quinapril must be used to treat the



mother’s disease, the lowest possible dose should be used combined with
close monitoring of amniotic fluid levels and fetal well-being. Guidelines for
counseling exposed pregnant patients have been published and should be of
benefit to health professionals faced with this task (6,10).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies (3).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings, and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (11). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
Quinapril is excreted into breast milk. Six healthy mothers who had been
breastfeeding for at least 2 weeks were given a single 20 mg oral dose of
quinapril (12). Serial blood and milk samples were collected over 24 hours. The
mean milk:plasma ratio was 0.12 based on AUC, but no drug was detected in
milk after 4 hours. The metabolite (quinaprilat) was not detected in any of the
milk samples. The estimated infant dose was 1.6% of the mother’s weight-
adjusted dose (12).

The amount of quinapril measured in the above study is clinically insignificant.
Although data from women receiving daily doses of the drug are needed,
quinapril is probably compatible with nursing. The American Academy of
Pediatrics classifies captopril and enalapril as compatible with breastfeeding
(see Captopril and Enalapril).
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QUINIDINE
Antiarrhythmic/Antimalarial
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of quinidine during pregnancy has been classified in reviews of
cardiovascular drugs as relatively low risk for the fetus (1–4). In therapeutic
doses, the oxytocic properties of quinidine have been rarely observed, but
high doses can produce this effect and may result in abortion (3,5).

FETAL RISK SUMMARY
No reports linking the use of quinidine with congenital defects have been
located. Animal reproduction studies apparently have not been conducted with
quinidine.

Quinidine has been in use as an antiarrhythmic drug for more than 100 years
(6) and in pregnancy, at least back to the 1920s (7–13). Eighth cranial nerve
damage has been associated with high doses of the optical isomer, quinine, but
not with quinidine (9). Neonatal thrombocytopenia has been reported after
maternal use of quinidine (10).

Quinidine crosses the placenta and achieves fetal serum levels similar to
maternal levels (6,11–13). In a 1979 case, a woman taking 600 mg every 8
hours plus an additional dose of 300 mg (2100 mg/day) had serum and
amniotic fluid levels of 5.8 and 10.6 mcg/mL, respectively, 10 days before term
(11). Three days later, 10 hours after the last dose, a healthy male infant was
delivered by elective cesarean section. Quinidine concentrations in the serum,
cord blood, and amniotic fluid were 3.4, 2.8, and 9.3 mcg/mL, respectively. The
cord blood:serum ratio was 0.82 (11). The cord blood level was greater than
those measured in three other reports (6,12,13).

In a 1984 study, three women maintained on quinidine (300 mg every 6
hours) and digoxin had serum levels of quinidine at delivery ranging from 0.7 to
2.1 mcg/mL (12). A quinidine level in one amniotic fluid sample was 0.9



mcg/mL, whereas cord blood levels ranged from <0.5 to 1.6 mcg/mL. In two
of the three cases, cord blood:serum ratios were 0.2 and 0.9 (12).

In a 1985 report, a woman taking quinidine (400 mg every 6 hours) plus
digoxin and propranolol had an elective cesarean section 18 hours after the last
dose (13). The quinidine concentration in the cord blood was 0.8 mcg/mL.

One case involved a woman in whom quinidine doses were escalated during
a 6-day interval from 300 mg every 6 hours to 1500 mg every 6 hours (6). On
day 8, the dosage was reduced to 1500 mg every 8 hours, then to 1200 mg
every 8 hours on day 9, and then stopped on day 10. Amniotic fluid levels of
quinidine and the metabolite, 3-hydroxyquinidine, on day 10 were 2.2 and 9.7
mcg/mL, respectively. At delivery 2 days later, cord blood contained 0.5
mcg/mL of quinidine and 0.7 mcg/mL of the metabolite (6).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 17 newborns had
been exposed to quinidine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (5.9%) major birth defect was observed (one
expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available.

The drug has been used in combination with digoxin to treat fetal
supraventricular and reciprocating atrioventricular tachycardia (12,13). The
authors of one of these reports consider quinidine to be the drug of choice after
digoxin for the treatment of persistent fetal tachyarrhythmias (13). A 1990
report described an unsuccessful attempt of maternal transplacental
cardioversion with quinidine for a rare case of fetal ventricular tachycardia
associated with nonimmune hydrops fetalis at 30 weeks’ gestation (14). A dose
of 200 mg quinidine 4 times daily was given for 3 days before worsening
preeclampsia with breech presentation required delivery by cesarean section.
The newborn died 5 hours after birth.

A 33-year-old woman with new-onset, sustained ventricular tachycardia was
treated with metoprolol (50 mg twice daily) at 22 weeks’ gestation (15).
Because of recurrent palpitations, quinidine (dose not specified) was added to
the regimen at 26 weeks’ gestation, and with the attainment of a therapeutic
quinidine level, the combination was successful in controlling the ectopic beats.
Combination therapy was continued until term when a healthy, growth-
restricted, approximately 2240-g infant was delivered. Intrauterine growth
restriction apparently developed after maternal combination therapy was
initiated, but a discussion of the cause was not included in the reference, nor



was maternal blood pressures given (15).
A mother treated with quinidine for a fetal supraventricular tachycardia

developed symptoms of quinidine toxicity consisting of severe nausea and
vomiting, diarrhea, lightheadedness, and tinnitus (6). Electrocardiographic
changes were consistent with quinidine toxicity. Her dosage had been
increased during an interval of 6 days in a manner described above, producing
serum quinidine levels of 1.4–3.3 mcg/mL (therapeutic range in the author’s
laboratory was 1.5–5.0 mcg/mL). At the highest dose, her serum level was 2.3
mcg/mL. Levels of the metabolite, 3-hydroxyquinidine, rose from 1.1 to 6.8
mcg/mL during the 6-day interval, eventually reaching 9.7 mcg/mL 1 day after
quinidine was discontinued. The 3-hydroxyquinidine:quinidine ratio varied from
0.8 (on day 2) to 3.7 (on day 10). These ratios were much higher than those
observed in previously reported patients (1). Because the fetal heart rate
continued to be elevated, with only occasional reductions to 120–130
beats/minute, and fetal lung maturity had been demonstrated; labor was
induced, resulting in the delivery of a 3540-g infant with hydrops fetalis. The
infant required pharmacologic therapy to control the supraventricular
tachycardia. The maternal toxicity was attributed to the elevated levels of 3-
hydroxyquinidine, because concentrations of quinidine were in the low- to
midtherapeutic range (6).

In an in vitro study using plasma from 16 normal pregnant women, quinidine
concentrations between 0.5 and 5.0 mcg/mL were shown to inhibit plasma
pseudocholinesterase activity (16). Inhibition varied from 29% (0.5 mcg/mL) to
71% (5.0 mcg/mL). Pseudocholinesterase is responsible for the metabolism of
succinylcholine and ester-type local anesthetics (e.g., procaine, tetracaine,
cocaine, and chloroprocaine) (16). The quinidine-induced inhibition of this
enzyme, which is already significantly decreased by pregnancy itself, could
potentially result in toxicity if these agents were used in a mother maintained on
quinidine.

A 21-year-old woman in premature labor at 31 weeks’ gestation was treated
with IV quinidine and exchange transfusion for severe, apparently chloroquine-
resistant, malaria (17). Parasitemia with Plasmodium falciparum >12% was
shown on blood smears before treatment and then fell to 1% after treatment.
Initial therapy with 1 g oral chloroquine was unsuccessful and approximately 12
hours later, she was given an IV loading dose of quinidine,10 mg base/kg
during 2 hours, followed by a continuous infusion of 0.02 mg/kg/minute and
exchange transfusion. No potentiation of labor was observed during quinidine
therapy, although the mother was receiving IV magnesium sulfate for tocolysis.



Because of fetal distress, thought to be caused by uteroplacental insufficiency
as a result of maternal parasitemia or fever, a cesarean section was performed
to deliver a 1570-g male infant with Apgar scores of 5 and 7 at 1 and 5
minutes, respectively. Except for respiratory difficulty during the first 6 hours,
the infant had an uneventful hospital course, including a negative blood smear
for malaria (17).

BREASTFEEDING SUMMARY
Quinidine is excreted into breast milk (11). A woman taking 600 mg every 8
hours had milk and serum concentrations determined on the 5th postpartum
day, 3 hours after a dose. Levels in the two samples were 6.4 and 9.0
mcg/mL, respectively, a milk:serum ratio of 0.71. A quinidine level of 8.2
mcg/mL was noted in a milk sample on the preceding day (time relationship to
the dose not specified) but a simultaneous serum concentration was not
determined. The infant in this case did not breastfeed (11). The American
Academy of Pediatrics classifies quinidine as compatible with breastfeeding
(18).
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QUININE
Antimalarial
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Quinine has effectively been replaced by newer agents for the treatment of
malaria. Although no increased teratogenic risk can be documented for
therapeutic doses, its use during pregnancy should be avoided. One
manufacturer considers the drug to be contraindicated in pregnancy (1).
However, some investigators believe quinine should be used for the
treatment of chloroquine-resistant Plasmodium falciparum malaria (2).

FETAL RISK SUMMARY
Nishimura and Tanimura (3) summarized the human case reports of teratogenic
effects linked with quinine in 21 infants who were exposed during the 1st
trimester after unsuccessful abortion attempts (some infants had multiple
defects and are listed more than once):

Central nervous system (CNS) anomalies (6 with hydrocephalus) (10 cases)
Limb defects (3 dysmelias) (8 cases)
Facial defects (7 cases)
Heart defects (6 cases)
Digestive organ anomalies (5 cases)
Urogenital anomalies (3 cases)
Hernias (3 cases)
Vertebral anomaly (1 case)

The malformations noted are varied, although CNS anomalies and limb defects
were the most frequent. Auditory defects and optic nerve damage have also
been reported (3–7). These reports usually concern the use of quinine in toxic
doses as an abortifacient. Quinine has also been used to induce labor in
women with intrauterine fetal death (8). Epidemiologic observations do not
support an increased teratogenic risk or increased risk of congenital deafness



over nonquinine-exposed patients (3,9). Neonatal and maternal
thrombocytopenia purpura and hemolysis in glucose-6-phosphate
dehydrogenase–deficient newborns has been reported (10,11).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 35 newborns had
been exposed to quinine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (5.7%) major birth defects were observed
(one expected). No anomalies were observed in six defect categories
(cardiovascular defects, oral clefts, spina bifida, polydactyly, limb reduction
defects, and hypospadias) for which specific data were available.

BREASTFEEDING SUMMARY
Quinine is excreted into breast milk. Following 300- and 640-mg oral doses in
six patients, the drug was detectable in milk up to 23 hours after a dose with
concentrations ranging from trace to 2.2 mcg/mL (12). No adverse effects
were reported in the nursing infants. Patients at risk for glucose-6-phosphate
dehydrogenase deficiency should not be breastfed until this disease can be
ruled out. The American Academy of Pediatrics classifies quinine as compatible
with breastfeeding (13).
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QUINUPRISTIN/DALFOPRISTIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of quinupristin/dalfopristin in human
pregnancy have been located. The drug does not cause teratogenicity or
embryo–fetal toxicity in experimental animals. However, in pregnant rats
the antibiotic combination may not reach the embryo or fetus in significant
amounts. Placental passage in humans has not been studied. Because the
indication for the combination involves potentially life-threatening infections,
the maternal benefit of therapy appears to far outweigh the unknown
embryo or fetal risk.

FETAL RISK SUMMARY
The semisynthetic pristinamycin derivatives quinupristin/dalfopristin are
streptogramin antibacterial agents that are combined in a ratio of 30:70
(weight/weight). The antibacterial combination is indicated for the treatment of
vancomycin-resistant Enterococcus faecium. It also is active against
Staphylococcus aureus and Streptococcus pyogenes. Depending on the
bacterium, the combination exhibits both bacteriostatic and bactericidal action.
Although quinupristin and dalfopristin are the main active components circulating
in the plasma, both agents are converted to several active metabolites (1).

In reproduction studies with rats, no adverse effects on fertility, or
perinatal/postnatal development were observed with the combination at doses
up to approximately 0.4 times the human dose based on BSA (HD). In addition,
no evidence of impaired fertility or fetal harm was observed in pregnant mice,
rats, and rabbits at approximately 0.5, 2.5, and 0.5 times the HD, respectively
(1). In four genetic toxicity assays, the results with the combination and the
individual antibacterial agents were negative. In a fifth test (Chinese hamster



ovary cell chromosome aberration assay), dalfopristin was associated with
structural chromosome aberrations but the combination and quinupristin were
not (1).

It is not known whether quinupristin or dalfopristin crosses the human
placenta to the fetus. Quinupristin is a combination of three peptide
macrolactones in which the main component (>88%) has a molecular weight of
about 1022. Dalfopristin has a molecular weight of about 691 (1). It is possible,
therefore, that both agents and/or their metabolites could cross to the embryo
and fetus. In a study with rats, the combination did not cross the placenta in
significant amounts (2). Other than the fact that the antibiotic was given on
gestation day 17, specific data, such as the dosage and amount crossing the
placenta, were lacking.

BREASTFEEDING SUMMARY
The use of quinupristin/dalfopristin during human lactation has not been
reported. The relatively high molecular weights for the two components (about
1022 and 691, respectively), suggest that only small amounts, if any, will pass
into human milk. A 2000 review concluded that quinupristin/dalfopristin was
unlikely to pass into breast milk because of its molecular size and weakly acidic
nature (3). However, if the antibiotic were present in milk it could alter the
bowel flora of a nursing infant. Because of the special indication for the
antibiotic (vancomycin-resistant E. faecium) and the potential for the
development of strains resistant to quinupristin/dalfopristin, breastfeeding is not
recommended.
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RABEPRAZOLE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of rabeprazole during human pregnancy have
been located. A study showing an association between in utero exposure to
gastric acid–suppressing drugs and childhood allergy and asthma requires
confirmation. Human pregnancy experience with three other proton pump
inhibitors (PPIs) (see Lansoprazole, Omeprazole, and Pantoprazole) has
not shown a causal relationship with congenital malformations. In some
cases, malformations may have been missed because of the design and
size of the studies. The carcinogenic and mutagenic data are a potential
concern, but the absence of follow-up studies prevents a risk assessment
for exposed offspring. As with all drug therapy, avoidance of rabeprazole
during pregnancy, especially during the 1st trimester, is the safest course.
If rabeprazole is required or if inadvertent exposure does occur early in
gestation, the known risk to the embryo–fetus for congenital defects,
based on animal data for rabeprazole and the published experience with
other PPIs, appears to be low. Long-term follow-up of offspring exposed
during gestation is warranted.

FETAL RISK SUMMARY
Rabeprazole is a PPI that blocks gastric acid secretion by a direct inhibitory
effect on the gastric parietal cell (1). It is used for the treatment of duodenal
ulcer, erosive or ulcerative gastroesophageal reflux disease (GERD), and the



long-term treatment of pathologic hypersecretory conditions, such as Zollinger-
Ellison syndrome. Rabeprazole is in the same class of PPIs as
dexlansoprazole, esomeprazole, lansoprazole, omeprazole, and pantoprazole.

Reproductive studies have been conducted in rats and rabbits with IV doses
up to 13 and 8 times, respectively, the recommended human dose based on
AUC (1). No evidence was found at these doses of impaired fertility or fetal
harm. In male and female rats, rabeprazole caused gastric cell hyperplasia
and, in female rats, gastric cell tumors, at all doses tested (1). In addition,
positive results with the drug and its inactive metabolite were demonstrated in
hamsters and mice with the in vitro Ames mutation assay and in some other
mutagenicity tests (1).

It is not known if rabeprazole crosses the human placenta. The molecular
weight (about 381 for the sodium salt) is low enough that passage to the fetus
should be expected. Another PPI, omeprazole, has a similar molecular weight
and chemical structure and it is known to cross the human placenta (see
Omeprazole).

A population-based observational cohort study formed by linking data from
three Swedish national health care registers over a 10-year period (1995–
2004) was reported in 2009 (2). The main outcome measures were a diagnosis
of allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-receptor
antagonists, prostaglandins, PPIs, combinations for eradication of Helicobacter
pylori, and drugs for peptic ulcer and GERD. Of 585,716 children, 29,490
(5.0%) met the diagnosis and 5645 (1%) had been exposed to gastric acid–
suppression therapy in pregnancy. Of these children, 405 (0.07%) were treated
for allergic disease. For developing allergy, the odds ratio (OR) was 1.43, 98%
confidence interval (CI) 1.29–1.59, irrespective of the drug, time of exposure
during pregnancy, and maternal history of allergy. For developing childhood
asthma, but not other allergic diseases, the OR was 1.51, 95% CI 1.35–1.69,
irrespective of the type of acid-suppressive drug and the time of exposure in
pregnancy. The authors proposed three possible mechanisms for their findings:
(a) exposure to increased amounts of allergens could cause sensitization to
digestion labile antigens in the fetus; (b) maternal Th2 cytokine pattern could
promote an allergy-prone phenotype in the fetus; and (c) maternal allergen-
specific immunoglobulin E could cross the placenta and sensitize fetal immune
cells to food and airborne allergens. Several limitations of the study that might
have affected their findings were identified, including a general increase in
childhood asthma but not necessarily an increase in allergic asthma (2). The



study requires confirmation.
A meta-analysis of PPIs in pregnancy was reported in 2009 (3). Based on

1530 exposed compared with 133,410 not-exposed pregnancies, the OR for
major malformations was 1.12, 95% CI 0.86–1.45. There also was no
increased risk for spontaneous abortions (OR 1.29, 95% CI 0.84–1.97) or
preterm birth (OR 1.13, 95% CI 0.96–1.33) (3).

In a 2010 study from Denmark, covering the period 1996–2008, there were
840,968 live births among whom 5082 were exposed to PPIs between 4 weeks
before conception and the end of the 1st trimester (4). In the exposed group
there were 174 (3.4%) major malformations compared with 21,811 (2.6%) not
exposed to PPIs (adjusted prevalence odds ratio [aPOR] 1.23, 95 CI 1.05–
1.44). When the analysis was limited to exposure in the 1st trimester, there
were 118 (3.2%) major malformations among 3651 exposed infants (aPOR
1.10, 95% CI 0.91–1.34). For exposure to rabeprazole in the 1st trimester,
there were 3 (7.1%) major birth defects among 42 live births (aPOR 2.14, 95%
CI 0.60–7.68; see Esomeprazole, Lansoprazole, Omeprazole, and
Pantoprazole for their data). The data showed that exposure to PPIs in the 1st
trimester was not associated with a significantly increased risk of major birth
defects (4). An accompanying editorial discussed the strengths and
weaknesses of the study (5).

In a 2012 publication, the National Birth Defects Prevention study, a multisite
population-based case–control study, examined whether nausea/vomiting of
pregnancy (NVP) or its treatment were associated with the most common
noncardiac defects (nonsyndromic cleft lip with or without cleft palate [CL/P],
cleft palate alone [CP], neural tube defects [NTDs], and hypospadias) (6). PPI
exposure included esomeprazole, lansoprazole, and omeprazole. There were
4524 cases and 5859 controls. NVP was not associated with cleft palate or
NTDs, but modest risk reductions were observed for CL/P and hypospadias.
Increased risks were found for PPIs (N = 7) and hypospadias (adjusted OR
[aOR] 4.36, 95% CI 1.21–15.81), steroids (N = 10) and hypospadias (aOR
2.87, 95% CI 1.03–7.97), and ondansetron (N = 11) and CP (aOR 2.37, 95%
CI 1.18–4.76) (6).

Another 2012 study, using the Danish nationwide registries, evaluated the
risk of hypospadias after exposure to PPIs during the 1st trimester and
throughout gestation (7). The study period, 1997 through 2009, included all
liveborn boys that totaled 430,569 of whom 2926 were exposed to maternal
PPI use. Hypospadias was diagnosed in 20 (0.7%) exposed boys, whereas
2683 (0.6%) of the nonexposed had hypospadias (adjusted prevalence ratio



[aPR] 1.1, 95% CI 0.7–1.7). For the 5227 boys exposed throughout pregnancy,
32 (0.6%) had hypospadias (PR 1.0, 95% CI 0.7–1.4). When the analysis was
restricted to mothers with 2 or more PPI prescriptions, the aPR of overall
hypospadias was 1.7, 95% CI 0.9–3.3 and 1.6, 95% CI 0.7–3.9 for
omeprazole. The authors concluded that PPIs were not associated with
hypospadias (7).

Several reports and reviews describing the use of PPIs during human
pregnancy have observed no increased risk of developmental toxicity (see
Lansoprazole, Omeprazole, and Pantoprazole).

BREASTFEEDING SUMMARY
No reports describing the use of rabeprazole during human lactation have been
located. The molecular weight (about 381 for the sodium salt) suggests that the
drug will be excreted into breast milk. Because of the positive carcinogenic
tests and the potential for suppression of gastric acid secretion in the nursing
infant, the use of rabeprazole during lactation should probably be avoided until
clinical data are available.
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RALOXIFENE
Selective Estrogen Receptor Modulator
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of raloxifene in human pregnancy have been
located, but the animal reproduction studies suggest risk. The indications
for this drug suggest that human pregnancy experience is unlikely.
Moreover, raloxifene is an estrogen antagonist in uterine tissue and
estrogen is required to maintain pregnancy. Therefore, the drug is
contraindicated in pregnancy. If a woman inadvertently becomes pregnant
while taking raloxifene, she should be informed of the risk to her embryo
and/or fetus.

FETAL RISK SUMMARY
Raloxifene is an estrogen agonist/antagonist that is in the benzothiophene class
of selective estrogen receptor modulators. It is indicated for the treatment and
prevention of osteoporosis in postmenopausal women, reduction in risk of
invasive breast cancer in postmenopausal women with osteoporosis, and
reduction in risk of invasive breast cancer in postmenopausal women at high
risk for invasive breast cancer. Raloxifene produces estrogen-like effects on
bone and lipid metabolism, while antagonizing the effects of estrogen on uterine
and mammary tissue. The drug undergoes hepatic metabolism to apparently
inactive metabolites. Plasma protein binding is 95% to albumin and α1-acid
glycoprotein, and the elimination half-life after multiple doses is 32.5 hours (1).

Reproduction studies have been performed in rats and rabbits. In rats, doses
that were ≥0.2 times the human dose based on BSA (HD) caused retarded
fetal development and developmental abnormalities (wavy ribs and kidney
cavitation). Doses 0.02–1.6 times the HD during gestation and lactation
resulted in delayed and disrupted parturition, decreased neonatal survival, and
altered physical development; sex- and age-specific reductions in growth and
changes in pituitary hormone content; and decreased lymphoid compartment



size in offspring. The highest dose disrupted parturition resulting in maternal
and offspring death and morbidity. In rabbits, doses that were ≥0.04 times the
HD caused abortions and a low rate of ventricular septal defects. At ≥4 times
the HD, hydrocephaly was observed in fetuses (1).

In a study with female rats before mating, minor delays in development of
offspring without affecting viability or growth were observed (2). Raloxifene
produced estrous cycle disruption in this study. When female rats were given
the drug for 5 days after mating, delayed or inhibited implantation, an effect
consistent with anti-estrogen administration in rodents was noted (3,4).
Although pups were born up to a week late, they were morphologically and
developmentally normal. Raloxifene given to pregnant rats from
postimplantation until a few days before term caused impaired fetal growth. A
higher dose decreased fetal viability without an increase in malformations (5,6).
None of these studies compared the doses with the human dose.

In a 21-month carcinogenicity study in female mice with doses that produced
systemic exposures that were 0.3–34 times the exposure in postmenopausal
women taking 60 mg/day, an increased incidence of ovarian tumors, benign and
malignant, were observed. In male mice, doses that were 4.7–24 times the
AUC in humans were associated with an increase in testicular and prostatic
tumors. Raloxifene was not genotoxic in multiple assays (1).

In fertility studies, no pregnancies resulted when daily doses ≥0.8 times the
HD were given to male and female rats. Daily doses up to 16 times the HD had
no effect on sperm production or quality, or reproductive performance in male
rats. However, in female rats, daily doses that were 0.02–1.6 times the HD
disrupted estrous cycles and inhibited ovulation. Doses that were ≥0.02 times
the HD given during the preimplantation period caused delayed and disrupted
embryo implantation, resulting in prolonged gestation and reduced litter size.
These reproductive and developmental effects are consistent with the estrogen
receptor activity of the drug (1).

It is not known whether raloxifene crosses the human placenta. The
molecular weight (about 474 for the free base) and the long elimination half-life
suggest that the drug will cross to the embryo–fetus. However, the high plasma
protein binding might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of raloxifene during human lactation have been
located. However, such reports are unlikely because of the drug’s indications.
The molecular weight (about 474 for the free base) and the long elimination



half-life (32.5 hours) suggest that the drug will be excreted into breast milk, but
the high plasma protein binding (95%) might limit the exposure. However, as
with other weak bases, accumulation in the relatively acidic milk may occur.
Raloxifene is an estrogen antagonist in breast tissue. We agree with the
manufacturer that it is contraindicated during breastfeeding.
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RALTEGRAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of raltegravir in human pregnancy have been
located. Although the animal data suggest low risk, the absence of human
pregnancy experience prevents an assessment of the embryo–fetal risk. If
indicated, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Raltegravir is an HIV type 1 (HIV-1) integrase strand transfer inhibitor. There
are no other antiviral agents in this class. Raltegravir, in combination with other
antiretroviral agents, is indicated for the treatment of HIV-1 infection in
treatment-experienced adult patients who have evidence of viral replication and
HIV-1 strains resistant to multiple antiretroviral agents. The drug is partially
metabolized by glucuronidation. Plasma protein binding is about 83% and the
apparent terminal half-life is about 9 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, at doses producing systemic exposures up to 3–4 times the human
exposure at the recommended human dose (HERHD), no treatment-related
effects on embryo–fetal survival or fetal weights were observed. In pregnant
rats, an exposure 3 times the HERHD caused an increased incidence of
supernumerary ribs. In pregnant rabbits receiving exposures that were 3–4
times the HERHD, no treatment-related external, visceral, or skeletal changes
were observed (1).

Raltegravir crosses the placenta in rats and rabbits. In rats, doses producing
systemic exposures that were 3–4 times the HERHD resulted in fetal plasma
concentrations that were about 1.5–2.5 times the maternal plasma at 1 and 24
hours postdose, respectively. In rabbits, a similar maternal exposure produced
mean drug concentrations in fetal plasma that were 2% of the mean maternal



concentration at both 1 and 24 hours postdose (1).
It is not known if raltegravir crosses the human placenta. Although the

molecular weight (about 483), moderate plasma protein binding, and terminal
half-life suggest that exposure of the embryo–fetus will occur, the low lipid
solubility might mitigate the amount of exposure.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (2). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 18 outcomes exposed to raltegravir (8 in
the 1st trimester and 10 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were no birth defects. In reviewing the birth defects
of prospective and retrospective (pregnancies reported after the outcomes
were known) registered cases, the Registry concluded that except for isolated
cases of neural tube defects with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (2). Health
care professionals are encouraged to register patients exposed to raltegravir
during pregnancy in the Antiviral Pregnancy Registry by calling the toll-free
number 800-258-4263. (See Lamivudine for required statement.)

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate (3,4). The same conclusion was reached in a 2003
review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (5). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1 infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (6). If indicated, raltegravir should not be withheld in pregnancy
since the expected benefit to the HIV-positive mother outweighs the unknown
risk to the fetus. Updated guidelines for the use of antiretroviral drugs to reduce
perinatal HIV-1 transmission also were released in 2010 (7). Women receiving



antiretroviral therapy during pregnancy should continue the therapy but,
regardless of the regimen, zidovudine administration is recommended during
the intrapartum period to prevent vertical transmission of HIV to the newborn
(7).

BREASTFEEDING SUMMARY
No reports describing the use of raltegravir during lactation have been located.
The molecular weight (about 483), moderate plasma protein binding (about
83%), and long terminal half-life (about 9 hours) suggest that the drug will be
excreted into breast milk, but the low lipid solubility might mitigate the amount
of exposure. The effect on a nursing infant is unknown.

Reports on the use of raltegravir during human lactation are unlikely,
however, because the antiviral agent is used in the treatment of HIV infection.
HIV-1 is transmitted in milk, and in developed countries, breastfeeding is not
recommended (3,4,6,8–10). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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RAMELTEON
Hypnotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ramelteon in human pregnancy have been
located. The drug has caused developmental toxicity in one animal species,
but only at maternally toxic doses and exposures that were much higher
than those used or obtained in humans. Although the animal data are
reassuring, the complete lack of human pregnancy experience prevents a
more-complete assessment of the embryo–fetal risk. However, long-term
exposure in rodents has been associated with carcinogenic effects and this
should be considered if ramelteon is used frequently in pregnancy.
Infrequent or inadvertent exposure during gestation does not appear to
represent a significant risk to the embryo or fetus.

FETAL RISK SUMMARY
Ramelteon is a melatonin receptor agonist with high affinity for melatonin MT1
and MT2 receptors. It is indicated for the treatment of insomnia characterized
by difficulty with sleep onset. Other than melatonin itself (available as an orphan
drug and as a nutritional supplement), there are no other hypnotic agents
commercially available with this mechanism of action. Ramelteon undergoes
extensive first-pass hepatic metabolism and one of the metabolites is active.
About 82% of ramelteon is bound to serum proteins, primarily albumin. The
elimination half-life of ramelteon is 1–2.6 hours, whereas the elimination half-life
of the active metabolite is 2–5 hours (1).

Reproduction studies have been conducted in rats and rabbits. During
organogenesis in rats, a dose 197 times higher than the maximum
recommended human dose (MRHD) based on BSA (MRHD-BSA) was
teratogenic, but this dose also caused maternal toxicity (decreased weight).



Structural defects noted in the fetuses were diaphragmatic hernia and minor
anatomical variations of the skeleton (irregularly shaped scapula). At 786 times
the MRHD-BSA, reductions in fetal body weight and cysts on the external
genitalia were additionally observed. The no-effect levels for teratogenicity for
the parent compound and its active metabolite were 1892 and 45 times,
respectively, the MRHD based on AUC (MRHD-AUC). The no-effect level for
pre- and postnatal development (dosing from day 6 of gestation through
weaning on postpartum day 21) in the rat was 39 times the MRHD-BSA (1).

During organogenesis in rabbits, doses producing exposures of the parent
compound and metabolite that were 11,862 and 99 times, respectively, the
MRHD-AUC caused maternal toxicity but no fetal effects. Therefore, these
exposure comparisons were the no-effect levels for teratogenicity in rabbits (1).

In 2-year studies, ramelteon demonstrated dose-related carcinogenicity in
mice and rats. The drug was not mutagenic in various tests, but a chromosomal
aberration assay was positive. No effects were observed in mating behavior or
fertility in male rats at doses up to 786 times the MRHD-BSA. In female rats,
doses 79 times the MRHD-BSA were associated with irregular estrus cycles,
reductions in the number of implants, and reductions in the number of live
embryos. The no-effect dose for fertility endpoints in female rats was 26 times
the MRHD-BSA (1).

It is not known if ramelteon or its active metabolite crosses the human
placenta. The molecular weight of ramelteon (about 259) and the elimination
half-lives of ramelteon and its active metabolite suggest that exposure of the
embryo–fetus to both will probably occur.

BREASTFEEDING SUMMARY
No reports describing the use of ramelteon during human lactation have been
located. The molecular weight (about 259) and the elimination half-lives of
ramelteon (1–2.6 hours) and its active metabolite (2–5 hours) suggest that both
will be excreted into breast milk. The effect of this exposure on a nursing infant
is unknown, but sedation is a potential complication.
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RAMIPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of ramipril in the 2nd and 3rd trimesters is similar to other
angiotensin-converting enzyme (ACE) inhibitors. The use of this drug during
the 2nd and 3rd trimesters may cause teratogenicity and severe fetal and
neonatal toxicity. Fetal toxic effects may include anuria, oligohydramnios,
fetal hypocalvaria, intrauterine growth restriction (IUGR), prematurity, and
patent ductus arteriosus. Stillbirth or neonatal death may occur. Anuria-
associated oligohydramnios may produce fetal limb contractures,
craniofacial deformation, and pulmonary hypoplasia. Severe anuria and
hypotension, which is resistant to both pressor agents and volume
expansion, may occur in the newborn following in utero exposure. Newborn
renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Ramipril is an ACE inhibitor. Reproduction studies in rats, rabbits, and monkeys
at doses 400, 2, and 400 times, respectively, the recommended human dose
based on BSA revealed no teratogenic effects (1).

It is not known if ramipril crosses the human placenta. The molecular weight
(about 417) is low enough that exposure of the embryo–fetus should be
expected.

A 2005 case report described the pregnancy outcome of a 33-year-old
woman treated with ramipril in the first 8 weeks of an unplanned pregnancy (2).
Diseases in the patient included hypertension, morbid obesity, type 2 diabetes
mellitus, and hypercholesterolemia. Other drugs used by the woman were
glimepiride, orlistat, thiocolchicoside (a muscle relaxant), simvastatin,
metformin, ciprofloxacin, and aspirin. When pregnancy was diagnosed at 8



weeks, all medications were stopped and she was started on methyldopa and
insulin. She gave birth at 38 weeks to a 3470-g female infant with Apgar scores
of 5 and 7 at 1 and 5 minutes, respectively. No minor or major malformations
were observed in the infant (2).

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, who
had 1st trimester exposure to ACE inhibitors (3). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives (N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no-antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were: atrial septal
defect (N = 6) (includes three with pulmonic stenosis and/or three with patent
ductus arteriosus [PDA]), renal dysplasia (N = 2), PDA alone (N = 2), and one
each of ventricular septal defect, spina bifida, microcephaly with eye anomaly,
coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung disease,
and diaphragmatic hernia (3). In an accompanying editorial, it was noted that
neither previous reports of 1st trimester exposure to ACE inhibitors nor the
animal studies had observed an increased risk of birth defects (4). It also was
noted that no mechanism for ACE inhibitor–induced teratogenicity was known.
A subsequent communication raising concerns about the validity of the study in
terms of adequate exclusion of diabetes, charting and coding errors in busy
medical practices, and the effects of maternal obesity (5) was addressed by
the investigators (6).

A 2005 case report described a 28-year-old woman with chronic renal
disease and hypertension (7). She presented at 25.5 weeks’ gestation and had
been taking before and throughout pregnancy ramipril 50 mg/day, nifedipine
60 mg/day, atenolol 50 mg/day, and hydroxychloroquine 200 mg/day. Severe
oligohydramnios was noted and estimated fetal weight was at the 15th
percentile. Ramipril was stopped and the dose of atenolol was increased.



Three weeks later, the amniotic fluid volume had returned to normal (amniotic
fluid index 15.3). At 30 weeks, worsening hypertension and renal function was
noted and the woman gave birth by cesarean section to an 880-g female infant
with Apgar scores of 8 and 9. The infant had respiratory distress, but there
was no evidence of cerebral hemorrhage and her renal impairment was
resolving (7).

In a 2009 case report, a 42-year-old woman with type 2 diabetes and
hypertension was treated during the first 17 weeks’ gestation with gliclazide 30
mg/day and ramipril 10 mg/day (8). This therapy was discontinued and
replaced with insulin and methyldopa. At 36 weeks’, she gave birth by cesarean
section to a healthy 3200-g female infant with Apgar scores of 8 and 10. No
malformations were noted and the infant was doing well at 1.5 years of age
(8).

Ramipril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(9,10). IUGR, prematurity, and severe neonatal hypotension may also be
observed. Two reviews of fetal and newborn renal function indicated that both
renal perfusion and glomerular plasma flow are low during gestation and that
high levels of angiotensin II may be physiologically necessary to maintain
glomerular filtration at low perfusion pressures (11,12). Ramipril prevents the
conversion of angiotensin I to angiotensin II and, thus, may lead to in utero
renal failure. Since the primary means of removal of the drug is renal, the
impairment of this system in the newborn prevents elimination of the drug
resulting in prolonged hypotension. Newborn renal function and blood pressure
should be closely monitored. If oligohydramnios occurs, stopping ramipril may
resolve the problem but may not improve infant outcome because of irreversible
fetal damage (9). In those cases in which ramipril must be used to treat the
mother’s disease, the lowest possible dose should be used combined with
close monitoring of amniotic fluid levels and fetal well-being. Guidelines for
counseling exposed pregnant patients have been published and should be of
benefit to health professionals faced with this task (9,13).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises



concerns about teratogenicity that have not been seen in other studies (4).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (14). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of ramipril during lactation have been located.
The molecular weight (about 417) is low enough that excretion into breast milk
should be expected. Other ACE inhibitors are excreted into breast milk and the
American Academy of Pediatrics classifies them as compatible with
breastfeeding (see Captopril and Enalapril).
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RANIBIZUMAB
Ophthalmic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ranibizumab in human pregnancy have
been located. There also is no animal reproduction data. The predicted
amount of antibody in the systemic circulation, however, is about 90,000-
fold lower than the amounts in the vitreous and is below the estimated
therapeutic concentration (1). Based on this estimation, the exposure and
effect on an embryo or fetus probably is nil. Thus, if a woman requires
ranibizumab, it should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Ranibizumab binds to and inhibits vascular endothelial growth factor A (VEGF-
A). It is a recombinant humanized immunoglobulin G1 (IgG1) kappa isotype
monoclonal antibody fragment that is indicated for the treatment of neovascular
(wet) age-related macular degeneration. It is in the same class as pegaptanib.
Ranibizumab is administered as a once-monthly, 0.5-mg intravitreal injection.
After monthly injections, the maximum ranibizumab serum concentrations are
low (0.3–2.36 ng/mL) occurring about 1 day after a dose. These concentrations
are less than the therapeutic levels (11–27 ng/mL) thought to be necessary to
inhibit the biological activity of VEGF-A. The estimated average vitreous
elimination half-life is about 9 days (1).

Reproduction, carcinogenicity, mutagenicity, and fertility studies in animals or
humans have not been conducted (1).

It is not known if ranibizumab crosses the human placenta. The high
molecular weight (48,000) and very low concentrations in the systemic
circulation suggest that the antibody will not cross to the embryo or fetus.
However, IgG crosses the placenta and so might ranibizumab.



BREASTFEEDING SUMMARY
No reports describing the use of ranibizumab during lactation have been
located. Although the long plasma elimination half-life (about 9 days) favors
excretion, the molecular weight (48,000) and very low plasma concentrations
suggest that the antibody will not be detected in milk. However, IgG is excreted
into milk. Nevertheless, even if excretion does occur it should be in clinically
insignificant amounts. If a lactating woman requires ranibizumab, it should not
be withheld because she is breastfeeding.
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RANITIDINE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The absence of teratogenicity or toxicity in animals and the available human
pregnancy data suggest that ranitidine is not a major teratogen. Because it
has no antiandrogenic activity in animals or nonpregnant humans, ranitidine
may be a safer choice than cimetidine for chronic use during pregnancy.
The antiandrogenic activity of cimetidine, however, has not been observed
or studied following in utero exposure (see Cimetidine). Ranitidine-induced
anaphylactoid shock has been reported in four laboring women. A study
showing an association between in utero exposure to gastric acid–
suppressing drugs and childhood allergy and asthma requires confirmation.

FETAL RISK SUMMARY
Ranitidine is a competitive, reversible inhibitor of histamine H2-receptors (H2
blockers) used in treatment and maintenance of patients with duodenal or
gastric ulcers, pathologic hypersecretory conditions such as Zollinger-Ellison
syndrome, and gastroesophageal reflux disease (GERD). The drug is partially
metabolized to apparently inactive metabolites. Serum protein binding is
minimal (average 15%) and the elimination half-life is 2.5–3.0 hours (1).

Reproduction studies with ranitidine in rats and rabbits at doses up to 160
times the human dose have revealed no evidence of impaired fertility or fetal
harm (1–3). In contrast to the controversy surrounding cimetidine, ranitidine
apparently has no antiandrogenic activity in humans (4) or in animals (5,6) (see
also Cimetidine).

Consistent with the molecular weight (about 351), limited metabolism, and
elimination half-life, ranitidine crosses the human placenta. At term, mean
fetal:maternal ratios after 50 mg IV and 150 mg orally were 0.9 and 0.38,
respectively (7–9). An in vitro study also documented transfer in term human



placentas (10).
In a surveillance study of Michigan Medicaid recipients involving 229,101

completed pregnancies conducted between 1985 and 1992, 516 newborns had
been exposed to ranitidine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 23 (4.5%) major birth defects were
observed (22 expected). Specific data were available for six defect categories,
including (observed/expected) 6/5 cardiovascular defects, 1/1 oral clefts, 1/0.5
spina bifida, 1/1 polydactyly, 0/1 limb reduction defects, and 1/1 hypospadias.
These data do not support an association between the drug and congenital
defects.

Ranitidine has been used alone and in combination with antacids to prevent
gastric acid aspiration (Mendelson’s syndrome) before vaginal delivery or
cesarean section (7–9,11–14). No effect was observed in the frequency and
strength of uterine contractions, in fetal heart rate pattern, or in Apgar
scores (7). Neonatal gastric acidity was not affected at 24 hours. No problems
in the newborn attributable to ranitidine were reported in these studies.

Ranitidine has been studied for its effectiveness in alleviating the symptoms
of heartburn during pregnancy (15–17). A twice-daily dosage regimen of
ranitidine was effective for this indication (15–17), including in those cases
resistant to antacids alone (17). Ranitidine was also effective in controlling
gastric acid secretion in pregnant women with Zollinger-Ellison syndrome (18).

In a 1991 report, 23 women were exposed in the 1st trimester to ranitidine
(N = 13), cimetidine (N = 9), or both (N = 1) (19). The pregnancy outcomes
were 2 spontaneous abortions (SABs), 2 elective abortions (EABs), 18 normal
births, and 1 infant with a large hemangioma of the upper eye lid (removed
without incidence). The outcomes suggested that the agents were not
teratogenic (19).

A 1996 prospective cohort study compared the pregnancy outcomes of 178
women who were exposed during pregnancy to H2 blockers with 178 controls
matched for maternal age, smoking, and heavy alcohol consumption (20). All of
the women had contacted a teratology information service concerning
gestational exposure to H2 blockers (subjects) or nonteratogenic or
nonfetotoxic agents (controls). Among subjects (mean daily dose in
parentheses), 71% took ranitidine (258 mg), 16% cimetidine (487 mg), 8%
famotidine (32 mg), and 5% nizatidine (283 mg). There were no significant
differences between the outcomes of subjects and controls in terms of live
births, SABs, EABs, gestational age at birth, delivery method, birth weight,
infants small for gestational age, or major malformations. Among subjects,



there were 3 birth defects (2.1%) among the 142 exposed to H2 blockers in the
1st trimester: one each of atrial septal defect, ventricular septal defect, and
tetralogy of Fallot. There were 5 birth defects (3.0%) among the 165 exposed
anytime during pregnancy. For controls, the rates of defects were 3.5% (1st
trimester) and 3.1% (anytime). There were also no differences between the
groups in neonatal health problems and developmental milestones, but two
children (one subject and one control) were diagnosed as developmentally
delayed. The investigators concluded that 1st trimester exposure to H2 blockers
did not represent a major teratogenic risk (20).

Data from the Swedish Medical Birth Registry were presented in 1998 (21).
A total of 553 infants (6 sets of twins) were delivered from 547 women who
had used acid-suppressing drugs early in pregnancy. The odds ratio (OR) for
malformations after H2 blockers was 0.86, 95% confidence interval (CI) 0.33–
2.23. Of the 19 infants with birth defects, 9 had been exposed to H2 blockers, 1
of whom was also exposed to omeprazole. Ranitidine was the only acid-
suppressing drug exposure in 156 infants. Twenty other offspring were
exposed in utero to ranitidine combined either with famotidine (2 infants) or with
omeprazole (18 infants). Seven infants with birth defects were exposed to
ranitidine: six where ranitidine was the only acid-suppressing agent used and
one exposed to ranitidine combined with omeprazole. The defects were
cerebral arteriovenous malformation, unspecified cardiac defect,
hydronephrosis, undescended testicle, hypospadias, and unstable hip.
Hypospadias was also observed in a newborn exposed to a combination of
ranitidine and omeprazole (see Omeprazole for additional details of this study)
(21).

Two databases, one from England and the other from Italy, were combined
for a study published in 1999 that was designed to assess the incidence of
congenital malformations in women who had received a prescription during the
1st trimester for an acid-suppressing drug (ranitidine, cimetidine, and
omeprazole) (22). Nonexposed women were selected from the same
databases to form a control group. SABs and EABs (except two cases for
anomalies that were grouped with stillbirths) were excluded from the analysis.
Stillbirths were defined as any pregnancy loss occurring at 28 weeks’ gestation
or later. Ranitidine was taken in 322 pregnancies, resulting in 330 live births (29
premature), 2 stillbirths, and 1 neonatal death. Twenty (6.1%) of the newborns
had a congenital malformation (shown by system): CNS (spina
bifida/hydrocephaly), craniofacial (cleft palate only; asymmetric
skull/plagiocephaly; tongue tie), eye (Duane’s eye syndrome), cardiac (septal



defect; anomaly of cardiac valve), musculoskeletal (dysplastic
hip/dislocation/clicking hip, N = 3; syndactyly; sacral sinus), genital and urinary
(undescended testes, N = 2; congenital hydrocele/inguinal hernia, N = 2;
ovarian cyst), multiple (pyloric stenosis and talipes equinovarus), and two
genetic anomalies (Hallerman-Streiff and Down’s syndromes). In addition, two
newborns were small for gestational age and nine had a small head
circumference for gestational age. In comparison, the outcomes of 1547
nonexposed pregnancies included 1560 live births (115 premature), 15
stillbirths (includes 2 EABs for anomalies), and 10 neonatal deaths. Sixty-four
(4.1%) of the newborns had malformations involving the following: CNS (N = 2),
head/face (N = 13), eye (N = 2), heart (N = 7), muscle/skeletal (N = 13),
genital/urinary (N = 18), gastrointestinal (N = 2), and those of polyformation (N
= 3), or known genetic defects (N = 4). There were 21 newborns that were
small for gestational age and 78 had a small head circumference for gestational
age. The relative risk of malformation (adjusted for mother’s age and
prematurity) associated with ranitidine was 1.5 (95% CI 0.9–2.6), with
cimetidine 1.3 (95% CI 0.7–2.6), and with omeprazole 0.9 (95% CI 0.4–2.4)
(22).

A population-based observational cohort study formed by linking data from
three Swedish national health care registers over a 10-year period (1995–
2004) was reported in 2009 (23). The main outcome measures were a
diagnosis of allergic disease or a prescription for asthma or allergy
medications. The drug types included in the study were gastric acid
suppressors, including H2 blockers, prostaglandins, proton pump inhibitors,
combinations for eradication of Helicobacter pylori, and drugs for peptic ulcer
and GERD. Of 585,716 children, 29,490 (5.0%) met the diagnosis and 5645
(1%) had been exposed to gastric acid–suppression therapy in pregnancy. Of
these children, 405 (0.07%) were treated for allergic disease. For developing
allergy, the OR was 1.43, 98% CI 1.29–1.59, irrespective of the drug, time of
exposure during pregnancy, and maternal history of allergy. For developing
childhood asthma, but not other allergic diseases, the OR was 1.51, 95% CI
1.35–1.69, irrespective of the type of acid-suppressive drug and the time of
exposure in pregnancy. The authors proposed three possible mechanisms for
their findings: (a) exposure to increased amounts of allergens could cause
sensitization to digestion labile antigens in the fetus; (b) the maternal Th2
cytokine pattern could promote an allergy-prone phenotype in the fetus; and (c)
maternal allergen-specific immunoglobulin could cross the placenta and
sensitize fetal immune cells to food and airborne allergens. Several limitations



of the study that might have affected their findings were identified, including a
general increase in childhood asthma but not necessarily an increase in allergic
asthma (23). The study requires confirmation.

Severe anaphylactoid reactions were observed in four women who had
received IV or oral ranitidine during labor (24–27). Fetal bradycardia was
observed in two cases, but the heart rates normalized before birth. The two
cases as well as a third newborn had normal Apgar scores and did well
(24–26). An emergency cesarean section was required in the fourth case when
the mother developed severe systolic hypotension and the fetal heart rate
decreased to 70 beats/minute (27). Apgar scores in the newborn were 1 and 4
at 1 and 5 minutes, respectively. The female infant had seizure-like movement
in the NICU and was discharged home on day 19 on phenobarbital. At 8 months
of age, the baby was still receiving phenobarbital but no seizures or physical or
developmental abnormalities were noted (27).

A 2005 study evaluated the outcomes of 553 pregnancies after exposure to
H2 blockers, 501 (91%) in the 1st trimester (28). The data were collected by
the European Network of Teratology Information Services (ENTIS). The agents
and number of cases were ranitidine 335, cimetidine 113, famotidine 75,
nizatidine 15, and roxatidine 15. No increase in the number of major
malformations were noted (28).

Four reviews on the treatment of GERD have concluded that H2 blockers,
with the possible exception of nizatidine, could be used in pregnancy with
relative safety (29–32).

A 2009 meta-analysis of published studies was conducted to assess the
safety of H2 blockers that were used in 2398 pregnancies (33). Compared with
119,892 nonexposed pregnancies, the OR for congenital malformations was
1.14 (95% CI 0.89–1.45), whereas the ORs and 95% CIs for SABs, preterm
birth, and small for gestational age were 0.62 (0.36–1.05), 1.17 (0.94–1.147),
and 0.28 (0.06–1.22), respectively. The authors concluded that H2 blockers
could be used safely in pregnancy (33).

A 2010 study from Israel identified 1148 infants exposed in the 1st trimester
to H2 blockers (34). No association with congenital malformations was found
(OR 1.03, 95% CI 0.80–1.32). Moreover, no association was found with EABs,
perinatal mortality, premature delivery, low birth weight, or low Apgar scores
(34).

BREASTFEEDING SUMMARY



Following a single oral dose of 150 mg in six subjects, ranitidine milk
concentrations increased with time, producing mean milk:plasma ratios at 2, 4,
and 6 hours of 1.9, 2.8, and 6.7, respectively (35).

Markedly different results were observed in 1985 study (36). Ranitidine milk
and blood concentrations were determined in a woman breastfeeding her
healthy 54-day-old infant. The woman had taken four 150-mg (2.44 mg/kg)
doses at 12-hour intervals immediately before sampling. Pooled milk/maternal
blood concentrations (ng/mL) (milk:serum ratio) were: predose 993/53 (18.73),
1.5 hours postdose 722/106 (6.81), 5.5 hours postdose 2610/309 (8.44), and
1569/66 (23.77). The data suggested that steady-state conditions had not yet
been achieved. No adverse effects in the nursing infant were noted (36).

The effects from long-term exposure to the above concentrations on the
nursing infant are not known. Ranitidine decreases gastric acidity, but this
effect has not been studied in nursing infants. However, cimetidine, an agent
with similar activity, is classified as compatible during breastfeeding by the
American Academy of Pediatrics (see Cimetidine).
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RANOLAZINE
Antianginal Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ranolazine in human pregnancy have been
located. The animal data suggest risk, but the absence of human
pregnancy experience prevents a complete assessment of the embryo–
fetal risk.

FETAL RISK SUMMARY
Ranolazine is an oral racemic mixture that has anti-ischemic and antianginal
effects but is not a vasodilator. It is indicated for the treatment of chronic
angina. There are no other agents in the cardiovascular subclass. The drug
undergoes extensive metabolism. The activity of the metabolites has not been
well characterized. Ranolazine is moderately bound (about 62%) to plasma
proteins. The apparent terminal half-life is 7 hours (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, a dose 2 times the maximum recommended human dose based on BSA
(MRHD) caused an increased incidence of misshapen sternebrae and reduced
ossification of pelvic and cranial bones. In pregnant rabbits, a dose 1.5 times
the MRHD was associated with reduced ossification of sternebrae. The doses
in both species were associated with an increased maternal mortality rate (1).

No evidence of carcinogenic potential was found with long-term studies in
mice and rats. The maximally tolerated doses in these species were 0.1 and
0.8 times the MRHD. There also was no evidence of genotoxicity in multiple
assays (1). (No information was provided regarding effects on fertility.)

It is not known if ranolazine crosses the human placenta. The molecular
weight (about 428), moderate plasma protein binding, and terminal half-life
suggest that exposure of the embryo–fetus is likely.



BREASTFEEDING SUMMARY
No reports describing the use of ranolazine during human lactation have been
located. The molecular weight (about 428), moderate (about 62%) plasma
protein binding, and terminal half-life (7 hours) suggest that the drug will be
excreted into breast milk. The effect of this exposure on a nursing infant is
unknown. In adults, the drug is extensively metabolized in the intestine and liver,
but this may not occur in infants because of the relative immaturity of
metabolizing systems. In adults, the most common (>4%) adverse effects were
dizziness, headache, constipation, and nausea (1).
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RASAGILINE
Antiparkinson Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of rasagiline in human pregnancy have been
located. The animal reproduction data when rasagiline was used alone or in
combination with levodopa/carbidopa suggest risk, but the absence of
human pregnancy experience prevents an assessment of the embryo–fetal
risk. However, monoamine oxidase (MAO) inhibitors are characterized by
interactions with several drugs, including some agents used for general
anesthesia, and tyramine-rich foods, beverages, dietary supplements, or
amines from over-the-counter medications. These interactions can result in
severe, sometimes fatal, hypertension. Because this toxicity would have
severe consequences for a woman and her pregnancy, rasagiline is best
avoided during gestation.

FETAL RISK SUMMARY
Rasagiline is an oral irreversible MAO type B (MAO-B) inhibitor. Inhibition of
MAO-B lasts at least 1 week after the last dose. Rasagiline is indicated for
treatment of the signs and symptoms of idiopathic Parkinson’s disease as initial
monotherapy and as adjunctive therapy to levodopa. (See also Levodopa.) It is
in the same class as selegiline. (See Selegiline.) The mean elimination half-life
at steady state is 3 hours but there is no correlation between the half-life and
pharmacologic effect as inhibition of MAO-B is irreversible. Plasma protein
binding, primarily to albumin, is 88%–94%. Rasagiline undergoes nearly
complete metabolism in the liver before excretion (1).

Reproduction studies with rasagiline, either alone or in combination with
levodopa/carbidopa, have been conducted in rats and rabbits. Pregnant rats
given daily doses from the beginning of organogenesis to day 20 postpartum



that produced plasma concentrations 10 and 16 times the maximum
recommended human dose (MRHD) based on AUC (MRHD-AUC) caused
decreased offspring survival and body weight. The plasma concentration for the
no-effect dose was not determined, but it was one-third the lowest dose
causing fetal toxicity and was equal to the MRHD based on BSA (MRHD-BSA).
In another study, pregnant rats were given the same doses as above combined
with levodopa/carbidopa throughout organogenesis. An increased incidence of
wavy ribs in fetuses was observed at a dose producing exposures that were 8
times the MRHD-AUC for rasagiline and equal to the MRHD-BSA for
levodopa/carbidopa (1).

Pregnant rabbits given daily doses producing exposures that were about ≥7
times the MRHD-AUC throughout organogenesis in combination with
levodopa/carbidopa had an increase in fetal death. There was an increase in
cardiovascular defects when levodopa/carbidopa was given alone at daily
doses that were equal to the MRHD-BSA. This teratogenicity occurred to a
greater extent when rasagiline, at exposures that were 1–13 times the MRHD-
AUC, was given in combination with levodopa/carbidopa (1).

Carcinogenicity studies were conducted for 2 years in mice and rats. In mice,
there was an increase in lung tumors (combined adenomas/carcinomas). The
no-effect dose was about 5 times the MRHD-AUC. In rats, there was no
increase in tumors at any dose tested. The highest doses tested in male and
female rats were about 33 and 260 times, respectively, the MRHD-AUC.
Rasagiline was mutagenic and/or clastogenic in some assays but negative in
others. No effect was observed on mating performance or fertility in male and
female rats with doses producing exposures that were ≤30 times the MRHD-
AUC.

It is not known if rasagiline crosses the human placenta. The molecular
weight (about 267 for the mesylate salt), protein binding, and elimination half-
life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of rasagiline during human lactation have been
located. The molecular weight (about 267 for the mesylate salt), protein binding
(88%–94%), and elimination half-life (3 hours) suggest that the drug will be
excreted into breast milk. Rasagiline inhibits prolactin and may inhibit milk
secretion (1). Nevertheless, the potential for severe adverse effects in a
nursing infant suggest that women taking rasagiline should not breastfeed.
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RASBURICASE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of rasburicase in human pregnancy have
been located. The agent caused significant developmental toxicity in one
animal species at a dose that was ≥10 times the recommended human
dose (RHD) and in a second species at a much higher dose, but both
comparisons to the human dose appeared to be based on body weight.
Moreover, a no-observed-effect-level (NOEL) for such toxicity was not
established in either species. The absence of human data prevents a
complete assessment of the embryo–fetal risk but, if indicated, the
maternal benefit appears to outweigh the unknown risk. If possible,
avoiding the 1st trimester use would be preferred.

FETAL RISK SUMMARY
Rasburicase, a tetrameric protein with identical subunits, is a recombinant
urate-oxidase produced from a Saccharomyces cerevisiae strain. It is in the
same antineoplastic subclass of antimetabolites that reduce uric acid levels as
allopurinol. Rasburicase is indicated for the initial management of plasma uric
acid levels in pediatric and adult patients with leukemia, lymphoma, and solid
tumor malignancies who are receiving anti-cancer therapy expected to result in
tumor lysis and subsequent elevation of plasma uric acid. The drug is given as
a 30-minute IV infusion daily for up to 5 days. The mean terminal half-life is
15.7–22.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
that were about 250 times the RHD (assumed to be based on body weight)
were associated with multiple heart and great vessel malformations. In rabbits
during organogenesis, doses that were about 10–100 times the RHD resulted
in maternal toxicity (weight loss and mortality), decreases in uterine weights



and viable fetuses, and increased fetal resorptions, preimplantation and
postimplantation losses, and abortions. Decreased fetal body weights and
malformations involving the heart and great vessel malformations also were
observed at all dose levels (1).

Studies for carcinogenicity potential have not been conducted, but the drug
was not mutagenic in multiple assays. No effects on reproductive performance
were observed in male and female rats at a dose 50 times the RHD (1).

It is not known if rasburicase crosses the human placenta. The molecular
weight (about 34,000) suggests that clinically significant amounts will not cross,
but the dosing regimen and the long terminal half-life will place the agent at the
maternal–fetal interface for prolonged periods.

BREASTFEEDING SUMMARY
No reports describing the use of rasburicase during human lactation have been
located. The molecular weight (about 34,000) suggests that clinically significant
amounts will not be excreted into breast milk. However, the dosing regimen
(daily IV infusions for 5 days) and the long terminal half-life (15.7–22.5 hours)
indicate that the drug will be in the maternal plasma and available for excretion
for prolonged periods. The effects of this potential exposure on a nursing infant,
as well as the amount of systemic absorption, are unknown. Serious toxicities,
such as anaphylaxis, hemolysis, and methemoglobinemia have been reported in
patients treated with rasburicase.
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RASPBERRY LEAF
Herb
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Raspberry leaf tea is one of the most common tonics used by pregnant
women. Although it appears to have little if any toxicity, its efficacy as a
uterine tonic to shorten labor is questionable. One source recommended
that pregnant women should not use the tea without guidance of a health
care professional because it can cause uterine contractions and might have
estrogenic effects (1). However, because of the absence of reports of
embryo, fetal, or newborn harm, if a woman chooses to use it in
pregnancy, there is no reason to counsel against it.

FETAL RISK SUMMARY
Raspberry leaf, also known as red raspberry, is derived from the plant, Rubus
idaeus (Eurasian) or R. strigosus (North American). The principal compounds
isolated from the leaves are tannins and flavonoids. Raspberry leaf tea has
been used for diarrhea and as mouthwash because of its astringent properties.
It also is used as a uterine tonic to stimulate labor. The typical doses taken as
a tea are 1.5–2.4 g/day. Although the information is nearly nonexistent, there is
no evidence that raspberry tea is toxic (2). One review considered the
chemicals in raspberry to be so common that the need for caution was no
different from that of foods consumed in pregnancy (3).

Raspberry tea is used by thousands of women during pregnancy (3–6).
Raspberry leaf also is combined with other herbs to make teas promoted for
pregnancy (7). One popular product recommends it for a “healthy” pregnancy
and to “tone the uterine muscles and prepare the womb for childbirth.” The
manufacturer of the product recommends its use throughout pregnancy and in
first few postpartum weeks. The tea is a combination of the leaves of
raspberry, spearmint, strawberry, lemongrass, alfalfa, lemon verbena, rose hip,
and fennel seed (7).



Raspberry tea is often prescribed by nurse-midwives. The most common
uses of the tea during gestation are to treat nausea and vomiting (3–5) and to
stimulate labor (5,6). A national survey found that among nurse-midwives who
used herbal preparations to stimulate labor, 45% used black cohosh, 60% used
evening primrose oil, 63% used raspberry leaf, and 90% used castor oil (6). No
pregnancy complications were reported with the free use of raspberry leaf tea
in late pregnancy. Although the dose recommended by the nurse-midwives was
not cited, the authors cited a common dosage of 2 g dried leaves steeped in
240 mL boiling water for 5 minutes (6).

A 2001 report described a double-blind, randomized, placebo-controlled trial
conducted to determine if raspberry leaf tablets (1.2 g/tablet) were effective
and safe in terms of labor and birth outcomes (8). Subjects (N = 96) and
controls (N = 96) were given 2 tablets/day of either raspberry leaf or placebo
from 32 weeks’ gestation until labor. There were no significant differences
between the groups in the length of labor or the stages of labor, the mode of
delivery, admissions to the neonatal intensive care unit, or birth outcomes,
including Apgar scores and birth weight (8).

BREASTFEEDING SUMMARY
There are no reports describing the use of raspberry leaf during lactation. The
near absence of reported toxicity with raspberry leaf tea suggests that the tea
can be safely consumed during lactation. The risk to a nursing infant appears to
be nil.
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REGORAFENIB
Antineoplastic (Multikinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of regorafenib in human pregnancy have
been located. The animal data suggest but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. However, the mechanism of action suggests that the
drug can cause fetal harm. The manufacturer recommends that women of
reproductive potential should take effective contraception during treatment
and up to 2 months after completion of therapy (1). If a woman takes this
drug during pregnancy, she should be informed of the potential harm to her
embryo and/or fetus.

FETAL RISK SUMMARY
Regorafenib is an inhibitor of multiple membrane-bound and intracellular kinases
involved in normal cellular functions and in pathologic processes such as
oncogenesis, tumor angiogenesis, and maintenance of the tumor
microenvironment. There are several other agents in the same subclass (see
Appendix). Regorafenib is indicated for the treatment of patients with
metastatic colorectal cancer who have been previously treated with
fluoropyrimidine-, oxaliplatin-, and irinotecan-based chemotherapy. Regorafenib
has two major active metabolites, M-2 and M-5. The parent drug and its two
active metabolites are highly bound (>99%) to human plasma proteins,
whereas the mean elimination half-lives and ranges are 28 hours (14–58
hours), 25 hours (14–32 hours), and 51 hours (32–70 hours), respectively (1).

Reproduction studies have been conducted in rats and rabbits. In rats, 100%
resorption of the litter was observed at about 6% of the recommended human
dose (RHD) based on BSA (RHD-BSA) and in rabbits, at about 25% of the
RHD based on AUC (RHD-AUC). In rats during organogenesis, doses that
were about 5%–11% of the RHD-BSA or about 10% of the RHD-AUC caused



dose-dependent delayed ossification, skeletal malformations, cleft palate,
enlarged fontanelle, cardiovascular malformations, external abnormalities,
diaphragmatic hernia, and dilation of the renal pelvis. In rabbits during
organogenesis, doses that were about 7%–15% of the RHD-AUC caused
ventricular septal defects and dose-dependent increases in the incidence of
additional cardiovascular malformations, skeletal anomalies, and urinary system
adverse effects (missing kidney/ureter; small, deformed and malpositioned
kidney; and hydronephrosis). In two rabbit embryo–fetal toxicity studies, there
was a dose-dependent decrease in the number of viable male fetuses (1).

Carcinogenicity studies with regorafenib have not been conducted. The
parent drug was not genotoxic in assays but the metabolite, M-2, was positive
for clastogenicity, causing chromosome aberration in Chinese hamster cells.
Fertility studies have not been conducted but the toxicity observed in male and
female rats and dogs, at doses similar to or less than the RHD-AUC, suggest
that the drug will adversely affect human fertility. In male rats and dogs, the
toxic effects included tubular atrophy and degeneration in the testes, atrophy in
the seminal vesicle, and cellular debris and oligospermia in the epididymides. In
female rats and dogs, necrotic corpora lutea in the ovaries was observed (1).

It is not known if regorafenib or its two active metabolites cross the human
placenta. The molecular weight of the parent drug (about 483 for the
nonhydrated molecule) and the long elimination half-lives for the parent drug
and active metabolites suggest that they will cross to the embryo–fetus, but the
high plasma protein binding might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of regorafenib during human lactation have been
located. The molecular weight of the parent drug (about 483 for the
nonhydrated molecule) and the long elimination half-lives for the parent drug
(28 hours) and two active metabolites (25 and 51 hours) suggest that they will
be excreted into breast milk. However, the high plasma protein binding for the
three agents (all >99%) might limit the amount in milk. Nevertheless, the severe
toxicity that has been observed with regorafenib in adults suggest that a
woman taking this drug should not breastfeed.
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REMIFENTANIL
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Remifentanil was not teratogenic or toxic in animals, but the absence of
reports in early gestation prevents an assessment of its risk to the human
fetus. However, narcotic analgesics are not considered to be human
teratogens. Neonatal respiratory depression and sedation immediately
after birth are potential complications of all narcotics when administered to
a woman during labor. The short duration of remifentanil and its apparent
rapid metabolism by the fetus may lessen these potential effects, but
additional studies are needed to demonstrate this benefit. If remifentanil is
used in pregnancy, health care professionals are encouraged to call the toll
free number 800-670-6126 for information about patient enrollment in the
Motherisk study.

FETAL RISK SUMMARY
Remifentanil is a rapid-onset, short-acting, synthetic mu-opioid agonist
analgesic that is administered IV, in combination with other agents, for the
induction and maintenance of general anesthesia. The elimination half-life is
approximately 3–10 minutes. Because remifentanil is extensively metabolized
by nonspecific esterases, not plasma cholinesterase (pseudocholinesterase), a
normal duration of action is expected in patients with atypical cholinesterase.
Further, remifentanil is not appreciably metabolized by the liver or lung (1), as
are other opioid analgesics.

Fertility studies in male and female rats were conducted with IV doses 40
and 80 times, respectively, the maximum recommended human dose based on
BSA (MRHD) (1). Reduced fertility was observed in male rats when the dose
was administered daily for more than 70 days. In contrast, no effect was



observed on the fertility of female rats dosed daily for at least 15 days before
mating. Reproduction studies conducted in pregnant rats and rabbits at doses
up to 400 and 125 times, respectively, the MRHD revealed no evidence of
teratogenicity (1). The timing of the exposures was not specified. When
remifentanil was given to rats throughout late gestation and lactation at a dose
about 400 times the MRHD, no significant effect on the survival, development,
or reproductive performance was observed in the exposed offspring. The drug
crosses the placenta in pregnant rats and rabbits (1).

Consistent with its molecular weight (about 413) and high lipid solubility,
remifentanil crosses the human placenta (1–3). The manufacturer reported that
in human clinical trials, the average maternal concentration was approximately
twice the levels observed in the fetus (1). However, in some cases, the
maternal:fetal ratios were similar. The umbilical artery:umbilical vein (UA:UV)
ratio, however, was approximately 0.30 suggesting metabolism of the drug in
the fetus (1).

In an abstract (2) and a full report (3), information was presented on the
placental transfer of remifentanil in 16 healthy women who were delivered by
nonemergent cesarean section. Anesthesia appropriate for cesarean section
was established with a lidocaine/epinephrine epidural before starting an IV
infusion of remifentanil (0.1 mcg/kg/minute) that was continued until skin
closure. The mean umbilical vein:maternal artery (UV:MA) and UA:UV ratios for
remifentanil were 0.88 and 0.29, respectively (3). For remifentanil acid, the
inactive primary metabolite, the mean UV:MA and UA:UV ratios were 0.56 and
1.23, respectively (3). These results suggested to the investigators that the
narcotic rapidly crossed the placenta and was metabolized and redistributed in
the fetus. The mean Apgar scores (ranges in parentheses) at 1, 5, 10, and 20
minutes were 8 (4–9), 9 (8–9), 9 (9–10), and 9 (9–10), respectively.
Neurobehavioral and Adaptive Capacity Scores noted at 30 and 60 minutes
were 37 (range 35–39) and 35 (range 34–39), respectively, all within normal
limits. Although there were no adverse effects in the newborns, sedative and
respiratory depressant effects were noted in the mothers (3).

A 1998 report described the case of a woman at term with mixed mitral valve
disease, marked obesity, asthma, and preeclampsia (4). After receiving a
bupivacaine/fentanyl epidural, she was delivered by an emergency cesarean
section under general anesthesia. Rapid-sequence induction was conducted
with remifentanil (2 mcg/kg), etomidate (20 mg), and succinylcholine (100 mg).
A male infant (birth weight not given) was delivered 3 minutes after induction of
anesthesia. The Apgar scores were 6, 8, and 8 at 1, 5, and 10 minutes,



respectively. No signs of respiratory depression were observed (4).
A 30-year-old woman was delivered by cesarean section at 36 weeks’

because of the need for surgical resection of a right acoustic neuroma (5).
Remifentanil (0.1–0.2 mcg/kg/minute) was infused for induction of general
anesthesia followed by propofol and succinylcholine. A healthy 2970-g female
infant was delivered 7 minutes after the start of remifentanil. Apgar scores
were 7 and 8 at 1 and 5 minutes, respectively. Although there were no clinical
signs of respiratory distress, her initial room air oxygen saturation was 85%–
91% and she was placed in a 40% oxygen tent for 1 hour. She was discharged
home at 3 days of age (5).

A 23-year-old woman at 37 weeks’ gestation whose condition was
complicated by a recurrent aortic coarctation with 50% narrowing of the aortic
arch was delivered by an elective cesarean section (6). Remifentanil infusion up
to 0.2 mcg/kg/minute was combined with etomidate, succinylcholine, and
isoflurane. Delivery took place 7 minutes after induction of anesthesia. The
newborn (sex and weight not specified) had Apgar scores of 6 and 9 at 1 and 5
minutes, respectively. The infant did well after birth with no need for naloxone
or evidence of respiratory distress (6).

Three studies have been located that describe the use of remifentanil for
labor pain (7–9). In one study, four laboring women with singleton term
pregnancies were treated with remifentanil either from a patient-controlled
analgesia (PCA) pump (0.25 mcg/kg, 5-minute lockout duration) or with
IV bolus doses (0.25–0.50 mcg/kg every 2 minutes as needed) (7). Failure of
the pain to respond to increased doses and adverse effects (sedation, oxygen
desaturation episodes, respiratory depression, nausea and vomiting, and
pruritus) resulted in removal of the patients from the study. Healthy newborns
(sex and weight not specified) were delivered 4–6 hours after discontinuance of
remifentanil. All had Apgar scores of 9 or 10 (7). A study published in 2000
described two women in labor who were treated with remifentanil administered
by a PCA pump (8). The on-demand dose was 20 mcg with a 3-minute lockout
duration (no basal infusion). The total doses administered during labor were
740 and 940 mcg. No adverse effects attributable to the analgesic were
observed in the newborns. The effects of remifentanil PCA on 42 laboring
women were described in a 2001 abstract (9). The technique used was thought
to be safe for the mother and newborn (9).

A 1999 study concluded that remifentanil-based general anesthesia
(combined with propofol or isoflurane but without nitrous oxide) was a suitable
alternative to sedation (induced by midazolam, diazepam, or propofol) for



oocyte retrieval in an in vitro fertilization program (10). In a comparison
between the general anesthesia and sedation groups, no significant differences
were observed in the number of fertilized oocytes, or in the cleavage and
pregnancy rates. However, the number of collected oocytes was significantly
higher in the general anesthesia group (10).

BREASTFEEDING SUMMARY
No reports describing the use of remifentanil in a lactating woman have been
located. The molecular weight (about 413) and high lipid solubility suggest that
it will be excreted into breast milk. Other narcotic agents (e.g., codeine,
fentanyl, and morphine) are excreted into breast milk but are classified as
compatible with breastfeeding by the American Academy of Pediatrics (see
specific agents). The very short elimination time suggests that use of
remifentanil during cesarean section or other surgery would not represent a
significant risk to a newborn that started or continued breastfeeding a few
hours later.
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REPAGLINIDE
Antidiabetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The published human pregnancy experience is limited. No teratogenicity
was observed in two animal species but, in one species, exposure during
late pregnancy through lactation resulted in adverse effects on long-bone
growth. The embryo–fetal risk from exposure to repaglinide cannot be fully
assessed but, based on the animal and limited human data, inadvertent
exposure early in gestation does not appear to represent a major risk.
However, insulin is the treatment of choice for pregestational and
gestational control of maternal hyperglycemia because, in general, most
hypoglycemic agents do not provide adequate glycemic control. Moreover,
insulin, unlike oral agents, does not cross the placenta to the fetus, thus
eliminating the additional concern that the drug therapy itself will adversely
affect the fetus. Carefully prescribed insulin therapy provides better control
of the mother’s glucose, thereby preventing the fetal and neonatal
complications that occur with this disease. High maternal glucose levels, as
may occur in diabetes mellitus, are closely associated with a number of
maternal and fetal adverse effects, including fetal structural anomalies if the
hyperglycemia occurs early in gestation. To prevent this toxicity, the
American College of Obstetricians and Gynecologists recommends that
insulin be used for types 1 and 2 diabetes occurring during pregnancy and,
if diet and exercise alone are not successful, for gestational diabetes (1,2).

FETAL RISK SUMMARY
Repaglinide is an oral blood glucose–lowering agent that is chemically unrelated
to the sulfonylurea insulin secretagogues. It is in the same antidiabetic subclass
of meglitinides as nateglinide. Repaglinide is indicated as an adjunct to diet and



exercise to improve glycemic control in adults with type 2 diabetes mellitus. The
drug is completely metabolized to inactive metabolites. Plasma protein binding
to albumin is >98% and the mean half-life is 1.0–1.4 hours (range 0.4–8 hours)
(3). It is often combined with metformin.

Reproduction studies have been conducted in rats and rabbits. Repaglinide
was not teratogenic in these species when given throughout pregnancy at
doses that were about 40 and 0.8 times, respectively, the human clinical
exposure based on BSA (HCE). When a dose that was 15 times the HCE was
given to rats during gestational days 17–22 and during lactation, offspring
developed nonteratogenic skeletal deformities consisting of shortening,
thickening, and bending of the humerus during the postnatal period. This effect
was not seen at doses up to 2.5 times the HCE given on gestational days 1–22
or at higher doses on gestational days 1–16 (3).

Another study found effects similar to those above in pregnant rats (4).
Because the toxic effects on long bone development were observed only after
organogenesis and only with high doses, the investigators concluded that the
toxicity was limited to effects on growth and that repaglinide was not
teratogenic (4).

No evidence of carcinogenicity was found in long-term studies in mice and
female rats. In male rats there was an increased incidence of benign adenomas
of the thyroid and liver. Multiple tests for genotoxicity were negative. No effects
on fertility of male and female rats were observed with doses >40 times the
HCE (3).

It is not known if repaglinide crosses the human placenta. The molecular
weight (about 453) suggests that it will cross, but the extensive metabolism,
high plasma protein binding, and short half-life suggest that the embryo–fetal
exposure may be limited.

A 2006 report from Italy described the outcomes of two pregnancies treated
with repaglinide for type 2 diabetes early in gestation (5). In both patients, the
gestational age was confirmed by ultrasound and their therapy was changed to
insulin. The first case involved a 38-year-old woman (pregestational body mass
index [BMI] 26.2 kg/m2) who had been on long-term repaglinide 1.5 mg/day
and metformin 3 g/day when she presented in the 7th week of pregnancy. Her
HbA1c values were 6.8% (preconception), 7% (conception), and 5.6% (3rd
trimester). Gestational hypertension developed at 29 weeks’ gestation and was
treated with methyldopa. At 40 weeks’, she gave birth to a healthy 3690-g
female infant with Apgar scores of 9 and 10. The infant developed jaundice that
needed phototherapy for 1 day. The second case was a nulliparous 34-year-



old woman (pregestational BMI 21.3 kg/m2) who had been taking repaglinide
2.5 mg/day for 2 years when she presented in the 6th gestational week. Her
HbA1c values at conception and in the 3rd trimester were 6.4% and 5.1%,
respectively. At 39 weeks’, she gave birth by cesarean section to a 2650-g
male infant with Apgar scores 9 and 10. The birth weights for both infants were
appropriate for gestational age, and no minor or major malformations were
noted. Both infants were doing well at 6 weeks of age (5).

A report from England on the safety profile of repaglinide briefly mentioned
five pregnancies exposed to the drug during pregnancy (6). The outcomes of
the pregnancies were three infants with no abnormalities reported, one stillborn
at 26 weeks’ (mother had Fraser syndrome), and one outcome was unknown
(no other details provided).

A brief 2007 report described the pregnancy outcome of a 38-year-old
woman with type 2 diabetes who was exposed to repaglinide up to the 7th
week (7). At that time her therapy was changed to insulin. In the 39th week,
she delivered a normal 3350-g infant (sex not specified). The newborn had no
evidence of hypoglycemia.

BREASTFEEDING SUMMARY
No reports describing the use of repaglinide during lactation have been located.
The molecular weight (about 453) suggests that it will be excreted into breast
milk, but the extensive metabolism and high plasma protein binding (>98%)
suggest that the amount in milk will be limited. Although the mean half-life (1.0–
1.4 hours) also suggests limited exposure, the range might be as great as 8
hours and suggests otherwise. The effect of this exposure on a nursing infant is
unknown, but hypoglycemia is a potential complication. Thus, if a woman plans
to breastfeed, changing her therapy to other agents, such as insulin or a
second-generation sulfonylurea (see Glipizide and Glyburide) might be
appropriate. In any case, monitoring the infant’s blood glucose concentrations
should be conducted.
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RESERPINE
Antihypertensive
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The limited human pregnancy experience and the absence of animal
reproduction data prevent an assessment of the embryo–fetal risk. The
data from one source suggest that avoiding exposure in the 1st trimester
would be a wise choice.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 48 of
whom had 1st trimester exposure to reserpine (1, p. 376). There were four
defects with 1st trimester use. Although this incidence (8%) is greater than the
expected frequency of occurrence, no major category or individual
malformations were identified. For use anytime in pregnancy, 475 exposures
were recorded (1, p. 441). Malformations included the following: microcephaly
(7 cases); hydronephrosis (3 cases); hydroureter (3 cases); and inguinal hernia
(12 cases) (1, p. 495).

Reserpine crosses the placenta. Use of reserpine near term has resulted in
nasal discharge, retraction, lethargy, and anorexia in the newborn (2). Concern
over the ability of reserpine to deplete catecholamine levels has appeared (3).
The significance of this is not known.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 15 newborns had
been exposed to reserpine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (one
expected).

BREASTFEEDING SUMMARY



Reserpine is excreted into breast milk (4). No reports of adverse effects in a
nursing infant have been located.
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RETAPAMULIN
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of retapamulin in human pregnancy have
been located. The animal reproduction data are not relevant because,
although there was developmental toxicity (death and restricted weight),
these effects occurred with maternal toxicity. The absence of human
pregnancy experience prevents a complete assessment of the embryo–
fetal risk. However, the very low plasma concentrations suggest that there
is little or no risk when the antibiotic is used topically in pregnancy.

FETAL RISK SUMMARY
Retapamulin is a semisynthetic pleuromutilin antibiotic that is available as a 1%
ointment. The antibiotic is isolated through fermentation from Clitopilus
passeckerianus (formerly Pleurotus passeckerianus). It is indicated for the
topical treatment of impetigo due to Staphylococcus aureus (methicillin-
susceptible isolates only) or Streptococcus pyogenes. Small amounts of
retapamulin are absorbed into the systemic circulation.

In 380 adult and 136 pediatric (age 2–17 years) patients undergoing
treatment with twice daily applications, 11% had measurable plasma
concentrations (lower limit of quantitation 0.5 ng/mL), of which the median
concentration was 0.8 ng/mL. The maximum measured concentrations in adult
and pediatric patients were 10.7 and 18.5 ng/mL, respectively. The antibiotic is
about 94% bound to plasma proteins, but the elimination half-life has not been
determined due to the very low plasma concentrations. Retapamulin is
metabolized by the liver to numerous metabolites (1).

Reproduction studies have been conducted in rats and rabbits. In rats, oral
doses of ≥150 mg/kg/day (relationship to the human exposure not stated)



caused maternal toxicity (decreased body weight and food consumption),
decreased fetal weight, and delayed skeletal ossification. No treatment-related
malformations were observed in the offspring. In rabbits, continuous IV
infusions with doses producing exposures that were 8 times the estimated
maximum achievable human exposure based on AUC were associated with
maternal toxicity (decreased body weight and food consumption) and abortions.
There were no other treatment-related effects on embryo–fetal development
(1).

Carcinogenicity studies have not been conducted with retapamulin, but the
drug was not genotoxic in multiple assays. No effects on fertility were noted in
male and female rats given oral doses up to 450 mg/kg/day (1).

It is not known if retapamulin crosses the human placenta. The molecular
weight (about 518) is low enough, but the very low plasma concentrations
suggest that clinically significant exposure of the embryo and/or fetus is
unlikely.

BREASTFEEDING SUMMARY
No reports describing the use of retapamulin during human lactation have been
located. The molecular weight (about 518) is low enough for excretion into
breast milk, but the very low plasma concentrations suggest that clinically
significant exposure of a nursing infant is unlikely. Use of the antibiotic during
breastfeeding probably is safe.
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RETEPLASE
Thrombolytic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One report described the use of reteplase in human pregnancy. Bleeding
appears to be the potential risk but was not observed in this case.
Pregnancy may increase this risk (1). However, if indicated, the maternal
benefit appears to outweigh the potential risk to the embryo–fetus.

FETAL RISK SUMMARY
The enzyme reteplase is a nonglycosylated deletion mutein of tissue
plasminogen activator (tPA; see also Alteplase and Tenecteplase) produced by
recombinant technology in Escherichia coli. It contains 355 of the 527 amino
acids of natural human tPA. Reteplase is indicated for use in the management
of acute myocardial infarction for the improvement of ventricular function, the
reduction in the incidence of congestive heart failure, and the reduction of
mortality. The effective half-life of reteplase is 13–16 minutes, based on the
measurement of thrombolytic activity (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
up to 15 times the human dose (HD) revealed no evidence of impaired fertility
or teratogenicity. In rabbits, a dose 3 times the HD administered in mid-
gestation resulted in genital bleeding and abortions (1).

It is not known if reteplase crosses the human placenta. The molecular
weight (39,571) and very short effective half-life suggest that clinically
significant amounts of the protein will not cross to the embryo–fetus.

A 2002 report described the use of reteplase for acute massive pulmonary
embolism in a pregnant woman at 30 weeks’ gestation (2). The patient was
given a 10 mg IV bolus followed by 90 mg IV over 2 hours with marked
improvement in her condition. Heparin was given for remainder of the



pregnancy. At 36 weeks’ she gave birth to a healthy male infant (no other
details were provided) (2).

BREASTFEEDING SUMMARY
No reports describing the use of reteplase during human lactation have been
located. However, the indication for reteplase suggests that such reports will
not be forthcoming. In addition, the molecular weight (39,571) and very short
effective half-life (13–16 minutes) suggest that the protein will not be excreted
in clinically significant amounts into breast milk. Therefore, breastfeeding should
be initiated or resumed based on the mother’s condition and not the drug
therapy.
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REVIPARIN
Anticoagulant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Reviparin is a low-molecular-weight heparin prepared by depolymerization
of heparin obtained from porcine intestinal mucosa (1). It is not available in
the United States (see also Dalteparin and Enoxaparin). Reviparin has an
average molecular weight of 3500–4500 (range 2000–8000) (1). Because
this is a relatively large molecule, it probably does not cross the placenta
and presents a low risk to the embryo–fetus.

FETAL RISK SUMMARY
An abstract published in 1997 described the use of reviparin and aspirin (100
mg/day) in 50 women with unexplained recurrent fetal loss and autoantibodies
(2). Reviparin was administered either as 4900 units SC once daily or as
2800 units SC twice daily. The once-daily injection produced comparable
plasma anti-factor Xa levels to the twice-daily regimen. No maternal bleeding,
thrombocytopenia, or decreased bone density was noted and no placental
pathology was found in the 43 women who had completed their pregnancies (7
pregnancies were still in progress). The outcomes of the 43 completed
pregnancies were 35 normal newborns (no premature deliveries), 7
spontaneous abortions, and 1 ectopic pregnancy. No congenital malformations
or low-birth-weight newborns were observed.

BREASTFEEDING SUMMARY
No reports describing the use of reviparin during human lactation have been
located. Reviparin, a low-molecular-weight heparin, still has a high molecular
weight (average 3500–4500) and, as such, should not be expected to be
excreted into human milk. Because reviparin would be inactivated in the
gastrointestinal tract, the risk to a nursing infant from ingesting the drug is



probably nil.
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RIBAVIRIN
Antiviral
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal data suggest high risk, but the limited human pregnancy
experience has not reported developmental toxicity attributable to ribavirin.
However, only one case involved exposure during organogenesis. There
also is no evidence of embryo–fetal harm when men were treated with
ribavirin before fathering an infant. Although the data are very limited, this
argues against a mutagenic effect of the drug and/or the transfer of
clinically significant amounts of ribavirin in sperm. Nevertheless, if ribavirin is
indicated, pregnancy should be avoided in female patients and in female
partners of male patients for at least 6 months after the end of therapy
(1,2).

FETAL RISK SUMMARY
Ribavirin is available in oral, IV, and inhalation formulations. The plasma
elimination half-life is 12 days, but may persist in nonplasma compartments
(e.g., red blood cells) for as long as 6 months.

Ribavirin has demonstrated dose-related teratogenicity or embryolethality at
doses well below the recommended human dose in all animal species tested
(1–3). Malformations observed in the offspring of hamsters, rats, and rabbits
included defects of the skull, palate, eye, jaw, limbs, skeleton, and
gastrointestinal tract. The manufacturers of oral ribavirin warn that the drug
should not be used by men with female partners of reproductive age unless
effective contraception (two reliable forms) is used or if their female partner is
pregnant (1,2). Effective contraception should be continued for 6 months after
ribavirin therapy has been stopped.

A 34-year-old woman, at 33 weeks’ gestation, was treated with ribavirin
inhalation therapy for influenza pneumonia complicated by respiratory failure



(4). Shortly after treatment, a cesarean section was performed because of
worsening maternal cardiopulmonary function. A normal female infant was
delivered, who was alive and well at 1 year of age (4).

In 1988, the CDC stated that the use of ribavirin during pregnancy is
contraindicated (5). In a statement addressing the issue of inhaled ribavirin
exposure among health care personnel, the CDC commented: “… health care
workers who are pregnant, or may become pregnant should be advised of the
potential risks of exposure during direct patient care when patients are
receiving ribavirin through oxygen tent or mist mask and should be counseled
about risk-reduction strategies, including alternative job responsibilities” (5).

In 13 pregnant or postpartum women hospitalized because of measles, 10
were treated for pneumonitis and/or severe disease in the 2nd or 3rd
trimesters with ribavirin aerosol therapy (6). One woman was treated for 5
days before an elective abortion for worsening pulmonary status at 21 weeks’
gestation. The remaining nine women had normal newborns with Apgar scores
of 7–9 and 8–10 at 1 and 5 minutes, respectively (6).

A 36-year-old woman with an unknown pregnancy at 7 weeks received three
ribavirin 200 mg injections over a 3-day period for suspected severe acute
respiratory syndrome (SARS) (7). SARS was ruled out and she completed an
uneventful pregnancy, delivering at term a 3.35-kg female infant with normal
Apgar scores. At 8 months of age, the child was developing normally with
normal growth and no evidence of major or minor malformations (7).

A 2001 case report described two men with chronic hepatitis C who were
treated with a combination of ribavirin (800 and 1200 mg/day) and interferon
alfa-2a (6 million units every other day) (8). After about 5 months of therapy,
their wives became pregnant and both delivered healthy infants at term. The
infants were developing normally at 4 months of age (8).

A second case report described a pregnancy outcome in which the father
was treated with interferon alfa-2b (3 million units 3 times per week) and
ribavirin (1000 mg/day) for 4 weeks before the last menstrual cycle and
continued during the pregnancy of the patient’s partner (9). A healthy 3380-g
male infant was delivered at term with no evidence of malformations. The
authors noted the lack of information relating the amount of ribavirin in sperm
and the lack of experimental or clinical evidence for birth defects after paternal
exposure (9).

A 2003 review summarized the developmental toxicity of ribavirin and
interferon alfa-2b, a combination used for the treatment of hepatitis C (10). The
authors lamented the lack of reported human pregnancy experience and the



possibility that the labels overstated the risks of men passing a potentially toxic
amount of ribavirin in their sperm to a pregnant woman.

BREASTFEEDING SUMMARY
No reports describing the use of ribavirin during human lactation have been
located. The molecular weight (about 244) and prolong plasma elimination half-
life (12 days) suggest that the drug will be excreted into breast milk. The
effects of this exposure on a nursing infant are unknown.
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RIBOFLAVIN
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Riboflavin (vitamin B2), a water-soluble B-complex vitamin, acts as a
coenzyme in humans and is essential for tissue respiration systems. The
National Academy of Sciences’ recommended dietary allowance (RDA) for
riboflavin in pregnancy is 1.6 mg (1).

FETAL RISK SUMMARY
Riboflavin is actively transferred to the fetus resulting in higher concentrations
of the vitamin in the newborn than in the mother (2–12). The placenta converts
flavin adenine dinucleotide existing in the maternal serum to free riboflavin found
in the fetal circulation (5,6). This allows retention of the vitamin by the fetus
because the transfer of free riboflavin back to the mother is inhibited (6,12). At
term, the mean riboflavin values in 174 mothers was 184 ng/mL (range 80–390
ng/mL) and in their newborns was 318 ng/mL (range 136–665 ng/mL) (7). In a
more recent study, the cord serum concentration was 158 nmol/L compared
with 113 nmol/L in the maternal serum (11).

The incidence of riboflavin deficiency in pregnancy is low (7,13). In two
studies, no correlation was discovered between the riboflavin status of the
mother and the outcome of pregnancy even when riboflavin deficiency was
present (14,15). A 1977 study found no difference in riboflavin levels between
infants of low and normal birth weight (10).

Riboflavin deficiency is teratogenic in animals (16). Although human
teratogenicity has not been reported, low riboflavin levels were found in six
mothers who had given birth to infants with neural tube defects (17). Other
vitamin deficiencies present in these women were thought to be of more
significance (see Folic Acid and Vitamin B12).

A mother has been described with multiple acylcoenzyme A dehydrogenase
deficiency probably related to riboflavin metabolism (18). The mother had given



birth to a healthy child followed by one stillbirth and six infants who had been
breastfed and died in early infancy after exhibiting a strong sweaty foot odor. In
her 9th and 10th pregnancies, she was treated with 20 mg/day of riboflavin
during the 3rd trimesters and delivered healthy infants. The authors thought the
maternal symptoms were consistent with a mild form of acute fatty liver of
pregnancy.

BREASTFEEDING SUMMARY
Riboflavin (vitamin B2) is excreted into breast milk (19–23). Well-nourished
lactating women were given supplements of a multivitamin preparation
containing 2.0 mg of riboflavin (19). At 6 months postpartum, milk
concentrations of riboflavin did not differ significantly from those in control
patients not receiving supplements. In a study of lactating women with low
nutritional status, supplementation with riboflavin in doses of 0.10–10.0 mg/day
resulted in mean milk concentrations of 200–740 ng/mL (20). Milk
concentrations were directly proportional to dietary intake. A 1983 English
study measured riboflavin levels in pooled human milk obtained from preterm
(26 mothers: 29–34 weeks) and term (35 mothers: ≥39 weeks) patients (21).
Milk obtained from preterm mothers rose from 276 ng/mL (colostrum) to 360
ng/mL (6–15 days) and then fell to 266 ng/mL (16–196 days). During
approximately the same time frame, milk levels from term mothers were 288,
279, and 310 ng/mL. In a Finnish study, premature infants (mean gestational
age 30.1 weeks) fed human milk, but without riboflavin supplementation,
became riboflavin deficient by 6 weeks of age (24).

The National Academy of Sciences’ RDA for riboflavin during lactation is 1.8
mg (1). If the diet of the lactating woman adequately supplies this amount,
supplementation with riboflavin is not needed (22). Maternal supplementation
with the RDA for riboflavin is recommended for those women with inadequate
nutritional intake. The American Academy of Pediatrics classifies riboflavin as
compatible with breastfeeding (25).
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RIFABUTIN
Antituberculosis Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity Contraindicated (Patients with HIV Infection)

PREGNANCY SUMMARY

No reports describing the use of rifabutin in human pregnancy have been
located. The animal data are suggestive of low risk, but the absence of
human pregnancy experience prevents an assessment of the embryo–fetal
risk. However, the maternal benefit appears to outweigh the unknown risk
to the embryo or fetus, so therapy should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Rifabutin is an oral semi-synthetic ansamycin antibiotic that is derived from
rifamycin S. It is indicated for the prevention of disseminated Mycobacterium
avium complex (includes M. avium and M. intracellulare) disease in patients with
advanced human HIV infection. Five metabolites have been identified, one of
which is active (contributes up to 10% of the antimicrobial activity). Rifabutin is
moderately (about 85%) bound to plasma proteins and has a mean terminal
half-life of 45 hours (1).

Rifabutin was not carcinogenic in mice and rats at doses about 32 and 12
times, respectively, the recommended human daily dose (RHDD). In addition,
no mutagenicity was observed in several assays (1).

Reproduction tests have been conducted in rats and rabbits. In rats, doses
up to 40 times the RHDD were not teratogenic, but the highest dose caused a
decrease in fetal viability. At 8 times the RHDD, an increase in fetal skeletal
variants was observed. In rabbits, no teratogenic effects were observed with
doses up to 40 times the RHDD. A dose 16 times the RHDD was maternal
toxic and resulted in an increase in fetal skeletal anomalies (1).

It is not known if rifabutin or its active metabolite crosses the human



placenta. The molecular weight of the parent compound (about 847), moderate
plasma protein binding, high lipid solubility, and prolonged terminal half-life
suggest that passage to the embryo–fetus will occur.

Rifabutin induces the metabolism of ethinyl estradiol and norethindrone,
thereby decreasing the efficacy of oral contraceptives (1). Therefore,
additional, nonhormonal methods of birth control should be used during
treatment with this antibiotic.

BREASTFEEDING SUMMARY
No reports describing the use of rifabutin during human lactation have been
located. The molecular weight (about 847), moderate plasma protein binding,
and prolonged terminal half-life suggest that excretion into milk should be
expected. Milk may be stained a brown-orange color. The effect of this
exposure on a nursing infant is unknown but serious toxicity (e.g., leukopenia,
neutropenia, rash) is a potential complication. If the drug is used during
breastfeeding, monitoring for these toxicities should be considered. Moreover,
rifabutin is indicated for the prevention of disseminated M. avium complex in
patients with advanced HIV infection, and women with HIV should not
breastfeed.
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RIFAMPIN
Antituberculosis Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Several reviews have evaluated the available treatment of tuberculosis
during pregnancy (1–3). All concluded that rifampin was not a proven
teratogen and recommended use of the drug with isoniazid and ethambutol
if necessary. Other reports on the use of the agent in pregnancy have
observed no fetal harm (4,5). Prophylactic vitamin K1 has been
recommended to prevent hemorrhagic disease of the newborn (6).

FETAL RISK SUMMARY
Reproduction studies with rifampin in mice and rats at doses >150 mg/kg
produced spina bifida in both species and cleft palates in the mouse fetuses
(7). Teratogenicity in rodents has been reported with oral doses 15–25 times
the human dose (8). Studies with pregnant rabbits revealed no evidence of
teratogenicity (7).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 20 newborns had
been exposed to rifampin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed (one
expected).

No controlled studies have linked the use of rifampin with congenital defects
(9,10). One report described nine malformations in 204 pregnancies that went
to term (11). This incidence, 4.4%, is similar to the expected frequency of
defects in a healthy nonexposed population but higher than the 1.8% rate noted
in other tuberculosis patients. The malformations were anencephaly (one case),
hydrocephalus (two cases), limb malformations (four cases), renal tract defects
(one case), and congenital hip dislocation (one case) (11).

Rifampin crosses the placenta to the fetus (12–14). At term, the
cord:maternal serum ratio ranged 0.12–0.33 (13). In a second report involving



pregnancy termination at 13 weeks’ gestation, the fetal:maternal ratio 4 hours
after a 300-mg dose was 0.23 (12).

Rifampin has been implicated as one of the agents responsible for
hemorrhagic disease of the newborn (6). In one of the three infants affected,
only laboratory evidence of hemorrhagic disease of the newborn was present,
but in the other two, clinically evident bleeding was observed. Prophylactic
vitamin K1 is recommended to prevent this serious complication (see
Phytonadione).

Rifampin may interfere with oral contraceptives, resulting in unplanned
pregnancies (see Oral Contraceptives) (15).

BREASTFEEDING SUMMARY
Rifampin is excreted into human milk. In one report, the concentrations were 1–
3 mcg/mL with about 0.05% of the daily dose appearing in the milk (16). In
another study, milk levels were 3.4–4.9 mcg/mL, 12 hours after a single 450-
mg oral dose (17). Maternal plasma samples averaged 21.3 mcg/mL, indicating
a milk:plasma ratio of about 0.20. These amounts were thought to represent a
very low risk to the nursing infant (18). No reports describing adverse effects in
nursing infants have been located. The American Academy of Pediatrics
classifies rifampin as compatible with breastfeeding (19).
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RIFAPENTINE
Antituberculosis Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Rifapentine induced toxicity and teratogenicity in two experimental animal
species at doses close to those used in humans. Human pregnancy
experience is limited to three cases, two of which ended in 1st trimester
spontaneous abortions. Although comorbid conditions were present and
may have caused the losses, the outcomes are sufficiently concerning to
warrant caution in prescribing rifapentine early in pregnancy. Until additional
data are forthcoming, rifapentine is best avoided during the 1st trimester.

FETAL RISK SUMMARY
The antibiotic rifapentine is a semi-synthetic cyclopentyl derivative of rifamycin
and has a similar profile of microbiologic activity to rifampin. It is indicated for
the treatment of pulmonary tuberculosis. The antibiotic inhibits DNA-dependent
RNA polymerase in Mycobacterium tuberculosis, but this effect does not occur
in mammalian cells. The elimination half-lives of rifapentine and its active
metabolite are each about 13 hours (1).

Reproduction studies with rifapentine in rats and rabbits produced
teratogenic and toxic effects in both species. In rats, doses 0.6 times the
human dose based on BSA (HD) administered during organogenesis resulted in
cleft palates, right aortic arch, an increased incidence of delayed ossification,
and an increased number of ribs. Embryo and fetal toxic effects included
increases in resorption rates, postimplantation losses, and stillbirths, and
decreased fetal weight. Administration of doses 0.3 times the HD from day 15
of gestation through postpartum day 21 was associated with decreased pup
weights and stillbirths. Major anomalies observed in the offspring of pregnant
rabbits administered doses 0.3–1.3 times the HD included ovarian agenesis,



pes varus (i.e., talipes varus), arhinia, microphthalmia, and irregularities of the
ossified facial tissues. When doses 1.3 times the HD were given, increased
incidences of postimplantation losses and stillbirths were observed (1).

It is not known if rifapentine crosses the human placenta. The molecular
weight (about 877) is low enough that exposure of the embryo and fetus
probably occurs. In addition, the prolonged elimination half-lives of the parent
compound and its active metabolite increase the opportunity for passage of the
agents into the fetal compartment.

In a clinical study by the manufacturer, three women became pregnant while
receiving rifapentine, 600 mg twice weekly (combined with isoniazid,
ethambutol, pyrazinamide, and pyridoxine) and three became pregnant during
follow-up (1,2). The first patient had a positive serum pregnancy test at
baseline and subsequently received a single 600-mg dose of rifapentine before
being dropped from the study. An elective abortion was conducted to terminate
the pregnancy. The second patient, with a history of alcohol abuse, received
10 doses of rifapentine 600 mg over 42 days before exclusion from the study.
She had a 1st trimester spontaneous abortion 9 days after the last dose. The
third woman had an HIV infection as well as tuberculosis. She was treated over
85 days with 22 rifapentine 600-mg doses and had a 1st trimester spontaneous
abortion 16 days after the last dose. The investigator concluded that the
abortion was secondary to the HIV infection. The outcomes of the three
pregnancies in the follow-up stage of the study, which were not thought to have
been exposed to the drug during gestation, were two normal deliveries and one
lost to follow-up (1,2).

When taken in the last few weeks of pregnancy, rifapentine may cause
hemorrhage in both the mother and newborn secondary to vitamin K deficiency
(1). This effect is similar to that observed with rifampin. Prophylactic vitamin K1
is recommended to prevent hemorrhage. (See also Phytonadione.)

Rifapentine may increase the metabolism and reduce the activity of oral or
other systemic hormonal contraceptives (1). Unplanned pregnancies may result
from this interaction. Patients receiving rifapentine should be advised to change
to nonhormonal methods of birth control (1).

Because active untreated tuberculosis represents a greater risk to the fetus
than does treatment, immediate initiation of drug therapy is usually
recommended, regardless of the gestational stage (3–6). The CDC
recommends a combination of isoniazid (plus pyridoxine), rifampin, and
ethambutol as the treatment of choice for pulmonary tuberculosis during
pregnancy and breastfeeding (5). An earlier statement by the World Health



Organization recommended a 6-month regimen of isoniazid (plus pyridoxine),
rifampin, and pyrazinamide as first-line treatment in pregnancy (6). Ethambutol
was recommended if a fourth drug was needed during the initial phase.
Although the CDC did not recommend pyrazinamide, it classified this agent as
probably safe in pregnancy (5). Moreover, the CDC stated that if pyrazinamide
was not included in the initial treatment regimen, the minimum duration of
therapy should be 9 months (39 weeks) instead of 6 months (26 weeks).
Importantly, the CDC did not recommend rifapentine in pregnancy because of
insufficient information (5).

BREASTFEEDING SUMMARY
No reports describing the use of rifapentine during lactation have been located.
The molecular weight of rifapentine (about 877) and the prolonged half-lives of
the parent compound and the active metabolite (both about 13 hours) suggest
that these agents will be excreted into milk. Breast milk may be discolored
because rifapentine produces a red-orange discoloration of body fluids. The
effects of this exposure, if any, on a nursing infant are unknown. Rifampin, a
closely related antibiotic with a similar molecular weight (about 823), is
excreted in low amounts into breast milk. The American Academy of Pediatrics
classifies rifampin as compatible with breastfeeding (see Rifampin).

References
1. Product information. Priftin. Aventis Pharmaceuticals, 2004.
2. Center for Drug Evaluation and Research. FDA. Approval package: Priftin (Rifapentine) 150 mg tablets.

Hoechst Marion Roussel, June 22, 1998.
3. Medchill MT, Gillum M. Diagnosis and management of tuberculosis during pregnancy. Obstet Gynecol

Surv 1989;44:81–4.
4. American Thoracic Society. Treatment of tuberculosis and tuberculosis infection in adults and children.

Am J Respir Crit Care Med 1994;149:1359–74.
5. CDC. Treatment of tuberculosis. MMWR 2003;52(RR11):1–77.
6. World Health Organization. Treatment of Tuberculosis: Guidelines for National Programs . 2nd ed.

Geneva, Switzerland, 1997.



RIFAXIMIN
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of rifaximin in human pregnancy have been
located. The animal reproduction data suggest risk, but the amount
absorbed from the gastrointestinal tract was not quantified. In humans, the
very small amounts absorbed systemically suggest that the embryo–fetal
risk is low, if it exists at all. Although inadvertent exposure early in gestation
appears to represent a low risk, the safest course, because of the animal
data, is to avoid the antibiotic in the 1st trimester. Until human pregnancy
data are available, women should be counseled that the absence of human
pregnancy experience prevents an accurate assessment of the embryo–
fetal risk.

FETAL RISK SUMMARY
Rifaximin is a semi-synthetic antibiotic that is poorly absorbed after oral
administration. Following oral dosing, a mean 0.32% of the dose was
recovered in the urine. The remainder was found in the feces as unchanged
drug. Rifaximin is indicated for the treatment of patients with travelers’ diarrhea
caused by noninvasive strains of Escherichia coli (1). It is a derivative of
rifamycin that has antibacterial activity against a broad spectrum of gram-
positive and gram-negative bacteria, including aerobic, anaerobic, and
enteropathogens (2,3). In addition to an oral formulation, it is available outside
of the United States as a 5% cream for topical application (3).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, doses about 2.5–5 times the human clinical dose adjusted for BSA (HCD)
were teratogenic, as were doses in pregnant rabbits about 2–33 times the
HCD. The effects included cleft palate, agnathia, jaw shortening, hemorrhage,



partially open eye, small eyes, brachygnathia, incomplete ossification, and
increased thoracolumbar vertebrae. There was no effect on fertility in male or
female rats given doses up to about 5 times the HCD. Carcinogenicity studies
with rifaximin have not been conducted. Assays for genotoxicity were negative
(1).

It is not known if rifaximin crosses the human placenta. The molecular weight
(about 786) is low enough for passive transfer, but only a very small amount of
the antibiotic is absorbed into the systemic circulation. After a 400-mg dose in
healthy nonpregnant subjects, the mean maximum plasma concentrations were
in the range of 4–10 ng/mL (1). The elimination half-life was about 6 hours.

A 2005 review concluded that the lack of absorption and the safety profile in
nonpregnant adults suggested that rifaximin was safe in pregnancy for the
treatment of infectious diarrhea (2). A second 2005 reference reviewed the use
of rifaximin for infections other than diarrhea, such as skin infections, bacterial
vaginosis (BV), and periodontal disease (3). The authors of this review
concluded that for these uses, only the efficacy of rifaximin in skin infections
had been documented, but that further study for BV and periodontal disease
was warranted.

Pregnant women may be at higher risk for “traveler’s diarrhea” because of
the lowered gastric acidity and increased transient time through the
gastrointestinal tract that is characteristic of pregnancy (4). Although rifaximin is
effective and minimally absorbed, the effects of the antibiotic in human
pregnancy have not been studied.

BREASTFEEDING SUMMARY
No reports describing the use of rifaximin during lactation have been located.
The molecular weight (about 786) is low enough for excretion into breast milk,
but only very small amounts of the antibiotic are absorbed into the systemic
circulation. The effects of this exposure on a nursing infant are unknown, but
appear to be negligible.

References
1. Product information. Xifaxan. Salix Pharmaceuticals, 2005.
2. Ericsson CD, DuPont HL. Rifaximin in the treatment of infectious diarrhea. Chemotherapy

2005;51(Suppl 1):73–80.
3. Pelosini I, Scarpignato C. Rifaximin, a peculiar rifamycin derivative: established and potential clinical

use outside the gastrointestinal tract. Chemotherapy 2005;51(Suppl 1):122–30.
4. Yates J. Traveler’s diarrhea. Am Fam Physician 2005;71:2095–100.



RILONACEPT
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of rilonacept in human pregnancy have been
located. The protein caused developmental toxicity (structural anomalies
and death) in two animal species. If the agent is given shortly before or
during pregnancy, the woman should be counseled as to the potential
embryo–fetal risk.

FETAL RISK SUMMARY
Rilonacept is a dimeric fusion protein that acts as an interleukin-1 blocker. It is
indicated for the treatment of cryopyrin-associated periodic syndromes,
including familial cold auto-inflammatory syndrome and Muckle-Wells syndrome
in adults and children ≥12 years of age. Pharmacokinetic data are not available
from the manufacturer, but after weekly SC doses, steady-state concentrations
were reached at 6 weeks (1). In a 2009 reference, the circulation half-life was
cited as 8.6 days (2).

Reproduction studies have been conducted in cynomolgus monkeys and
mice. In monkeys given doses up to about 3.7 times the human doses of 160
mg based on BSA (HD), all doses reduced serum levels of estradiol up to 64%
compared with controls. In addition, all doses increased the incidence of lumbar
ribs compared with both control animals and historical control incidences. The
fetus of the only monkey exposed during the later period of gestation showed
multiple fusion and absence of the ribs and thoracic vertebral bodies and
arches. In this monkey, the exposure was below that expected clinically. A
murine analog of rilonacept was used in mice. The highest dose, about 6 times
higher than the HD, resulted in threefold increase in the number of stillbirths. In
a perinatal and postnatal mouse study with the murine analog, all doses up to



about 6 times the HD caused an increased incidence of unscheduled death in
the offspring.

Neither carcinogenic nor mutagenic studies have been conducted with
rilonacept. No adverse effects on fertility parameters were observed in male
and female mice given multiple doses of the murine analog up to about 6 times
the HD (1).

It is not known if rilonacept crosses the human placenta. The molecular
weight (about 251,000) suggests that passive transfer will not occur, but the
long circulation half-life will place the protein at the maternal–fetal interface for
a prolonged period. Moreover, other proteins (e.g., see Immune Globulin
Intravenous) cross the placenta. If the toxicity observed in the two animal
species were direct effects (i.e., effects on the embryo and/or fetus and not
caused by maternal effects), this would be evidence that the protein can cross
hemochorial placentas.

BREASTFEEDING SUMMARY
No reports describing the use of rilonacept during human lactation have been
located. The high molecular weight of this protein (about 251,000) suggests
that excretion into mature breast milk will be inhibited. Because
immunoglobulins and other high-molecular-weight substances are excreted into
colostrum, exposure of the nursing infant to rilonacept might occur during the
first few days after birth. The effect of this exposure on a nursing infant is
unknown. However, in children and adult patients treated with this drug, an
increase in infections is a common complication due to interference with the
immune response. Nursing infants of women receiving the drug should be
monitored for this effect.
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RILPIVIRINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of rilpivirine in human pregnancy have been
located. The animal reproduction data suggest low risk but the absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk. Nevertheless, because HIV is a potentially fatal disease,
the drug if indicated should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Rilpivirine is an HIV type1 specific, nonnucleoside reverse transcriptase inhibitor
(NNRTI) that is given orally. It is in the same NNRTI class as delavirdine,
efavirenz, etravirine, and nevirapine. Rilpivirine is indicated to be used in
combination with other antiretroviral agents for the treatment of HIV-1 infection
in treatment-naïve adult patients. The drug undergoes oxidative metabolism,
apparently to inactive metabolites. Plasma protein binding, primarily to albumin,
is about 99.7% and the terminal elimination half-life is about 50 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species during pregnancy and lactation, no evidence of embryo or fetal toxicity,
or effect on reproductive function was observed at exposures that were 15 and
70 times higher, respectively, than the exposure in humans at the
recommended dose of 25 mg once daily (RHD) (1).

In 2-year studies, no carcinogenic effects were observed in rats, but in mice
hepatocellular neoplasms occurred in both males and females. The observed
hepatocellular findings in mice may be rodent-specific. Assays for mutagenicity
were negative. In fertility studies with rats, rilpivirine had no effect on mating or
fertility with exposures up to about 40 times the RHD (1).

It is not known if rilpivirine crosses the human placenta. The molecular weight
(about 367 for the free base) and long elimination terminal half-life suggest that



the drug will cross to the embryo–fetus. However, the high plasma protein
binding might limit the exposure.

Although the use of rilpivirine for the treatment of HIV was discussed in three
recent publications, no information was given about its use in pregnancy (2–4).

BREASTFEEDING SUMMARY
No reports describing the use of rilpivirine during lactation have been located.
The molecular weight (about 367 for the free base) and long terminal
elimination half-life (about 50 hours) suggest that the drug will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown.

Reports on the use of rilpivirine during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infections. HIV-1 is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (5–10). In developing countries, breastfeeding is undertaken,
despite the risk, because there are no affordable milk substitutes available.
Until 1999, no studies had been published that examined the effect of any
antiretroviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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RILUZOLE
Central Nervous System (Miscellaneous)
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal data suggest risk, the very limited human pregnancy
experience does not allow an accurate assessment of the human embryo–
fetal risk. Nevertheless, amyotrophic lateral sclerosis (ALS) is a severe
progressive disease with marked morbidity resulting in eventual death.
Consequently, the maternal benefit appears to be much greater than the
unknown embryo–fetal risk.

FETAL RISK SUMMARY
Riluzole is indicated for the treatment of patients with ALS to extend survival
and/or time to tracheostomy. It is a member of the benzothiazole class. The
agent is extensively metabolized and some of the metabolites are
pharmacologically active. Riluzole is 96% bound to plasma proteins, mainly to
albumin and lipoproteins. The mean elimination half-life is 12 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses that were 2.6 and 11.5 times, respectively, the maximum
recommended daily dose based on BSA (MRDD) caused embryotoxicity.
Maternal toxicity also was observed at these doses. When rats received a
dose that was 1.5 times the MRDD before and during mating (males and
females) and throughout pregnancy and lactation, decreased implantations,
increased intrauterine death, and adverse effects in offspring viability and
growth were observed (1).

Riluzole was not carcinogenic in mice and rats, and there was no evidence of
mutagenic or clastogenic potential in multiple assays. The major active
metabolite, N-hydroxyriluzole, did cause chromosomal damage in two tests, but
negative results were observed in other assays. As discussed above, Riluzole



impaired fertility when administered to male and female rats (1).
It is not known if riluzole or its metabolites cross the human placenta. The

molecular weight of the parent drug (about 234) and long elimination half-life
suggest that riluzole and its metabolite will cross to the embryo–fetus.

The first report of riluzole use in human pregnancy appeared in 2009 (2). A
28-year-old woman was diagnosed with ALS and treated with riluzole (dose not
specified). When her pregnancy was discovered at 9 weeks’ gestation, riluzole
was discontinued. She had a normal pregnancy and gave birth vaginally at 40
weeks’ to a healthy male infant. No other information about the infant was given
other than that he was in good health at the time of this report. The woman
eventually had a second pregnancy, apparently without riluzole (2).

A 2010 case report described the pregnancy outcome of a 34-year-old
primigravida Japanese woman with ALS (3). The woman had been taking
riluzole (100 mg/day) for 2 years. Her pregnancy was diagnosed at 30 weeks’
gestation and riluzole was continued. She gave birth vaginally at 38 weeks’ to a
2280-g growth-restricted female infant with Apgar scores of 8 and 8 at 1 and 5
minutes, respectively. The growth restriction may have been wholly or partially
due to cigarette smoking. The infant was developing normally at 1 year of age.
In addition to this case, the authors reviewed the pregnancy outcomes of 11
women with ALS (all occurring before the availability of riluzole) (3).

BREASTFEEDING SUMMARY
No reports describing the use of riluzole during human lactation have been
located. The molecular weight (about 234) and long elimination half-life (12
hours) suggest that the drug, and possibly its metabolites, will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown.
However, the drug caused marked toxicity in adults with about 14% of patients
in clinical trials discontinuing riluzole because of adverse effects (1).
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RIMANTADINE
Antiviral
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience with rimantadine is limited. As of late
1996, the FDA had not received any reports of pregnancy exposure to
rimantadine (F. Rosa, personal communication, FDA, 1996). Although the
lack of human data does not allow an assessment of fetal risk, the absence
of significant animal teratogenicity may indicate that rimantadine is a lower
risk during pregnancy than the closely related drug, amantadine.

FETAL RISK SUMMARY
Rimantadine is a synthetic antiviral agent used in the prophylaxis and treatment
of influenza A virus infections. In nonpregnant patients, rimantadine shares the
toxic profile of a similar antiviral agent, amantadine, which is also used for
influenza A virus infections (see Amantadine) (1).

It is not known if rimantadine crosses the human placenta, but the relatively
low molecular weight (about 216) suggests that exposure of the embryo–fetus
probably occurs.

Rimantadine was embryotoxic (increased fetal resorption) in rats at a dose
11 times the recommended human dose based on BSA (RHD) (2). This dose
also produced maternal toxicity. No embryotoxicity was observed in rabbits
given up to 5 times the RHD, but a developmental abnormality was observed as
evidenced by an increase in the ratio of fetuses with 12–13 ribs from the
normal litter distribution of 50:50 to 80:20 (2).

A retrospective cohort study, covering the period 2003–2008, described 239
pregnancies that were treated with antiviral agents during pregnancy (3). Of
these, 104 women received M2 ion channel inhibitors (rimantadine, amantadine,
or both) and 135 received oseltamivir. The pregnancy outcomes of these



patients were compared with 82,097 controls from the site’s overall obstetric
patient population. The exposure timing for the combined treated groups was
13% in 1st trimester, 32% in 2nd trimester, and 55% in 3rd trimester. There
were no significant differences between the treated groups and controls in
terms of maternal and delivery characteristics except that M2 inhibitors had
more multiple gestations. For M2 inhibitors, oseltamivir vs. controls, there also
were no differences in stillbirths (0%, 0% vs. 1%), major defects (1% [trisomy
21], 0% vs. 2%), and minor defects (19%, 15% vs. 22%). The only significant
finding in the characteristics of liveborn, singleton neonates, after exclusion of
twins and major anomalies, was a higher risk of necrotizing enterocolitis in both
treatment groups compared with controls—1.0%, 0.8% vs. 0.02%. (3).

BREASTFEEDING SUMMARY
No reports describing the use of rimantadine during human lactation have been
located. The molecular weight (about 216) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. The manufacturer recommends the drug not be administered to
nursing women (2).
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RISEDRONATE
Bisphosphonate
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of risedronate before or during pregnancy has been described, but
the data are very limited. No drug-induced toxicity was seen in the
offspring. Although the animal data suggest risk of developmental toxicity,
the near absence of human pregnancy experience prevents an assessment
of the embryo–fetal risk. However, the very long elimination half-life from
bone indicates that women treated with risedronate will have detectable
concentrations of the drug for a prolonged interval. The amount of drug
retained in bone and eventually released back into the systemic circulation
is directly related to the dose and duration of treatment. Thus,
administration before pregnancy may result in low-level, continuous
exposure throughout gestation. The use of etidronate in women who may
become pregnant or during pregnancy is not recommended. However,
based on the animal and limited human data, inadvertent exposure during
early pregnancy does not appear to represent a major risk to the embryo–
fetus.

FETAL RISK SUMMARY
Bisphosphonates are synthetic analogs of pyrophosphate that bind to the
hydroxyapatite found in bone. Other agents in this class include alendronate,
etidronate, ibandronate, pamidronate, tiludronate, and zoledronic acid.
Risedronate, a specific inhibitor of osteoclast-mediated bone resorption, is
indicated for the treatment and prevention of osteoporosis in postmenopausal
women. It also is indicated for the prevention and treatment of glucocorticoid-
induced osteoporosis in men and women, and in the treatment of Paget’s
disease of bone (osteitis deformans). Risedronate is not metabolized, and



plasma protein binding is minimal (about 24%). The elimination half-life is
biphasic with an initial serum half-life of about 1.5 hours. The very long terminal
half-life (480 hours) is thought to be secondary to its slow dissociation from the
surface of bone. The mean absolute oral bioavailability is 0.63% and is reduced
even further by meals. Steady state serum drug concentrations are obtained
within 57 days of daily dosing (1).

Reproduction studies have been conducted in rats and rabbits. Treatment
during mating and gestation with doses as low as the maximum recommended
human dose of 30 mg/day based on BSA (MRHD) resulted in periparturient
hypocalcemia and mortality in pregnant rats. This same dose was associated
with a low incidence of cleft palate in fetuses. During gestation, doses as low
as about 5.2 times the MRHD resulted in decreased survival of neonates. At 26
times the MRHD, the body weight of surviving neonates decreased.
A significant increase in the number of fetuses with incomplete ossification of
sternebrae or skull was observed at about 2.3 times the MRHD, and both
incomplete ossification and unossified sternebrae were increased at about 5.2
times the MRHD. In rabbits, no significant fetal ossification effects were
observed at doses up to 6.7 times the MRHD. At this dose, however, 1 of 14
litters was aborted and 1 litter delivered prematurely (1).

Long-term studies in rats revealed no evidence of carcinogenesis. In addition,
various assays have found no evidence of mutagenesis when nontoxic doses
were used. Risedronate, however, did impair fertility in male rats and dogs at
doses as low as about 5.2 and 8 times the MRHD, respectively. In female rats,
ovulation was inhibited at a dose about 5.2 times the MRHD, and decreased
implantation was noted at a dose about 2.3 times the MRHD (1).

It is not known if risedronate crosses the human placenta. The molecular
weight (about 350 for the hemi-pentahydrate form), low protein binding, and
lack of metabolism suggest that the drug will cross to the embryo–fetus. The
amount available for diffusion across the placenta during treatment should be
minimal because of the low oral bioavailability and short serum elimination half-
life. When treatment has been discontinued, the amount of drug available for
diffusion during the prolonged bone elimination should be even lower, but the
drug will be present at the maternal–fetal interface for months or longer.

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32), pamidronate (N = 11), etidronate (N =
5), risedronate (N = 2), and zoledronic acid (N = 1) (2). The authors concluded
that although these drugs may affect bone modeling and development in the
fetus, no such toxicity has yet been reported.



BREASTFEEDING SUMMARY
No reports describing the use of risedronate during human lactation have been
located. The molecular weight (about 350 for the hemi-pentahydrate form), low
protein binding (about 24%), lack of metabolism, and very long bone elimination
half-life (480 hours) suggest that some drug will be excreted into milk.
However, the amount excreted into milk during human treatment should be
minimal because of the low oral bioavailability (0.63%) and short serum
elimination half-life (about 1.5 hours). When treatment has been discontinued,
the amount of drug available for excretion during the prolonged bone elimination
should be even lower, although excretion into milk could occur for several
months. The effect of this exposure on a nursing infant is unknown but is
probably negligible.
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RISPERIDONE
Antipsychotic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although no structural malformations attributable to risperidone have been
reported, the number of exposures is too low to fully assess the embryo–
fetal risk. In addition, there is a risk of extrapyramidal and/or withdrawal
symptoms in the newborn if the drug is used in the 3rd trimester.
Nevertheless, risperidone is indicated for severe debilitating mental disease
and the benefits to the mother appear to outweigh the potential embryo–
fetal risks. Folic acid 4 mg/day has been recommended for women taking
atypical antipsychotics because they may have a higher risk of neural tube
defects due to inadequate folate intake and obesity (1).

FETAL RISK SUMMARY
Risperidone, an atypical antipsychotic, is indicated for the management of the
manifestations of psychotic disorders, such as schizophrenia. Risperidone is
metabolized to an active metabolite, 9-hydroxyrisperidone (see Paliperidone),
that has similar pharmacological activity as risperidone. Plasma protein binding
is 90% and the mean elimination half-life of the parent drug and metabolite
combined in extensive and poor metabolizers is about 20 hours (2). Risperidone
is a benzisoxazole derivative in the same antipsychotic subclass as iloperidone,
paliperidone, and ziprasidone. Although not approved for this indication by the
FDA, it is also used for the management of bipolar disorder and in patients with
dementia-related psychotic symptoms.

Reproduction studies have been conducted in pregnant rats and rabbits. No
increase in the incidence of congenital malformations was observed in either
species at doses 0.4–6 times the human dose based on BSA (HD). At 1.5
times the HD, however, an increase in stillbirths was noted in rats. In addition,



increased pup mortality during the first 4 days of lactation occurred at 0.1–3
times the HD. There was no no-effect dose for this toxicity. It was not known if
the deaths were due to a direct effect on the pups or toxicity in the dams.
Risperidone caused a dose-related decrease in serum testosterone in Beagle
dogs, as well as a decrease in sperm motility and concentration, at doses 0.6–
10 times the HD (2).

Consistent with the molecular weight (about 410), risperidone crosses the
human placenta.

In a 2007 study, six women taking a staple dose (mean 3 mg/day) of
quetiapine for a mean 25.9 weeks before delivery had maternal and cord
concentrations of the drug determined at birth (3). The cord blood
concentration was 49.2% of the maternal concentration. The pregnancy
outcomes included one growth-restricted infant (<2500 g). The mean Apgar
scores were 8.7 and 9.2 at 1 and 5 minutes, respectively. There were no
neonatal complications and no infants were admitted to the neonatal intensive
care unit (3).

The outcomes of 10 pregnancies involving 9 women were described in a
large postmarketing study involving 7684 patients treated with risperidone (4).
The outcomes were three elective terminations and seven live births. No
congenital malformations were reported among the live births (4). The
manufacturer has also reported an unpublished case of agenesis of the corpus
callosum in an infant exposed to risperidone during gestation (2). The
relationship between the drug and the defect is unknown.

A 1997 review of antipsychotic use in pregnancy concluded that the safety of
risperidone in human pregnancy had not been established (5). The reviewers
commented that although no teratogenicity or direct toxicity had been shown in
animal studies, some indirect, prolactin- and CNS-mediated effects had been
observed.

A brief 2002 report described the pregnancy outcomes of two women with
schizophrenia who were treated with risperidone throughout gestation (6). Both
women delivered apparently healthy infants at term. The weight of the male
infant was 8 pounds (about 3.63 kg), whereas the female infant weighed 5.81
pounds (about 2.64 kg). Risperidone was continued after birth and during
nursing. No developmental abnormalities were noted in the infants at 9 months
and over 1 year, respectively (6).

A 36-year-old pregnant woman was treated with multiple medications for
schizophrenia and other conditions (7). Risperidone 4 mg/day was taken in
gestational weeks 6–7. Other psychotropic agents were (daily dose and



gestational weeks in parentheses): mirtazapine (30 mg; 1–5), thioridazine (300
mg; 1–5), diazepam (10 mg; 4–5), hydroxyzine (12.5 mg; 4–7), clomipramine
(150 mg; 6–7), fluvoxamine (100 mg; 8–21), alprazolam (0.5 mg; 8–21),
quetiapine (500–600 mg; 8–37), carbamazepine (600 mg; 8–21), and
haloperidol (10 mg; 31–36). She gave birth at 37 weeks’ to a healthy 3000-g
female infant with Apgar scores of 8 and 9, who was developing normally after
4 months (7).

A 2005 study, involving women from Canada, Israeli, and England, described
151 pregnancy outcomes in women using atypical antipsychotic drugs (8). The
exposed group was matched with a comparison group (N = 151) who had not
been exposed to these agents. The drugs and number of pregnancies were
olanzapine (N = 60), risperidone (N = 49), quetiapine (N = 36), and clozapine (N
= 6). In those exposed, there were 110 live births (72.8%), 22 spontaneous
abortions (14.6%), 15 elective abortions (9.9%), and 4 stillbirths (2.6%).
Among the live births, one infant exposed in utero to olanzapine had multiple
anomalies including midline defects (cleft lip, encephalocele, and aqueductal
stenosis). The mean birth weight was 3341 g. There were no statistically
significant differences, including rates of neonatal complications, between the
cases and controls, with the exceptions of low birth weight (10% vs. 2%, p =
0.05) and elective abortions (9.9% vs. 1.3%, p = 0.003). The low birth weight
may have been caused by the increased rate of cigarette smoking (38% vs.
13%, p ≤0.001) and heavy/binge alcohol use (5 vs. 1) in the exposed group (8).

In a comparison of drugs used in the treatment of schizophrenia during
pregnancy, the American Academy of Pediatrics (AAP) classified risperidone
as high potency (9). The classification was based on the potential for
extrapyramidal reactions (e.g., acute dystonia, akathisia, parkinsonism, and
tardive dyskinesia). The AAP cautioned that large maternal doses of high-
potency drugs could produce these effects in newborns. However, it did note
that high-potency antipsychotics were preferred to minimize maternal
anticholinergic, hypotensive, and antihistamine effects. No recommendation
concerning the use of risperidone during pregnancy was made because of the
lack of data (9).

The manufacturer reported a case of agenesis of the corpus callosum in an
infant exposed to risperidone during pregnancy (2). No further details were
provided.

A 2006 case report described a woman with a long history of paranoid
schizophrenia who was treated with oral risperidone (10). Early in an unknown
pregnancy she was started on IM risperidone 25 mg every 2 weeks; the



therapy was stopped when she was found pregnant in the 20th week. At 38
weeks, she was hospitalized because of psychotic decompensation with
malnutrition (weight 59 kg). She gave birth spontaneously about 2 weeks later
to a healthy but small-for-date 2900-g female infant without malformations. At
2.5 years of age, no major health problems had occurred. A minor retardation
in her motor development was described but still within the normal range (10).

A 35-year-old woman with a 7-year history of schizophrenia was treated
before and throughout pregnancy with long-acting IM risperidone 25 mg every 2
weeks (11). At 37 weeks, her membranes ruptured and she delivered vaginally
a 2230-g female infant with Apgar scores of 9 at 1 and 5 minutes. No
congenital anomalies were found and the infant was developing normally at 8
months of age (11).

In an extensive literature search, representatives of a manufacturer identified
713 pregnancies in which the mothers were treated with risperidone (12). The
reported data were prospective in 516 cases and retrospective in the remaining
197 cases. Adverse pregnancy outcomes were more frequently reported in the
retrospective cases. In the 68 prospectively reported pregnancies with a known
outcome and after exclusion of 13 elective abortions, structural anomalies and
spontaneous abortions occurred in 3.8% and 16.9%, respectively. These
results were thought to be consistent with the background rates in the general
population. In the retrospective cases, major structural anomalies were
observed in 12 pregnancies. The defects most frequently reported involved the
heart, brain, and lip and/or palate. In addition, there were 37 outcomes
involving perinatal syndromes, of which 21 involved behavioral or motor
disorders. The authors concluded that the results do not appear to show an
increased risk of congenital anomalies or SABs, but limited extrapyramidal
effects in the neonate did occur when risperidone was used in the 3rd trimester
(12).

BREASTFEEDING SUMMARY
Risperidone and its active metabolite, 9-hydroxyrisperidone, are excreted into
breast milk (13–15). A 21-year-old mother with a 2-year history of bipolar
disorder stopped all medication when her pregnancy was diagnosed (13). She
did well during pregnancy and delivered a healthy infant at 38 weeks’ gestation.
When her disease relapsed, she was admitted to the hospital 2.5 months after
birth of her infant, stopped breastfeeding, and started on risperidone,
eventually reaching a steady-state dose of 6 mg/day. Concentrations of
risperidone and the active metabolite were determined in the plasma and milk.



The milk:plasma ratios for the parent drug and metabolite, based on AUC,
were 0.42 and 0.24, respectively. Based on a daily milk intake of 150 mL/kg,
the nursing infant would have received 0.84% of the mother’s risperidone dose
(mg/kg/day) and an additional 3.46% from the metabolite (as risperidone
equivalents), or about 4.3% of the weight-adjusted maternal dose. Although the
combined amounts of risperidone and metabolite in breast milk appear to be
too low to cause extrapyramidal effects, concern was expressed for other
effects, such as neuroleptic malignant syndrome, and effects on cognitive
development (13).

A 2004 study measured the steady-state plasma and milk concentrations of
risperidone and 9-hydroxyrisperidone in two breastfeeding women and one
woman with risperidone-induced galactorrhea (14). The 29-year-old woman
with galactorrhea was taking risperidone 3 mg at night (37.5 mcg/kg/day) for
schizophrenia. The galactorrhea was attributed to elevated prolactin
concentrations due to the D2 antagonist effects of risperidone. Milk and plasma
samples were collected 20 hours postdose, and then milk only on days 2 and
3, each at 21 hours postdose. The plasma concentrations of risperidone and
the metabolite were <1 and 14 mcg/L, respectively. All milk risperidone
concentrations were <1 mcg/L, whereas the mean concentration of the
metabolite was 5.1 mcg/L (range 4.4–5.6 mcg/L). Although the woman was not
nursing, the absolute and relative infant doses were 0.88 mcg/kg/day or 2.3%
(as risperidone equivalents) (14).

The two women who were breastfeeding were treated for psychosis with
risperidone doses of 42.1 mcg/kg/day (2 mg every 12 hours) and 23.1
mcg/kg/day (0.5 mg in the morning and 1 mg at night), respectively (14). The
nursing infants were a 3.3-month-old female and a 6-week-old male,
respectively. In the first woman, milk concentrations of the parent drug and
metabolite were 49 and 142 mcg•hr/L (AUC), respectively, whereas the
average concentrations were 2.1 and 6 mcg/L, respectively. The absolute
infant doses were 0.32 and 0.9 mcg/kg/day, respectively. In the second
woman, milk concentrations were 3.1 and 56.5 mcg•hr/L (AUC), respectively,
whereas the average concentrations over 24 hours were 0.39 and 7.06 mcg/L,
respectively. The absolute infant doses were 0.06 and 1.06 mcg/kg/day,
respectively. The milk:plasma ratios were 0.1 and 0.5, respectively. Neither
risperidone nor the metabolite was detected in the plasma of the infants and
both were developing normally at 9 and 12 months, respectively (14).

No developmental abnormalities were observed in two infants of mothers
treated with risperidone throughout gestation and during breastfeeding (6) (see



Fetal Risk Summary).
A 23-year-old woman, nursing a 4.2-kg male infant, was diagnosed with

paranoid schizophrenia 1 week after birth (15). She was hospitalized and
started on risperidone 1 mg twice daily. The dose was changed to 2 mg every
evening on day 7, and then to 3 mg every evening on day 10. Milk (fore and
hind) and maternal plasma concentrations of risperidone and paliperidone were
determined on days 6, 10, and 20. No drug accumulation was observed and the
concentrations of paliperidone always exceeded those of risperidone. The
ranges of risperidone and paliperidone milk concentrations were 0–3 and 1.2–
11 ng/mL, respectively, whereas the plasma concentrations were 0.4–10 and
4–43 ng/mL, respectively. Moreover, the concentrations in fore- and hind-milk
were comparable. On day 10, 15 hours after a 2 mg dose, the concentrations
of risperidone and paliperidone in infant plasma were 0 and 0.1 ng/mL,
respectively. The mother was discharged home on risperidone after 5 weeks.
The psychomotor development of the infant during the mother’s hospitalization
was normal and no adverse effects or sedation in the infant were observed.
The mother and infant were doing well 2 months after discharge (15).

The AAP classifies other antipsychotic drugs as agents for which the effect
on nursing infants is unknown but may be of concern, especially when given for
long periods (16). Although risperidone was not mentioned, the AAP noted that
antipsychotics are excreted into breast milk and could conceivably alter both
short-term and long-term central nervous system function. Although no adverse
effects from exposure to risperidone have been observed, studies have not
been conducted to determine if there are long-term effects.
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RITONAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the limited human data do not allow an assessment of the risk of
ritonavir during pregnancy, the animal data suggest that the drug may
represent a low risk to the developing fetus. If indicated, the drug should
not be withheld because of pregnancy.

FETAL RISK SUMMARY
Ritonavir is an inhibitor of protease in HIV types 1 and 2 (HIV-1 and HIV-2).
Protease is an enzyme that is required for the cleavage of viral polyprotein
precursors into active functional proteins found in infectious HIV. The
mechanism of action is similar to four other protease inhibitors: amprenavir,
indinavir, nelfinavir, and saquinavir (1).

Reproduction studies have been conducted in pregnant rats and rabbits.
Maternal toxicity and fetal toxicity, but not teratogenicity, were observed in rats
at dose exposures equivalent to approximately 30% of that achieved with the
human dose. Fetal toxicity consisted of early resorptions, decreased body
weight, ossification delays, and developmental variations. At a dose exposure
equivalent to 22% of that achieved with the human dose, a slight increase in
cryptorchidism was observed. Fetal toxicity (resorptions, decreased litter size,
and decreased weights) and maternal toxicity were observed in rabbits at a
dose 1.8 times the human dose based on BSA (1).

A 1998 in vitro experiment using term perfused human placentas
demonstrated that the placental transfer of ritonavir was concentration
dependent and that the clearance index, at both maternal trough and peak
concentrations, was very low (2). The investigators attributed the low transfer
to the molecular weight (about 721) and solubility characteristics of ritonavir
(2). In another report, the drug was detected in cord blood samples (577 and



1020 ng/mL) of twins born at 34 weeks from a woman treated with ritonavir
100 mg twice daily from 25 to 34 weeks (3).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (4). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 2552 outcomes exposed to ritonavir (1000
in the 1st trimester and 1552 in the 2nd/3rd trimesters) in combination with
other antiretroviral agents. There were 61 birth defects (22 in the 1st trimester
and 39 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective
and retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (4). (See Lamivudine for
required statement.)

The experience of one perinatal center with the treatment of HIV-infected
pregnant women was summarized in a 1999 abstract (5). Of 55 women
receiving 3 or more antiviral drugs, 39 were treated with a protease inhibitor (6
with ritonavir). The outcomes included 2 spontaneous abortions, 5 elective
abortions, 27 newborns, and 5 ongoing pregnancies. One woman was taken off
indinavir because of ureteral obstruction and another (drug therapy not
specified) developed gestational diabetes. None of the newborns tested
positive for HIV, and none had major congenital anomalies or complications (5).

A public health advisory has been issued by the FDA on the association
between protease inhibitors and diabetes mellitus (6). Because pregnancy is a
risk factor for hyperglycemia, there was concern that these antiviral agents
would exacerbate this risk. An abstract published in 2000 described the results
of a study involving 34 pregnant women treated with protease inhibitors (5 with
ritonavir) compared with 41 controls that evaluated the association with
diabetes (7). No association between protease inhibitors and an increased
incidence of gestational diabetes was found.

A case of combined transient mitochondrial and peroxisomal β-oxidation



dysfunction after exposure to nucleoside analog reverse transcriptase inhibitors
(NRTIs) (lamivudine and zidovudine) combined with protease inhibitors (ritonavir
and saquinavir) throughout gestation was reported in 2000 (8). A male infant
was delivered at 38 weeks’ gestation. He received postnatal prophylaxis with
lamivudine and zidovudine for 4 weeks until the agents were discontinued
because of anemia. Other adverse effects that were observed in the infant
(age at onset) were hypocalcemia (shortly after birth), Group B streptococcal
sepsis, ventricular extrasystoles, prolonged metabolic acidosis, and lactic
acidemia (8 weeks), a mild elevation of long chain fatty acids (9 weeks), and
neutropenia (3 months). The metabolic acidosis required treatment until
7 months of age, whereas the elevated plasma lactate resolved over 4 weeks.
Cerebrospinal fluid lactate was not determined nor was a muscle biopsy
conducted. Both the neutropenia and the cardiac dysfunction had resolved by 1
year of age. The elevated plasma fatty acid level was confirmed in cultured
fibroblasts, but other peroxisomal functions (plasmalogen biosynthesis and
catalase staining) were normal. Although mitochondrial dysfunction has been
linked to NRTI agents, the authors were unable to identify the cause of the
combined abnormalities in this case. The child was reported to be healthy and
developing normally at 26 months of age (8).

A multicenter, retrospective survey of pregnancies exposed to protease
inhibitors was published in 2000 (9). There were 92 liveborn infants delivered
from 89 women (3 sets of twins) at 6 health care centers. One nonviable infant,
born at 22 weeks’ gestation, died. The surviving 91 infants were evaluated in
terms of adverse effects, prematurity rate, and frequency of HIV-1
transmission. Most of the infants were exposed in utero to a single protease
inhibitor, but a few were exposed to more than one because of sequential or
double combined therapy. The number of newborns exposed to each protease
inhibitor was indinavir (N = 23), nelfinavir (N = 39), ritonavir (N = 5), and
saquinavir (N = 34). Protease inhibitors were started before conception in 18,
and during the 1st, 2nd, or 3rd trimesters in 12, 44, and 14, respectively, and
not reported in 1. Other antiretrovirals used with the protease inhibitors
included four NRTIs (didanosine, lamivudine, stavudine, and zidovudine). The
most common NRTI regimen was a combination of zidovudine and lamivudine
(65% of women). In addition, seven women were enrolled in the AIDS Clinical
Trials Group Protocol 316 and, at the start of labor, received a single dose of
either the non-NRTI nevirapine or placebo. Maternal conditions, thought
possibly or likely to be related to therapy, were mild anemia in eight, severe
anemia in one (probably secondary to zidovudine), and thrombocytopenia in



one. Gestational diabetes mellitus was observed in three women (3.3%), a rate
similar to the expected prevalence of 2.6% in a nonexposed population. One
mother developed postpartum cardiomyopathy and died 2 months after birth of
twins, but the cause of death was not known. For the surviving newborns, there
was no increase in adverse effects over that observed in previous clinical trials
of HIV-positive women, including the prevalence of anemia (12%),
hyperbilirubinemia (6%; none exposed to indinavir), and low birth weight
(20.6%). Premature delivery occurred in 19.1% of the pregnancies (close to
the expected rate). The percentage of infants infected with HIV was 0 (95% CI
0%–3%) (9).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (10,11). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (12). In 2009, the updated United
States Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (13). If indicated, therefore, protease inhibitors, including ritonavir,
should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. The updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (14). Women receiving antiretroviral
therapy during pregnancy should continue the therapy but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (14).

BREASTFEEDING SUMMARY
No reports describing the use of ritonavir during lactation have been located.
The molecular weight (about 721) is low enough that excretion into breast milk
should be expected. The effect on a nursing infant is unknown.

Reports on the use of ritonavir during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infection. HIV-1 is transmitted
in milk, and in developed countries, breastfeeding is not recommended
(10,11,13,15–17). In developing countries, breastfeeding is undertaken, despite
the risk, because there are no affordable milk substitutes available. Until 1999,



no studies had been published that examined the effect of any antiretroviral
therapy on HIV-1 transmission in milk. In that year, a study involving zidovudine
was published that measured a 38% reduction in vertical transmission of HIV-1
infection despite breastfeeding when compared with controls (see Zidovudine).
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RITUXIMAB
Antineoplastic/Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of rituximab in human pregnancy has been described in more than
200 cases. All of the live births were healthy, and none had structural
anomalies that were thought to be related to rituximab. These outcomes
are consistent with the reproduction studies with monkeys in which
exposures that were nearly equivalent to human exposures were not
associated with congenital defects. However, a functional deficit (depletion
of B lymphocytes) was observed in monkey offspring and has occurred in
at least two human newborns. The immunosuppression was reversible, with
normal B-cell counts measured in monkey offspring by 6 months and in the
infants. No increase in infectious disease was seen in any of the in utero
exposed infants. Nevertheless, there is a risk for severe infections in
immunosuppressed individuals, and this should be considered in all infants
exposed in utero to rituximab.

FETAL RISK SUMMARY
Rituximab is a genetically engineered chimeric murine/human monoclonal
immunoglobulin G1 (IgG1) kappa antibody that is directed against the CD20
antigen found on the surface of normal and malignant B lymphocytes. It has
three indications: (a) for the treatment of patients with relapsed or refractory,
low-grade or follicular, CD20-positive, B-cell, non-Hodgkin’s lymphoma (NHL);
(b) for the first-line treatment of diffuse large B-cell, CD20-positive, non-
Hodgkin’s lymphoma in combination with CHOP or other anthracycline-based
chemotherapy regimens; and (c) in combination with methotrexate to reduce
signs and symptoms in adult patients with moderately to severely active
rheumatoid arthritis who have had an inadequate response to one or more TNF
antagonist therapies. The elimination half-life of rituximab is dose-related. In



patients with NHL, the mean serum half-life after the first of four weekly
infusions was 76.3 hours (range 31.5–152.6 hours), whereas the mean half-life
after the fourth infusion was 205.8 hours (range 83.9–407.0 hours). In patients
with rheumatoid arthritis, the mean terminal elimination half-life after two doses,
2 weeks apart, was 19 days (1).

Rituximab may cause severe infusion-related toxicity, including hypotension
and other adverse effects. Premedication with acetaminophen and an
antihistamine is recommended before each infusion (1). Hypotension in a
pregnant woman could have deleterious effects on placental perfusion, resulting
in embryo or fetal harm.

Reproduction studies have been conducted in cynomolgus monkeys. During
organogenesis, monkeys were given three daily IV loading doses, then four
weekly doses. The highest weekly dose resulted in exposures that were 0.8
times the human exposure from a 2-g dose based on AUC. There was no
evidence of teratogenicity. However, the antibody did produce a decrease in B
cells in the offspring. Subsequent studies showed that the decreased B cells
and immunosuppression noted in the offspring returned to normal levels and
functions within 6 months of birth. Long-term studies for carcinogenicity,
mutagenicity, or effects on fertility have not been conducted (1).

Even though the molecular weight is high (about 145,000), the antibody
crosses the monkey placenta (1). Rituximab also crosses the human placenta,
at least near term. Very high levels of the antibody have been measured in cord
blood and the young infant (2).

A 35-year-old woman was diagnosed with Burkitt’s lymphoma of the left
breast at 15 weeks’ gestation (2). Starting at week 16, she was treated with
four weekly infusions of rituximab 375 mg/m2. Then at 3-week intervals, she
was treated with four courses of the R-CHOP regimen followed by two courses
of CHOP. The patient was in complete remission at 37 weeks. At 41 weeks’, a
healthy female infant was delivered via cesarean section. At birth, rituximab
serum levels in the cord blood and mother were 32,095 and 9750 ng/mL (cord
blood:mother ratio 3.3), respectively. Serum levels in the infant at 4 and 18
weeks of age were 5399 and 700 ng/mL, respectively, whereas the mother’s
serum level at 18 weeks was 500 ng/mL (infant:mother ratio 1.4). No CD19 B-
cells were found in the mother or newborn. In the infant at 4 and 18 weeks of
age, B-cell counts were 70 and 1460 cells/micro-L) (normal range for infants 3–
6 months: 200–1100 cells/micro-L), respectively. At 20 months of age, the
infant’s B-cell count was normal and no infectious complications, malformations,
or other immune dysfunction have been observed in the now 26-month-old child



(2).
A brief 2001 correspondence described the use of rituximab in the 2nd

trimester (3). The 29-year-old woman, with diffuse large B-cell NHL, in her 21st
week of pregnancy was treated with rituximab 375 mg/m2 on day 1,
doxorubicin 50 mg/m2 on day 3, vincristine 2 mg on day 3, and prednisolone
100 mg on days 3–7, given in 4-week cycles. At 35 weeks’ gestation, 2 weeks
after the last of four cycles, she delivered a healthy female infant (birth weight
or other details not given) via cesarean section. The child was developing
normally and a normal peripheral B-cell population was noted at 4 months of
age (3).

A 37-year-old woman with an 8-year history of follicular NHL was treated
with weekly infusions (375 mg/m2) of rituximab for 4 weeks (4). Pregnancy was
detected 1 week after the last dose with conception occurring between the first
and second infusions. No further rituximab treatment was given. The woman
delivered a normal, healthy 3610-g female infant at 40 weeks’ gestation. No
hematological or immunological adverse effects were detected in the infant. At
18 months of age, the child has normal immunity and has had no major
infections (4).

A 31-year-old woman at 15 weeks’ gestation was diagnosed with B-cell NHL
(5). She was treated with six cycles of R-CHOP on a 14-day schedule
(rituximab 375 mg/m2, cyclophosphamide 750 mg/m2, doxorubicin 50 mg/m2,
vincristine 1.4 mg/m2, and prednisone 100 mg/day on days 1–5). Filgrastim 300
mcg/day was given on days 6–11. At 33 weeks’ gestation, 2 months after the
last cycle, the woman spontaneously delivered a healthy female infant (weight
and size within the 50th–90th percentiles) with Apgar scores of 8, 10, and 10 at
1, 5, and 10 minutes, respectively. The 16-month-old child has been closely
evaluated every 3 months since birth and has had no infections or evidence of
physiological or developmental abnormalities (5).

A 2006 report briefly mentioned the use of weekly infusions of rituximab (375
mg/m2) for severe thrombotic thrombocytopenic purpura (TTP) (6). The woman
had a left-sided stroke and seizure at 16 weeks’ gestation and was diagnosed
with acute TTP. Rituximab infusions were started at 27 weeks’ to reduce the
risk of further complications by reducing IgG antibodies. The woman suffered
another seizure in the 30th week of pregnancy and an emergency cesarean
section delivered a 1045-g male infant. The infant has had no infectious
complications (6).

A 41-year-old woman, with a history of cardiac valvulopathy responsible for
left ventricular failure, was treated for recurrent autoimmune hemolytic anemia



with four weekly IV doses of rituximab (375 mg/m2) and daily
corticosteroids (7). Unbeknownst to her physicians, the patient also was
pregnant, receiving the four rituximab doses between 7 and 10 weeks of
gestation. No other exposures occurred during the remainder of a normal
pregnancy and she delivered a normal, 3060-g female infant at 38 weeks’
gestation. Apgar scores were 10 at 1, 5, and 10 minutes. Mature B-cells and
B-cell precursors were present at birth, as well as during the first 55 days after
birth. A mild bone depression at the sacrum–coccyx level was noted, but an
evaluation completely excluded spina bifida occulta. Other than a possible mild
infection at 24 hours of age, and a transient and slight lymphopenia on days 2
and 3, no other alterations in the infant were detected (7).

Treatment during pregnancy of a 36-year-old woman with long-standing
immune-mediated thrombocytopenia was discussed in a 2008 report (8). Her
initial treatment during pregnancy consisted of corticosteroids and IV
immunoglobulins, but only a small rise was noted in the platelet count and she
had persisting hemorrhagic diathesis. Treatment was changed to prednisone 60
mg/day and continued to 36 weeks’. At week 30, she was given rituximab
weekly for 4 consecutive weeks followed by additional IV immunoglobulins. At
38 weeks’, 4 weeks after the last dose of rituximab, labor was induced and a
3780-g female infant was born with Apgar scores of 7, 8, and 8 at 1, 5, and 10
minutes, respectively. The rituximab concentration in the newborn was 6.7
mg/L. The number of B-cells in the neonate was 0, but a rise was detected at 3
months of age so that at 6 months they were in the normal range. At 10 months
of age, growth and development were normal. She did not have any infections
and the vaccination titers were normal (8).

A 2011 study, authored by investigators from Stanford University School of
Medicine and the manufacturer, described 231 pregnancies gathered
worldwide that were exposed to rituximab in the 1st and 2nd trimesters (9).
More than half of the pregnancies were also exposed to other potentially
teratogenic agents. Of the 231 pregnancies, 67 outcomes were unknown, 11
were ongoing, and 153 outcomes were known. In the latter group, there were
90 live births, 1 maternal death (cerebral hemorrhage from preexisting
autoimmune thrombocytopenia), 1 stillbirth (20 weeks’ due to fetal hypoxemia
from umbilical card knot), 33 spontaneous abortions (all in 1st trimester), and
28 elective abortions (1 for trisomy 13). Among the live births, there were 22
premature infants, 1 neonatal death at 6 weeks, and 11 neonates with
hematologic abnormalities, but none had corresponding infections. Four
neonates had infection (fever, bronchlolitis, cytomegalovirus hepatitis, and



chorioamnionitis). Two infants had a structural anomaly, clubfoot in one twin,
and a cardiac malformation in a singleton birth (9).

A brief 2011 report described the outcome of a pregnancy that was exposed
to rituximab given 6 weeks before conception (10). The 32-year-old woman
was treated with rituximab for long-standing rheumatoid arthritis resistant to
other therapies. After an uncomplicated pregnancy, she gave birth to twin
females at 37 weeks’, one with a clubfoot and the other with transient erythema
toxicum neonatorum. Normal B-cell counts and normal immunoglobulin levels
were measured during 8 months of follow-up, but one girl had transient mild
leucocytosis without signs of infection. Both were developing normally, without
serious infectious complications, although one had mild asthma (10).

A 2012 case report described the pregnancy of a 34-year-old woman at 27
weeks’ with systemic lupus erythematosus who developed severe
thrombocytopenia (11). She was treated with high-dose corticosteroids, IV
immunoglobulin, rituximab (weekly for 4 doses starting at about 27 weeks’),
one dose of cyclophosphamide, eltrombopag, and anti-D immunoglobulin, but
the thrombocytopenia was resistant to these agents. Romiplostim (weekly for 3
doses) was then given and the platelet count rose from 4 × 109/L to 91 ×
109/L. Because her platelet count began to fall, she was given the third dose of
romiplostim 1 day before induction of labor at 34 weeks’. A healthy normal
female baby was born with a normal platelet count (no additional details
provided) (11).

In a second 2012 case report, a 22-year-old woman during the 12th week of
pregnancy was diagnosed with primary mediastinal large B-cell lymphoma (12).
In the 13th week, she was started on standard doses of R-CHOP regimen
(rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone) given
every 3 weeks for six cycles. Her last cycle was at her 31st week of
pregnancy. At 34 weeks’, she underwent labor induction and gave birth to a
healthy male baby with Apgar scores of 9 and 9 (no other details given). At 1
year of age, the infant has shown no developmental delays or physical
abnormalities (12).

A 2013 case report described the outcomes of two pregnancies exposed to
rituximab in the 1st trimester (13). In the first case, a 25-year-old woman with
rheumatoid arthritis conceived while receiving rituximab (500 mg on days 1 and
15 of each cycle) and methotrexate (10 mg/week). Rituximab was given at
weeks 2 and 4. Both drugs were then stopped. The previous cycle had been
given 6 months before the current cycle. A cesarean section was performed at
week 37 to give birth to a healthy 3110-g neonate (sex not specified) with



Apgar scores of 10 and 10 at 5 and 10 minutes, respectively. The child was
doing well at 4.5 years follow-up. The second case involved a 31-year-old
woman with multiple relapsing TTP. Her last dose of rituximab occurred 9
weeks before conception. Serum concentrations of rituximab at 11 and 31
weeks’ were 0.11 mcg/mL and undetected, respectively. Based on the
pharmacokinetics, the theoretical concentration at conception was estimated to
be 1 mcg/mL. At 39 weeks’, a healthy 3024-g neonate (sex not specified) was
born vaginally with Apgar scores of 10 and 10 at 5 and 10 minutes,
respectively. The infant was doing well at 1.5 years of age (13).

A 2013 review summarized seven reports on the use of rituximab in
pregnancy (14). The seven studies (2,5–9,11) are discussed above. The
authors concluded that, although the drug could not be considered completely
safe, it could be given if the maternal benefit outweighed the potential embryo–
fetal risk (14). Another 2013 review examined the available evidence on drugs
used for dermatologic diseases in pregnancy (15). Based on case reports or
clinical experience, the authors classified rituximab as safe in pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of rituximab during human lactation have been
located. The molecular weight (about 145,000) is very high, but human IgG is
excreted into milk, and therefore, rituximab also may be excreted. The effects
of this potential exposure on a nursing infant are unknown, but
immunosuppression and other severe adverse effects are potential
complications.
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RIVAROXABAN
Anticoagulant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of rivaroxaban during human pregnancy have
been located. The animal data in one species suggest risk but the adverse
embryo–fetal outcomes may have been caused by maternal hemorrhage.
Structural malformations were not observed in the animals. Pregnancy-
related hemorrhage and/or emergent delivery is a concern because the
drug cannot be reliably monitored with standard laboratory testing, and the
anticoagulant effect is not readily reversible other than waiting about 24
hours (1). For these reasons, the drug should be avoided in pregnancy (2).
In addition, the treatments of deep venous thrombosis or pulmonary
embolism are not approved indications and rivaroxaban should not be used
as heparin is the treatment of choice for these indications (3). However, if
rivaroxaban is the treatment of choice for its approved indications, it should
not be withheld because of pregnancy.

FETAL RISK SUMMARY
Rivaroxaban is an oral factor Xa inhibitor in the same pharmacologic class as
apixaban. It is indicated to reduce the risk of stroke and systemic embolism in
patients with nonvalvular atrial fibrillation and for the prophylaxis of deep vein
thrombosis which may lead to pulmonary embolism in patients undergoing knee
or hip replacement surgery. Rivaroxaban undergoes partial metabolism to
inactive metabolites; the parent drug is the predominant moiety in plasma with
no major or active circulating metabolites. Plasma protein binding, primarily to
albumin, is 92%–95% and the terminal elimination half-life is 5–9 hours in
healthy subjects (1).

Reproduction studies with oral rivaroxaban have been conducted in rats and



rabbits. Pronounced maternal hemorrhage occurred in rats but the dose was
not specified. Decreased fetal body weights were observed with doses that
were about 14 times the human exposure of unbound drug based on AUC at
the highest recommended dose of 20 mg/day (HE). Maternal hemorrhage also
occurred in rabbits given a dose that produced exposures during organogenesis
that were about 4 times the HE. At this dose, embryo–fetal toxicity in rabbits
included increased resorptions, decreased number of live fetuses, and
decreased fetal body weight. Without mentioning the animal species, the
manufacturer reported that during labor and delivery a dose about 6 times the
HE resulted in maternal bleeding and maternal and fetal death. Rivaroxaban
crossed the placenta in both rats and rabbits (1).

Two-year studies for carcinogenesis were negative in mice and rats. Studies
for mutagenicity also were negative, as were studies for impaired fertility in
male and female rats (1).

As demonstrated by autoradiography, moderate amounts of rivaroxaban
cross the human placenta (4). The transfer is consistent with the molecular
weight (about 436), limited metabolism, and moderately long elimination half-
life. Although the amount crossing has not been determined, it may be limited
by the high plasma protein binding.

BREASTFEEDING SUMMARY
No reports describing the use of rivaroxaban during human lactation have been
located. A 2012 reference on the treatment of pulmonary embolism in
pregnancy, however, stated without further details that the drug is excreted into
breast milk (2). This would be consistent with the molecular weight (about 436),
limited metabolism, and moderately long elimination half-life (5–9 hours), but
the moderately high plasma protein binding (92%–95%) might limit the
excretion. The effect of this exposure on a nursing infant is unknown, but
hemorrhage is a potential complication. Until additional data on the amount in
breast milk are available, the safest course is to not breastfeed when taking
this drug.
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RIVASTIGMINE
Cholinesterase Inhibitor (CNS Agent)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of rivastigmine in human pregnancy have
been located. Because of its indication, such reports would be rare.
Moreover, the animal data suggest that the risk to the embryo–fetus is low.
Therefore, inadvertent exposure to rivastigmine during pregnancy should
not be a reason for pregnancy termination.

FETAL RISK SUMMARY
Rivastigmine is a reversible cholinesterase inhibitor that is indicated for the
treatment of mild to moderate dementia of the Alzheimer’s type. Rivastigmine
penetrates the blood–brain barrier with drug concentrations in the cerebral
spinal fluid about 40% of those in the plasma. It is extensively metabolized to
inactive metabolites. Protein binding is moderate (about 40%) and the plasma
elimination half-life is about 1.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
up to about 2 times the maximum recommended human dose based on BSA
(MRHD) were not teratogenic. Decreased fetal/pup weights were observed in
rats at doses several-fold lower than the MRHD, usually at doses causing
some maternal toxicity. No effects on fertility or reproductive performance were
observed at doses about 0.9 times the MRHD. No evidence of teratogenicity
was noted in rabbits given doses up to about 4 times the MRHD (1).
Rivastigmine and/or its metabolites cross the rabbit placenta producing an
average fetal-to-placenta tissue ratio of 0.5 (2).

It is not known if rivastigmine or its metabolites cross the human placenta.
The molecular weight of the parent compound (about 250 for the free base),
moderate protein binding, and the ability to cross the blood–brain barrier



suggest that the drug will cross to the fetal compartment. The very short
elimination half-life should decrease the amount of drug available for transfer.

BREASTFEEDING SUMMARY
No reports describing the use of rivastigmine during human lactation have been
located.

Because of its indication, such reports should be rare. The molecular weight
(about 250 for the free base), moderate protein binding, and the ability to cross
the blood–brain barrier suggest that the drug will be excreted into breast milk.
The very short elimination half-life should decrease the amount of drug available
for excretion. The effect of this exposure on a nursing infant is unknown.
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RIZATRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no adverse outcomes were observed in liveborn offspring in the
Merck Prospective Registry or clinical trials, the limited number of
exposures studied is not sufficient to detect a risk of rare disorders such as
individual birth defects (1). However, a 2008 review of triptans in pregnancy
found no evidence for teratogenicity, but the data did suggest a possible
increase in the rate of preterm birth (2).

FETAL RISK SUMMARY
Rizatriptan, an oral, selective 5-hydroxytryptamine1B/1D receptor agonist, is
indicated for the treatment of acute migraine attacks with or without aura in
adults. The drug is metabolized to inactive metabolites. Plasma protein binding
is low (14%) and the average plasma half-life is 2–3 hours (3).

Reproduction studies have been conducted in rats and rabbits. Female rats
were treated before and during mating, and throughout gestation and lactation
with doses that produced maternal exposures (AUC) 15 and 225 times,
respectively, the exposure in humans from the maximum recommended human
dose of 30 mg (MRHD). These doses were not maternal toxic, but did cause
decreased birth weight and reduced preweaning and postweaning weight gain
in offspring. In a prenatal and postnatal development toxicity study in rats,
doses producing maternal exposures 225 to more than 500 times the MRHD
caused toxicity in the offspring as shown by increased mortality at birth and for
the first 3 days after birth, reduced preweaning and postweaning weight gain,
and decreased learning capacity. The no-effect dose for all of these effects
was approximately 7.5 times the MRHD. In embryo and fetal development
studies, no teratogenic effects were observed in rats and rabbits given doses



during organogenesis producing maternal exposures 225 and 115 times,
respectively, the MRHD. Fetal weights were decreased at these doses, but
maternal weight gain was also reduced. The developmental no-effect doses, in
both species, were approximately 15 times the MRHD. Rizatriptan crosses the
placentas of rats and rabbits (3).

It is not known if rizatriptan crosses the human placenta. The molecular
weight of the free base (about 269), low plasma protein binding, and moderate
plasma half-life suggest that exposure of the embryo–fetus should be expected.

In the Merck Pregnancy Registry program, 81 women were prospectively
enrolled after exposure to rizatriptan (1). The outcomes of these pregnancies
were 26 lost to follow-up, 3 spontaneous abortions (SABs), 1 elective abortion
(EAB) (chromosomal anomaly—partial replication of chromosome 3 in a 39-
year-old woman), 2 fetal deaths (1 cord accident; twin B), 1 neonatal death
(due to prematurity), and 50 live births. The 3 SABs occurred in the 1st
trimester. In addition to the chromosomal anomaly noted above, three
outcomes involved congenital defects: juxtaposition of the arteries (exposure
timing unknown), bladder outlet obstruction in twin B (mother with gestational
diabetes and hypertension; twin A live birth, twin B died at 23 weeks), and
hypospadias of the glans (surgical correction required). Of nine retrospective
reports, three involved outcomes with congenital anomalies: two cases of
chromosomal abnormalities (one a de novo duplication of chromosome 2 and
one with Turner syndrome) and one case of anencephaly (EAB at 16 weeks).

In international prospective reports, three cases of congenital anomalies
were described (trimester of exposure): (a) premature infant with growth
restriction, subependymal cyst, interatrial communication, and mild persistent
ductus arteriosus (1st trimester); (b) hemangioma of unreported size of the
head and neck (1st trimester); and (c) trisomy 21, died in utero at 20 weeks.
International retrospective reports involved two cases of defects: a baby born
with cataracts and the other with an unspecified fetal anomaly. In clinical trials,
there were no known adverse effects among live births (1).

The manufacturer maintains a pregnancy registry for women exposed to
rizatriptan. Health care professionals are encouraged to report pregnancy
exposures to the registry by calling the toll-free number 800-986-8999.

BREASTFEEDING SUMMARY
No reports describing the use of rizatriptan in human lactation have been
located. The molecular weight of the free base (about 269), low plasma protein
binding (14%), and moderate plasma half-life (2–3 hours) suggest that the drug



will be excreted into breast milk. The effect of this exposure on a nursing infant
is unknown.
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ROCURONIUM
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Human pregnancy experience with rocuronium is limited to the 2nd and 3rd
trimesters. Although the absence of exposures during organogenesis
prevents a more thorough assessment, neuromuscular blocking agents
generally do not appear to represent a significant risk for an embryo or
fetus. The animal data for rocuronium suggest low embryo–fetal risk.
Moreover, the agent contains a quaternary ammonium site in its structure
that will limit its placental transfer. One review predicted that the maternal
drug concentrations would always exceed fetal levels (1). Neuromuscular
blockade in a newborn is probably a rare but potential toxicity (2). If
indicated, rocuronium should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Rocuronium (rocuronium bromide) is a competitive (nondepolarizing)
neuromuscular blocking agent. Structurally, it is a quaternary ammonium
compound that is an analog of vecuronium. Rocuronium is indicated as an IV
adjunct to general anesthesia to provide skeletal muscle relaxation during
surgery or mechanical ventilation. In normal adult patients, the elimination half-
life is about 2.4 hours. Approximately 30% is bound to plasma proteins (3).

Reproduction studies have been conducted in rats and rabbits. In these
species, the maximum tolerated IV dose administered 3 times daily during
organogenesis was not teratogenic. The doses were 15%–30% and 25%,
respectively, of the human intubation dose of 0.6–1.2 mg/kg based on BSA. In
rats, the incidence of fetal death was increased, an effect that was thought to
be due to oxygen deficiency that resulted from acute symptoms of respiratory
dysfunction in the dams (3).



Consistent with the molecular weight (about 610 for rocuronium bromide) and
the limitation placed on placental passage by ionization at physiologic pH, small
amounts of rocuronium cross the placenta. In 32 patients from the study below,
the mean maternal venous (MV) and umbilical venous (UV) blood was about
2412 and 390 ng/mL, respectively. The UV:MV ratio was 0.16. In 12 patients,
the mean drug concentration in umbilical arterial (UA) plasma was about 271
ng/mL, resulting in a UA:UV ratio of 0.62 (4).

In a 1994 prospective, nonrandomized, multicenter study, 40 women
undergoing cesarean section at term received anesthesia induction with
rocuronium and thiopental, followed by isoflurane and nitrous oxide maintenance
(4). No adverse effects on the newborns attributable to rocuronium were
observed as evaluated by Apgar scores, time to sustained respiration, total and
muscular neuroadaptive capacity scores, acid–base status, and blood–gas
tensions in umbilical arterial and venous blood (4). This study generated a
number of letters referring either to the doses used or to what was considered
the drug of choice (succinylcholine) (5–9).

A 1996 report described the use of rocuronium in a 31-year-old patient at 28
weeks’ gestation who presented with a penetrating injury of her left eye
secondary to a motor vehicle accident (10). Prior to induction of anesthesia,
she was started on IV magnesium sulfate to treat newly onset uterine
contractions. Anesthesia was induced with rocuronium (0.9 mg/kg), fentanyl
(200 mcg), and sodium thiopental (400 mg). The fetal heart rate (140–150
beats/minute) was monitored throughout the 6-hour surgical procedure. Except
for a decrease in short-term variability attributable to anesthesia of the fetus,
no other effects on the fetal heart rate were observed. Although the authors
were aware of the interaction with magnesium, they choose a higher dose
(usual dose is 0.6 mg/kg) to allow for more rapid intubation. As expected, the
duration of paralysis was prolonged secondary to the high dose and interaction
with magnesium, but the authors thought that this was acceptable given the
patient’s condition. The woman was discharged from the hospital 6 days after
surgery with an apparently normal ongoing pregnancy (10). Information on the
pregnancy outcome was not provided. Later correspondence regarding this
case report discussed the benefits and risks of the therapy and dose (11,12).

Rocuronium was used in a 35-year-old patient undergoing a combined
cesarean section delivery and posterior fossa craniotomy at 37 weeks’
gestation (13). The patient had von Hippel-Lindau disease and surgery was
required for an enlarged hemangioblastoma. General anesthesia was induced
with rocuronium (50 mg), fentanyl (200 mcg), and sodium thiopental (300 mg).



A male infant (weight not specified) was delivered with Apgar scores of 5, 7,
and 9 at 1, 5, and 10 minutes, respectively. Naloxone was required because of
weak respiratory efforts 2 minutes after delivery (13).

A 1997 study compared thiopental–rocuronium with ketamine–rocuronium (20
in each group) for rapid sequence intubation in women undergoing cesarean
section (14). The authors concluded that either drug combination was suitable.
Based on 1- and 5-minute Apgar scores, no significant differences in neonatal
condition were found between the two groups.

BREASTFEEDING SUMMARY
No reports describing the use of rocuronium in a lactating woman have been
located. Because of the indications for this agent, it is doubtful if such reports
will be forthcoming. The molecular weight (about 610 for rocuronium bromide)
is low enough for excretion into breast milk, but the amount excreted will be
limited because the drug is ionized at physiologic pH. The effects of this
exposure on a nursing infant are unknown, but are probably not clinically
significant.
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ROFLUMILAST
Respiratory (Selective Phosphodiesterase 4 Inhibitor)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of roflumilast in human pregnancy have been
located. Developmental toxicity, at doses that were ≤10 or less than the
human dose, occurred in only one of three species tested, but
teratogenicity was not observed. However, the lack of human pregnancy
experience prevents a more complete assessment of the embryo–fetal
risk. If the maternal benefit clearly outweighs the unknown risk, the drug
should not be withheld but the woman should be informed of the unknown
risk.

FETAL RISK SUMMARY
Roflumilast is an oral selective inhibitor of phosphodiesterase 4. It is indicated
as a treatment to reduce the risk of chronic obstructive pulmonary disease
(COPD) exacerbations in patients with severe COPD associated with chronic
bronchitis and a history of exacerbations. The drug is metabolized to an active
metabolite. Plasma protein binding of roflumilast and its active metabolite is
about 99% and 97%, respectively. For the two agents, the median plasma
effective half-life is about 17 and 30 hours, respectively (1).

Animal reproduction studies have been conducted in mice, rats, and rabbits.
In mice, stillbirth and decreased pup viability occurred at doses that were about
≥16 times the maximum recommended human dose based on BSA (MRHD).
Postimplantation loss was induced in rats at doses that were ≥10 times the
MRHD. No treatment-related effects on embryo–fetal development were noted
in mice, rats, and rabbits at doses that were about 12, 3, and 26 times the
MRHD, respectively. However, the drug did adversely affect postnatal
development of mice pups when dams were given the drug during pregnancy



and lactation. At about 49 times the MRHD, pup rearing frequencies were
decreased and, at about 97 times the MRHD, decreased survival and forelimb
grip reflex and delayed pinna detachment were noted. Moreover, at about 16
times the MRHD, the drug disrupted the labor and delivery process in mice (1).

In long-term studies, roflumilast was carcinogenic in hamsters but not in
mice. The drug was mutagenic in one assay but negative in multiple other
assays. In a 3-month human study, roflumilast had no effects on semen
parameters or reproductive hormones. In contrast, a dose-related effect on
male rat fertility was noted with increases in the incidence of tubular atrophy,
degeneration in the testis and spermiogenic granulation in the epididymides. No
effect on female fertility was observed at the highest dose tested (1).

It is not known if roflumilast or its active metabolite cross the human
placenta. The molecular weight of the parent drug (about 403), and the long
effective half-lives of the parent drug and active metabolite suggest that both
will cross to the embryo–fetus. However, the high plasma protein binding may
limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of roflumilast during human lactation have been
located. The molecular weight of the parent drug (about 403), and the long
effective half-lives (17 and 30 hours, respectively) of the parent drug and active
metabolite suggest that both will be excreted into breast milk. However, the
high plasma protein binding (99% and 97%, respectively) may limit the
excretion. The effect of this exposure on a nursing infant is unknown. If a
mother chooses to breastfeed while taking roflumilast, her nursing infant should
be monitored for the most common (≥2%) adverse reactions observed in adults
(diarrhea, weight decrease, nausea, headache, back pain, insomnia, dizziness,
and decreased appetite) (1).
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ROMIDEPSIN
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of romidepsin in human pregnancy have been
located. Only one animal species was tested and a slight decrease in fetal
weight was observed. The study did not expose pregnant rats to enough of
the drug to evaluate adverse outcomes fully (1). Romidepsin competes with
β-estradiol for binding to estrogen receptors. Because estrogen is required
to maintain pregnancy throughout gestation, the competition between
romidepsin and β-estradiol could cause pregnancy loss. Moreover,
romidepsin may reduce the effectiveness of estrogen-containing
contraceptives.

FETAL RISK SUMMARY
The antineoplastic romidepsin, a histone deacetylase inhibitor, is administered
as an IV infusion on days 1, 8, and 15 of a 28-day cycle. It is in the same
subclass as vorinostat. Romidepsin is indicated for the treatment of cutaneous
T-cell lymphoma in patients who have received at least one prior systemic
therapy. The drug competes with β-estradiol for binding to estrogen receptors
and may reduce the effectiveness of estrogen-containing contraceptives.
Romidepsin undergoes extensive metabolism. Plasma protein binding is high
(92%–94%), primarily to α1-acid-glycoprotein, and the terminal half-life is about
3 hours. No accumulation in the plasma was observed after repeated dosing
(1).

A reproduction study was conducted in rats. During organogenesis, rats
were given daily IV doses up to about 18% of the estimated human daily dose
based on BSA. This dose resulted in a 5% reduction in fetal weight. However,
embryo–fetal toxicities and other adverse developmental outcomes were not
adequately assessed in this study (1).



Carcinogenicity studies have not been conducted. The drug was not
mutagenic or clastogenic in various assays. Romidepsin caused impaired
fertility in rats and mice. In male rats and mice, at exposures much less than
those obtained in humans, the drug caused testicular degeneration. In addition,
seminal vesicle and prostate organ weights were decreased in male rats. In
female rats, atrophy was observed in the ovary, uterus, vagina, and mammary
gland, as well as maturation arrest of ovarian follicles and decreased weight of
ovaries. These toxicities occurred at doses and systemic exposures that were
a small fraction of the human dose and exposure and probably resulted from
the drug’s high affinity for binding to estrogen receptors (1).

It is not known if romidepsin crosses the human placenta. The molecular
weight (about 541) and the elimination half-life suggest that the drug will cross,
but the high plasma protein binding may limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of romidepsin during human lactation have been
located. The molecular weight (about 541) and the elimination half-life (3 hours)
suggest that the drug will be excreted into breast milk, but the high plasma
protein binding (92%–94%) might limit the amount excreted. The effect of this
exposure on a nursing infant is unknown but the potential for severe toxicity is a
concern. Because the drug caused a wide-range of toxicity in adults that
involved many systems (e.g., gastrointestinal, CNS, hematologic) and
competes with β-estradiol for binding to estrogen receptors, mothers should
not breastfeed while receiving this drug. However, the elimination half-life and
the dosing schedule (IV infusion over 4 hours on days 1, 8, and 15 of a 28-day
cycle) might allow breastfeeding on the days a dose is not given. If this
strategy is chosen, the mother should “pump and dump” to maintain milk
production and decrease discomfort from engorgement for at least 15 hours
(i.e., five half-lives would allow about 97% of the drug to be eliminated from her
blood) after the end of the infusion.
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ROMIPLOSTIM
Hematopoietic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Only two reports describing the use of romiplostim in human pregnancy
have been located. Although fetal toxicity was observed in one of three
animal species, maternal toxicity also occurred making the result
uninterpretable. However, use of the protein in human pregnancy might
cause increased fetal platelet counts, a potential complication. If
romiplostim is used in pregnancy, health care providers are encouraged to
enroll pregnant patients in the Nplate Pregnancy Registry by calling 1-877-
Nplate 1 (1-877-675-2831). Pregnant patients also can enroll themselves
by calling the same number.

FETAL RISK SUMMARY
Romiplostim is an Fc-peptide fusion protein. It is indicated for the treatment of
thrombocytopenia in patients with chronic immune (idiopathic)
thrombocytopenia purpura (ITP) who have had an insufficient response to
corticosteroids, immunoglobulins, or splenectomy. It is given as weekly SC
injections. The half-life is a median 3.5 days (range 1–34 days) (1).

Reproduction studies have been conducted in rats, rabbits, and mice. In
pregnant rats and rabbits, no evidence of fetal harm was observed with doses
up to 11 and 83 times, respectively, the maximum human dose based on
systemic exposure (MHD). In rats, a dose 11 times the MHD caused an
increase in perinatal pup mortality. Romiplostim crossed the rat placenta and
increased fetal platelet counts at clinically equivalent and higher doses. In mice,
a dose 5 times the MHD resulted in maternal toxicity (reduced body weight)
and increased postimplantation loss (1).

Neither studies for carcinogenicity nor mutagenesis have been conducted



with romiplostim. There was no effect on fertility with doses up to 37 times the
RHD (1).

It is not known if romiplostim crosses the human placenta. The molecular
weight (59,000) (2) is high enough to limit transfer, but the long half-life may
assist transfer, especially in the 2nd and 3rd trimesters.

A 2012 case report described the pregnancy of a 34-year-old woman at 27
weeks’ with systemic lupus erythematosus who developed severe
thrombocytopenia (3). She was treated with high-dose corticosteroids, IV
immunoglobulin, rituximab (weekly for 4 doses), one dose of
cyclophosphamide, eltrombopag, and anti-D immunoglobulin, but the
thrombocytopenia was resistant to these agents. Romiplostim (weekly for 3
doses) was then given and the platelet count rose from 4 × 109/L to 91 ×
109/L. Because her platelet count began to fall, she was given the third dose of
romiplostim 1 day before induction of labor at 34 weeks’. A healthy normal
female baby was born with a normal platelet count (no additional details were
provided) (3).

In a 2013 case report, a 28-year-old primigravid with chronic immune
thrombocytopenic purpura conceived while receiving romiplostim (4). During the
1st trimester, her platelets were stable on 3 mcg/kg/week but, at week 14,
thrombocytopenia associated with epistaxis developed. Dexamethasone and IV
immunoglobulin were added to supplement romiplostim in response to
thrombocytopenic episodes. Alternating periods of profound thrombocytopenia
and thrombocytosis occurred during the remainder of pregnancy. At about 34
weeks’ labor was induced to deliver a 1910-g male infant with Apgar scores of
8 and 8 at 1 and 5 minutes, respectively. The neonate’s platelets decreased
markedly within 8 hours of birth and treated with IV immunoglobulin and a
platelet transfusion. Other problems in the infant, in addition to
thrombocytopenia, were a grade III intraventricular hemorrhage, adrenal
insufficiency, and phimosis. However, at 10 months, the infant was
developmentally normal (4).

BREASTFEEDING SUMMARY
No reports describing the use of romiplostim during human lactation have been
located. The molecular weight (59,000) (2) is high enough to limit excretion, but
the long half-life (3.5 days) may assist excretion. The effect on a nursing infant
is unknown. However, if excretion does occur, the protein might be digested in
the infant’s gut.
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ROPINIROLE
Antiparkinson Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ropinirole in human pregnancy have been
located. The agent, when given alone, produced digital malformations in
rats at embryo–fetal toxic doses. In rabbits, an increased incidence and
severity of digital anomalies also were observed when ropinirole, at a dose
8 times the human dose, was combined with levodopa. The complete
absence of human pregnancy experience, however, prevents an
assessment of the human risk. Since Parkinson’s disease is relatively
uncommon during the childbearing years, the use of ropinirole during
pregnancy also will be uncommon. Until data on such use are available, the
safest course is to avoid, if possible, the use of ropinirole during the 1st
trimester.

FETAL RISK SUMMARY
Ropinirole is a nonergoline dopamine agonist that is indicated for the treatment
of the signs and symptoms of idiopathic Parkinson’s disease. The drug has high
specificity for the D2 and D3 dopamine receptor subtypes. Ropinirole is
metabolized to inactive compounds and eliminated renally with a half-life of
about 6 hours. Up to 40% is bound to plasma proteins (1). The agent is
commonly used in combination with levodopa.

Reproduction studies in pregnant rats and rabbits have revealed embryo–
fetal toxicity and teratogenicity (1). In rats, decreased fetal weight, increased
fetal deaths, and digital malformations were observed with doses 24, 36, and
60 times, respectively, the maximum recommended human clinical dose based
on BSA administered during organogenesis and later. In pregnant rabbits during
organogenesis, no harmful fetal effects were observed when ropinirole was



given at a maternally toxic dose 16 times the maximum recommended human
dose based on BSA (MRHD). However, when ropinirole (8 times the MRHD)
was combined with levodopa (250 mg/kg/day), a greater incidence and severity
of fetal malformations (primarily digit defects) occurred than when levodopa
was used alone. In a 2-year carcinogenicity study in mice, ropinirole was
associated with an increase in benign uterine endometrial polyps at a dose 10
times the MRHD (1).

It is not known if ropinirole can cross the placenta. The molecular weight
(about 260 for the free base) and the moderate degree of protein binding
suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ropinirole during human lactation have been
located (1). The molecular weight (about 260 for the free base) and its
moderate degree of protein binding (up to 40%) suggest that it will be excreted
into breast milk. Because milk is slightly acidic compared with the plasma,
accumulation (ion trapping) in milk may occur. The effect of this exposure on a
nursing infant is unknown. Infants should be monitored for adverse events
commonly observed in adults, such as fatigue, syncope, somnolence, dizziness,
dyspepsia, and nausea and vomiting. Ropinirole inhibits prolactin secretion and
may inhibit lactation. Until data are available, the best course is to not
breastfeed if ropinirole is being taken.
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ROPIVACAINE
Local Anesthetic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human and animal data suggest that the risk to a human fetus from the
use of ropivacaine in pregnancy is very low or nonexistent. However, there
is no human pregnancy experience in the 1st trimester. The amounts
measured in the maternal circulation are very low and do not appear to
represent a significant embryo–fetal risk.

FETAL RISK SUMMARY
Ropivacaine is a member of the amino amide class of local anesthetics. It is
indicated for local or regional anesthesia for surgery and for acute pain
management. Ropivacaine is a pure S-enantiomer that is structurally similar to
bupivacaine. It has been used for local and regional anesthesia before
cesarean section and during labor. Plasma protein binding (94%) is primarily to
α1-glycoprotein. The mean terminal half-life is 4.2 hours after epidural
administration (1).

Reproduction studies have been conducted in rats and rabbits. In rats, daily
SC doses up to about 0.33 times the maximum recommended human dose
(epidural, 770 mg/24 hours) based on BSA (MRHD) during organogenesis
revealed no teratogenic effects. When rats were given daily SC doses from
gestational day 15 through postpartum day 20, there were no treatment-related
effects on late fetal development, parturition, lactation, neonatal viability, or
growth of the offspring. In another study, female rats were given daily SC
doses that were about 0.3 times the MRHD for 2 weeks before mating, then
during mating, pregnancy, and lactation, up to day 42 post-coitus. There was
an increased loss of pups during the first 3 days postpartum, an effect thought
to have occurred because of reduced maternal care due to maternal toxicity. In
rabbits, SC doses up to about 0.33 times the MRHD during organogenesis



revealed no teratogenicity (1).
Pregnant sheep were given a 60-minute IV infusion of a local anesthetic

(ropivacaine, bupivacaine, or levobupivacaine) at a rate that obtained a
maternal serum concentration equivalent to that obtained during routine epidural
anesthesia for cesarean delivery (2). No significant changes (heart rate, mean
arterial blood pressure, arterial blood pH, and arterial oxygenation) in the
fetuses were observed. Maternal hemodynamic parameters also were not
affected. All three anesthetics crossed the placenta to the fetus with varying
concentrations measured in all fetal tissues tested (heart, brain, liver, lung,
kidney, and adrenals). The ropivacaine fetal:maternal serum ratio was
approximately 0.3 (2).

A 1999 study used a dual perfused, single cotyledon human placental model
to compare the placental transfer of ropivacaine and bupivacaine (3).
Simulation of the actual in vivo plasma protein concentration (using a 4%
albumin solution) resulted in a 50% decrease in the amounts transferred
compared with a 2% albumin solution. In addition, decreasing the pH on the
fetal side resulted in a significant increase in placental transfer. The
investigators concluded that the placental transfer of both anesthetics was
highly influenced by the amount of maternal and fetal protein binding and fetal
pH (3).

In another study, epidural ropivacaine was given to women for cesarean
section (4). The umbilical:maternal (U:M) veins ratio of unbound drug at delivery
was 0.72 (4). A 1997 report measured mean U:M vein ratios for total and
unbound ropivacaine after epidural of 0.31 and 0.74, respectively (5). In a third
study, total ropivacaine concentrations in the umbilical vein and artery were
0.13–0.52 and 0.12–0.41 mg/L, respectively, whereas the concentrations of
unbound drug were 0.027–0.063 and 0.027–0.058 mg/L, respectively (6).

A number of studies have reported normal Apgar scores, umbilical acid–base
values, and neurobehavioral assessments when ropivacaine epidurals were
used in women in labor (4–11). In one study conducted at six different centers,
fewer infants delivered vaginally from mothers receiving ropivacaine had
abnormal neurological and adaptive capacity scores at 24 hours compared with
those delivered vaginally from mothers receiving bupivacaine (11).

BREASTFEEDING SUMMARY
No reports describing the use of ropivacaine during human lactation have been
located. As noted above, the primary use in pregnancy of this local anesthetic
occurs during labor. Only very small amounts appear in the maternal circulation



after epidural use and these concentrations would be cleared within 24 hours.
Therefore, there appears to be no risk for a nursing infant.
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ROSIGLITAZONE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Two cases of rosiglitazone use in pregnancy have been located and neither
was associated with developmental toxicity. Insulin is the treatment of
choice for pregnant diabetic patients because, in general, other
hypoglycemic agents do not provide adequate glycemic control. Moreover,
insulin, unlike most oral agents, does not cross the placenta to the fetus,
thus eliminating the additional concern that the drug therapy itself will
adversely affect the fetus. Carefully prescribed insulin therapy provides
better control of the mother’s glucose, thereby preventing the fetal and
neonatal complications that occur with this disease. High maternal glucose
levels, as may occur in diabetes mellitus, are closely associated with a
number of maternal and fetal adverse effects, including fetal structural
anomalies if the hyperglycemia occurs early in gestation. To prevent this
toxicity, the American College of Obstetricians and Gynecologists
recommends that insulin be used for types I and II diabetes occurring
during pregnancy and, if diet therapy alone is not successful, for gestational
diabetes (1,2).

FETAL RISK SUMMARY
Rosiglitazone, a thiazolidinedione antidiabetic agent, is used as an adjunct to
diet and exercise to improve glycemic control in patients with type II diabetes
(noninsulin-dependent diabetes mellitus). It is used either alone or in
combination with metformin. Rosiglitazone is not an insulin secretagogue, but
acts to decrease insulin resistance in the periphery and in the liver (i.e.,
decreases insulin requirements). Rosiglitazone undergoes extensive metabolism
to inactive metabolites. The plasma half-life of rosiglitazone-related materials



(parent drug and inactive metabolites) ranges from 103 to 158 hours and the
binding to plasma proteins, primarily albumin, is high (99.8%) (3).

Reproduction studies with rosiglitazone have been conducted in rats and
rabbits at doses up to 20 and 75 times, respectively, the AUC at the maximum
recommended human daily dose (MRHDD). No teratogenicity or adverse effect
on implantation or the embryos were observed in either species, but placental
pathology was noted in rats. Moreover, dosing during midgestation to late
gestation was associated with fetal death and growth restriction in both rats
and rabbits. Treatment extending through the lactation period in rats was
associated with reduced litter size and decreased neonatal viability and
postnatal growth. Growth restriction was reversible after puberty. For effects
on the placenta, embryo, fetus, and offspring, the no-effect dose levels were
approximately 4 times the MRHDD for both species (3).

Consistent with the molecular weight of the free base (about 357) and
prolonged elimination half-life of the parent drug and/or inactive metabolites,
rosiglitazone crosses the human placenta. In 31 women undergoing an elective
abortion at 8–12 weeks’ gestation and given two 4 mg doses before the
procedure, rosiglitazone was detected in 19 fetuses (4). The mean fetal tissue
concentration was about 53 ng/g. The drug was more likely to be detected at
10 or more weeks’ gestation (4). Using the technique of dual perfusion of
placental lobule, rosiglitazone, in the presence of human serum albumin, readily
crossed the placenta (5). In contrast, a study using 10 near-term placentas in
an ex vivo human perfusion model found minimal transfer and fetal accumulation
of rosiglitazone (6).

A 2002 report described the use of rosiglitazone in early pregnancy (7). A
35-year-old woman with several diseases (hypertension, diabetes mellitus,
hypercholesterolemia, anxiety disorder, epilepsia, and morbid obesity) who
conceived while being treated with multiple drugs: rosiglitazone (4 mg/day),
gliclazide (a sulfonylurea), atorvastatin, acarbose, spironolactone,
hydrochlorothiazide, carbamazepine, thioridazine, amitriptyline,
chlordiazepoxide, and pipenzolate bromide (an antispasmodic). Pregnancy was
diagnosed in the 8th week of gestation and all medications were stopped. She
was treated with methyldopa and insulin for the remainder of her pregnancy. At
36 weeks’ gestation, a repeat cesarean section delivered a healthy, 3.5-kg
female infant with Apgar scores of 7 and 8 at 1 and 5 minutes, respectively.
The infant was developing normally after 4 months (7).

A 2005 case report described the use rosiglitazone between the 13th and
17th week of gestation in a woman with type 2 diabetes (8). Before the 13th



week, the woman’s diabetes had been managed with diet and exercise. Insulin
was started after rosiglitazone was stopped and the woman delivered a
healthy, 4.5-kg male infant at 37 weeks’ gestation. No major or minor
malformations were observed (8).

Rosiglitazone is sometimes used for the treatment of insulin resistance in
women with polycystic ovarian syndrome. Spontaneous ovulation and
enhancement of clomiphene-induced ovulation resulting in conception has been
reported after the use of rosiglitazone (9–11). Because this treatment may
result in pregnancy, appropriate contraception is advised (12).

BREASTFEEDING SUMMARY
No reports describing the use of rosiglitazone during human lactation have been
located. The molecular weight of the free base (about 357) and long elimination
half-life (103–158 hours) suggest that excretion into breast milk should be
expected. The effect of this exposure on a nursing infant is unknown. However,
weak bases are known to accumulate in milk with concentrations higher than
those in maternal plasma.
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ROSUVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of rosuvastatin in human pregnancy have
been located. There was developmental toxicity (growth restriction and/or
death) in two animal species at exposures that were close to those
obtained in humans, but maternal toxicity also was observed in one of the
species. The absence of human pregnancy experience prevents a more
complete assessment of the embryo–fetal risk. Because the interruption of
cholesterol-lowering therapy during pregnancy should have no apparent
effect on the long-term treatment of hyperlipidemia, rosuvastatin should not
be used during pregnancy. Moreover, cholesterol and other products of
cholesterol biosynthesis are essential components for fetal development
(1). Women taking this agent before conception should stop the therapy
before becoming pregnant and certainly on recognition of pregnancy.
Accidental use of the drug during gestation, though, apparently has no
proven consequences for the fetus.

FETAL RISK SUMMARY
Rosuvastatin (a statin) is a lipophilic agent that is used to lower elevated levels
of cholesterol. It has the same cholesterol-lowering mechanism (i.e., inhibition
of hepatic 3-hydroxy-3-methylglutaryl-coenzyme A [HMG-CoA] reductase) as
other agents available in this class: atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, and simvastatin (cerivastatin was withdrawn from the
market in 2001). Rosuvastatin undergoes little metabolism (about 19%). The
main metabolite has some activity but ≤50% than that of the parent compound.
Protein binding, mostly to albumin, is about 88%. The primary route of
elimination is in the feces with an elimination half-life of about 19 hours (1).

Reproduction studies have been conducted in rats and rabbits. Decreased
fetal body weight (female pups) and delayed ossification were observed in the



offspring when female rats were given a dose before mating and continuing
through day 7 postcoitus that resulted in exposures 10 times the human
exposure from 40 mg/day based on AUC (HE-AUC). Decreased pup survival
was observed with continuous dosing from day 7 of gestation through lactation
day 21 (weaning) at 10 times the HE-AUC or ≥12 times the human exposure
based on BSA (HE-BSA). In pregnant rabbits given a dose equivalent to the
HE-BSA from gestation day 6 through lactation day 18 (weaning), decreased
fetal viability and maternal mortality were observed. Rosuvastatin was not
teratogenic in rats or rabbits at systemic exposures equivalent to the HE-AUC
or HE-BSA (1).

In 2-year carcinogenicity studies in rats and mice, increased incidences of
uterine stromal polyps and hepatocellular adenoma/carcinoma, respectively,
were observed at a dose 20 times the HE-AUC. No mutagenic or clastogenic
effects were noted in a variety of tests. There also were no effects on fertility
in male or female rats at doses up to 10 times the HE-AUC. However, in male
dogs and monkeys, doses that were 20 and 10 times, respectively, the HE-
BSA caused spermatidic giant cells. In addition, vacuolation seminiferous
tubular epithelium was observed in male monkeys (1).

It is not known if rosuvastatin crosses the human placenta. The molecular
weight is moderately high (about 966 for the free acid) as is protein binding, but
the low metabolism and prolonged elimination half-life suggest that exposure of
the embryo–fetus should be expected.

Pregnancy exposures to this class of drugs that had been reported to the
FDA were described in 2004 (2). (See Lovastatin.) Twenty of the 178 reported
cases involved major congenital malformations. Although none of the cases
involved exposure to rosuvastatin (approved by the FDA in August 2003), and
the sample was biased because of its voluntary nature and the likely reporting
of severe outcomes, some of the defects might be consistent with the inhibition
of cholesterol biosynthesis (2). In another 2004 report, among 214 exposures
reported to the FDA (none involving rosuvastatin), there were 22 birth defects,
4 infants with intrauterine growth restriction, and 5 cases of fetal death (3).
(See Lovastatin.) As in the first report, it was thought that some of the defects
might be consistent with inhibition of cholesterol biosynthesis (3).

BREASTFEEDING SUMMARY
No reports describing the use of rosuvastatin during lactation have been
located. The excretion of rosuvastatin into breast milk should be expected
because of the molecular weight (about 966 for the free acid), low metabolism



(10%), and long elimination half-life (about 19 hours). At least two similar
agents (fluvastatin and pravastatin) appear in human milk. Because of the
potential for adverse effects in the nursing infant, the drug should not be used
during lactation.

References
1. Product information. Crestor. AstraZeneca, 2005.
2. Edison RJ, Muenke M. Central nervous system and limb anomalies in case-reports of first trimester

statin exposure. New Engl J Med 2004;350:1579–82.
3. Edison RJ, Muenke M. Mechanistic and epidemiologic considerations in the evaluation of adverse birth

outcomes following gestational exposure to statins. Am J Med Genet 2004;131A:287–98.



RUFINAMIDE
Anticonvulsant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of rufinamide in human pregnancy have been
located. The drug caused embryo–fetal toxicity in two animal species at
systemic exposures less than the human exposure. If a pregnant woman is
exposed to this drug, she should be informed of the absence of human
pregnancy experience and the potential for embryo–fetal risk.

FETAL RISK SUMMARY
Rufinamide is an oral triazole derivative that is unrelated to other
anticonvulsants. It is indicated for adjunctive treatment of seizures associated
with Lennox-Gastaut syndrome in children ≥4 years of age and adults.
Rufinamide is extensively metabolized to inactive metabolites. Only 34% of the
drug is bound to plasma proteins, mostly to albumin, and the plasma half-life is
about 6–10 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, daily
oral doses during organogenesis resulting in plasma exposures (AUC) that
were 2 times the plasma exposure (AUC) from the maximum recommended
human dose of 3200 mg/day (MRHD) caused decreased fetal weights and
increased incidences of skeletal abnormalities, but maternal toxicity also was
evident. In rabbits, daily oral doses during organogenesis resulting in exposures
that were >0.2 times the MRHD resulted in embryo–fetal death, decreased
fetal body weights, and increased incidences of visceral and skeletal
abnormalities. A dose 2 times the MRHD caused abortions. In both species,
the no-observed-effect-level (NOEL) for adverse effects on embryo–fetal
development was 0.2 times the MRHD. In prenatal and postnatal studies with
rats, daily oral doses given from implantation through weaning resulting plasma



exposures that were <0.1–1.5 times the MRHD caused decreased offspring
growth and survival at all doses. A NOEL was not established in these studies
(1).

Long-term exposures to rufinamide in mice and rats were carcinogenic, but
the drug was not mutagenic or clastogenic in multiple assays. In male and
female rats daily doses that were ≥0.2 times than the MRHD before and
throughout mating, and continued in females up to gestational day 6, were
associated with impaired fertility including decreased sperm count and motility,
decreased conception rates, mating, and fertility indices, decreased numbers
of corpora lutea, implantations, and live embryos, and increased
preimplantation loss. A NOEL for impaired fertility was not established (1).

It is not known if rufinamide crosses the human placenta. The low molecular
weight (about 238), lipophilic nature, and long plasma half-life suggest that
exposure of the embryo–fetus will occur. However, the extensive metabolism to
inactive compounds might limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of rufinamide during human lactation have been
located. The low molecular weight (about 238), lipophilic nature, and long
plasma half-life suggest that the drug will be excreted into breast milk, but the
extensive metabolism should limit the amount. The effect of this exposure on a
nursing infant is unknown. If mother chooses to nurse her infant while taking
rufinamide, the infant should be closely observed for changes in behavior and
other signs of toxicity. Somnolence, vomiting, and headache were the three
most frequent adverse reactions observed in pediatric patients treated with the
drug (1).
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RUXOLITINIB
Antineoplastic (Janus Associated Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ruxolitinib in human pregnancy have been
located. The animal data suggested risk (reduced fetal weights and late
resorptions in two species) but these effects occurred with doses that
were maternally toxic. However, lower nonmaternal toxic doses in rats
were associated with postimplantation losses. Although the drug’s
mechanism of action suggests that use in pregnancy could cause fetal
harm, the absence of human pregnancy experience prevents a better
assessment of the embryo–fetal risk. If the drug is indicated in a pregnant
woman, she should be informed of the potential risk to her embryo–fetus.

FETAL RISK SUMMARY
Ruxolitinib is an oral inhibitor of janus associated kinases which mediate the
signaling of a number of cytokines and growth factors that are important for
hematopoiesis and immune function. It is indicated for the treatment of patients
with intermediate- or high-risk myelofibrosis, including primary myelofibrosis,
postpolycythemia vera myelofibrosis, and postessential thrombocythemia
myelofibrosis. Ruxolitinib is partially metabolized to two active metabolites.
Plasma protein binding is about 97%, primarily to albumin. The mean elimination
half-life for ruxolitinib alone is about 3 hours, whereas it is about 5.8 hours for
the parent drug plus active metabolites (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, no teratogenic effects were observed at the highest doses tested
resulting in exposures (AUC) that were about 2 times and 7%, respectively, of
the clinical exposure at the maximum recommended dose of 25 mg twice daily
(CEMRD). At these doses, reduced fetal weights were noted in rats and
rabbits, and increased late resorptions in rabbits, but maternal toxicity occurred
in both species. In a predevelopment and postnatal development study in rats,



doses up to 34% of the CEMRD given from implantation through lactation
resulted in no drug-related adverse effects in pups for fertility indices or for
maternal or embryo–fetal survival, growth, and developmental parameters (1).

Ruxolitinib was not carcinogenic in long-term studies in mice and rats, and
was not mutagenic or clastogenic in multiple assays. In male and female rats,
no effects were observed on fertility or reproductive performance, but
increased postimplantation loss was noted at exposures that were about 34%
of the CEMRD (1).

It is not known if ruxolitinib or its two active metabolites cross the human
placenta. The molecular weight of the parent drug (about 404) suggests that
the drug will cross, but the high plasma protein binding and relatively short
mean elimination half-lives should limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of ruxolitinib during human lactation have been
located. The molecular weight of the parent drug (about 404) suggests that the
drug, and possibly its two active metabolites, will be excreted into breast milk,
but the high (97%) plasma protein binding and relatively short mean elimination
half-lives (3 hours for the parent drug and 5.8 hours for the parent drug plus
active metabolites) should limit the amount excreted. The effect of any
exposure on a nursing infant is unknown. However, thrombocytopenia and
anemia occurred in >20% of patients treated with the drug and >10%
experienced bruising, dizziness, and headache (1). Thus, if the drug is given
during breastfeeding, a nursing infant should be monitored for these adverse
effects.
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SACCHARIN
Artificial Sweetener
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

There is limited information available on the risk for humans following in
utero exposure to saccharin. The Calorie Control Council believes that the
agent can be safely used by pregnant women (1). However, others
recommended avoidance of saccharin or, at least, cautious use of it in
pregnancy (2–4).

FETAL RISK SUMMARY
Saccharin is a nonnutritive sweetening agent discovered accidentally in 1879; it
has been used in the United States since 1901. The agent is approximately 300
times sweeter than sucrose. Saccharin, a derivative of naphthalene, is
absorbed slowly after oral ingestion and is rapidly and completely excreted, as
the unmetabolized compound, by the kidneys. Although a large amount of
medical research has been generated concerning saccharin, very little of this
information pertains to its use by pregnant women or to its effect on the fetus
(2,3).

In pregnant rhesus monkeys administered IV saccharin, fetal accumulation of
the sweetener occurred after rapid, but limited, transfer across the placenta
(5). Saccharin appeared to be uniformly distributed to all fetal tissues except
the CNS. Fetal levels were still present 5 hours after the end of the infusion and
2 hours after maternal concentrations were undetectable. A study, published in
1986, documented that saccharin also crosses the placenta to the human fetus
(6). Six diabetic women, consuming 25–100 mg/day of saccharin by history,



were delivered at 36–42 weeks. Maternal serum saccharin concentrations,
measured between 0.5 hour before to 2 hours after delivery, ranged from 20 to
263 ng/mL. Cord blood samples varied from 20 to 160 ng/mL (6).

Saccharin is not an animal teratogen (5,7,8). No increase in the incidence of
spontaneous abortions among women consuming saccharin has been found (9).
Concerns for human use focus on the potential carcinogenicity of the agent. In
some animal species, particularly after second-generation studies, an
increased incidence of bladder tumors was observed (3). However,
epidemiologic studies have failed to associate the human use of saccharin with
bladder cancer (3). Similarly, no evidence was found in a study of the Danish
population that in utero saccharin exposure was associated with an increased
risk of bladder cancer during the first 30–35 years of life (3,10). However, at
least one investigator believes that these studies must be extended much
further before they are meaningful, because bladder cancer is usually
diagnosed in the elderly (4).

BREASTFEEDING SUMMARY
Saccharin is excreted into human milk (11). In six healthy women, saccharin,
126 mg/12 fluid ounces, contained in two commercially available soft drinks,
was given every 6 hours for nine doses. After single or multiple doses, median
peak concentrations of saccharin occurred at 0.75 hour in plasma and at 2.0
hours in milk. Milk concentrations ranged from <200–1056 ng/mL after one
dose to 1765 ng/mL after nine doses. The AUC ratios for milk and plasma
averaged 0.542 on day 1 and 0.715 on day 3, indicating that accumulation in
the milk occurred with time. The amounts of saccharin a nursing infant could
consume from milk were predicted to be much less than the usual intakes of
children <2 years old (11).
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SAFFLOWER
Herb
PREGNANCY RECOMMENDATION: Compatible (as a Food)
BREASTFEEDING RECOMMENDATION: Compatible (as a Food)

PREGNANCY SUMMARY

No reports describing the use of safflower in pregnancy have been located.
However, safflower oil is widely used in cooking. It is doubtful that such use
would have any adverse effect on a pregnancy. Abortifacient and
emmenagogue effects have been suggested (1,2), but there apparently is
no clinical evidence to support these effects when safflower oil is used as a
food. Other uses or high doses of safflower should be avoided in
pregnancy.

FETAL RISK SUMMARY
The seeds of safflower (Carthamus tinctorius), a plant widely cultivated
throughout Europe and the United States, are primarily used as a source of
edible oil. The oil contains a high concentration of n-6 polyunsaturated fatty
acids, including the essential linoleic acid. In addition, the seeds contain
tracheloside (a lignan glycoside) and serotonin derivatives. The oil is used in
cooking and has been given for its laxative action. In addition, capsules
containing safflower oil have sometimes served as controls in clinical trials. A
tea prepared from safflower has been used to treat fever by inducing sweating.
The flowers have been used as yellow and red dyes since ancient times, as
well as a flavoring agent in foods (1,2).

An aqueous extract of the flowers was studied in pregnant mice (3). At
doses of ≥1.6 mg/kg/day, embryo death was observed, whereas a lower dose
(1.2 mg/kg/day) was teratogenic. An in vitro assay found a concentration-
dependent cytotoxic effect (3).

BREASTFEEDING SUMMARY
No reports describing the use of safflower during human lactation have been
located. However, safflower oil is widely used in cooking. Although mature



human milk contains n-3 fatty acids (4), the probable small amounts of n-6 fatty
acids excreted into milk when safflower oil is used as a food should not
adversely affect a nursing infant. Other uses or high doses of safflower should
be avoided during breastfeeding.
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SALMETEROL
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One review concluded that salmeterol was safe during human pregnancy
(1), but others thought it should not be a first-line drug because of the lack
of published human experience (2,3). Although human data have been
published and no congenital malformations attributable to salmeterol were
observed, the data are too limited to assess the safety of salmeterol.
Moreover, the above study lacked the sensitivity to identify minor anomalies
because of the absence of standardized examinations. Late-appearing
major defects may also have been missed because of the timing of the
questionnaires. However, if a patient with moderate or severe asthma had
demonstrated a good therapeutic response before conception, this may
favor the drug’s continuation during pregnancy (2). Moreover, salmeterol is
more effective than doubling the dose of inhaled corticosteroids and may
have advantages over theophylline in terms of effectiveness and tolerability
(2). In addition, the very low or undetectable maternal plasma levels that
occur with therapeutic inhaled doses suggest that the risk to the fetus from
the drug is probably minimal or nonexistent. If salmeterol is used in
pregnancy, healthcare professionals are encouraged to call the toll-free
number (877-311-8972) for information about patient enrollment in an
Organization of Teratology Information Specialists (OTIS) study.

FETAL RISK SUMMARY
Salmeterol is a selective β2-adrenergic bronchodilator that is indicated in the
management of asthma. It is administered as an aerosol or powder for oral
inhalation. Because the drug acts locally in the lung, plasma levels are very low
or undetectable and are a result of swallowed salmeterol.



Animal reproduction studies have been conducted in the rat and rabbit (4). In
the rat, oral doses up to approximately 160 times the maximum recommended
daily human inhalation dose based on BSA (MRDHID-BSA) produced no
evidence of impaired fertility or teratogenic effects. In pregnant Dutch rabbits,
an oral dose about 10 times the maximum recommended daily human inhalation
dose based on AUC (MRDHID-AUC) produced no fetal toxicity. When the dose
was increased to about 20 times the MRDHID-AUC, fetal toxicity secondary to
β-adrenoceptor stimulation was observed (precocious eyelid openings, cleft
palate, sternebral fusion, limb and paw flexures, and delayed ossification of the
frontal cranial bones). However, New Zealand White rabbits were much less
sensitive—exhibiting only delayed ossification of the frontal cranial bones at oral
doses 1600 times the MRDIHD-BSA. The fetal toxicity noted in rabbits was not
thought to be relevant to humans because β-agonists characteristically induce
these effects in animals (4).

In a study with pregnant rats, salmeterol concentrations in mammary tissue,
placenta, and fetus after oral administration were comparable to those in
maternal blood up to 6 hours after a dose (5). At 24 hours, the disposition of
the drug in the fetus was primarily in the gastrointestinal tract.

It is not known if salmeterol crosses the placenta to the fetus. Although the
molecular weight (about 604 for salmeterol xinafoate) is low enough, plasma
levels after an inhaled therapeutic dose are very low or undetectable.

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (6). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester, with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Salmeterol was taken during the
1st trimester in 65 pregnancies. The outcomes of these pregnancies included 7
spontaneous abortions, 2 ectopic pregnancies, 4 elective abortions, 5 unknown
outcomes, and 47 live births (3 premature). One full-term newborn was
diagnosed with Aarskog’s syndrome (a male child with short stature, and facial,
digital, and genital malformations; pectus excavatum, metatarsus adductus, and
joint laxity are frequent skeletal features [7]) (6). The syndrome is thought to be
secondary to X-linked recessive inheritance (7).



BREASTFEEDING SUMMARY
No reports describing the use of salmeterol during human lactation have been
located. The molecular weight (about 604 for salmeterol xinafoate) is low
enough for excretion into breast milk, but maternal plasma levels after an
inhaled therapeutic dose are very low or undetectable. Thus, it is unlikely that
clinically significant amounts would be found in milk.
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SALVIA DIVINORUM
Herb/Hallucinogen
pregnancy recommendation: No Human Data—No Relevant Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of Salvia divinorum or its active ingredient,
salvinorin A, in human pregnancy have been located. The herb is used by
some cultures in Mexico and exposure during gestation may have occurred.
However, because smoking the herb has caused toxic, persistent
psychosis in an 18-year-old female and a 21-year-old male (1–3), it is best
avoided in pregnancy.

FETAL RISK SUMMARY
Salvia divinorum is a perennial herb that is a species of sage cultivated in
certain regions of Mexico. The hallucinogenic substances from the leaves and
juices of the herb have been used by some groups in Mexico for healing and
divinatory rituals. In addition, it is thought to have antidiarrheal properties. The
hallucinogenic effects are produced by smoking or chewing the leaves or
drinking the juices. When taken orally, systemic effects are dependent upon
absorption across the oral mucosa, as the active agent is deactivated in the
gastrointestinal tract (1,4). The active psychotropic agent is the diterpene
salvinorin A, also referred to as divinorin A, a nonalkaloid hallucinogen. It acts
as kappa opioid receptor agonist. The major metabolite is salvinorin B (1), but it
is not known if it is active. The substance crosses the blood–brain barrier,
resulting in a rapid onset of effects but of short duration (1,5). In female
monkeys, the elimination half-life of salvinorin A is 80 minutes (6).

Animal reproduction studies have not been conducted with S. divinorum or its
active ingredient, salvinorin A.

BREASTFEEDING SUMMARY
No reports describing the use of S. divinorum or its active ingredient, salvinorin



A, during human lactation have been located. The herb is used by some
cultures in Mexico and exposure during breastfeeding may have occurred.
However, because smoking the herb has caused toxic, persistent psychosis in
two persons (1–3), it is best avoided.
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SAPROPTERIN
Antidote (Phenylketonuria)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of sapropterin in human pregnancy have
been located. Phenylketonuria (PKU) can cause significant developmental
toxicity (low birth weight, microcephaly, congenital heart disease, and
mental retardation). (See Aspartame.) Although the animal data suggest
moderate risk, the risk of uncontrolled PKU to the embryo and/or fetus
probably is much greater. If diet alone is not adequate to control maternal
phenylalanine concentrations, the use of sapropterin appears to be
reasonable. However, in clinical trials with nonpregnant adults, only 20%–
56% of PKU patients responded to treatment with sapropterin. The
manufacturer plans to establish a pregnancy registry for women who are
pregnant while receiving Kuvan treatment (details not available).

FETAL RISK SUMMARY
Sapropterin dihydrochloride is a synthetic preparation of naturally occurring
tetrahydrobiopterin (BH4), the cofactor for the enzyme phenylalanine
hydroxylase (PAH). The enzyme hydroxylates phenylalanine to form tyrosine. In
patients with PKU, PAH activity is absent or deficient. Treatment with
sapropterin activates residual PAH, resulting in improved oxidative metabolism
of phenylalanine, thereby decreasing the blood concentrations of phenylalanine
in some, but not all, patients (1). Sapropterin is indicated to reduce blood
phenylalanine levels in patients with hyperphenylalaninemia due to BH4-
responsive PKU. It is used in conjunction with a phenylalanine-restricted diet.
Sapropterin tablets are dissolved in water or apple juice and taken once daily.
The mean elimination half-life is about 6.7 hours (range 3.9–17 hours) (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant



rats, oral doses up to about 3 times the maximum recommended human dose
of 20 mg/kg/day based on BSA (MRHD) produced no clear evidence of
teratogenicity. Similar findings were observed in pregnant rabbits at doses up
to about 10 times the MRHD, but a nonsignificant increase in the incidence of
holoprosencephaly was noted. No effect on fertility or reproductive function was
observed in male and female rats at doses up to about 3 times the MRHD (1).

Carcinogenicity studies have been conducted in mice and rats with doses up
to about 2 times the MRHD. In a 104-week study in rats, a significant increase
in the incidence of benign adrenal pheochromocytoma was observed in male
rats at the maximum dose. No evidence of carcinogenicity was observed in
mice, but the study was conducted for only 78 weeks. Genotoxicity was
observed in some in vitro and in vivo studies but not in others (1).

It is not known if sapropterin crosses the human placenta. The molecular
weight (about 241 for the free base) and moderately long elimination half-life
suggest that the drug will cross to the embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of sapropterin during human lactation have been
located. The molecular weight (about 241 for the free base) and moderately
long elimination half-life (6.7 hours; range 3.9–17 hours) suggest that the drug
will be excreted into breast milk. The effect of this exposure on a nursing infant
is unknown. Although the drug probably is compatible with breastfeeding,
infants should be monitored for adverse effects commonly seen in adults, such
as headache, rhinorrhea, diarrhea, and pharyngolaryngeal pain.
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SAQUINAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the limited human data do not allow an assessment of the risk of
saquinavir during pregnancy, the animal data suggests that the embryo–
fetal risk is low. If indicated, the drug should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Saquinavir, a synthetic peptide-like substrate analog, inhibits the activity of HIV
protease, thus preventing the cleavage of viral polyproteins and the maturation
of infectious virus. The mechanism of action is similar to four other protease
inhibitors: amprenavir, indinavir, nelfinavir, and ritonavir (1).

In reproduction studies in rats and rabbits, embryotoxicity and teratogenicity
were not observed at plasma concentrations up to approximately 50% and
40%, respectively, of the human exposure based on AUC achieved from the
recommended clinical dose. There was also no evidence that at this dose the
drug affected fertility or reproductive performance in rats. A similar lack of
toxicity, as measured by survival, growth, and development of offspring to
weaning, was found in rats treated during late pregnancy through lactation with
doses producing the same plasma concentrations as those above (1).

It is not known if saquinavir crosses the human placenta. The molecular
weight of the free base (about 671) is low enough that some degree of transfer
should be anticipated. In rats and rabbits, placental transfer of saquinavir is low
(<5% of maternal plasma concentrations) (1).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (2). Congenital defects were noted in 134,



a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 354 outcomes exposed to saquinavir
(158 in the 1st trimester and 196 in the 2nd/3rd trimesters) in combination with
other antiretroviral agents. There were 14 birth defects (6 in the 1st trimester
and 8 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective
and retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects with efavirenz exposure in retrospective reports, there was
no other pattern of anomalies (isolated or syndromic) (2). (See Lamivudine for
required statement.)

A study published in 1999 evaluated the safety, efficacy, and perinatal
transmission rates of HIV in 30 pregnant women receiving various combinations
of antiretroviral agents (3). Many of the women were substance abusers.
Protease inhibitors (nelfinavir [N = 7], indinavir [N = 6], and saquinavir [N = 1] in
combination with nelfinavir) were used in 13 of the women. Antiretroviral
therapy was initiated at a median of 14 weeks’ gestation (range preconception
to 32 weeks). Despite previous histories of extensive antiretroviral experience
and of vertical transmission of HIV, combination therapy was effective in
treating maternal disease and in preventing transmission to the current
newborns. The outcomes of the pregnancies treated with protease inhibitors
appeared to be similar to the 17 cases that did not receive these agents,
except that the birth weights were lower (3).

The experience of one perinatal center with the treatment of HIV-infected
pregnant women was summarized in a 1999 abstract (4). Of 55 women
receiving more than three antiviral drugs, 39 were treated with a protease
inhibitor (11 with saquinavir). The outcomes included 2 spontaneous abortions,
5 elective abortions, 27 newborns, and 5 ongoing pregnancies. One woman
was taken off indinavir because of ureteral obstruction and another (drug
therapy not specified) developed gestational diabetes. None of the newborns
tested positive for HIV, had major congenital anomalies, or complications (4).

A public health advisory was issued by the FDA on the association between
protease inhibitors and diabetes mellitus (5). Because pregnancy is a risk
factor for hyperglycemia, there was concern that these antiviral agents would



exacerbate this risk. The manufacturer’s product information also notes the
potential risk for new-onset diabetes, exacerbation of preexisting diabetes, and
hyperglycemia in HIV-infected patients receiving protease inhibitor therapy (1).
An abstract published in 2000 described the results of a study involving 34
pregnant women treated with protease inhibitors (7 with saquinavir) compared
with 41 controls that evaluated the association with diabetes (6). No
relationship between protease inhibitors and an increased incidence of
gestational diabetes was found.

A case of combined transient mitochondrial and peroxisomal β-oxidation
dysfunction after exposure to nucleoside analog reverse transcriptase inhibitors
(NRTIs) (lamivudine and zidovudine) combined with protease inhibitors (ritonavir
and saquinavir) throughout gestation was reported in 2000 (7). A male infant
was delivered at 38 weeks’ gestation. He received postnatal prophylaxis with
lamivudine and zidovudine for 4 weeks until the agents were discontinued
because of anemia. Other adverse effects that were observed in the infant
(age at onset) were hypocalcemia (shortly after birth), group B streptococcal
sepsis, ventricular extrasystoles, prolonged metabolic acidosis, and lactic
acidemia (8 weeks), a mild elevation of long-chain fatty acids (9 weeks), and
neutropenia (3 months). The metabolic acidosis required treatment until 7
months of age, whereas the elevated plasma lactate resolved over 4 weeks.
Cerebrospinal fluid lactate was not determined nor was a muscle biopsy
conducted. Both the neutropenia and the cardiac dysfunction had resolved by 1
year of age. The elevated plasma fatty acid level was confirmed in cultured
fibroblasts, but other peroxisomal functions (plasmalogen biosynthesis and
catalase staining) were normal. Although mitochondrial dysfunction has been
linked to NRTI agents, the authors were unable to identify the cause of the
combined abnormalities in this case (7). The child was reported to be healthy
and developing normally at 26 months of age.

A multicenter, retrospective survey of pregnancies exposed to protease
inhibitors was published in 2000 (8). There were 92 liveborn infants delivered
from 89 women (3 sets of twins) at six healthcare centers. One nonviable
infant, born at 22 weeks’ gestation, died. The surviving 91 infants were
evaluated in terms of adverse effects, prematurity rate, and frequency of HIV
type 1 (HIV-1) transmission. Most of the infants were exposed in utero to a
single protease inhibitor, but a few were exposed to more than one because of
sequential or double combined therapy. The number of newborns exposed to
each protease inhibitor was indinavir (N = 23), nelfinavir (N = 39), ritonavir (N =
5), and saquinavir (N = 34). Protease inhibitors were started before conception



in 18, and during the 1st, 2nd, or 3rd trimester in 12, 44, and 14, respectively,
and not reported in one. Other antiretrovirals used with the protease inhibitors
included four NRTIs (didanosine, lamivudine, stavudine, and zidovudine). The
most common NRTI regimen was a combination of zidovudine and lamivudine
(65% of women). In addition, seven women were enrolled in the AIDS Clinical
Trials Group Protocol 316 and, at the start of labor, received a single dose
either of the nonnucleoside reverse transcriptase inhibitor, nevirapine, or
placebo. Maternal conditions, thought possibly or likely to be related to therapy,
were mild anemia in eight, severe anemia in one (probably secondary to
zidovudine), and thrombocytopenia in one. Gestational diabetes mellitus was
observed in three women (3.3%), a rate similar to the expected prevalence of
2.6% in a nonexposed population (8). One mother developed postpartum
cardiomyopathy and died 2 months after birth of twins, but the cause of death
was not known. For the surviving newborns, there was no increase in adverse
effects over that observed in previous clinical trials of HIV-positive women,
including the prevalence of anemia (12%), hyperbilirubinemia (6%; none
exposed to indinavir), and low birth weight (20.6%). Premature delivery
occurred in 19.1% of the pregnancies (close to the expected rate). The
percentage of infants infected with HIV was 0 (95% CI 0%–3%) (8).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy was
inadequate therapy (9,10). The same conclusion was reached in a 2003 review
with the added admonishment that therapy must be continuous to prevent
emergence of resistant viral strains (11). In 2009, the updated U.S. Department
of Health and Human Services guidelines for the use of antiretroviral agents in
HIV-1-infected patients continued the recommendation that therapy, with the
exception of efavirenz, should be continued during pregnancy (12). If indicated,
therefore, protease inhibitors, including saquinavir, should not be withheld in
pregnancy because the expected benefit to the HIV-positive mother outweighs
the unknown risk to the fetus. Pregnant women taking protease inhibitors
should be monitored for hyperglycemia. Updated guidelines for the use of
antiretroviral drugs to reduce perinatal HIV-1 transmission also were released
in 2010 (13). Women receiving antiretroviral therapy during pregnancy should
continue the therapy but, regardless of the regimen, zidovudine administration is
recommended during the intrapartum period to prevent vertical transmission of
HIV to the newborn (13).



BREASTFEEDING SUMMARY
No reports describing the use of saquinavir during lactation have been located.
The molecular weight of the free base (about 671) is low enough that excretion
into breast milk should be expected. The effect on a nursing infant is unknown.

Reports on the use of saquinavir during lactation are unlikely because the
drug is indicated in the treatment of patients with HIV. HIV type 1 (HIV-1) is
transmitted in milk, and in developed countries, breastfeeding is not
recommended (9,10,12,14–16). In developing countries, breastfeeding is
undertaken, despite the risk, because there are no affordable milk substitutes
available. Until 1999, no studies had been published that examined the effect of
any antiviral therapy on HIV-1 transmission in milk. In that year, a study
involving zidovudine was published that measured a 38% reduction in vertical
transmission of HIV-1 infection despite breastfeeding when compared with
controls (see Zidovudine).
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SARGRAMOSTIM
Hematopoietic
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of sargramostim in human pregnancy have
been located. The absence of animal and human pregnancy data prevents
an assessment of the risk from maternal administration that this cytokine
presents to a human embryo or fetus.

However, sargramostim differs only slightly from endogenous
granulocyte-macrophage colony stimulating factor (GM-CSF). In addition,
maternal serum concentrations of natural GM-CSF increase throughout
pregnancy with the highest levels occurring during term labor (1).
Therefore, it is doubtful if recommended doses of sargramostim will cause
direct toxicity to the embryo or fetus. Until human pregnancy data are
available, however, the safest course is to avoid sargramostim during
gestation. Planned or inadvertent pregnancy exposure appears to
represent a low risk for the embryo and fetus.

FETAL RISK SUMMARY
The human GM-CSF sargramostim is produced by recombinant DNA
technology. Sargramostim differs slightly from the natural human GM-CSF. It
has several specific indications: (a) following induction chemotherapy in acute
myelogenous leukemia; (b) for mobilization and following transplantation of
autologous peripheral blood progenitor cells; (c) for myeloid reconstitution after
allogeneic bone marrow transplantation; and (d) for bone marrow
transplantation failure or engraftment delay. The mean beta half-lives after IV
and SC administration were 60 and 162 minutes, respectively. Animal
reproduction studies have not been conducted with sargramostim (2).

Sargramostim is a 127-amino-acid glycoprotein that is characterized by three



primary molecular species with molecular weights of 19,500, 16,800, and
15,500, respectively. Although studies involving placental passage of
sargramostim have not been conducted, endogenous GM-CSF does cross the
human placenta. In an in vitro experiment using term placentas, small amounts
(about 2.4%) of GM-CSF crossed to the fetal side (3). Therefore,
sargramostim also probably crosses the placenta, at least at term.

Endogenous GM-CSF promotes the growth and development of
preimplantation embryos (4). GM-CSF is synthesized in the uterus with the
highest concentrations occurring around the interval when implantation would
occur (5).

In a 2003 study, levels of endogenous free GM-CSF were measured in
peripheral blood in pregnant and nonpregnant women and in women with
recurrent spontaneous abortions (RSAs) (6). In healthy women, a significant
increase in GM-CSF levels was measured during pregnancy, but there was no
increase in women with RSA. After an IV infusion of immunoglobulin, however,
the GM-CSF levels almost doubled in women with RSA (6).

Other investigators have reached conflicting conclusions on the presence of
endogenous GM-CSF in maternal blood and amniotic fluid. One study was
unable to detect GM-CSF expression (using mRNA coding) in maternal serum
at any stage of pregnancy or in nonpregnant women (7). Similarly, amniotic
fluid GM-CSF was undetectable in laboring and nonlaboring women at term in
another study (8). In contrast, a third study found that amniotic fluid GM-CSF
concentrations increased as a function of gestational age, the status of the
membranes (intact or ruptured), and the presence of labor (9). In addition, a
fourth study found a significant increase in placental and peripheral blood levels
of GM-CSF in women with preeclampsia (10).

BREASTFEEDING SUMMARY
No reports describing the use of sargramostim during human lactation have
been located. Endogenous granulocyte-macrophage GM-CSF is excreted into
breast milk (11). Based on an immunoradiometric assay, milk concentrations of
GM-CSF (100 pg/mL) were much higher than the levels in the cord blood or
maternal and infant serums. At 5 days of age, breastfed infants had higher
serum GM-CSF concentrations than formula-fed infants, but the difference was
not significant. However, there was no difference in neutrophil chemotaxis
between the groups, suggesting that either GM-CSF was inactivated or not
absorbed from the milk (11). In contrast, a study using an enzyme-linked
immunosorbent assay (ELISA) was unable to detect GM-CSF (<10 pg/mL) in



breast milk (12).
Whether sargramostim, a glycoprotein that is slightly different from the

natural protein, is excreted into milk is not known, but its close similarity to
native GM-CSF suggests that it also will be excreted into milk. The effect on a
nursing infant from this exposure is unknown, but because endogenous GM-
CSF is present in milk and appears to be inactivated or not absorbed, the risk
from sargramostim is probably very low or nonexistent.
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SAXAGLIPTIN
Antidiabetic Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of saxagliptin in human pregnancy have been
located.The animal reproduction data suggest low risk, but the absence of
human pregnancy experience prevents a complete assessment of the
embryo–fetal risk. Although the use of saxagliptin may help decrease the
incidence of fetal and newborn morbidity and mortality in developing
countries where the proper use of insulin is problematic, insulin still is the
treatment of choice for this disease during pregnancy. Moreover, insulin
does not cross the placenta, which eliminates the additional concern that
the drug therapy is adversely affecting the fetus. Carefully prescribed
insulin therapy will provide better control of the mother’s blood glucose,
thereby preventing the fetal and neonatal complications that occur with this
disease. High maternal glucose levels, as might occur in diabetes mellitus,
are associated with a number of maternal and fetal adverse effects,
including fetal structural anomalies if the hyperglycemia occurs early in
gestation. To prevent this toxicity, the American College of Obstetricians
and Gynecologists recommends that insulin be used for types 1 and 2
diabetes occurring during pregnancy and, if diet therapy alone is not
successful, for gestational diabetes (1,2). If a woman becomes pregnant
while taking saxagliptin, changing the therapy to insulin should be
considered.

FETAL RISK SUMMARY
Saxagliptin is an oral inhibitor of the dipeptidyl peptidase-4 (DPP4) enzyme. It is
in the same antidiabetic subclass as linagliptin and sitagliptin. Saxagliptin is
indicated as an adjunct to diet and exercise to improve glycemic control in



adults with type 2 diabetes mellitus. The lipophilic drug is metabolized to an
active metabolite, which is one-half as potent as saxagliptin. The plasma
protein binding of the parent drug and the active metabolite are negligible, and
the mean terminal half-life of the two compounds is 2.5 and 3.1 hours,
respectively (3,4).

Reproduction studies have been conducted in rats and rabbits. In these
species, no teratogenic effects were observed at any dose given during
organogenesis. The drug did cross the rat placenta (not specified for the
rabbit). In rats, incomplete ossification of the pelvis, a form of developmental
delay, was observed at a dose that was about 1503 and 66 times the human
exposure to saxagliptin and the active metabolite, respectively, at the maximum
recommended human dose of 5 mg (MRHD). At 7986 and 328 times,
respectively, the MRHD, maternal toxicity and reduced fetal body weights were
observed. When saxagliptin was combined with metformin (metformin exposure
4 times the human exposure of 2000 mg/day), no teratogenic or embryolethal
effects were observed at saxagliptin exposures that were 21 times the MRHD.
At 109 times the saxagliptin MRHD, the combination was associated with
craniorachischisis (a rare neural tube defect characterized by incomplete
closure of the skull and spinal column) in two fetuses from a single dam. When
given to rats from gestation day 6 to lactation day 20, decreased body weights
in male and female offspring were observed only at maternally toxic doses that
were ≥1629 and 53 times, respectively, the MRHD. No functional or behavioral
toxicity was observed in rat offspring at any dose. In rabbits, minor skeletal
variations were observed at a maternally toxic dose that was about 1432 and
992 times, respectively, the MRHD (3,4).

Saxagliptin did not induce tumors in mice or rats. The parent drug (with or
without metabolic activation) was not mutagenic or clastogenic in multiple
assays and, in a separate assay, the active metabolite was not mutagenic. In a
study with rats, the drug did not affect male or female fertility at exposures that
were 603 and 776 times, respectively, the MRHD. Much higher doses that
caused maternal toxicity were associated with increased fetal resorptions and
effects on estrous cycling, fertility, ovulation, and implantation (3,4).

It is not known if saxagliptin or its active metabolite crosses the human
placenta. The molecular weight of the parent compound (about 315 for the
nonhydrated form), lipophilic properties, lack of plasma protein binding, and
terminal half-lives suggest that exposure of the embryo–fetus is likely.

BREASTFEEDING SUMMARY



No reports describing the use of saxagliptin during human lactation have been
located. The molecular weight of the parent compound (about 315 for the
nonhydrated form), lipophilic properties, lack of plasma protein binding, and
terminal half-lives (2.5 hours for saxagliptin and 3.1 hours for the active
metabolite) suggest that saxagliptin and its metabolite will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown.
Saxagliptin overdose (80 times the maximum recommended human dose for 2
weeks) in healthy adults caused no dose-related adverse reactions (3,4). Thus,
hypoglycemia in a nursing infant appears to be unlikely but should be
monitored. The most common (≥5%) adverse reaction in adults was headache
(3,4).
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SCOPOLAMINE
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Except for a single case of overdose during labor, there is no evidence of
embryo–fetal harm when scopolamine is used in pregnancy.

FETAL RISK SUMMARY
Scopolamine is an anticholinergic agent. A scopolamine transdermal system is
used to prevent nausea and vomiting associated with motion sickness and
recovery from anesthesia and surgery.

Reproduction studies in rats with daily IV doses did not observe fetal harm. A
marginal embryotoxic effect was seen in rabbits at daily IV doses that
produced plasma concentrations approximately 100 times the level achieved in
humans with the transdermal system (1).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 309
of whom used scopolamine in the 1st trimester (2, pp. 346–353). For anytime
use, 881 exposures were recorded (2, p. 439). In neither case was evidence
found for an association with malformations. However, when the group of
parasympatholytics was taken as a whole (2323 exposures), a possible
association with minor malformations was found (2, pp. 346–353).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 27 newborns had
been exposed to scopolamine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (3.7%) major birth defect was observed (one
expected), but specific information on the malformation is not available. No
anomalies were observed in six categories of defects, including cardiovascular
defects, oral clefts, spina bifida, polydactyly, limb reduction defects, and
hypospadias.

Scopolamine readily crosses the placenta (3). When administered to the



mother at term, fetal effects include tachycardia, decreased heart rate
variability, and decreased heart rate deceleration (4–6). Maternal tachycardia
was comparable to that with other anticholinergic agents, such as atropine or
glycopyrrolate (7).

Scopolamine toxicity in a newborn has been described (8). The mother had
received six doses of scopolamine (1.8 mg total) with several other drugs
during labor. Symptoms in the female infant consisted of fever, tachycardia,
and lethargy; she was also “barrel chested” without respiratory depression.
Therapy with physostigmine reversed the condition.

In a clinical study in women undergoing cesarean section, a scopolamine
transdermal system was used with epidural anesthesia and opiate analgesia
and no evidence of CNS depression was observed in the newborns (1).

BREASTFEEDING SUMMARY
No reports of adverse effects secondary to scopolamine in breast milk have
been located. The drug is excreted into breast milk (1). The American Academy
of Pediatrics classifies scopolamine as compatible with breastfeeding (9).
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SECOBARBITAL
Sedative/Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking the use of secobarbital with congenital defects have been
located.

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 378
of whom had 1st trimester exposure to secobarbital (1). No evidence was
found to suggest a relationship to large categories of major or minor
malformations or to individual defects. Hemorrhagic disease of the newborn
and barbiturate withdrawal are theoretical possibilities (see also
Phenobarbital).

An in utero study found no evidence of chromosomal changes on exposure to
secobarbital (2).

BREASTFEEDING SUMMARY
Secobarbital is excreted into breast milk (3). The amount and effects on the
nursing infant are not known. The American Academy of Pediatrics classifies
secobarbital as compatible with breastfeeding (4).
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SELEGILINE
Antiparkinson Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Only two cases of exposure to selegiline during human pregnancy have
been located, and only one of them involved exposure throughout gestation.
Although there is no indication of physical teratogenicity in animal studies or
the two human cases, selegiline did result in significant neurochanges in
rats when combined with another monoamine oxidase (MAO) inhibitor. Until
additional human data are available, the use of selegiline during pregnancy
should be avoided if possible (1,2).

FETAL RISK SUMMARY
Selegiline (l-deprenyl), a selective irreversible inhibitor of MAO type B (MAO-
B), is used as an adjunct in the management of parkinsonian patients being
treated with levodopa/carbidopa. The drug has no beneficial effect when used
alone (3,4).

Reproduction studies in pregnant rats and rabbits at doses up to 35 and 95
times the human therapeutic dose based on BSA (HTD), respectively, did not
reveal any evidence of teratogenicity. At the highest doses tested, however, rat
fetal body weight was decreased, and the number of resorptions and
postimplantation losses in rabbits increased, resulting in fewer live fetuses. An
increase in the number of stillbirths and decreases in pup survival and body
weight (at birth and throughout the lactation period) were observed when rats
were given doses up to 15 and 62 times the HTD during late gestation and
throughout lactation. At 62 times the HTD, no pups born alive survived to day 4
postpartum (3,4)

In a 1994 study, rats were treated daily throughout gestation with a
combination of SC selegiline (3 mg/kg) and clorgyline, an MAO type A (MAO-



A) inhibitor (3 mg/kg) (5). In another treatment group, the same doses of the
drugs were administered to pregnant females throughout gestation but, at birth,
the daily injections of the drugs were administered to the pups until sacrifice.
Saline control groups were used for comparison. Pregnancy duration was
significantly longer in the treated groups than in controls, but the litter sizes
were the same. Other developmental milestones (eye opening, incisor eruption,
or olfactory responses) were similar to that of controls. Pup weight gain in both
treatment groups was significantly slower than that in controls. The decreased
weight gain may have been due to less frequent nursing, a condition that was
not resolved even when the pups were cross-fostered with control dams. None
of the exposed offspring had changes in the development of the dopamine
system (as indicated by dopamine terminal density). Moreover, MAO activity in
the brain tissue of pups exposed to the drugs only during gestation was not
significantly different from that of controls at 5 days of age. In contrast, MAO
activity in pups continually exposed to the drugs was significantly less than that
of controls. Compared with controls, the treatment groups were very
aggressive, frequently biting the investigators. In addition, significant deficits in
passive avoidance were observed at 24 days of age, and open field activity
was significantly increased at 30 days of age. These two results were thought
to be a measure of impulsivity. Major alterations of the serotonin system were
also observed (as indicated by serotonin terminal density) in the hippocampus
(higher density), caudate (higher density), and cortex (less density at 5 and 30
days, but increased at 15 days). Seizures and visual impairment were noted in
pups that received the drugs during pregnancy and after birth, but not in those
exposed only in utero (5).

It is not known if selegiline crosses the human placenta. The low molecular
weight (about 188 for the free base) suggests that passage to the embryo–
fetus should be expected.

Human pregnancy experience with selegiline is limited. A 1998 report
described a case involving a 34-year-old woman with an 8-year history of
Parkinson’s disease, who became pregnant while under treatment with
selegiline (10 mg/day), levodopa (450 mg/day), and benserazide (128.25
mg/day) (1). Because of insufficient pregnancy safety information, selegiline
was discontinued (gestational time not specified). A normal healthy, 3050-g,
49-cm-long male infant was delivered at term with Apgar scores of 9, 10, and
10 at 1, 5, and 10 minutes, respectively (1).

In a second case, a 39-year-old woman with a 5-year history of Parkinson’s
disease took selegiline (10 mg/day), levodopa (400–600 mg/day), and



benserazide (100–150 mg/day) throughout gestation (2). She was advised to
stop selegiline but continued it against medical advice. She delivered a healthy
3800-g male infant at term with Apgar scores of 10 at 1 and 10 minutes. She
breastfed the infant for 3 days and then changed to bottle feeding out of
concern over drug transfer into her breast milk. The boy, monitored closely by
a pediatrician and a neurologist, was doing very well at 10 years of age with
normal somatic and mental development, and was excelling at school and in
sports (2).

BREASTFEEDING SUMMARY
Except for the one case above (breastfeeding for 3 days), no reports have
described the use of selegiline during human lactation. The low molecular
weight (about 188 for the free base) suggests that excretion into breast milk
will occur. The effect of this exposure on a nursing infant is unknown. Because
of significant neurotoxicity observed in animals (see above), the safest course
is to avoid selegiline during nursing until data are available.
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SENNA
Laxative
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Senna, a naturally occurring laxative, contains the stereoisomeric
glucosides, sennosides A and B. No reports of human teratogenicity or
other fetal toxicity have been located.

FETAL RISK SUMMARY
Senna contains prodrug anthraquinone glucosides that are converted by
bacterial enzymes in the colon to rhein-9-anthrone. This metabolite is then
oxidized to rhein, the active cathartic agent of senna (1). Senna is not
teratogenic in animals (2).

A 2009 population-based, case–control study examined the association of
senna exposure during pregnancy with congenital anomalies (3). The
population-based large data set of the Hungarian Case-Control Surveillance
System of Congenital Abnormalities was used for the study. Most women were
taking daily doses of 20 mg (range 10–30 mg). There were 22,843 cases with
and 38,151 cases without congenital anomalies. In these groups, senna was
used by 506 (2.2%) vs. 937 (2.5%), respectively, of the mothers. Compared
with 500 matched controls, there was no higher risk for 23 different congenital
anomalies groups in the 260 study mothers who were treated with senna during
the second and/or third gestational months. The results indicated that senna
treatment was not associated with a higher risk of congenital anomalies in
offspring (3).

BREASTFEEDING SUMMARY
Sennosides A and B are not excreted into breast milk. A 1973 study using
colorimetric analysis (sensitivity limit 0.34 mcg/mL) failed to detect the natural
agents (4). The active metabolite, rhein, however, is excreted into milk in very
small amounts (1). Lactating women administered 5 g of senna daily for 3 days



excreted a mean 0.007% of the dose in their milk and no adverse effects were
observed in the nursing infants. This is compatible with the fact that the
anthraquinone laxatives are absorbed only slightly after oral administration (5).

In addition to the study above (1), use of the laxative during lactation has
been reported in three other studies (4,6,7). Although diarrhea occurred in
some of the infants, this was probably related to other causes, not to senna. In
one study, mothers who ingested a single 100-mg dose of senna (containing
8.6 mg of sennosides A and B) and whose infants developed diarrhea were
later given a double dose of the laxative (4). No diarrhea was observed in the
infants after the higher dose. The American Academy of Pediatrics classifies
senna as compatible with breastfeeding (8).
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SERTACONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of sertaconazole in human pregnancy have
been located. The lack of animal developmental toxicity and the failure to
detect the drug in the plasma after multiple applications to diseased skin
suggest that risk to the human embryo–fetus is negligible. If indicated, the
topical antifungal appears to be compatible with pregnancy.

FETAL RISK SUMMARY
Sertaconazole is available as a topical cream. It is in the same antifungal class
of imidazole derivatives as butoconazole, clotrimazole, econazole,
ketoconazole, miconazole, oxiconazole, sulconazole, and tioconazole.
Sertaconazole is indicated for the treatment of interdigital tinea pedis caused
by Trichophyton rubrum, T. mentagrophytes,  and Epidermophyton floccosum in
immunocompetent patients. Systemic absorption of sertaconazole from
diseased skin after multiple applications is negligible as plasma concentrations
were below the level of detection (2.5 ng/mL) (1).

Reproduction studies have been conducted with sertaconazole in rats and
rabbits. No evidence of maternal toxicity, embryo toxicity, or teratogenesis was
observed in pregnant rats and rabbits given oral doses 40 and 80 times,
respectively, the maximum recommended human dose based on BSA (MRHD).
In a peri-postnatal study in rats, doses 20–40 times the MRHD caused a
decrease in live birth indices and an increase in the number of stillborn pups.
The antifungal agent had no effect on fertility in male and female rats at doses
16 times the MRHD. Although long-term studies for carcinogenicity have not
been conducted, tests for mutagenicity or clastogenicity were negative (1).

It is not known if sertaconazole crosses the human placenta. Since systemic



absorption after topical application was not detected in one study, it appears
that exposure of the embryo and/or fetus does not occur.

BREASTFEEDING SUMMARY
No reports describing the use sertaconazole during human lactation have been
located. The drug does not produce detectable plasma concentrations after
multiple applications to diseased skin. Therefore, the risk to a nursing infant can
be considered negligible, and the antifungal agent is probably compatible with
breastfeeding.
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SERTRALINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The limited animal and human data suggest that sertraline is not a major
teratogen. Two large case–control studies did find increased risks for
some birth defects, but the absolute risk appears to be small (1,2).
However, selective serotonin reuptake inhibitor (SSRI) antidepressants,
including sertraline, have been associated with several developmental
toxicities, including spontaneous abortions, low birth weight, preterm
delivery, neonatal serotonin syndrome, neonatal behavioral syndrome
(withdrawal), possible sustained abnormal neurobehavior beyond the
neonatal period, respiratory distress, and persistent pulmonary
hypertension of the newborn (PPHN).

FETAL RISK SUMMARY
Although the mechanism of action of the antidepressant, sertraline, is unknown,
it is an SSRI similar to other drugs in this class. This effect of sertraline results
in the potentiation of serotonin activity in the brain. The chemical structure of
sertraline is unrelated to other antidepressants.

All the antidepressant agents in the SSRI class (citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline) are thought to share a
similar mechanism of action, although they have different chemical structures.
These differences could be construed as evidence against any conclusion that
they share similar effects on the embryo, fetus, or newborn. In the mouse
embryo, however, craniofacial morphogenesis appears to be regulated, at least
in part, by serotonin. Interference with serotonin regulation by chemically
different inhibitors produces similar craniofacial defects (3). Regardless of the
structural differences, therefore, some of the potential adverse effects on



pregnancy outcome may also be similar.
Reproductive studies in rats and rabbits, conducted with doses up to

approximately 4 times the maximum recommended human dose based on BSA
(MRHD), did not reveal evidence of teratogenicity. Delayed ossification of rat
and rabbit fetuses, however, occurred at doses during organogenesis that
were half and four times the MRHD, respectively. When female rats received a
dose equal to the MRHD during the last third of gestation and throughout
lactation, an increased number of stillbirths, decreased pup survival, and
decreased pup weights were observed. The decreased pup survival was
shown to be due to in utero exposure to sertraline. The no-effect dose for rat
pup mortality was half the MRHD (4).

Consistent with the molecular weight of the free base (about 307), sertraline
crosses the human placenta. A 2003 study of the placental transfer of
antidepressants found cord blood:maternal serum ratios for sertraline and its
metabolite that were 0.14–0.66 and 0.14–0.77, respectively (5). The dose-to-
delivery interval was 7–35 hours, with the highest ratio for the parent drug and
metabolite occurring at 24 hours.

A 24-year-old woman was treated before and during the first few weeks of
gestation with sertraline for depression and bulimia (K. Murray and D. Jackson,
personal communication, Eugene, Oregon, 1994). Ultrasound revealed a single
fetus with anencephaly and an abdominal wall defect. Chromosomal analysis
performed after termination indicated that the fetus had trisomy 18 (47,XX+18).
Because trisomy 18 is a naturally occurring mutation, in the absence of any
animal or other evidence for a causal relationship, it is doubtful that the drug
therapy was related to the outcome of this pregnancy.

Fifteen diverse birth defects from sertraline-exposed pregnancies were
reported to the FDA as of December 1995 (F. Rosa, personal communication,
FDA, 1996).

A 1995 report described the use of sertraline 100 mg/day and nortriptyline
125 mg/day in a woman with recurrent major depression (6). The patient was
treated before and throughout gestation. Attempts to discontinue the agents in
the 1st and 2nd trimesters were unsuccessful. She eventually gave birth at term
to a healthy infant (sex and weight not specified) who, at age 3 months, was
doing well and achieving the appropriate developmental milestones (see also
Breastfeeding Summary below) (6).

A brief 1995 report described a case of a 32-year-old woman who took
sertraline 200 mg/day throughout pregnancy (7). Lithium and thioridazine were
also taken during the first 6 weeks of gestation. She continued the same dose



of sertraline for 3 weeks after delivery of a healthy, full-term male infant. During
this period, she breastfed the infant, who was feeding and developing normally.
One day after she stopped sertraline, the infant developed agitation,
restlessness, poor feeding, constant crying, insomnia, and enhanced startle
reaction. The infant’s symptoms continued for another 48 hours before
gradually resolving over several days. Similar symptoms were not observed in
the mother. Because the same types of symptoms have been observed in
adults after discontinuing sertraline (1), the authors attributed them to
withdrawal (7).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (8). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Sertraline was taken during the
1st trimester in 51 pregnancies. The outcomes of these pregnancies included 1
ectopic pregnancy, 2 spontaneous abortions, 11 elective abortions, 1
intrauterine death, 26 normal full-term newborns, 2 infants with birth defects,
and 8 pregnancies lost to follow-up. The congenital malformations were one
case each of congenital laryngeal stridor and a duplication cyst
(gastrointestinal) (8).

A prospective, multicenter, controlled cohort study published in 1998
evaluated the pregnancy outcomes of 267 women exposed to ≥1 SSRI
antidepressants during the 1st trimester: fluvoxamine (N = 26); paroxetine (N =
97); and sertraline (N = 147) (9). The women were combined into a study
group without differentiation as to the drug they had consumed. A randomly
selected control group (N = 267) was formed comprising women who had
exposures to nonteratogenic agents. In most cases, the pregnancy outcomes
were determined 6–9 months after delivery. No significant differences were
observed in the number of live births, spontaneous or elective abortions,
stillbirths, major malformations, birth weight, or gestational age at birth. Nine
major malformations were observed in each group. The relative risk (RR) for
major anomalies was 1.06 (ns). No clustering of defects was apparent. The
outcomes of women who took an antidepressant throughout gestation were
similar to those who took an antidepressant only during the 1st trimester (9). All



of the women in the study group had taken an antidepressant during
embryogenesis (10).

A 1999 abstract detailed the prospectively ascertained outcomes of 112
pregnant women taking sertraline compared with 191 controls (11). The rate of
major congenital defects did not differ significantly between subjects and
controls (3.8% vs. 1.9%). Infants exposed to sertraline in the 3rd trimester
were more likely to be premature, to have neonatal transition difficulty, or to be
admitted to a special care nursery. A dose–response relation was noted for the
latter two complications (11).

The effect of SSRIs on birth outcomes and postnatal neurodevelopment of
children exposed prenatally was reported in 2003 (12). Thirty-one children
(mean age 12.9 months) exposed during pregnancy to SSRIs (15 sertraline, 8
paroxetine, 7 fluoxetine, and 1 fluvoxamine) were compared with 13 children
(mean age 17.7 months) of mothers with depression who elected not to take
medications during pregnancy. All of the mothers had healthy lifestyles. The
timing of the exposures was 71% in the 1st trimester, 74% in the 3rd trimester,
and 45% throughout. The average duration of breastfeeding in the subjects and
controls was 6.4 and 8.5 months. Twenty-eight (90%) subjects nursed their
infants, 17 of whom took an SSRI (10 sertraline, 4 paroxetine, and 3 fluoxetine)
compared with 11 (85%) controls, 3 of whom took sertraline. There were no
significant differences between the groups in terms of gestational age at birth,
premature births, birth weight and length or, at follow-up, in sex distribution or
gain in weight and length. Seven (23%) of the exposed infants were admitted to
a neonatal intensive care unit (six respiratory distress, four meconium
aspiration, and one cardiac murmur) compared with none of the controls (ns).
Follow-up examinations were conducted by a pediatric neurologist, a
psychologist, and a dysmorphologist who were blinded to the mother’s
mediations status. The mean Apgar scores at 1 and 5 minutes were lower in
the exposed group than in controls, 7.0 vs. 8.2, and 8.4 vs. 9.0, respectively.
There was one major defect in each group: small asymptomatic ventricular
septal defect (exposed) and bilateral lacrimal duct stenosis that required
surgery (control). The test outcomes for mental development were similar in the
groups, but significant differences in the subjects included a slight delay in
psychomotor development and lower behavior motor quality (tremulousness
and fine motor movements) (12).

A 2004 prospective study examined the effect of four SSRIs (citalopram,
fluoxetine, paroxetine, and sertraline) on newborn neurobehavior, including
behavioral state, sleep organization, motor activity, heart rate variability,



tremulousness, and startles (13). Seventeen SSRI-exposed, healthy, full-birth-
weight newborns and 17 nonexposed, matched controls were studied. A wide
range of disrupted neurobehavioral outcomes were shown in the subject
infants. After adjustment for gestational age, the exposed infants were found to
differ significantly from controls in terms of tremulousness, behavioral states,
and sleep organization. The effects observed on motor activity, startles, and
heart rate variability were not significant after adjustment (13).

A 2003 prospective study evaluated the pregnancy outcomes of 138 women
treated with SSRI antidepressants during gestation (14). Women using each
agent were 73 fluoxetine, 36 sertraline, 19 paroxetine, 7 citalopram, and 3
fluvoxamine. Most (62%) took an SSRI throughout pregnancy and 95% were
taking an SSRI at delivery. Birth complications were observed in 28 infants,
including preterm birth (9 cases), meconium aspiration, nuchal cord, floppy at
birth, and low birth weight. Four infants (2.9%) had low birth weight, all
exposed to fluoxetine (40–80 mg/day) throughout pregnancy, including two of
the three infants of mothers taking 80 mg/day. One infant had Hirschsprung
disease, a major defect, and another had cavum septi pellucidi (neither the size
of the cavum nor the SSRI agents were specified) (14). The clinical significance
of the cavum septi pellucidi is doubtful as it is nearly always present at birth but
resolves in the first several months (15).

A 2005 meta-analysis of seven prospective comparative cohort studies
involving 1774 patients was conducted to quantify the relationship between
seven newer antidepressants and major malformations (16). The
antidepressants were bupropion, fluoxetine, fluvoxamine, nefazodone,
paroxetine, sertraline, and trazodone. There was no statistical increase in the
risk of major birth defects above the baseline of 1%–3% in the general
population for the individual or combined studies (16).

The database of the World Health Organization (WHO) was used in a 2005
report on neonatal SSRI withdrawal syndrome (17). Ninety-three suspected
cases with either neonatal convulsions or withdrawal syndrome were identified
in the WHO database. The agents were 64 paroxetine, 14 fluoxetine, 9
sertraline, and 7 citalopram. The analysis suggested that paroxetine might have
an increased risk of convulsions or withdrawal compared with other SSRIs
(17).

Evidence for the neonatal behavioral syndrome that is associated with in
utero exposure to SSRIs and serotonin and norepinephrine reuptake inhibitors
(SNRIs) (collectively referred to as serotonin reuptake inhibitors [SRIs]) in late
pregnancy was reviewed in a 2005 reference (18). The report followed a



recent agreement by the FDA and manufacturers for a class labeling change
about the neonatal syndrome. Analysis of case reports, case series, and cohort
studies revealed that late exposure to SRIs carried an overall risk ratio of 3.0
(95% confidence interval [CI] 2.0–4.4) for the syndrome compared with early
exposure. The case reports (N = 18) and case series (N = 131) involved 97
cases of paroxetine, 18 of fluoxetine, 16 of sertraline, 12 of citalopram, 4 of
venlafaxine, and 2 of fluvoxamine. There were nine cohort studies analyzed.
The typical neonatal syndrome consisted of CNS, motor, respiratory, and
gastrointestinal signs that were mild and usually resolved within 2 weeks. Only
one of 313 quantifiable cases involved a severe syndrome consisting of
seizures, dehydration, excessive weight loss, hyperpyrexia, and intubation.
There were no neonatal deaths attributable to the syndrome (18).

Possible sustained neurobehavioral outcomes beyond the neonatal period
were reported in 2005 (19). Based on the previous findings that prenatally
exposed newborns had reduced pain responses, biobehavioral responses to
acute pain (heel lance) were prospectively studied in 2-month-old infants. The
responses included facial action (Neonatal Facial Coding System) and cardiac
autonomic reactivity (derived from respiratory activity and heart rate variability).
Three groups of infants were formed: 11 infants with prenatal SSRI exposure
alone (2 fluoxetine and 9 paroxetine); 30 infants with prenatal and postnatal
(from breast milk) SSRI exposure (6 fluoxetine, 20 paroxetine, and 4
sertraline); and 22 nonexposed controls (mothers not depressed). The
exposure during breastfeeding was considered to be very low. Heel lance-
induced facial action increased in all three groups but was significantly lowered
(blunted) in the first group. Heart rate was significantly lower in the exposed
infants during recovery. Moreover, exposed infants had a greater return of
parasympathetic cardiac modulation, whereas controls had a sustained
sympathetic response. The findings were consistent with the patterns of pain
reactivity observed in exposed newborns and suggested sustained
neurobehavioral outcomes (19).

A significant increase in the risk of low birth weight (<10th percentile) and
respiratory distress after prenatal exposure to SSRIs was reported in 2006
(20). The population-based study, representing all live births (N = 119,547)
during a 39-month period in British Columbia, Canada, compared pregnancy
outcomes of depressed mothers treated with SSRIs with outcomes in
depressed mothers not treated with medication and in nonexposed controls.
The severity of depression in the depressed groups was accounted for by
propensity score matching (20).



A 30% incidence of SSRI-induced neonatal abstinence syndrome was found
in a 2006 cohort study (21). Sixty neonates with prolonged in utero exposure to
SSRIs were compared with nonexposed controls. The agents used were
paroxetine (62%), fluoxetine (20%), citalopram (13%), venlafaxine (3%), and
sertraline (2%). Assessment was conducted by the Finnegan score. Ten of the
infants had mild and eight had severe symptoms of the syndrome. The
maximum mean score in infants with severe symptoms occurred within 2 days
of birth, but some occurred as long as 4 days after birth. Because of the small
numbers, a dose–response study could only be conducted with paroxetine.
Infants exposed to mean maternal doses that were <19 mg/day had no
symptoms, <23 mg/day had mild symptoms, and 27 mg/day had severe
symptoms (21).

A meta-analysis of clinical trials (1990–2005) with SSRIs was reported in
2006 (22). The SSRI agents included were citalopram, fluoxetine, fluvoxamine,
paroxetine, and sertraline. The specific outcomes analyzed were major, minor,
and cardiac malformations, and spontaneous abortions. The odds ratio (OR)
with 95% CI (in parentheses) for the four outcomes were 1.394 (0.906–2.145),
0.97 (0.13–6.93), 1.193 (0.531–2.677), and 1.70 (1.28–2.25), respectively.
Only the risk of spontaneous abortions was significantly increased (22).

A brief 2005 report described significant associations between the use of
SSRIs in the 1st trimester and congenital defects (23). The data were collected
by the CDC-sponsored National Birth Defects Prevention Study in an on-going
case–control study of birth defect risk factors. Case infants (N = 5357) with
major birth defects were compared with 3366 normal controls. A positive
association was found with omphalocele (N = 161; OR 3.0, 95% CI 1.4–6.1).
Paroxetine, which accounted for 36% of all SSRI exposures, had the strongest
association with the defect (OR 6.3, 95% CI 2.0–19.6). The study also found a
significant association between the use of any SSRI and craniosynostosis (N =
372; OR 1.8, 95% CI 1.0–3.2) (23). An expanded report from this group was
published in 2007 (1).

In 1999, the Swedish Medical Birth Registry compared the use of
antidepressants in early pregnancy and delivery outcomes for the years 1995–
1997 (24). There were no significant differences for birth defects, infant
survival, or risk of low birth weight (<2500 g) among singletons between those
exposed to any depressant, SSRIs only, or non-SSRIs only, but a shorter
gestational duration (<37 weeks) was observed for any antidepressant
exposure (OR 1.43, 95% CI 1.14–1.80) (24). A second Registry report,
published in 2006 and covering the years 1995–2003, analyzed the relationship



between antidepressants and major malformations or cardiac defects (25).
There was no significant increase in the risk of major malformations with any
antidepressant. The strongest effect among cardiac defects was with
ventricular or atrial septum defects (VSDs-ASDs). Significant increases were
found with paroxetine (OR 2.22, 95% CI 1.39–3.55) and clomipramine (OR
1.87, 95% CI 1.16–2.99 (25). In 2007, the analysis was expanded to include
the years 1995–2004 (26). There were 6481 women (6555 infants) who had
reported the use of SSRIs in early pregnancy. The number of women using a
single SSRI during the 1st trimester was 2579 citalopram, 1807 sertraline, 908
paroxetine, 860 fluoxetine, 66 escitalopram, and 36 fluvoxamine. After
adjustment, only paroxetine was significantly associated with an increased risk
of cardiac defects (N = 13, RR 2.62, 95% CI 1.40–4.50) or VSDs-ASDs (N =
8, RR 3.07, 95% CI 1.32–6.04). Analysis of the combined SSRI group,
excluding paroxetine, revealed no associations with these defects. The study
found no association with omphalocele or craniostenosis (26).

A 2007 study evaluated the association between 1st trimester exposure to
paroxetine and cardiac defects by quantifying the dose–response relationship
(27). A population-based pregnancy registry was used by linking three
administrative databases so that it included all pregnancies in Quebec between
1997 and 2003. There were 101 infants with major congenital defects, 24
involving the heart, among the 1403 women using only one type of
antidepressant during the 1st trimester. The use of paroxetine or other SSRIs
did not significantly increase the risk of major defects or cardiac defects
compared with non-SSRI antidepressants. However, a paroxetine dose >25
mg/day during the 1st trimester was significantly associated with an increased
risk of major defects (OR 2.23, 95% CI 1.19–4.17) and of cardiac defects (OR
3.07, 95% CI 1.00–9.42) (27).

A 2007 retrospective cohort study examined the effects of exposure to
SSRIs or venlafaxine in the 3rd trimester on 21 premature and 55 term
newborns (28). The randomly selected unexposed control group consisted of
90 neonates of mothers not taking antidepressants, psychotropic agents, or
benzodiazepines at the time of delivery. There were significantly more
premature infants among the subjects (27.6%) than in controls (8.9%), but the
groups were not matched. The antidepressants, and number of subjects and
daily doses (in parentheses) in the exposed group were paroxetine (46; 5–40
mg), fluoxetine (10; 10–40 mg), venlafaxine (9; 74–150 mg), citalopram (6; 10–
30 mg), sertraline (3; 125–150 mg), and fluvoxamine (2; 50–150 mg). The
behavioral signs that were significantly increased in exposed compared with



nonexposed infants were CNS: abnormal movements, shaking, spasms,
agitation, hypotonia, hypertonia, irritability, and insomnia; respiratory system:
indrawing, apnea/bradycardia, and tachypnea; and other: vomiting, tachycardia,
and jaundice. In exposed infants, CNS (63.2%) and respiratory system (40.8%)
signs were most common, appearing during the first day of life and lasting for a
median duration of 3 days. All of the exposed premature infants exhibited
behavioral signs compared with 69.1% of exposed term infants. The duration of
hospitalization was significantly longer in exposed premature compared with
nonexposed premature infants, 14.5 days vs. 3.7 days, respectively. In 75% of
the term and premature infants, the signs resolved within 3 and 5 days,
respectively. There were six infants in each group with congenital
malformations, but the drugs involved were not specified (28).

A 2007 review conducted a literature search to determine the risk of major
congenital malformations after 1st trimester exposure to SSRIs and SNRIs
(29). Fifteen controlled studies were analyzed. The data were adequate to
suggest that citalopram, fluoxetine, sertraline, and venlafaxine were not
associated with an increased risk of congenital defects.In contrast, the analysis
did suggest an increased risk with paroxetine. The data were inadequate to
determine the risk for the other SSRIs and SNRIs (29).

A case–control study, published in 2006, was conducted to test the
hypothesis that exposure to SSRIs in late pregnancy was associated with
PPHN (30). A total of 1213 women were enrolled in the study, 377 cases
whose infants had PPHN and 836 matched controls and their infants. Mothers
were interviewed by nurses who were blinded to the hypothesis. Fourteen case
infants had been exposed to an SSRI after the 20th week of gestation
compared with six control infants (OR 6.1, 95% CI 2.2–16.8). The numbers
were too small to analyze the effects of dose, SSRI used, or reduction of the
length of exposure before delivery. No increased risk of PPHN was found with
the use of SSRIs before the 20th week or with the use of non-SSRI
antidepressants at any time during pregnancy. If the relationship was causal,
the absolute risk was estimated to be about 1% (30).

Two large case–control studies assessing associations between SSRIs and
major birth defects were published in 2007 (1,2). The findings related to SSRIs
as a group, as well as to four specific agents: citalopram, fluoxetine,
paroxetine, and sertraline. An accompanying editorial discussed the findings
and limitations of these and other related studies (31). Details of the studies
and the editorial are described in the paroxetine review (see Paroxetine).

A prospective cohort study evaluated a large group of pregnancies exposed



to antidepressants in the 1st trimester to determine if there was an association
with major malformations (32). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 61 sertraline cases, the
other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 52 fluvoxamine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 17
trazodone, and 154 venlafaxine. In the antidepressant group, there were
24 (2.5%) major defects compared with 25 (2.6%) in controls (odds ratio
0.9, 95% CI 0.5–1.61). There was one major anomaly, a hiatus hernia, in the
sertraline group. There were no major defects in the pregnancies exposed to
bupropion, escitalopram, or trazodone (32).

BREASTFEEDING SUMMARY
Eight reports describing the use of sertraline during lactation have been located
(6,33–39). In a 1995 case (described above), a woman with recurrent major
depression consumed sertraline 100 mg/day and nortriptyline 125 mg/day
throughout gestation and while exclusively breastfeeding her term infant (6).
Milk levels (over a 24-hour period) were obtained at 3 weeks, and maternal
and infant serum levels were measured at 3 and 7 weeks. Milk levels were
8.8–43 ng/mL, with the highest concentrations at 5 and 9 hours postdose.
Maternal serum levels at 3 and 7 weeks were 48 and 47 ng/mL, respectively,
but were undetectable in the infant. At the 3-week sampling, serum levels of
nortriptyline in the mother and child were 120 ng/mL and undetectable,
respectively. The infant was doing well at 3 months of age with normal weight
gain and development (6).

A brief 1995 correspondence described a 32-year-old woman who was
treated with sertraline 150 mg/day during the second half of gestation and while
breastfeeding (33). She stopped nursing after 11 days. No adverse effects
were noted in the healthy infant either during or after breastfeeding.

Four lactating women were treated for postpartum depression with sertraline
50 mg/day (N = 2) or 100 mg/day (N = 2) (34). Whole blood 5-
hydroxytryptamine (serotonin; 5-HT) levels in the mothers and infants were
determined before and after 9–12 weeks of therapy. Sertraline and
desmethylsertraline plasma levels were also measured at the time of
postexposure sampling. One infant in each dose group was fully breastfed and
the other two infants were breastfed 3 or 4 times daily. The ages of the infants
at the start of maternal treatment were 15 days, 26 days, 6 months, and 12



months. Sertraline and metabolite plasma levels in the infants were <2.5 and 5
ng/mL, respectively, compared with maternal plasma levels 10.3–48.2 and
19.7–64.5 ng/mL, respectively. Little to no change was observed in the platelet
(equivalent to whole-blood) levels of serotonin in the infants, in contrast to the
marked decreases measured in the mothers (34).

Milk samples were collected from 12 women after a sertraline dose at 4–6
hours for 24 hours (35). Additionally, maternal (24 hours after a dose) and
infant serum levels (2–4 hours after nursing) were also determined in
11 mother–infant pairs. All of the subjects had been taking a fixed dose (25–
200 mg/day) for 14–21 days. Sertraline (range 17–173 ng/mL) and the
relatively inactive metabolite, desmethylsertraline (range 22–294 ng/mL), were
present in all milk samples. The first 10–20 mL of milk (foremilk) had
approximately one-half of the drug concentrations of sertraline and metabolite
as did the hindmilk. The mean milk:serum ratios for the parent drug and
metabolite were 2.3 and 1.4, respectively. In maternal serum (doses 25–
150 mg/day), the concentrations of sertraline and metabolite ranged from 9 to
92 and from 15 to 212 ng/mL, respectively. In contrast, only three infants had
measurable serum sertraline levels (2.7–3.0 ng/mL), whereas six had
measurable metabolite levels (1.6–10.0 ng/mL). The calculated sertraline and
metabolite doses received by the infants from milk were 0.019–0.124 and
0.023–0.181 mg/day, respectively (35).

In a 1998 study, the mean milk:plasma ratios of sertraline and the metabolite
in eight lactating women (mean dose 1.05 mg/kg/day) were 1.93 and 1.64,
respectively (36). The estimated infant doses were 0.2% and 0.3%,
respectively, of the weight-adjusted maternal dose. Neither sertraline nor
desmethylsertraline was detected in the plasma samples obtained from four
infants. No adverse effects from the drug exposure were noted in the infants.
All had achieved normal development milestones (36).

In another 1998 study, serum levels of sertraline and desmethylsertraline
were measured in nine nursing mother:infant pairs (37). The maternal serum
levels were 12–134 and 28–285 ng/mL, respectively. In six infants, the serum
concentration of sertraline was below the quantification limit (<2 ng/mL),
undetectable in one, and 3 ng/mL in another. The metabolite serum levels in
these eight infants ranged from nonquantifiable to 24 ng/mL. In the ninth infant,
however, the serum sertraline concentration was 64 ng/mL, 55% of the
mother’s serum level (117 ng/mL). The metabolite serum concentrations in the
infant and mother were 68 and 117 ng/mL, respectively. The mother’s dose in
this case was 100 mg/day. The serum samples from the mother and infant



were drawn 2 hours after a dose. Because the levels were so unusual, the
investigators checked the values twice. Although they speculated as to possible
cause(s), they were unable to determine why the levels in this particular case
were so high (37).

The effect of sertraline on 5-HT reuptake in nursing infants was studied in 14
mother–infant pairs in a 2001 report (38). Preexposure levels of 5-HT were
drawn from the infants at a mean age of 17.3 weeks, whereas postexposure
levels were drawn at a mean age of 26.3 weeks. The mean maternal plasma
levels of sertraline and the metabolite, desmethylsertraline, were 30.7 ng/mL
and 45.3 ng/mL, respectively. In the mothers, sertraline (25–200 mg/day)
caused marked declines (70%–96%) in whole blood 5-HT levels. In contrast, 5-
HT levels in whole blood of the nursing infants were not affected (preexposure
223.7 vs. postexposure 227.0 ng/mL). Infant plasma levels of sertraline and the
metabolite were undetectable. The results suggested that treatment of the
mother with sertraline would not affect peripheral or central 5-HT transport in
their nursing infants (38).

A 2004 study was conducted in 25 women (nursing 26 infants) to quantify the
concentration of the SSRI or SNRI in their breast milk (39). The
antidepressants taken by the women were citalopram (nine), paroxetine (six),
sertraline (six), fluoxetine (one), and venlafaxine (three). The maternal mean
dose of sertraline was 64 mg/day (50–100 mg/day). The mean milk
concentration was 151 nmol/L (97–230 nmol/L), resulting in a theoretical
maximum infant dose that was 0.9% of the mother’s weight-adjusted dose.
Sertraline was not detected in the serum of the infants. There was no evidence
of adverse effects in the breastfeeding infants (39).

A 1999 review of SSRI agents concluded that if there were compelling
reasons to treat a mother for postpartum depression, a condition in which a
rapid antidepressant effect is important, the benefits of therapy with SSRIs
would most likely outweigh the risks (40). However, because the long-term
effects of exposure to SSRI antidepressants in breast milk on the infant’s
neurobehavioral development are unknown (no such adverse effects have been
identified to date, but research is needed), stopping or reducing the frequency
of breastfeeding should be considered if therapy with these agents is required.
Avoiding nursing around the time of peak maternal concentration (about 4 hours
after a dose) may limit infant exposure. However, the long elimination half-lives
of all SSRIs and their weakly basic properties, which are conducive to ion
trapping in the relatively acidic milk, probably will lessen the effectiveness of
this strategy. The American Academy of Pediatrics classifies sertraline as a



drug for which the effect on nursing infants is unknown but may be of concern
(41).

A 2010 study using human and animal models found that drugs that disturb
serotonin balance such as SSRIs and SNRIs can impair lactation (42). The
authors concluded that mothers taking these drugs may need additional support
to achieve breastfeeding goals.
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SEVELAMER
Antidote (Phosphate Binder)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of sevelamer in human pregnancy have been
located. The limited animal data suggest a moderate risk of toxicity that
may be partially due to a deficiency of fat-soluble vitamins, such as vitamin
D. The effect of sevelamer on the absorption of vitamins in pregnant
women has not been studied (1). However, supplementation with higher
oral doses of vitamins, especially fat-soluble vitamins (except vitamin A),
might be required or IV vitamins should be considered.

FETAL RISK SUMMARY
Sevelamer is a polymeric phosphate binder that is administered orally. It is
used in patients with end-stage renal disease for the reduction of serum
phosphorus. The drug inhibits intestinal phosphate absorption by binding
phosphorus. Sevelamer is not absorbed into the systemic circulation (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of impaired fertility was observed in male and female rats. In pregnant rats,
doses about 15 times the human dose (HD) or higher caused reduced or
irregular ossification of fetal bones. The toxicity was thought to be due to
reduced absorption of vitamin D. In rabbits, a dose about 10 times the HD
caused an increased incidence of early resorptions, resulting in a slight
increase in prenatal mortality (1).

BREASTFEEDING SUMMARY
No reports describing the use of sevelamer during human lactation have been
located. The drug is not absorbed into the systemic circulation, but it may
cause vitamin deficiencies in the mother by preventing intestinal vitamin



absorption, especially of fat-soluble vitamins. Because vitamins are excreted
into breast milk, thereby further reducing maternal vitamin concentrations,
women who are taking sevelamer might have to take higher oral doses of
vitamins, especially fat-soluble vitamins (except vitamin A), or IV vitamin
administration should be considered.
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SEVOFLURANE
General Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Sevoflurane is teratogenic in mice, but no reports of its use in early human
gestation have been located. The absence of human experience during
organogenesis prevents an assessment of the risk for structural anomalies.
In addition, general anesthesia usually involves the use of multiple
pharmacological agents. Although no teratogenicity has been observed with
other halogenated general anesthetic agents, only halothane has 1st
trimester human exposure data (see Halothane). Sevoflurane has been
used immediately prior to delivery, but its effect on the newborn has not
been studied. However, its effect on the newborn is probably no different
from other general anesthetic agents. The uterine effects of sevoflurane
(relaxation and increased blood loss) also appear to be similar to other
agents in this class, but the low concentrations used clinically minimize
these actions (see Enflurane). All anesthetic agents can cause depression
in the newborn that may last for 24 hours or more but, again, this is
lessened by the low doses. The potential reproductive toxicity
(spontaneous abortion and infertility) of occupational exposure to
halogenated general anesthetic agents has not been adequately studied.

FETAL RISK SUMMARY
Sevoflurane, a noninflammable general anesthetic agent administered via
vaporizer, is indicated for the induction and/or maintenance of anesthesia during
surgery. Sevoflurane is in the same class of volatile liquid halogenated agents
as desflurane, enflurane, halothane, isoflurane, and methoxyflurane. It has a
lower solubility in lipids (oil:gas partition coefficient about 47–53) and blood
(blood:gas partition coefficient 0.68) than halothane or isoflurane, but higher



than desflurane (1). The anesthetic potency, based on the minimum alveolar
anesthetic concentration (MAC), is about 50% less than that of isoflurane but
about 30% more than that of desflurane (1). (Note: MAC is the concentration
that causes immobility in 50% of patients exposed to a noxious stimulus such
as a surgical incision; it represents the ED50 [2]).

In an animal reproduction study, mice were exposed for 8 hours to
sevoflurane and enflurane combined with three different concentrations of
oxygen (3). Both anesthetic agents caused cleft palate, but the incidence was
lower than that observed with halothane. Increasing the concentrations of
oxygen lowered the incidence of the defect (3).

The teratogenic potential of sevoflurane, enflurane, and isoflurane was
studied by evaluating the effect of each agent on the proliferation and
differentiation of cells exiting from the G1-phase of the cell cycle (4). The
theory behind the study was that normal development during embryogenesis,
organogenesis, and histogenesis depended upon the proliferation and
differentiative processes of cell migration (4). For example, valproate, a known
human teratogen, is a potent G1-phase inhibitor of the in vitro proliferation rate
at concentrations less than two times the therapeutic plasma concentration. At
anesthetic concentrations less than two times the MAC, the antiproliferative
potency of the three agents was isoflurane = enflurane >> sevoflurane.
However, in the growth-arrested cell population, there was no specific
accumulation of any cell-cycle phase and no specific effect on the G1 phase.
The investigators concluded that the three agents lacked the specific in vitro
characteristics of valproate (4).

In an in vitro experiment with pregnant rats, sevoflurane, halothane, and
isoflurane significantly inhibited oxytocin-induced contractions of uterine smooth
muscle (5).

Two reviews have concluded that, in general, inhalational anesthetics are
freely transferred to fetal tissues (6,7) and, in most cases, the maternal and
fetal concentrations are equivalent (7). The low molecular weight (about 200)
and the presence of sevoflurane in the maternal brain support this assertion.

A 1999 case report described the use of sevoflurane for maintenance of
general anesthesia during a nonobstetric surgery in a 25-year-old woman at 13
weeks’ gestation (8). Six months later, a cesarean section delivered a 2820-g
female infant without abnormalities.

Two reports described the use of sevoflurane for emergency cesarean
section (9,10). Although successful outcomes occurred in both cases, the
former report generated several letters and a reply (11–16).



Chronic occupational exposure to anesthetic gases in operating rooms during
pregnancy has raised concerns that such exposure could cause birth defects
and spontaneous abortions (17). A 1988 review cited a number of studies
investigating the possible association between occupational exposure to
anesthetic gases and adverse pregnancy outcomes (6). The reviewer
concluded that serious methodological weaknesses in these studies precluded
arriving at a firm conclusion, but a slightly increased risk of miscarriage was a
possibility. However, there was no evidence of an association between
occupational exposure and congenital anomalies (6).

A 2004 study, however, found a significant association between maternal
occupational exposure to waste anesthetic gases during pregnancy and
developmental deficits in their children, including gross and fine motor ability,
inattention/hyperactivity, and IQ performance (see Nitrous Oxide).

BREASTFEEDING SUMMARY
Although sevoflurane has been administered during delivery, the effects of this
exposure on the infant who begins nursing immediately after birth have not been
described. Sevoflurane is probably excreted into colostrum and milk as
suggested by its presence in the maternal blood and its low molecular weight
(about 200), but the toxic potential of this exposure for the infant is unknown.
However, the risk to a nursing infant from exposure to sevoflurane via milk is
probably very low (18). Halothane, another halogenated inhalation anesthetic, is
classified as compatible with breastfeeding by the American Academy of
Pediatrics (see Halothane).
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SIBUTRAMINE

[Removed from the market. See 9th edition.]



SILDENAFIL
Vasodilator/Impotence Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Pregnancy is not advised in women with pulmonary arterial hypertension
because of the high risk of morbidity and death. However, pregnancies
have continued because of the mother’s wishes and have been treated
successfully with sildenafil. Although the data are very limited, no embryo–
fetal harm has been observed. The drug has not caused developmental
toxicity in animals. Because pulmonary arterial hypertension is a high-risk
condition, the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Sildenafil is an inhibitor of cyclic guanosine monophosphate-specific
phosphodiesterase type-5 in the smooth muscle of the pulmonary vasculature
and in the corpus cavernosum of the penis. It is indicated for the treatment of
pulmonary arterial hypertension (WHO Group 1) to improve exercise ability and
delay clinical worsening (1). It is also indicated for the treatment of erectile
dysfunction (2). The drug is available in formulations for oral and IV use.
Sildenafil has an active metabolite and both are about 96% bound to plasma
proteins. The terminal half-life of sildenafil and its active metabolite are about 4
hours (1,2).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses up to 20–32 and 40–68 times, respectively, the recommended
human dose based on BSA (RHD) revealed no evidence of teratogenicity,
embryotoxicity, or fetotoxicity (1,2). In the rat prenatal and postnatal
development study, the no-observed-adverse-effect-level (NOAEL) was 5 times
the RHD (1) or about 20 times human exposure based on AUC (2).

Studies for carcinogenicity, mutagenicity, and clastogenicity were negative. In



addition, the drug did not impair the fertility of male and female rats (1,2).
It is not known if sildenafil crosses the human placenta. The molecular weight

(about 667) and terminal half-life suggest that the drug and its active metabolite
will cross to the embryo–fetus, but the high plasma protein binding should limit
the exposure.

A 22-year-old woman with Eisenmenger’s syndrome that was managed with
sildenafil 50 mg/day was diagnosed with an atrial septal defect that was closed
surgically (3). Eight days after surgery, the patient reported 7 weeks of
amenorrhea and a pregnancy test was positive. Sildenafil 150 mg/day and
diltiazem 60 mg/day were started. Two weeks later, sildenafil was discontinued
because of its high cost and the dose of diltiazem was increased to 180
mg/day. Because of worsening pulmonary hypertension at 31 weeks, sildenafil
150 mg/day was restarted and diltiazem was discontinued. The fetal weight
was estimated to be in the 15th percentile. At 32 weeks, L-arginine (a nitric
oxide donor) 3 g/day was started. During the next 2 weeks, the estimated fetal
weight increased to the 35th percentile. Because of superimposed
preeclampsia, a cesarean section was performed at 36 weeks’ to deliver a
2.290-kg male infant with Apgar scores of 9 and 9. No additional information on
the infant was provided (3).

A 2005 case report described the use of bosentan throughout pregnancy in a
woman with Eisenmenger’s syndrome due to pulmonary hypertension (4).
Sildenafil was added at 27 weeks’ gestation. At 30 weeks, a planned cesarean
section delivered a healthy 1.41-kg female infant. Postoperatively, the mother
was treated with bosentan, sildenafil, and warfarin. Her infant was nursed in the
hospital for 11 weeks without problems, but died at 26 weeks of age from a
respiratory infection (4).

Sildenafil (150 mg/day), bosentan (250/day), hydroxychloroquine (200
mg/day), azathioprine (100 mg/day), and phenprocoumon were used up to 5
weeks’ gestation in a 29-year-old woman with systemic lupus erythematosus-
associated pulmonary arterial hypertension (5). At that time, bosentan and
phenprocoumon were discontinued and the other three agents were continued
along with low-molecular-weight heparin. At 35 weeks, inhaled iloprost was
added. At 37 weeks’, a planned cesarean section delivered a healthy 2.760-kg
female infant with Apgar scores of 8, 9, and 10. Breastfeeding was declined.
At the time of the report, the child was doing well (5).

BREASTFEEDING SUMMARY
No reports describing the use of sildenafil during human lactation have been



located. The molecular weight (about 667) and terminal half-life (about 4 hours)
suggest that the drug and its active metabolite will be excreted into breast milk,
but the high plasma protein binding should limit the amount excreted. The effect
of this exposure on a nursing infant is unknown. In clinical trials in adults, the
three most common adverse effects were headache, flushing, and dyspepsia
(1,2).
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SILICONE BREAST IMPLANTS
Miscellaneous
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Approximately 2 million women in the United States alone have received
silicone implants (1), but no estimation of the number of pregnant women
exposed to these devices has been located. The passage of
polydimethylsiloxane (PDMS) to the fetus should not occur because of the
high molecular weight of this polymer, and no evidence has been published
that any of its multiple breakdown products cross the placenta. However,
silicon, the second most abundant element in the earth’s crust and a major
component of biologic systems including the human skeleton (2), crosses to
the fetus with concentrations in the amniotic fluid ranging from 34 to 800
ng/mL (mean 154.7 ng/mL) at 16–19 weeks’ gestation (3). Transplacental
passage of maternal immunoglobulin antibodies (IgG, IgA, or IgM) from
silicone-induced immune disease is potentially possible, but this was not
found in the study cited below. Moreover, some data presented in the
Breastfeeding Summary argue against the clinical significance of this
occurrence. Furthermore, a meta-analysis found no evidence that silicone
implants are associated with connective-tissue or autoimmune diseases.

FETAL RISK SUMMARY
Silicone breast implants are composed of a shell of high-molecular-weight
PDMS (dimethicone) gum (i.e., elastomer or rubber) containing either saline, a
silicone “oil” composed of unlinked polymers, or a lower-viscosity PDMS gel
(2,4). The difference in the viscosity of the organosiloxane shell and filler is
dependent on the average molecular weight and molecular number distribution
of the polymer (4). Leakage (bleeding) of the filler onto the surface of the shell
may occur by simple diffusion and is associated with contracture of fibrous
tissue around the implant, a foreign body response, or both. Gel bleeding may
decrease the tensile strength of the shell and, by implication, may increase the



incidence of implant rupture. The prevalence of implant rupture has been
estimated to be 4%–6% (4).

Silicone breast implants have been generally available since the early 1980s,
although they were first used experimentally in the 1940s (2). Several serious
health concerns have been raised in relation to these implants, including silicone
gel implant bleed, contracture (moderate degrees of contracture may be
beneficial), implant rupture, carcinogenesis, immune disorders, and impaired
breast cancer detection (1,2,4). However, a causal relationship between breast
implants and connective-tissue and autoimmune disease seems unlikely based
on the results of a meta-analysis described below.

A 2000 study conducted a meta-analysis of 20 studies (9 cohort, 9 case–
control, and 2 cross-sectional) to determine if breast implants were associated
with an increased risk of connective-tissue and autoimmune diseases (5). The
study was part of a report prepared by a scientific panel formed to advise the
federal judiciary on silicone breast implants (6). No evidence of an increase in
individual connective-tissue diseases (rheumatoid arthritis, systemic lupus
erythematosus, scleroderma or systemic sclerosis, and Sjogren’s syndrome),
all connective-tissue diseases combined, or other autoimmune or rheumatic
conditions was found. Similarly, no evidence of a significantly increased risk
was found specifically for silicone-gel-filled implants (5).

A study published in 1996 found no significant difference in the prevalence of
autoantibodies between children (N = 80) born to mothers with silicone breast
implants and control children (N = 42) born to mothers without implants (7).
Moreover, no association between the clinical symptoms in the children and the
presence of autoantibodies was found. Control children had been referred to
the authors because of irritable bowel syndrome or lactose intolerance (N = 21)
or fibromyalgia (N = 21), whereas the children in the study group had been
referred because of concerns about adverse effects from the mother’s
implants. The authors concluded that determination of the antibodies was of
limited clinical value in this patient population (7).

In a three-part study, investigators studied whether the immunogenicity of
silicone, which appears to have been confirmed in humans and in at least one
animal model, could be transferred from the mother to her offspring (8). In part
1 of the study, using silicon dioxide (silica), T lymphocyte cell-mediated immune
responses were elicited in 21 of 24 children from 15 women with silicone breast
implants. Subjects in part 2 of the study were the offspring of three women who
gave birth to four children before they received their implants and to seven
children after the implants. Five of the postimplant offspring were found to be



positive to T-cell memory for silica compared with none of the preimplant
offspring. Part 3 was a blinded study that evaluated 30 children of mothers with
silicone implants compared with 10 control children of mothers without implants.
A significant increase in T-cell stimulation was measured in the exposed
children in comparison to the controls. Because not all of the above offspring
were breastfed, the investigators concluded that the results indicated either the
transplacental passage of immunogens from silicone or the transfer by
maternal–fetal cellular exchange (8).

A 1998 epidemiologic cohort study conducted in Denmark examined the
occurrence of esophageal disorders, connective tissue diseases, and
congenital malformations in children (born during 1977–1992) of mothers with
breast implants (9). A total of 939 children born from mothers with breast
implants for cosmetic reasons (660 before the implant surgery and 279 after)
were compared with 3906 children born from mothers who had undergone
breast reduction surgery (1739 before surgery and 2167 after). The mean
times from surgery to delivery for the two groups were 5.0 and 5.5 years,
respectively. In the implant group, the observed/expected ratios (95%
confidence intervals in parentheses) for various offspring outcomes before and
after implants were as follows: esophageal disorders 2.7 (1.4–4.7) and 2.9
(0.8–7.4); rheumatic diseases 0.7 (0.0–4.1) and 0.0 (0.0–12.9); all types of
congenital malformations 1.2 (0.9–1.5) and 1.3 (0.8–2.0); and defects of the
digestive organs 1.4 (0.5–3.0) and 1.3 (0.2–4.6). Among the four children with
an esophageal disorder who were born after the implants, three were
hospitalized because of mild regurgitation that resolved without treatment. The
fourth case involved a child with microcephaly, which was diagnosed as part of
a genetic syndrome, and cerebral palsy. The results provided no evidence that
silicone breast implants were associated with an increased risk of connective
tissue diseases or malformations. Similar, nonsignificant differences for each of
the categories were also found in the breast reduction group. The investigators
concluded that women in both groups were more likely to seek professional
medical care for problems normally solved outside the hospital (9).

BREASTFEEDING SUMMARY
Studies concerning the excretion of PDMS (see above) or the breakdown
products of this macromolecule into milk have not been located, but two reports
discussed below have described unusual disease symptoms in breastfed
infants of mothers with silicone breast implants (10,11). For the present, any
association between the symptoms and the organosiloxane components of the



implants is speculative and further studies are needed to establish a causal
relationship.

A 1994 report described 67 (56 breastfed, 11 bottle-fed) children born to
mothers with silicone breast implants, who had been self-referred because of
concerns relating to implant-induced toxicity (10). Forty-three (35 breastfed, 8
bottle-fed) of the children had complaints of recurrent abdominal pain, and 26
(20 breastfed, 6 bottle-fed) of this group had additional symptoms, such as
recurrent vomiting, dysphagia, decreased weight:height ratio, or a sibling with
these complaints. Of these latter 26 children, 11 (8 breastfed, 3 bottle-fed;
mean age 6.0 years, range 1.5–13 years; 6 boys and 5 girls) agreed to
undergo further evaluation. A group composed of 17 subjects (mean age 10.7
years; range 2–18 years; 11 boys and 6 girls) with abdominal pain who had not
been exposed to silicone breast implants served as controls. No significant
differences were found between the implant-exposed breastfed and bottle-fed
subjects or between the total exposed group and controls (7 of the 17 were
tested) in autoantibodies to eight antigens (nuclear, Sci-70, centromere,
ribonucleoprotein, Sm, Ro, La, and phospholipid). Endoscopy was performed
on all subjects, and no gross visual abnormalities were observed. Chronic
esophagitis was discovered on biopsy specimens in 8 exposed (6 breastfed, 2
bottle-fed) children (all graded as mild) and in 13 of 16 controls (1 not tested)
(mild-to-moderate in 7, severe in 6). No granulomas or crystals were identified
in the biopsy specimens. The histology of the specimens did not differ between
the exposed children or between the exposed children and controls. When
esophageal manometry was used to test the esophageal motility of the
subjects, six of the eight breastfed exposed children were found to have
significantly abnormal motility with nearly absent peristalsis in the distal two-
thirds of the esophagus. Esophageal sphincter pressure, esophageal wave
propagation, and wave amplitude were measured and compared in the
breastfed exposed, bottle-fed exposed, and control groups by an investigator
blinded to the clinical status of the children. The following results were obtained
in the three groups: 13.1 (ns compared with controls), 22.7, and 24.8 mmHg,
respectively; 14.7% (ns compared with controls), 64.3%, and 53.0%,
respectively; and 42.3, 60.3, and 50.6 mmHg, respectively. No improvement in
the motility abnormalities was found in three of the breastfed exposed subjects
who were retested 10 months later after long-term ranitidine therapy had
reduced the episodes of abdominal pain (10).

The symptoms present in the breastfed exposed children were considered to
be characteristic of systemic sclerosis, although the children did not meet the



clinical criteria for the disease (10). Moreover, the investigators excluded the
possibility that the abnormal motility was a consequence of chronic esophagitis.
The blinded manometric findings suggested that the esophageal disorder might
have been related to exposure to substances in breast milk because the bottle-
fed exposed children had values similar to those of controls. The nature of
these substances, if any, could not be determined by this study, but the
investigators considered the possibilities to include silicone and other
breakdown products of the implants that could be transferred across the
immature intestinal barrier of the nursing infant and eventually lead to
immunologically mediated damage (10).

In an accompanying editorial to the above report, several possible
mechanisms for silicone-induced toxicity were explored (12). These included
mother-to-child transmission of silicone products or maternal autoantibodies
across the placenta or through breast milk. However, an argument against the
latter mechanism is the usually short-term effects of passively acquired
antibodies compared with the prolonged nature of the disorders in the affected
children (12).

The second study, also published in 1994, described two female children,
ages 2.67 and 9 years of age, who had long-standing, unusual, diffuse
myalgias and arthralgias, not consistent with juvenile arthritis, and positive
antinuclear antibodies (1:80 and 1:160, respectively; both speckled pattern)
(11). The 9-year-old girl had a markedly elevated titer of antibodies against
denatured human type II collagen. Both girls had been breastfed, the youngest
for 3 months and the other for 6 months, by mothers with silicone breast
implants. The right implant in the mother of the youngest girl had ruptured
during pregnancy, and a recent breast ultrasound of the other mother was
suggestive for implant rupture, but the timing was unknown (11).

A number of comments were published in response to the above two studies
(13–25). In one of the comments, the authors described the results of a study
in which no silicone was detected (detection level 0.5 mcg/mL) in two women
with silicone breast implants (17). Two of the references stated that without
more evidence, breastfeeding by women with silicone breast implants should
not be contraindicated (22) or should be recommended (23).

Macrophage activation was suggested from the results of a case–control
study of 38 breastfed children from mothers with silicone breast implants
compared with 30 controls (healthy children N = 10, children with
gastrointestinal symptoms similar to study patients N = 10, children with benign
urinary abnormalities N = 7, and children with joint symptoms similar to study



patients N = 3) (26). Researchers measured the urinary excretion of stable
nitric oxide (NO) metabolites (NO3

− plus NO2
−) and neopterin, inflammatory

mediators released by phagocytosis of foreign material by macrophages. Mean
levels of NO metabolites in the study patients were higher than those in
controls, but significantly higher only when compared with levels in the subgroup
of healthy children. Mean neopterin excretion in study patients was higher than
each of the four control subgroups, but significantly so only in comparison to the
healthy, gastrointestinal, and joint symptom subgroups. The investigators
speculated that macrophage activation by silicone results in the release of NO
and other substances with subsequent inhibition of esophageal peristalsis (26).

At follow-up (mean 2.1 years) of 11 children with esophageal dysmotility who
had been breastfed by mothers with silicone breast implants, 7 had subjective
clinical improvement in their symptoms (27). Esophageal sphincter pressures
(both lower and upper) and percent of wave propagation into the distal
esophagus following swallowing were statistically similar to the values obtained
at initial manometric testing. Wave amplitude in the distal esophagus, however,
did increase significantly. Urinary neopterin decreased significantly, whereas
urinary nitrates (NO3

− plus NO2
−) decreased but not significantly. The data

suggested that the dysmotility had become a chronic condition in this group of
children (27).

In a 1998 study, silicon concentrations in milk and blood of 15 women with
bilateral silicone gel-filled implants were compared with similar samples in 34
women with no implants, store-bought cow’s milk, and 26 brands of
commercially available infant formula (28). Silicon was used as a “proxy”
measure for silicone. Mean milk and blood silicon levels were statistically
similar in the implant group compared with women without implants: 55.45 and
79.29 ng/mL vs. 51.05 and 103.76 ng/mL, respectively. Much higher mean
silicon concentrations were found in cow’s milk (708.94 ng/mL) and commercial
infant formula (4402.5 ng/mL) (28).

Two studies have described unusual signs and symptoms in children who had
been breastfed by mothers with silicone breast implants. Follow-up studies by
the same investigators suggested that these effects may have been caused by
the transfer of maternal mutagenicity to silicone to the fetuses or infants during
pregnancy or breastfeeding and that the pathogenesis in the offspring might be
caused by macrophage activation. However, these conclusions are
controversial (29–31) and have not been confirmed. Many experts recommend
that women with silicone breast implants should be encouraged to breastfeed
because the benefits of breastfeeding appear to far outweigh the potential, if



any, risk to the nursing infant. Mothers with silicone breast implants should be
fully informed of the current state of knowledge so that they are actively
involved in the decision whether to breastfeed. The American Academy of
Pediatrics concluded that the available evidence does not justify classifying
silicone implants as a contraindication to breastfeeding (32).
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SIMETHICONE
Antiflatulent/Defoaming Agent
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Compatible

PREGNANCY SUMMARY

Simethicone is an over-the-counter nonabsorbable silicone product that is
used as an antiflatulent. No published reports linking the use of this agent
with congenital defects have been located.

FETAL RISK SUMMARY
In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 248 newborns had
been exposed to simethicone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 14 (5.6%) major birth defects were
observed (11 expected). Specific data were available for six defect categories,
including (observed/expected) 6/2 cardiovascular defects, 0/0.5 oral clefts, 0/0
spina bifida, 2/1 polydactyly, 0/.5 limb reduction defects, and 1/0.5
hypospadias. Although the number of cardiovascular defects was more than
expected, simethicone could not have caused them because the drug is not
absorbed into the systemic circulation. Other factors, such as the mother’s
disease, concurrent drug use, and chance, are most likely involved. Thus, the
drug can be classified as compatible in pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of simethicone during human lactation have been
located. There is no risk to a nursing infant from maternal use of the drug as it
is not absorbed.



SIMVASTATIN
Antilipemic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Based on the animal data and limited human experience, exposure to
simvastatin during early pregnancy does not appear to present a significant
risk to the fetus. However, because the interruption of cholesterol-lowering
therapy during pregnancy should have no apparent effect on the long-term
treatment of hyperlipidemia, simvastatin should not be used during
pregnancy. Women taking this agent before conception should ideally stop
the therapy before becoming pregnant and certainly on recognition of
pregnancy. Accidental use of the drug during gestation, though, apparently
has no known consequences for the fetus.

FETAL RISK SUMMARY
Simvastatin (a statin) is a lipophilic agent that is used to lower elevated levels
of cholesterol. It has the same cholesterol-lowering mechanism (i.e., inhibition
of hepatic 3-hydroxy-3-methylglutaryl-coenzyme A [HMG-CoA] reductase) as
other agents available in this class, atorvastatin, fluvastatin, lovastatin,
pitavastatin, pravastatin, and rosuvastatin (cerivastatin was withdrawn from the
market in 2001). It is structurally similar to lovastatin and pravastatin.

Simvastatin was not teratogenic in rats and rabbits at doses up to three
times the human exposure based on BSA (1). A decrease in fertility was
observed in male rats dosed for 34 weeks at four times the maximum human
exposure level based on AUC, but this effect was not observed when the study
was repeated for 11 weeks (1). Male dogs given 10 mg/kg/day (about twice
the human exposure based on AUC at 80 mg/day) demonstrated a drug-related
testicular atrophy, decreased spermatogenesis, spermatocytic degeneration,
and giant cell formation (1).

Shepard reviewed four studies involving the administration of simvastatin to
pregnant rats and rabbits (2–5). Although maternal weight was reduced



compared with controls, no teratogenicity, adverse effects on fertility, or
interference with postnatal behavior or fertility were observed.

Five cases of fetal loss were reported to the FDA in 1995, but additional
data on these cases are not available (F. Rosa, personal communication, FDA,
1995).

A surveillance study of simvastatin and lovastatin exposures during
pregnancy, conducted by the manufacturer, was reported in 1996 (6) and
updated in 2005 (7). Of the 477 reports, all involving 1st trimester exposure,
386 were prospective (319 simvastatin, 67 lovastatin) and 91 were
retrospective (53 simvastatin, 38 lovastatin). The pregnancy outcomes were
known for 225 (58%) of the prospective reports. There were congenital defects
in five liveborn and one stillborn, all involving simvastatin. The outcomes with
defects were as follows (maternal dose and exposure in weeks from last
menstrual period shown in parentheses): (i) postaxial polydactyly with small,
boneless, outgrowth from hand (10 mg/day, 3–4 weeks); (ii) cleft lip (20
mg/ day, 0–12 weeks); (iii) balanic hypospadias (10 mg/day, 2–6 weeks); (iv)
trisomy 18, multiple malformations in a dead fetus, other twin normal (10
mg/day, 0–7 weeks); (v) duodenal atresia (20 mg/day, 0–8 weeks); and (vi)
balanced translocation chromosomes I and II, baby reported to look and
behave normally, mother also treated for hypertension (20 mg/day, 3–5
weeks). The cases of postaxial polydactyly, cleft lip, and hypospadias are
relatively common birth defects. Only postaxial polydactyly has been
associated with inborn errors of cholesterol metabolism. The trisomy and
chromosomal abnormality were also dismissed as drug induced because there
is no evidence that these defects could be caused by drugs. Other outcomes
were 18 spontaneous abortions (SABs), 49 elective abortions (EABs), 4 fetal
deaths, and 148 live births without defects. All of the outcomes, with the
exception of fetal deaths, were similar to the population background rate.
Although the number of fetal deaths was increased, there was no specific
pattern to suggest a common cause. One death involved a nuchal cord and
another was a trisomy 18. No congenital defects were reported in the SABs or
EABs (7).

There were 13 cases of congenital defects in retrospective reports; 6
involving simvastatin and 7 with lovastatin (7). The details of the congenital
defects after exposure to simvastatin were (daily dose and exposure in weeks
from last menstrual period) as follows:
(a) “major anomalies,” EAB (dose not reported, 1st trimester);
(b) suspected triploidy, SAB (20 mg, 0–9 weeks);



(c) unilateral cleft lip (10 mg, 2–6 weeks);
(d) right lower limb aplasia of one tarsal bone, foot hypoplasia, equal

shortening of the fibula and tibia (intercalary deficiency (20 mg, 0–4
weeks);

(e) clubfoot (10 mg, 1st trimester);
(f) features of VATER association (vertebral defects, anal atresia,

tracheoesophageal fistula, esophageal atresia, radial limb reduction, and
renal defect) with other abnormalities, EAB (10 mg, 2–12 weeks).

There were no specific patterns observed in the prospective or retrospective
reports (7).

A 2004 report described the outcomes of pregnancy that had been exposed
to statins and reported to the FDA (see Lovastatin).

Among 19 cases followed by a teratology information service in England,
seven involved 1st trimester exposure to simvastatin (8). The pregnancy
outcomes included two SABs; three healthy newborns; and two infants with
congenital defects: sacral pit, intrauterine growth restriction (also exposed to
enalapril, labetalol, and nifedipine); and mild positional talipes (8).

A 2005 case report described the pregnancy outcome of a 33-year-old
woman treated with simvastatin in the first 8 weeks of an unplanned pregnancy
(9). Diseases in the patient included hypercholesterolemia, hypertension,
morbid obesity, and type 2 diabetes mellitus. Other drugs used by the woman
were glimepiride, orlistat, ramipril, thiocolchicoside (a muscle relaxant),
metformin, ciprofloxacin, and aspirin. When pregnancy was diagnosed at 8
weeks, all medications were stopped, and she was started on methyldopa and
insulin. She gave birth at 38 weeks to a 3.470-kg female infant with Apgar
scores of 5 and 7 at 1 and 5 minutes, respectively. No minor or major
malformations were observed in the infant (9).

BREASTFEEDING SUMMARY
No published reports describing the use of simvastatin during lactation have
been located. However, the passage of simvastatin into milk should be
expected because at least two other similar agents (fluvastatin and pravastatin)
appear in human milk. Because of the potential for adverse effects in the
nursing infant, the drug should not be used during lactation.
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SIROLIMUS
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Only a few reports of exposure to sirolimus in human pregnancy have been
located. The animal reproduction data suggest a potential for toxicity, but
not for teratogenicity. The in vitro study described suggests that sirolimus
could affect growth of the fetal and neonatal heart. Although the clinical
significance of the concentrations used in that study is unknown, there was
no attempt to determine the no-effect concentration. The very limited
human pregnancy experience prevents a full assessment of the risk.
Reviews discussing transplantation in pregnancy are ambivalent regarding
the use of sirolimus; with some not recommending its use (1) and others
implying that it may be continued in pregnancy (2). Until human data are
available, however, the safest course is to avoid the drug in pregnancy. If
sirolimus is used in pregnancy, or in the event of inadvertent exposure,
close monitoring of the embryo–fetus for developmental toxicity is
warranted. The manufacturer recommends that women of childbearing
potential use effective contraception before and during therapy, and for 12
weeks after therapy is stopped (3).

FETAL RISK SUMMARY
Sirolimus (rapamycin) is a distinct, oral immunosuppressant that is indicated for
the prophylaxis of organ rejection in patients receiving renal transplants. It is
recommended that it initially be used in combination with cyclosporine and
corticosteroids. Chemically, the drug is a macrocyclic lactone produced by
Streptomyces hygroscopicus. Sirolimus inhibits T-lymphocyte activation and
proliferation induced by antigenic and cytokine (interleukin-2 [IL-2], IL-4, and IL-
15) stimulation. Sirolimus is classified as a small-molecule immunosuppressant



agent (4). It is highly protein bound to plasma albumin and other proteins (about
92%) and has a mean terminal half-life in renal transplant patients of about 62
hours (3).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
about 0.2–0.5 times the human clinical dose based on BSA (HCD) were
embryo–fetal toxic (death; reduced fetal weights with associated delays in
skeletal ossification). However, structural defects were not observed. No effect
on female rat fertility was observed at doses about 1–3 times the HCD. When
combined with cyclosporine, increased embryo–fetal death compared with
sirolimus alone was observed in rats. In pregnant rabbits, there were no effects
on development at a maternal toxic dose about 0.3–0.8 times the HCD (3).

In carcinogenesis studies in mice and rats, there was a significant increase in
malignant lymphoma at all doses tested (about 16–135 times the HCD). In
mice, a lower dose (about 3–16 times the HCD) was associated with
hepatocellular adenoma and carcinoma (males). In rats, a dose approximately
equivalent to the HCD significantly increased the incidence of testicular
adenoma. Sirolimus was not genotoxic in a variety of assays (3).

A 1998 in vitro study examined the effect of sirolimus on heart cell growth
(5). Cardiac myocytes were isolated from 15-day-old fetal rats and exposed
for 5 days in culture medium to various concentrations of sirolimus. (Note: The
lowest concentration tested [0.5 ng/mL] was about 1.3% of the adult mean
maximum concentration [37.4 ng/mL] obtained with a 5 mg/day dose). The
exposed cells were then washed and grown in culture medium without sirolimus
for an additional 5 days. Sirolimus inhibited both short-term and subsequent
proliferation of cardiac myocytes. The investigators noted that fetal and
neonatal heart growth occurs predominantly through myocyte proliferation (5).

It is not known if sirolimus crosses the human placenta. The molecular weight
(about 914) is within the range for passive diffusion, and the elimination half-life
will allow the drug to be present at the maternal:fetal interface for a long
interval. However, the high protein binding should limit the amount of drug
available to cross the placenta.

A 2003 report from the National Transplantation Pregnancy Registry briefly
described four female kidney recipients who were treated during pregnancy
with sirolimus and other immunosuppressants (6). The outcomes of the
pregnancies were three live births (at 31, 36, and 38 weeks’ gestation) and one
spontaneous abortion (at 8 weeks’ gestation). The only structural defect
observed in the four cases was a cleft lip/palate and an ear deformity in a
1531-g infant delivered at 31 weeks’ gestation. Immunosuppression during the



first 24 weeks consisted of mycophenolate mofetil, tacrolimus, and prednisone
(6). Sirolimus, added at 24 weeks’ gestation for biopsy-proven acute rejection,
was not related to the anomalies.

A 2004 case report described the use of sirolimus in a 21-year-old woman
who became pregnant 3 years after liver transplantation (7). At the time of
conception, immunosuppression was maintained with sirolimus, tacrolimus, and
corticosteroids (doses not specified). Pregnancy was diagnosed at 6 weeks’
gestation and sirolimus was discontinued, but corticosteroids and tacrolimus
were continued throughout pregnancy. At 39 weeks’ gestation, a healthy, 2950-
g female infant was delivered by cesarean section. The infant’s physical
development has been normal, and no unusual infections have been observed
(7).

BREASTFEEDING SUMMARY
No reports describing the use of sirolimus during human lactation have been
located. The molecular weight (about 914) and the prolonged half-life (about 62
hours) suggest that the drug will be excreted into breast milk. The effect of this
potential exposure on a nursing infant is unknown, but consideration should be
given to the carcinogenic properties of sirolimus, especially with long-term
exposures. A 2002 review concluded that because of possible drug transfer
into milk, women taking sirolimus should not breastfeed (1).
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SITAGLIPTIN
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproduction data suggest low risk, but the very limited human
pregnancy experience prevents a complete assessment of the embryo–
fetal risk. No congenital anomalies attributable to sitagliptin (either alone or
combined with metformin) have been reported.

Although the use of sitagliptin may help decrease the incidence of fetal
and newborn morbidity and mortality in developing countries where the
proper use of insulin is problematic, insulin still is the treatment of choice for
this disease during pregnancy. Moreover, insulin does not cross the
placenta and, this eliminates the additional concern that the drug therapy
itself is adversely affecting the fetus. Carefully prescribed insulin therapy
will provide better control of the mother’s blood glucose, thereby preventing
the fetal and neonatal complications that occur with this disease. High
maternal glucose levels, as might occur in diabetes mellitus, are associated
with a number of maternal and fetal adverse effects, including fetal
structural anomalies if the hyperglycemia occurs early in gestation. To
prevent this toxicity, the American College of Obstetricians and
Gynecologists recommends that insulin be used for types 1 and 2 diabetes
occurring during pregnancy and, if diet therapy alone is not successful, for
gestational diabetes (1,2). If a woman becomes pregnant while taking
sitagliptin, changing the therapy to insulin should be considered.

The manufacturer maintains a pregnancy registry for women exposed to
sitagliptin. Healthcare professionals are encouraged to report pregnancy
exposures to the registry by calling the toll-free number 800-986-8999.

FETAL RISK SUMMARY



Sitagliptin is an orally active inhibitor of the dipeptidyl peptidase-4 (DPP4)
enzyme. It is in the same antidiabetic subclass as linagliptin and saxagliptin.
Sitagliptin is indicated as monotherapy as an adjunct to diet and exercise to
improve glycemic control in patients with type 2 diabetes mellitus. It also is
indicated in patients with type 2 diabetes mellitus to improve glycemic control in
combination with metformin or a thiazolidinedione when the single agent alone,
with diet and exercise, does not provide adequate glycemic control. In studies
in healthy and diabetic subjects, sitagliptin did not lower blood glucose or cause
hypoglycemia. Sitagliptin is partially metabolized with about 79% excreted in
the urine as unchanged drug. The elimination half-life after a single dose was
12.4 hours. Plasma protein binding is low (38%) (3).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats and rabbits, doses given during organogenesis that resulted in exposures
about ≤30 and ≤20 times, respectively, the human exposure at the maximum
recommended dose of 100 mg/day based on AUC (MRHD) were not
teratogenic. At about 100 times the MRHD, an increased incidence of rib
malformations was observed in offspring. A dose given to rats from gestation
day 6 through lactation day 21 that resulted in exposures about 100 times the
MRHD caused decreased body weight in offspring. No functional or behavioral
toxicity was observed in the offspring (3).

Two-year carcinogenicity studies were conducted in male and female rats.
An increased incidence of combined liver adenoma/carcinoma in males and
females and of liver carcinoma in females was observed at an exposure about
60 times the MRHD. Liver tumors were not observed at about 20 times the
MRHD. A similar study, performed in male and female mice with doses ≤70
times the MRHD, found no increase in the incidence of tumors in any organ.
Sitagliptin was not mutagenic or clastogenic with or without metabolic activation
in multiple assays. No impairment of fertility or fetal harm was observed in rats
and rabbits given doses resulting in exposures that were about ≤12 times the
MRHD (3).

Sitagliptin crosses the rat and rabbit placentas (3). Although it has not been
studied, the drug probably crosses the human placenta. The molecular weight
(about 505 for the phosphate salt), low metabolism and plasma protein binding,
and prolonged elimination half-life suggest that the drug will cross to the
embryo–fetus. However, the low lipid solubility might limit the exposure.

The Merck Pregnancy Registry for Januvia (sitagliptin) and Janumet
(sitagliptin/metformin) covered the period August 4, 2006 through August 3,
2009 (4). During clinical trials, eight women were exposed to sitagliptin or



sitagliptin/metformin during the 1st trimester. The outcomes of these
pregnancies were five healthy liveborn infants, two spontaneous abortions
(SABs), and one fetal death (at 34 weeks’ in a mother who took sitagliptin and
metformin separately for the first 5 weeks of pregnancy). The outcomes of 16
prospectively enrolled pregnancies (exposures in the Registry are combined
and do not distinguish between the two drugs) were nine live births (one set of
twins), one SAB, five lost to follow-up, and two pregnancies pending. There
were no congenital anomalies reported. There were six retrospectively enrolled
pregnancies: two live births, three SABs, and one elective abortion at 19 weeks
for encephalocele and intrauterine growth restriction (exposed to
sitagliptin/metformin for 7 weeks during 1st trimester). In an internationally
reported case, a woman took sitagliptin, insulin, metformin, and rosiglitazone
for about 5 weeks in the 1st trimester. She gave birth at 33 weeks to a male
infant with dysplastic left kidney, a missing kidney, severe hypospadias, a
missing right testicle, and a poorly descended left testicle. The anomalies were
consistent with diabetic embryopathy. A right inguinal hernia also was noted
(4).

BREASTFEEDING SUMMARY
No reports describing the use of sitagliptin during human lactation have been
located. The molecular weight (about 505 for the phosphate salt), low
metabolism (about 21%) and plasma protein binding (about 38%), and
prolonged elimination half-life (12.4 hours) suggest that the drug will be
excreted into breast milk. The low lipid solubility might limit the exposure. The
effect of this exposure on a nursing infant is unknown. Sitagliptin overdose (six
times the maximum recommended human dose for 10 days) in healthy adults
caused no dose-related adverse reactions (3). Thus, hypoglycemia in a nursing
infant appears to be unlikely but should be monitored. The most common (≥5%)
adverse reaction in adults receiving monotherapy was nasopharyngitis (3).
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SODIUM BICARBONATE
Nutrient/Antacid
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports of human 1st trimester use of sodium bicarbonate in pregnancy
have been located. Animal studies have not suggested an increased risk for
structural anomalies (1–5). Use of sodium bicarbonate (baking soda) for
routine gastrointestinal ailments of pregnancy such as heartburn is typically
not recommended due to the potential for fluid retention in pregnancy and
subsequent complications and because alternatives are available (1). IV
sodium bicarbonate therapy may be indicated for acute treatment of
metabolic acidosis, certain drug intoxications, and severe diarrhea.

FETAL RISK SUMMARY
Sodium bicarbonate is an alkalinizing agent composed of sodium and
bicarbonate ions. It is given as an IV solution to treat electrolyte disturbances
resulting from severe metabolic acidosis that can occur in renal disease,
uncontrolled diabetes, or severe dehydration. It also is used to treat overdoses
of certain drugs such as barbiturates or salicylates. Sodium bicarbonate is used
orally as an antacid to relieve symptoms of heartburn, indigestion, or stomach
upset.

In animal studies, no teratogenic effect was noted among the offspring of
rats given 40 to more than 4000 mg/kg/day of sodium bicarbonate during
pregnancy (2–4). Similarly, no teratogenic effect was seen among the offspring
of mice given 500 mg/kg/day of sodium bicarbonate during pregnancy (5).

Bicarbonate is a normal constituent of body fluids and plasma concentration
is regulated by the kidney through acidification of the urine when there is a
deficit or by alkalinization of the urine when there is an excess. In a healthy
adult with normal kidney function, practically all the glomerular filtered



bicarbonate ion is reabsorbed; less than 1% is excreted in the urine. Treatment
with exogenous sodium bicarbonate increases plasma bicarbonate, buffers
excess hydrogen ion concentration, and raises blood pH (1).

Oral sodium bicarbonate is not recommended for the treatment of common
complaints of heartburn and indigestion during pregnancy because of the
potential for sodium-related fluid retention and edema that could contribute to
other complications of pregnancy such as hypertension. Alternative treatments
for chronic gastrointestinal complications of pregnancy that do not lead to fluid
retention are preferred (1).

One human case report has been located (6). A woman who ingested 454 g
of sodium bicarbonate a day between 29 and 31 weeks of pregnancy
developed hypokalemic alkalosis, rhabdomyolysis, and hypertension. She
subsequently gave birth to an apparently normal infant.

No studies of sodium bicarbonate and human fertility have been located.
However, bicarbonate and carbon dioxide are common components in the
secretions of the female reproductive tract, especially the oviduct (7). At
physiologic concentrations, they are believed to play an important role in sperm
hyperactivation and capacitation (8). An improvement of cervical mucus
viscoelasticity and sperm penetration following vaginal douching with sodium
bicarbonate has been reported (9).

BREASTFEEDING SUMMARY
Although sodium bicarbonate is known to be excreted into breast milk (1), no
reports describing its use during human lactation have been located. However,
chronic or indiscriminate use of the product as an antacid is not recommended
during breastfeeding (1).
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SODIUM IODIDE
Respiratory Drug (Expectorant)

See Potassium Iodide.



SODIUM IODIDE 125I
Radiopharmaceutical

See Sodium Iodide 131I.



SODIUM IODIDE 131I
Radiopharmaceutical/Antithyroid
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Iodine-131-labeled sodium iodide (Na131I) is a proven human teratogen.
Because the effects of even small doses are not predictable, the use of the
drug for diagnostic and therapeutic purposes should be avoided during
pregnancy. A 1999 reference reviewed the effects of 131I on the fetal
thyroid after administration to the mother in early gestation (1).

FETAL RISK SUMMARY
Na131I is a radiopharmaceutical agent used for diagnostic procedures and for
therapeutic destruction of thyroid tissue. The diagnostic dose is approximately
one-thousandth of the therapeutic dose. Like all iodides, the drug concentrates
in the thyroid gland. 131I readily crosses the placenta. The fetal thyroid is able
to accumulate 131I until after about 10–12 weeks of gestation (1–4). At term,
the maternal serum:cord blood ratio is 1 (5).

As suggested by the above studies on the uptake of 131I in fetal thyroids,
maternal treatment with radioiodine early in the 1st trimester should not pose a
significant danger to the fetus. Two reports describing Na131I therapy at 4 and
8 weeks’ gestation resulting in normal infants seemingly confirmed the lack of
risk (6,7). However, a newborn, who was exposed to Na131I at about 2 weeks’
gestation, has been described as having a large head, exophthalmia, and thick,
myxedematous-like skin (8). The infant died shortly after birth. In another early
report, exposure to a diagnostic dose of Na131I during the middle of the 1st
trimester was considered the cause of anomalies observed in the newborn,
including microcephaly, hydrocephaly, dysplasia of the hip joints, and clubfoot
(9). Finally, Na131I administered 1–3 days before conception was suggested as
the cause of a spontaneous abortion at the end of the 1st trimester (10). All
three of these latter reports must be viewed with caution because of the



uniqueness of the effects and the timing of the exposure. Factors other than
radioiodine may have been involved.

Therapeutic doses of radioiodine administered near the end of the 1st
trimester (12 weeks) or beyond usually result in partial or complete abolition of
the fetal thyroid gland (11–21). This effect is dose-dependent, however, as one
mother was treated at 19 weeks’ gestation with 6.1 mCi of Na131I apparently
without causing fetal harm (2). In the pregnancies terminating with a
hypothyroid infant, Na131I doses ranged from 10 to 225 mCi (11–21). Clinical
features observed at or shortly after birth in 10 of the 12 newborns were
consistent with congenital hypothyroidism. One of these infants was also
discovered to have hypoparathyroidism (21). In one child, exposed in utero to
repeated small doses during a 5-week period (total dose 12.2 mCi),
hypothyroidism did not become evident until 4 years of age (18). Unusual
anomalies observed in another infant included hydrocephaly, cardiopathy,
genital hypotrophy, and a limb deformity (16).

In a 1998 case report, a woman received 500 MBq of 131I in the 20th
gestational week (22). Based on gamma camera examinations, the fetal thyroid
gland uptake at 24 hours was estimated to be 10 MBq (2% of the dose) or an
absorbed dose to the gland of 600 Gy (an ablative dose). The absorbed dose
to the fetal body and brain was approximately 100 mGy, whereas the fetal
gonads received about 40 mGy. At term, a hypothyroid, but otherwise healthy
3150-g male infant was delivered. Treatment with thyroxine was begun at 14
days of age. A neuropsychological examination at 8 years of age revealed
normal mental performance, but with a low attention score and subnormal
capacity regarding figurative memory. Plans were made for long-term
surveillance of the infant because of the potential for thyroid cancer (22).

BREASTFEEDING SUMMARY
Na131I is concentrated in breast milk (23–26). Na125I also appears in milk in
significant quantities (27,28). Uptake of 131I contained in milk by an infant’s
thyroid gland has been observed (23). The time required for elimination of
radioiodine from the milk may be as long as 14 days. For iodine-123 (123I) and
iodine-125 (125I), radioactivity may be present in milk for up to 36 hours and 12
days, respectively (29). Since exposure to radioactive iodine may result in
damage to the nursing infant’s thyroid, including an increased risk of thyroid
cancer, breastfeeding should be stopped until radioactivity is no longer present
in the milk (29).
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SODIUM OXYBATE
Psychotherapeutic (Miscellaneous)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report describing the use of sodium oxybate in human pregnancy has
been located. The animal data suggest low risk, but the near absence of
human pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. However, the indication suggests that the maternal
benefit, under close medical supervision, may outweigh the unknown risk to
the embryo–fetus.

FETAL RISK SUMMARY
Sodium oxybate, gamma hydroxybutyrate (GHB), is a CNS depressant that is
available as an oral solution. It is indicated for the treatment of excessive
daytime sleepiness and cataplexy in patients with narcolepsy. Because it is a
known drug of abuse, sodium oxybate is only available through the Xyrem
Success Program, using a centralized pharmacy. The drug is mainly eliminated
by metabolism with <5% of unchanged drug appearing in the urine within 6–8
hours after dosing. Plasma protein binding is <1% and the half-life is 0.5–1 hour
(1).

Reproduction studies have been conducted in rats and rabbits. Doses in
these species that were about equal to and three times, respectively, the
maximum recommended human dose based on BSA (MRHD) revealed no
evidence of teratogenicity. In rats, a dose that was about equal to the MRHD
given from day 6 of gestation through day 21 postpartum caused slight
decreases in pup and maternal weight gains. No other drug effects on
development were observed (1).

Sodium oxybate was not carcinogenic in long-term studies in male and
female rats. A test for mutagenicity and a chromosomal aberration assay were



negative. Doses that were about equal to the MRHD did not impair fertility in
rats (1).

It is not known if sodium oxybate, or its acid, cross the human placenta. The
molecular weight of 4-hydroxybutyric acid (about 104) and the minimal plasma
protein binding suggest that it will cross to the embryo–fetus, but the extensive,
rapid metabolism and short half-life should limit the exposure.

A brief 2004 case report described a woman in labor who developed mild
respiratory depression (2). The event was initially thought to be due to the
opioid used for spinal–epidural analgesia. The depression was treated with
face mask oxygen and 2 hours later she delivered a healthy newborn with a
good Apgar score (scores not specified). Routine toxicology screening revealed
the presence of GHB, also known as liquid ecstasy, and the mother admitted
that she had used the drug (2).

BREASTFEEDING SUMMARY
No reports describing the use of sodium oxybate (GBH) during human lactation
have been located, but such use is unlikely because of the drug’s rapid action.
The molecular weight of the acid form (4-hydroxybutyric acid) (about 104) and
the minimal plasma protein binding (<1%) suggest that it will be excreted into
breast milk, but the extensive, rapid metabolism and short half-life (0.5–1 hour)
should limit the amount excreted. The effect of this exposure on a nursing infant
is unknown, but sedation and confusion are potential complications. However,
because the drug is taken immediately before bedtime, nursing no sooner than
5 hours after a dose to just before the next dose should prevent clinically
significant exposure of an infant.

References
1. Product information. Xyrem. Jazz Pharmaceuticals, 2009
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SOLIFENACIN
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of solifenacin in human pregnancy have been
located. The animal data suggest moderate risk, but the absence of human
pregnancy experience prevents a complete assessment of the embryo–
fetal risk. However, there is no evidence that other anticholinergic drugs or
agents in the subclass of urinary antispasmodics cause developmental
toxicity. Nevertheless, until human pregnancy data are available, the safest
course is to avoid solifenacin during pregnancy, especially in the 1st
trimester. If inadvertent exposure in pregnancy does occur, the embryo–
fetal risks probably are low.

FETAL RISK SUMMARY
The anticholinergic, solifenacin is a competitive antagonist of muscarinic
receptors that are involved in cholinergic functions such as contractions of
urinary bladder smooth muscle and stimulation of salivary secretion. Solifenacin
is indicated for the treatment of overactive bladder with symptoms of urge
urinary incontinence, urgency, and urinary frequency. It is in the same subclass
as darifenacin, flavoxate, oxybutynin, and tolterodine, and trospium. Solifenacin
is extensively metabolized by hepatic enzymes (mainly CYP3A4), but other
metabolic pathways exist. One of the metabolites is active, but the
concentration is low and is not thought to contribute significantly to clinical
activity. Plasma protein binding is about 98%, primarily by α1-acid glycoprotein.
The plasma elimination half-life with chronic dosing is 45–68 hours (1).

Reproduction studies have been conducted in mice, rats, and rabbits. In
pregnant mice, doses ≥3.6 times the exposure at the maximum recommended
human dose (MRHD) during organogenesis resulted in reduced fetal body



weights. When this dose was continued in pregnancy and during lactation,
reduced peripartum and postnatal survival, reductions in body weight gain, and
delayed physical development (eye opening and vaginal patency) were
observed. A dose 7.9 times the MRHD during organogenesis was associated
with increased incidences of cleft palate and a greater percentage of male
offspring. No embryotoxicity was observed at 1.2 times the MRHD. No
embryotoxicity was observed in rats and rabbits at doses that were <1 and 1.8
times the MRHD, respectively (1).

Solifenacin was not carcinogenic in mice and assays for mutagenicity were
negative. The drug also had no effect on male and female fertility, reproductive
performance, or early embryonic development in mice at a dose 13 times the
MRHD, or in male and female rats at <1 and 1.7 times the MRHD, respectively
(1).

It is not known if the solifenacin crosses the human placenta. The molecular
weight (about 363 for the free base) and prolonged plasma elimination half-life
suggest that the drug and/or its metabolites will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of solifenacin during human lactation have been
located. The molecular weight (about 363 for the free base) and prolonged
plasma elimination half-life suggest that the drug and/or its metabolites will be
excreted into breast milk. Although neonates are particularly sensitive to
anticholinergics, two other agents in the anticholinergic class are classified by
the American Academy of Pediatrics as compatible with breastfeeding (see
Atropine and Scopolamine). The effect of solifenacin exposure in a nursing
infant is unknown, but the risk of toxicity probably is low.

Reference
1. Product information. Vesicare. Astellas Pharma US, 2007.



SOMATOSTATIN
Pituitary Hormone
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of somatostatin during human pregnancy
have been located. (See also Octreotide.)

BREASTFEEDING SUMMARY
No reports describing the use of somatostatin during human lactation have been
located. (See also Octreotide.)



SORAFENIB
Antineoplastic (Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of sorafenib in human pregnancy have been
located. The animal reproduction data suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. It should be noted, though, that sorafenib inhibits
angiogenesis, a critical component of embryonic and fetal development.
The manufacturer recommends that adequate contraception should be
used during therapy and for at 2 weeks after completing therapy (1).
However, renal cell carcinoma can be fatal, so if a woman requires
sorafenib and informed consent is obtained, treatment should not be
withheld because of pregnancy. If an inadvertent pregnancy occurs, the
woman should be advised of the potential risk for severe adverse effects in
the embryo and fetus.

FETAL RISK SUMMARY
Sorafenib is an oral multikinase inhibitor that decreases tumor cell proliferation,
probably by reducing angiogenesis. There are several other antineoplastics in
the same subclass (see Appendix). Sorafenib is indicated for the treatment of
patients with advanced renal cell carcinoma. The mean plasma elimination half-
life is 25–48 hours. After hepatic metabolism, at least eight metabolites have
been identified, one of which has activity similar to the parent compound.
Plasma protein binding is 99.5% (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses that were about 0.008 times the AUC in cancer patients taking
the recommended human daily dose (RHDD) resulted in postimplantation loss,
resorptions, skeletal retardations, and restricted fetal weight. A no-observed-
adverse-effect-level (NOAEL) was not determined (1).

Studies for carcinogenicity have not been conducted with sorafenib. The drug



was clastogenic, in the presence of metabolic activation, in one test but was
not mutagenic or clastogenic in other tests. An intermediate in the
manufacturing process that also is present in the final product (<0.15%) was
mutagenic when tested independently (1). Specific studies for fertility
impairment have not been conducted, but sorafenib does adversely affect male
and female reproductive organs. These effects, more pronounced in rats than
in mice or dogs, included testicular atrophy and degeneration, oligospermia,
degeneration of epididymis, prostate, and seminal vesicles, central necrosis of
the corpora lutea, and arrested follicular development at doses that were about
0.3–0.5 times the RHDD (1).

It is not known if sorafenib crosses the human placenta. The molecular
weight (433 for the free acid) and the long elimination half-life suggest that the
drug will cross to the embryo and/or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of sorafenib during human lactation have been
located.

The molecular weight (433 for the free acid) and the long elimination half-life
suggest that the drug will be excreted into breast milk. Because it is an acid, if
excreted, the milk:plasma ratio should be <1. The effects of this exposure on a
nursing infant are unknown, but severe toxicity may occur. In adults, hand–foot
skin reaction and rash were the most common adverse events, but diarrhea,
hemorrhage, and hypertension were also common.

Reference
1. Product information. Nexavar. Bayer Pharmaceuticals, 2007.



SOTALOL
Antiarrhythmic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The use of sotalol in gestation appears to be low risk, but the pregnancy
experience, especially in the 1st trimester, is limited. Several reviews have
examined the use of β-adrenergic blockers in human pregnancy, concluding
that these agents are relatively safe for the fetus (1–4). However, some β-
blockers may cause intrauterine growth restriction (IUGR) and reduced
placental weight, especially those lacking intrinsic sympathomimetic activity
(ISA) (i.e., partial agonist). Sotalol has no ISA, but fetal growth restriction
has not been reported. Typically, for β-blockers without ISA, continuous
treatment beginning early in the 2nd trimester results in the greatest weight
reductions, whereas treatment restricted to the 3rd trimester primarily
affects only placental weight. IUGR and reduced placental weight may
potentially occur with all agents within this class. Although IUGR is a
serious concern, the benefits of maternal therapy with β-blockers, in some
cases, might outweigh the risks to the fetus and must be judged on a case-
by-case basis. Newborns exposed near delivery should be closely
observed during the first 24–48 hours for signs and symptoms of β-
blockade. Long-term effects of in utero exposure to this class of drugs
have not been studied but warrant evaluation.

FETAL RISK SUMMARY
Sotalol is a sympatholytic agent indicated for the treatment of cardiac
arrhythmias. The antiarrhythmic action of the drug includes both class II (β-
adrenoreceptor blocking) and class III (cardiac action potential duration
prolongation) properties. It has also been used for hypertension. Sotalol is a
racemic mixture of the d- and l-isomers. Only the l-isomer exhibits β-adrenergic



blocking activity (without intrinsic sympathomimetic activity), but both isomers
have Class III antiarrhythmic properties (5).

Sotalol was not teratogenic in rats and rabbits given doses 9 and 7 times the
maximum recommended human dose based on BSA (MRHD), respectively,
during organogenesis. In rabbits, a dose 16 times the MRHD, but not 8 times,
resulted in a slight increase in fetal death that was thought to be related to
maternal toxicity. Fetal resorptions were observed in rats at 18 times the
MRHD, but not at 2.5 times (6).

In a 1996 study, the embryotoxicity of d-sotalol in rats was shown to be
related to gestational age and resulted from dose-dependent bradycardia in in
vitro (rat embryo culture) and in vivo (pregnant rat) experiments (7). In embryo
cultures, the minimum effective concentration (15 mcg/mL) for causing
significant bradycardia was about five times the human therapeutic plasma
concentration (3 mcg/mL) achieved in pregnant women after a 400-mg oral
dose. In nine pregnant rats, a single oral dose (1000 mg/kg) was administered
on gestational day 13. No malformations were observed, but a resorption rate
of almost 14% was noted (7).

The pharmacokinetics of sotalol in the 3rd trimester (32–36 weeks’
gestation) of pregnancy and in the postpartum (at 6 weeks) period was
reported in 1983 (8).

Sotalol crosses the placenta to the fetus (9–13). Twelve hypertensive
pregnant women were prescribed sotalol (final daily dose 200–800 mg)
beginning at 10–31 weeks’ gestation (9). The mean gestational age at delivery
was 37.7 weeks (range 32–40 weeks). The mean maternal plasma
concentration of sotalol at delivery was 1.8 mcg/mL, nearly identical to the
mean umbilical cord plasma level of 1.7 mcg/mL. In six women, the mean
amniotic fluid concentration of sotalol was 7.0 mcg/mL. No data were provided
on the time interval between the last sotalol dose and the collection of plasma
samples (9). In a second study, eight women scheduled for elective cesarean
section were given 80 mg of the drug orally 3 hours before the procedure (10).
The mean maternal concentration of sotalol at surgery was 0.68 mcg/mL,
compared with the mean umbilical vein concentration of 0.32 mcg/mL, a
fetal:maternal ratio of 0.47 (10). A 1990 report described the use of sotalol, 80
mg twice daily, in one woman throughout gestation (11). A cesarean section
was performed at approximately 37 weeks’ gestation, 11 hours after the last
dose. Maternal plasma and umbilical cord sotalol concentrations were 0.95 and
1.35 mcg/mL, respectively, a ratio of 1.42 (11). Maternal and cord serum
concentrations of sotalol at delivery from a woman treated with 80 mg three



times daily throughout a 42 weeks’ gestation were 0.77 and 0.65 mcg/mL
(fetal:maternal ratio 0.84), respectively (12).

A 2003 study reported the use of sotalol in 18 pregnancies with fetal
arrhythmias (9 with atrial flutter and 9 with supraventricular tachycardia [SVT])
(13). In the 17 surviving fetuses, one died, the mean birth weight was 3266 g.
The mean fetal:maternal sotalol plasma concentration ratio was 1.1, and the
mean amniotic fluid:fetal blood ratio was 3.2. These results suggested that
sotalol accumulated in the amniotic fluid, but not in the fetus. In addition, there
was no correlation between the effectiveness of sotalol therapy and maternal
blood levels (13).

Sotalol was used in 12 pregnant women for the treatment of hypertension
(details above) (9). No fetal adverse effects attributable to the drug were
observed, but bradycardia (90–110 beats/minute), lasting up to 24 hours, was
discovered in five of the six newborns with continuous heart rate monitoring (9).
In a 1987 report, sotalol, in increasing doses up to 480 mg/day during a 12-day
period, was combined with digoxin beginning at 31 weeks’ gestation in an
unsuccessful attempt to treat a hydropic fetus with SVT (14). Therapy was
eventually changed to amiodarone plus digoxin with return of a normal fetal
heart rate and resolution of the fetal edema. A normal infant was delivered at
38 weeks’ gestation who was alive and well at 10 months of age (14).

A 23-year-old woman was treated throughout gestation with sotalol and
flecainide for bursts of ventricular tachycardia (VT) and polymorphous
ventricular premature complexes associated with an aneurysm of the left
ventricle (11). A normal infant was delivered at approximately 37 weeks’
gestation by cesarean section. No adverse effects of drug exposure, including
bradycardia, were noted in the newborn, which was growing normally at 1 year
of age (11).

A 1998 retrospective study reported the use of oral sotalol after the use of
digoxin in 14 cases of fetal SVT (15). Treatment occurred at a median 28
weeks’ gestation (range 24–36 weeks) with a median duration of 5 weeks
(range 2–11 weeks). Two fetuses did not respond and two severely hydropic
fetuses died 1 and 10 days, respectively, after starting sotalol. Of the surviving
infants, 11 were doing well and 1 had cerebral atrophy, hypotonia, and
developmental delay thought to be due to the arrhythmia and a
thromboembolism (15).

A 2000 retrospective study evaluated the use of sotalol for fetal tachycardia
in 21 pregnant women (16). The fetal arrhythmias were atrial flutter (AF) (N =
10), SVT (N = 10), and VT (N = 1). Hydrops fetalis was present in nine fetuses.



Sinus rhythm was established in eight fetuses with AF and six with SVT, but
four deaths (19%) occurred (one with AF and three with SVT). Two newborns
(one each with AF and SVT), both successfully converted to a sinus rhythm in
utero, had significant neurological morbidity consisting of intracranial
hemorrhage in one and cerebral hypoxic ischemia in the other. The authors
concluded that sotalol was effective in AF, but the mortality and low conversion
rate in fetuses with SVT indicated that the risks of sotalol outweighed the
benefits in this group (16).

BREASTFEEDING SUMMARY
Sotalol is concentrated in human milk with milk levels three to five times those in
the mother’s plasma (9,11,12). Twenty paired samples of breast milk and
maternal blood were obtained from 5 of the 12 women treated during and after
pregnancy with sotalol for hypertension (dosage detailed above) (9). Specific
details of dosage and the timing of sample collection in relationship to the last
dose were not given. The mean concentrations in milk and plasma were
10.5 mcg/mL (range 4.8–20.2 mcg/mL) and 2.3 mcg/mL (range 0.8–
5.0 mcg/mL), respectively. The mean milk:plasma ratio was 5.4 (range 2.2–
8.8). No β-blockade effects were observed in the five nursing infants, including
the one infant who had bradycardia at birth. The mother of this infant produced
the highest concentrations of sotalol in milk (20.2 mcg/ mL) observed in the
study (9).

A woman treated throughout gestation with sotalol (80 mg twice daily) and
flecainide was continued on these drugs during the postpartum period (11). The
infant was not breastfed. Simultaneous milk and plasma samples were drawn
3 hours after the second dose of the day on the 5th and 7th postpartum days.
The milk and plasma concentrations on day 5 were 5 and 1.4 mcg/mL,
respectively, compared with 4.4 and 1.60 mcg/mL, respectively, on day 7. The
two milk:plasma ratios were 3.57 and 2.75, respectively (11).

Sotalol, 80 mg three times daily, was taken by a woman throughout a 42
weeks’ gestation and during the first 14 days of the postpartum period, at
which time the dose was reduced to 80 mg twice daily (12). On the 5th
postpartum day, milk and serum levels, approximately 6.5 hours after a dose
(prefeeding), were 4.06 and 0.72 mcg/mL, respectively, a ratio of 5.6. A
postfeeding milk sample collected 0.7 hour later yielded a concentration of 3.65
mcg/mL. The study was repeated on the 105th postpartum day, yielding
prefeeding milk and serum concentrations 2.8 hours after the last dose of 2.36
and 0.97 mcg/mL (ratio 2.4), respectively. A postfeeding milk level 0.5 hour



later was 3.16 mcg/mL. The infant was consuming about 20%–23% of the
maternal dose. No adverse effects were observed in the infant, who continued
to develop normally throughout the study period (12).

Although symptoms of β-blockade, such as bradycardia and hypotension,
were not observed in the nursing infants described above, these effects have
been noted with other β-adrenergic blockers (see also Acebutolol, Atenolol,
and Nadolol) and may occur with sotalol. Long-term effects of exposure to β-
blockers from milk have not been studied but warrant evaluation. The American
Academy of Pediatrics classifies sotalol as compatible with breastfeeding (17).
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SPARFLOXACIN

[Withdrawn from the market. See 9th edition.]



SPECTINOMYCIN

[Withdrawn from the market. See 9th edition.]



SPINOSAD
Dermatological (Pediculicide)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of spinosad in human pregnancy have been
located. The animal reproduction is not relevant because oral doses were
used and the drug is given topically in humans. Moreover, topical use of the
drug suspension does not produce quantifiable amounts of spinosad in
human plasma. Although the suspension contains an unspecified amount of
benzyl alcohol, it is doubtful if sufficient amounts of the additive would be
absorbed to cause embryo–fetal toxicity.

FETAL RISK SUMMARY
Spinosad is a pediculicide that is available as a suspension. It is indicated for
the topical treatment of head lice infestations in patients 4 years or age or
older. The drug has not been detected in the plasma (limit of quantitation 3
ng/mL) after topical use. The suspension contains a nonspecified amount of
benzyl alcohol; plasma concentrations of this agent from use of the suspension
have not been determined (1). (See also Benzyl Alcohol.)

Reproduction studies have been conducted in rats and rabbits. In these
species, oral doses of 10–200 mg/kg/day given during organogenesis resulted
in no teratogenic effects, but maternal toxicity was noted in rats at 200
mg/kg/day and, in rabbits, at 50 mg/kg/day. A two-generation dietary
reproduction studied was performed in male and female rats with oral doses of
3–100 mg/kg/day from 10 to 12 weeks before mating and throughout mating,
parturition, and lactation. No reproductive or developmental toxicity was
observed up to 10 mg/kg/day. The 100 mg/kg/day dose was maternal toxic and
adverse effects noted were increased dystocia in parturition, decreased
gestation survival, litter size, pup body weight, and neonatal survival (1).



Comparisons with the human dose were not specified in any of these studies
probably because plasma concentrations after topical use are below the level
of quantification.

Two other published studies examining the effects in rats and rabbits from
oral spinosad found results similar to those noted above (2,3).

Long-term carcinogenesis studies in mice and rats with oral spinosad were
negative. Various assays for mutagenic or clastogenic potential also were
negative. No effects of fertility were noted in rats (1).

It is not known if spinosad crosses the human placenta. Clinically significant
exposure of the embryo–fetus is not expected because plasma concentrations
of the drug after topical use are below the level of quantification.

BREASTFEEDING SUMMARY
No reports describing the use of spinosad during human lactation have been
located. However, excretion of clinically significant amounts of the drug into
breast milk is unlikely because plasma concentrations of the drug after topical
use are below the level of quantification. Although an unspecified amount of
benzyl alcohol also is present in the circulation, it is doubtful if sufficient
amounts of the additive would be absorbed to cause toxicity in a nursing infant.
Thus, use of the drug during breastfeeding appears to be compatible.
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SPIRAMYCIN

[Withdrawn from the market. See 9th edition.]



SPIRONOLACTONE
Diuretic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports linking spironolactone with human congenital defects have been
located. Some have commented, however, that spironolactone may be
contraindicated during pregnancy based on the known anti-androgenic
effects in humans and the feminization observed in male rat fetuses (1).
Other investigators consider diuretics in general to be contraindicated in
pregnancy, except for patients with cardiovascular disorders, because they
do not prevent or alter the course of toxemia and they may decrease
placental perfusion (2–4). In general, diuretics are not recommended for
the treatment of gestational hypertension because of the maternal
hypovolemia characteristic of this disease.

FETAL RISK SUMMARY
Spironolactone is a potassium-conserving diuretic, an action that results from
its antagonism of aldosterone in the distal convoluted renal tubule. The diuretic
action results in an antihypertensive effect. Spironolactone also has
progestational and anti-androgenic activity. The latter activity may result in
apparent estrogenic adverse effects in humans (5).

Reproduction studies in mice at 20 mg/kg/day, a dose substantially below the
maximum recommended human dose based on BSA (MRHD), revealed no
embryo or fetal adverse effects. In rabbits dosed at 20 mg/kg/day
(approximately the MRHD), an increased number of resorptions and lower
number of live fetuses was observed. Because of spironolactone’s anti-
androgenic activity, feminization of male rat fetuses occurred at a dose of 200
mg/kg/day administered to the mothers during late embryogenesis and fetal
development. In addition, rat offspring of both sexes exposed in utero in late



gestation to 50 or 100 mg/kg/day exhibited permanent dose-related changes in
their reproductive tracts. It was also noted that spironolactone was tumorigenic
in rats (5).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 31 newborns had
been exposed to spironolactone during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (6.5%) major birth defects were observed
(one expected), one of which was an oral cleft (none expected). No anomalies
were observed in five other categories of defects (cardiovascular defects,
spina bifida, polydactyly, limb reduction defects, and hypospadias) for which
specific data were available.

BREASTFEEDING SUMMARY
It is not known whether unmetabolized spironolactone is excreted in breast
milk. Canrenone, the principal and active metabolite, was excreted with
milk:plasma ratios of 0.72 at 2 hours and 0.51 at 14.5 hours (6). These
amounts would provide an estimated maximum of 0.2% of the mother’s daily
dose to the infant (6). The effect on the infant from this ingestion is unknown,
but the amounts appear to be clinically insignificant. The American Academy of
Pediatrics classifies spironolactone as compatible with breastfeeding (7).
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STAVUDINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The animal and human data suggest that stavudine represents a low risk to
the embryo–fetus. Theoretically, exposure to stavudine at the time of
implantation could result in impaired fertility because of embryonic
cytotoxicity, but this has not been studied in humans. Stavudine peak serum
concentrations achievable in humans with therapeutic doses, however, are
in the same range that has been found to inhibit postblastocyst
development in mice. Mitochondrial dysfunction in offspring exposed in
utero or postnatally to nucleoside reverse transcriptase inhibitors (NRTIs)
has been reported (see Lamivudine and Zidovudine), but these findings are
controversial and require confirmation. If indicated, the drug should not be
withheld because of pregnancy.

FETAL RISK SUMMARY
Stavudine (2’,3’-didehydro-3’-deoxythymidine; d4T) inhibits viral reverse
transcriptase and DNA synthesis. It is classified as an NRTI used for the
treatment of HIV infection. Its mechanism of action is similar to that of five other
nucleoside analogs: abacavir, didanosine, lamivudine, zalcitabine, and
zidovudine. Stavudine is converted by intracellular enzymes to the active
metabolite, stavudine triphosphate (1).

No evidence of teratogenicity was observed in pregnant rats and rabbits
exposed to maximum plasma concentrations up to 399 and 183 times,
respectively, of those produced by a human dose of 1 mg/kg/day. A dose-
related increase in common skeletal variations, postimplantation loss, and early
neonatal mortality was observed in one or both species (1).

Antiretroviral nucleosides have been shown to have a direct dose-related
cytotoxic effect on preimplantation mouse embryos. A 1994 report compared



this toxicity among zidovudine and three newer compounds, stavudine,
didanosine, and zalcitabine (2). Whereas significant inhibition of blastocyst
formation occurred with a 1 µmol/L concentration of zidovudine, stavudine and
zalcitabine toxicity was not detected until 100 µmol/L, and no toxicity was
observed with didanosine up to 100 µmol/L. Moreover, postblastocyst
development was severely inhibited in those embryos that did survive exposure
to 1 µmol/L zidovudine. As for the other compounds, stavudine, at a
concentration of 10 µmol/L (2.24 mcg/mL), inhibited postblastocyst
development, but no effect was observed with concentrations up to 100 µmol/L
of didanosine or zalcitabine. Although there are no human data, the authors of
this study concluded that the three newer agents may be safer than zidovudine
to use in early pregnancy.

Similar to other nucleoside analogues, stavudine appears to cross the human
placenta by simple diffusion (3). The relatively low molecular weight (about
224) is in agreement with this. Stavudine also crosses the placenta in rats,
resulting in a fetal:maternal ratio of approximately 0.5 (1). In near-term
macaques, the steady-state fetal:maternal plasma ratio was approximately 0.8
(4). A related study found that zidovudine did not affect the placental transfer of
stavudine in macaques (5). However, no reports in animals or humans have
been located relating to the placental transfer of stavudine triphosphate (the
active metabolite) or to the capability of the placenta or the fetus to metabolize
stavudine.

Three experimental in vitro models using perfused human placentas to predict
the placental transfer of NRTIs (didanosine, stavudine, zalcitabine, and
zidovudine) were described in a 1999 publication (6). For each drug, the
predicted fetal:maternal plasma drug concentration ratios at steady state with
each of the three models were close to those actually observed in pregnant
macaques. Based on these results, the authors concluded that their models
would accurately predict the mechanism, relative rate, and the extent of in vivo
human placental transfer of NRTIs (6).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (7). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among



10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 962 outcomes exposed to stavudine (771
in the 1st trimester and 191 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were 25 birth defects (19 in the 1st trimester and 6
in the 2nd/3rd trimesters). In reviewing the birth defects of prospective and
retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
neural tube defects (NTDs) with efavirenz exposure in retrospective reports,
there was no other pattern of anomalies (isolated or syndromic) (7). (See
Lamivudine for required statement.)

A 2000 case report described the adverse pregnancy outcomes, including
NTDs, of two pregnant women with HIV infection who were treated with the
anti-infective combination, trimethoprim/sulfamethoxazole, for prophylaxis
against Pneumocystis carinii, concurrently with antiretroviral agents (8).
Exposure to stavudine occurred in one of these cases. A 31-year-old woman
presented at 15 weeks’ gestation. She was receiving
trimethoprim/sulfamethoxazole, didanosine, stavudine, nevirapine, and vitamin B
supplements (specific vitamins and dosage not given) that had been started
before conception. A fetal ultrasound at 19 weeks’ gestation revealed spina
bifida and ventriculomegaly. The patient elected to terminate her pregnancy.
The fetus did not have HIV infection. Defects observed at autopsy included
ventriculomegaly, an Arnold-Chiari malformation, sacral spina bifida, and a
lumbo-sacral meningomyelocele. The authors attributed the NTDs in both cases
to the antifolate activity of trimethoprim (8).

A 1999 case report described a 26-year-old woman with a 5-year history of
HIV infection (9). Two years before her current pregnancy, she had received
monotherapy with zidovudine for 19 months, followed by 6 months of
monotherapy with zalcitabine. She stopped therapy during the first 19
gestational weeks, then started stavudine and lamivudine that were continued
until vaginal delivery at term of a healthy 3560-g female infant. The infant was
not infected with HIV and was doing well at 9 months of age.

No data are available on the advisability of treating pregnant women who
have been exposed to HIV via occupational exposure, but one author
discourages this use (10).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be



considered inadequate therapy (11,12). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (13). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV type 1 (HIV-1)-infected patients continued the
recommendation that therapy, with the exception of efavirenz, should be
continued during pregnancy (14). If indicated, stavudine should not be withheld
in pregnancy because the expected benefit to the HIV-positive mother
outweighs the unknown risk to the fetus. Updated guidelines for the use of
antiretroviral drugs to reduce perinatal HIV-1 transmission also were released
in 2010 (15). Women receiving antiretroviral therapy during pregnancy should
continue the therapy but, regardless of the regimen, zidovudine administration is
recommended during the intrapartum period to prevent vertical transmission of
HIV to the newborn (15).

BREASTFEEDING SUMMARY
No reports describing the use of stavudine during lactation have been located.
The molecular weight (about 224) suggests that stavudine will be excreted into
breast milk. The effect of this exposure on a nursing infant is unknown.

Reports on the use of stavudine during human lactation are unlikely because
the antiviral agent is used in the treatment of HIV infection. HIV-1 is transmitted
in milk, and in developed countries, breastfeeding is not recommended
(11,12,14,16–18). In developing countries, breastfeeding is undertaken, despite
the risk, because there are no affordable milk substitutes available. Until 1999,
no studies had been published that examined the effect of any antiretroviral
therapy on HIV-1 transmission in milk. In that year, a study involving zidovudine
was published that measured a 38% reduction in vertical transmission of HIV-1
infection despite breastfeeding when compared with controls (see Zidovudine).
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STEVIA
Dietary Supplement
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no reports describing the use of stevia during human pregnancy
have been located, this dietary supplement is consumed extensively
throughout the world. Exposure in pregnancy is inevitable, but the lack of
reports prevents a thorough assessment of the embryo–fetal risk. In Brazil,
South Korea, and Japan, stevioside and highly refined extracts are routinely
used as a low-calorie sweetener (1). Such use in the United States started
in 1995 (1). Animal reproduction studies have not shown evidence of
developmental toxicity except at very high doses. The benefits of stevioside
as a dietary supplement have been listed as its being a stable, noncaloric
product that maintains good dental health by reducing the intake of sugar,
and can be used by diabetic and phenylketonuria patients (1). Moreover,
stevioside, the major sweetening compound in stevia, either is not
absorbed into the systemic circulation or the absorption is very low.
Information on the other compounds such as the rebaudiosides is lacking.
Nevertheless, the moderate use of stevia or stevioside as sweeteners
appears to represent a low risk to the embryo–fetus, if it exists at all.

FETAL RISK SUMMARY
The perennial shrub Stevia rebaudiana Bertoni (stevia) is indigenous to South
America but is grown commercially in areas such as Central America, Israel,
Thailand, and China. The leaves have been used as a low-calorie sweetener for
hundreds of years. The largest use of stevia appears to be in Japan where it is
used to replace aspartame and saccharin (2). Oral stevia is also used as a
weight-loss aid; for contraception and lowering uric acid levels; for the
treatment of diabetes, hypertension, and heartburn; and as a cardiotonic and



diuretic (3).
The sweetness of stevia is mainly due to stevioside, a sweet ent-kaurene

glycoside that is 300 times sweeter than sucrose (0.4% solution). There also
are several variants of rebaudioside, another ent-kaurene glycoside that is
present in lower concentrations. Stevia leaves contain 6%–18% of stevioside.
In addition to the glycosides, the leaves contain minor amounts of nonsweet
sterols (stigmasterol, beta-sitosterol, and campesterol), vitamins (A, B, and C),
electrolytes, minerals, and protein (1,2).

Reproduction and growth studies have been conducted with stevioside in
male and female hamsters with daily oral doses up to 2.5 g/kg (4). No
abnormalities in growth, fertility, or reproduction performance were observed
through three generations. Moreover, histological examination of reproductive
tissues revealed no evidence of stevia-induced abnormalities. The investigators
briefly cited other studies that observed no toxic effects in mice and rats (4).

In a 2006 study, female rats before mating were given an aqueous extract of
various mixtures of Aegle marmelos (6%), a Thai medicinal plant popularly
consumed as a herbal tea, and stevia (0%–10%) (5). The rats then were
mated with untreated males, and the effects on reproduction were examined at
day 14 of pregnancy. Compared with untreated controls, there were no
significant differences in terms of number of corpus lutea, implanted and dead
fetuses, or fetal growth (5).

A 2003 review cited several other animal reproduction studies using stevia
extracts that observed no developmental toxicity in chicken embryos, mice,
rats, and hamsters (1). There also was no adverse effect on spermatogenesis
or interstitial cell proliferation in male rats, except at very high doses.

A 1985 study found that stevioside was not mutagenic in Salmonella
typhimurium, but that steviol, an aglycone metabolite of stevioside, was
mutagenic when it was further metabolized (6). The clinical significance of this
toxicity was unknown because the complete metabolic disposition of stevioside
in humans had not been fully characterized. A review cited four studies that
confirmed the mutagenicity but noted that the mutagenicity activity was low (1).
In addition, the presence in blood of the steviol metabolites after feeding of
stevioside has not been proven. Moreover, there is no evidence in animals or
humans that stevioside is carcinogenic (1).

The pharmacology of stevia in animals and humans has been reviewed (1).
The author concluded that the dietary supplement is safe when used as a
sweetener. In humans, oral stevioside either is not absorbed or the uptake is
extremely low. Even so, the European Commission refused to accept stevia or



stevioside as a novel food because of inadequate or controversial studies on its
safety (1). For the same reason, the FDA classifies stevia as an “unsafe food
additive” (3).

BREASTFEEDING SUMMARY
Although the dietary supplement stevia is used extensively as a natural, low-
calorie sweetener, no reports describing its use during lactation have been
located. Stevioside, the major sweetening compound in stevia, is either not
absorbed into the systemic circulation or the absorption is very low. However,
information on the other compounds, such as the rebaudiosides, is lacking.
Nevertheless, the risk to the nursing infant from maternal intake of stevia, if it
exists, appears to be low.
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ST. JOHN’S WORT
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Two reports describing the use of St. John’s wort (Hypericum perforatum)
during human pregnancy have been located. Some of the animal studies
apparently did not look for structural defects, but did not observe
neurobehavioral deficits. Moreover, no mutagenicity was found with various
tests involving mammalian cells. Hypericum has demonstrated human
sperm toxicity in vitro, but no reports describing this adverse effect after
ingestion of the drug have been located. Similarly, the uterotonic action
observed in an in vitro animal experiment has not been reported in animals
or humans following consumption. This lack of reported toxicity is
reassuring. Moreover, because the use of St. John’s wort is widespread
and dates back thousands of years, it is doubtful that a major teratogenic
action or other developmental toxicity would have escaped notice. More
subtle or low-incidence effects, however, including structural and
neurobehavioral toxicity, the induction of abortions, and infertility may have
escaped detection, and further study is warranted.

FETAL RISK SUMMARY
Hypericum perforatum (St. John’s wort) is an aromatic, aggressive perennial
weed that is native to Europe but also grows throughout the United States and
parts of Canada (1). The plant is harvested for medicinal purposes during July
and August (1). A large number of chemical constituents have been isolated
from the plant, including hypericin, pseudohypericin, flavonoids, glycosides,
phenols, tannins, volatile oils, and other compounds (1–8). Hypericin and
pseudohypericin are considered to be the primary orally active ingredients
(1,5–8).



Preparations made from H. perforatum have been used for medicinal
purposes for thousands of years. These uses have included the management of
anxiety, depression, insomnia, inflammation, and gastritis. They have also been
used as a diuretic and, topically, for the treatment of hemorrhoids and to
enhance wound healing (1–5). More recently, hypericin has been investigated
for activity against the HIV and other viruses (1,5,8). In addition, extracts and
tinctures of hypericum have shown activity against gram-negative and gram-
positive bacteria (1).

No data are available on the animal or human placental transfer of hypericin,
pseudohypericin, or other constituents of St. John’s wort.

The mechanism of antidepressant action is thought to be related to selected
serotonin-reuptake inhibition, monoamine oxidase inhibitors, a combination of
both, or other mechanisms (1–4,6–9). Adverse effects induced by hypericum
preparations, relatively infrequent in nonpregnant humans but not studied in
pregnant women, include gastrointestinal upset and constipation, allergic
reactions, fatigue, dry mouth, dizziness, and confusion (1–10). Rare
photosensitivity in fair-skinned individuals has also been observed.

Surprisingly, for a product that has been in use since ancient Greek and
Roman times, only two reports have been located that described its
consumption during human pregnancy (see below). Moreover, there are few
animal reproductive studies available for evaluation of its embryo and fetal
safety. Aqueous extractions of H. perforatum demonstrated weak uterine
tonus-enhancing activity in experiments using isolated rabbit and guinea pig
uterine horns (11). Uterotonic activity or abortions, however, have apparently
not been reported after consumption of the herb by animals or humans.

In a randomized, placebo-controlled reproductive study, adult female mice
were fed either hypericum (180 mg/kg/day) or placebo for 2 weeks before
mating and then throughout gestation (12). The dose, which has antidepressant
efficacy in adult mice, was equivalent to the human dose on a kg/ m2 basis
(12,13). The birth weights of all exposed pups were smaller than controls, but
only the reduced birth weights of male pups reached statistical significance in
comparison to controls (1.68 vs. 1.75 g, p <0.01) (13). Moreover, successful
performance on the negative geotaxis task, a measure of behavior during early
development, was significantly lower in the exposed male pups (but not the
female pups) on postnatal day 3 (13). Both the body weight and the negative
geotaxis task performance were comparable to controls by postnatal day 5
(13). No differences, regardless of gender, were observed between the
exposed and nonexposed pups in body length, head circumference, sexual



maturation, or the attainment of developmental milestones up to adulthood (12).
Similarly, no differences were observed between the groups in pup–dam
interactions, performance of locomotor, depression, and anxiety tasks during
juvenile and adult periods, or in male sexual behavior and aggression. An
evaluation of second-generation offspring found no differences between the
groups in any measurement (12,13).

An aqueous ethanolic extract of hypericum was tested for mutagenic activity
in a study published in 1990 (14). Using both in vitro and in vivo test systems
(mice, hamsters, etc.), no evidence of mutagenic effects was observed.

In a sperm penetration assay, zona-free hamster oocytes were incubated for
1 hour with two concentrations of H. perforatum, 0.06 and 0.6 mg/mL,
dissolved in HEPES-buffered synthetic human tubal fluid (modified HTF) (15).
Fresh human donor sperm was suspended in the modified HTF and then mixed
with the oocytes for 3 hours. Modified HTF served as the control. At the 0.06
mg/mL concentration, all the oocytes were penetrated, whereas at 0.6 mg/mL,
zero penetration occurred. The decrease in penetration was not associated
with a decrease in sperm motility (15). In the second part of the study, sperms
were incubated with the herbal solutions for 7 days (15). Both concentrations
caused significant sperm DNA denaturation concomitant with decreases in
sperm viability compared with controls. The higher concentration showed point
mutation of a selected sperm sentinel gene, the BRCA1 exon 11 gene (15).
Extrapolation of these data to the reproductive risk of hypericum in males is
difficult, in part because the concentration of hypericum in semen or sperm has
not been studied (15). Moreover, although the doses used in this study are
small fractions of the actual recommended human dose, usually expressed in
grams of hypericin, there is no published evidence that the adverse effects
observed have occurred in vivo.

Hypericum or placebo was given to mice 2 weeks before mating and
throughout gestation (16). No differences between the groups were noted in
gestational ages at birth and litter sizes. Offspring were followed from
postnatal day 3 to adulthood. No differences between the groups were found in
the increases of body weight and length, and head circumference, or in the
times to reach physical milestones. There also was no effect on reproductive
capability, perinatal outcomes, and growth and development of the second-
generation offspring (16).

A brief 1998 case report described the use of St. John’s wort by two
pregnant women, but only one of the cases has outcome data (17). In the first
case, a 38-year-old woman began taking St. John’s wort, 900 mg/day, at 24



weeks’ gestation for a major depressive disorder that had recurred during the
1st trimester. She continued the herbal medicine throughout the remainder of
her pregnancy, taking her last dose 24 hours before delivery (gestational age
not specified). Other than late-onset thrombocytopenia (platelet count 88,000),
the pregnancy was unremarkable. The woman delivered a healthy, about 3400-
g female infant with Apgar scores of 9 and 9 at 1 and 5 minutes. The physical
examination and laboratory results were normal. Neonatal jaundice developed
on day 5 but responded to brief phototherapy. Behavioral assessment at 4 and
33 days of age was normal. The second case involved a 43-year-old woman
who had been taking fluoxetine and methylphenidate for a recurrent major
depressive disorder (16). After an unexpected conception, she discontinued
these medications because of concerns about potential adverse fetal effects
and began self-medicating with St. John’s wort, 900 mg/day. Apparently, this
pregnancy was ongoing, because no outcome data were presented (17).

A 2009 study assessed the effects of the herb in pregnancy using a
prospective, observational, controlled cohort design (18). Samples and controls
were women who had contacted the Motherisk Program, a teratogen
information service in Canada. The study group was 54 St. John’s wort–
exposed pregnancies, 39 (72%) of whom were taking the herb for depression.
The two matched control groups included 56 women taking other agents for
depression (disease comparator) and 56 healthy women not exposed to any
known teratogens (healthy group). There was no statistical difference in the
rates of major malformations in the three groups, 5%, 4%, and 0%,
respectively. None of the other pregnancy outcomes differed statistically among
the three groups. Although both the subject and disease comparator groups
had higher rates of spontaneous abortions (SABs) than healthy controls (20.3%
vs 12.5% vs 8.9% [ns], respectively) the authors cited references that women
with depression had increased rates of SABs. Because the authors did not
examine the offspring, the study could not determine if minor malformations
were present (18).

Because standardization of any herbal product as to its constituents,
concentrations, and the presence of contaminants is generally lacking,
consumption of these preparations during pregnancy may result in fetal
exposure to unintended chemicals and doses. Furthermore, pregnant women
should be counseled on the risks to themselves and their pregnancies that may
result from self-medication or discontinuing prescribed therapy without first
consulting their healthcare provider.



BREASTFEEDING SUMMARY
One report describing the use of St. John’s wort during human lactation has
been located. A 38-year-old mother had taken 900 mg/day of St. John’s wort
from 24 weeks’ gestation until delivery (16). (See case above.) She began
breastfeeding her female infant after delivery and then resumed taking the
herbal product 20 days after delivery. Neonatal jaundice was noted at 5 days of
age but responded to brief phototherapy. Behavioral assessments of the
nursing infant at 4 and 33 days of age were normal.

It is not known if any of the constituents and possible contaminants that may
be found in preparations of St. John’s wort are excreted into human milk or if
exposure to them via the milk represents a risk to a nursing infant.
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STREPTOKINASE

[Withdrawn from the market. See 9th edition.]



STREPTOMYCIN
Antibiotic (Aminoglycoside)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Streptomycin may cause fetal ototoxicity, resulting in deafness in
newborns. The risk of this toxicity is low if there is appropriate dose
monitoring and the duration of fetal exposure is limited.

FETAL RISK SUMMARY
Streptomycin is an aminoglycoside antibiotic. The drug rapidly crosses the
placenta into the fetal circulation and amniotic fluid, obtaining concentrations
that are usually less than 50% of the maternal serum level (1,2). Early
investigators, well aware of streptomycin-induced ototoxicity, were unable to
observe this defect in infants exposed in utero to the agent (3–5). Eventually,
ototoxicity was described in a 2-1/2-month-old infant whose mother had been
treated for tuberculosis with 30 g of streptomycin during the last month of
pregnancy (6). The infant was deaf with a negative cochleopalpebral reflex.
Several other case reports and small surveys describing similar toxicity
followed this initial report (7,8). In general, however, the incidence of congenital
ototoxicity, cochlear or vestibular, from streptomycin is low, especially with
careful dosage calculations and if the duration of fetal exposure is limited (9).

Except for eighth cranial nerve damage, no reports of congenital defects
caused by streptomycin have been located. The Collaborative Perinatal Project
monitored 50,282 mother–child pairs, 135 of whom had 1st trimester exposure
to streptomycin (10, pp. 297–301). For use anytime during pregnancy, 355
exposures were recorded (10, p. 435). In neither group was evidence found to
suggest a relationship to large categories of major or minor malformations or to
individual defects.

In a group of 1619 newborns whose mothers were treated for tuberculosis
during pregnancy with multiple drugs, including streptomycin, the incidence of
congenital defects was the same as in a healthy control group (2.34% vs.



2.56%) (11). Other investigators had previously concluded that the use of
streptomycin in pregnant tuberculosis patients was not teratogenic (12).

The population-based data set of the Hungarian Case-Control Surveillance of
Congenital Abnormalities, covering the period of 1980–1996, was used to
evaluate the teratogenicity of aminoglycoside antibiotics (parenteral gentamicin,
streptomycin, tobramycin, and oral neomycin) in a study published in 2000 (13).
A case group of 22,865 women who had fetuses or newborns with congenital
malformations were compared with 38,151 women who had no newborns with
structural defects. A total of 38 cases and 42 controls were treated with the
aminoglycosides. There was one case, but no controls, treated with
streptomycin (odds ratio 5.0, 95% confidence interval 0.2–122.9). The
investigators concluded that there was no detectable teratogenic risk for
structural defects for any of the aminoglycoside antibiotics (13). They also
concluded, although it was not investigated in this study, that the risk of
deafness after in utero aminoglycoside exposure was small.

BREASTFEEDING SUMMARY
Streptomycin is excreted into breast milk. Milk:plasma ratios of 0.5–1.0 have
been reported (14). Because the oral absorption of this antibiotic is poor,
ototoxicity in the infant would not be expected. However, three potential
problems exist for the nursing infant: modification of bowel flora, direct effects
on the infant, and interference with the interpretation of culture results if a fever
workup is required. The American Academy of Pediatrics classifies
streptomycin as compatible with breastfeeding (15).
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STREPTOZOCIN
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Streptozocin is teratogenic or embryotoxic in several animal species and
possesses mutagenic and carcinogenic effects. The potential for human
embryo–fetal injury is a concern, but because the animal reproduction data
lacks dosage and time of exposure information and other data, the degree
of risk is unknown. One report has described the use of this drug during the
latter half of gestation without apparent fetal harm. Until additional data are
forthcoming, streptozocin should be considered a potential human
teratogen if exposure occurs during organogenesis.

FETAL RISK SUMMARY
Streptozocin (streptozotocin) is an alkylating antineoplastic that is obtained
from Streptomyces achromogenes. This nitrosourea agent belongs to the same
group as carmustine (BCNU) and lomustine (CCNU). Streptozocin is indicated
for the treatment of metastatic islet cell carcinoma of the pancreas and also is
used in other cancers. It is rapidly cleared from the plasma and is distributed to
tissues, primarily the kidneys, liver, intestines, and pancreas (1,2). Streptozocin
undergoes extensive metabolism and, although it does not cross the blood–
brain barrier, its metabolites are found in the cerebrospinal fluid (CSF) (1).

Streptozocin is mutagenic in bacteria, plants, and mammalian cells and is
carcinogenic (renal, hepatic, stomach, and pancreatic tumors) in various animal
species such as mice, rats, and hamsters (2). The drug also is diabetogenic in
laboratory animals (3).

Reproduction studies with streptozocin have been conducted in pregnant rats
and rabbits. Although the doses and administration times were not specified,
streptozocin was teratogenic (types of defects not specified) in rats and had
abortifacient effects in rabbits (2). No mention was made of maternal toxicity in



these studies.
Studies investigating the passage of streptozocin across the human placenta

have not been located. The molecular weight (about 265) is low enough that
exposure of the embryo or fetus should be expected. Moreover, in pregnant
monkeys administered IV streptozocin, the agent appeared rapidly in the fetal
circulation (2). However, the rapid clearance from the blood and the absence of
the parent drug in the CSF suggest that the amount crossing the placenta, at
least of unmetabolized drug, will be limited.

A 1984 report described a 21-year-old woman with diffuse histiocytic
lymphoma treated before pregnancy with multiple courses of chemotherapy
including cyclophosphamide, doxorubicin, vincristine, bleomycin, methotrexate,
cytarabine, and etoposide, in addition to radiation therapy to the neck (4).
Because of the failure of that therapy, she was changed to carmustine and
procarbazine for 5 months before conception. The patient refused to terminate
her pregnancy, and treatment with carmustine and procarbazine was continued
during the first 24 weeks of pregnancy. Because of disease progression, her
therapy was changed at 24 weeks’ gestation to three courses of streptozocin,
800 mg IV/day for 3 days every 4 weeks. The last course was administered 2
weeks before delivery at 35 weeks’ gestation. The normal-appearing male
infant weighed 2.34 kg with a head circumference of 32.5 cm and a length of
51.5 cm. The Apgar scores were 7 and 9 at 1 and 5 minutes, respectively.
Initial tests revealed normal hemoglobin, and white blood cell and platelet
counts. All other clinical tests were within normal limits, including electrolytes,
multiple chemistry, urinalysis, renal ultrasound, and chromosome studies (2).

BREASTFEEDING SUMMARY
No reports describing the use of streptozocin during human lactation have been
located. The molecular weight (about 265) suggests that the drug will be
excreted in breast milk. The effects of this exposure on a nursing infant are
unknown. Because of the potential for serious toxicity, women receiving
streptozocin should not nurse.
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SUCCIMER
Antidote/Chelating Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Two reports have described the use of succimer during human pregnancy.
The chelating agent has produced fetotoxicity and teratogenicity in mice
and fetotoxicity in rats. These toxic effects often occurred at oral doses
≤10 times the human dose (weight basis). In addition, succimer-induced
modulation of adult female rat immune function has been demonstrated.
The exact mechanism of the animal developmental toxicity is unknown but
appears to result from disturbances in mineral metabolism, especially that
of zinc and copper. Therefore, if succimer is used in human pregnancy, the
effects on maternal and fetal mineral metabolism—in particular, of zinc and
copper—should be evaluated (1).

FETAL RISK SUMMARY
The heavy metal chelating agent succimer (meso-2,3-dimercaptosuccinic acid
[DMSA]) is indicated for the treatment and prophylaxis of lead poisoning in
pediatric patients (2). The drug has also been used as an antidote for the
treatment of arsenic, mercury, and cadmium poisoning (3). Succimer has no
significant effect on the urinary elimination of iron, calcium, or magnesium but
doubles the excretion of zinc (2). After oral administration, approximately 60%
is absorbed systemically from an initial dose of 30 mg/kg/day (1050
mg/m2/day) with an apparent elimination half-life of approximately 2 days.

In addition to the animal reproductive data provided by the manufacturer (2),
a number of published animal studies have described the effect of succimer on
the fetus (3–12). In pregnant rats, doses of 100–1000 mg/kg/day administered
orally on gestational days 6–15 were not teratogenic but did produce maternal
toxicity (decreased weight gain) (3). At pregnancy termination on day 20, fetal
toxicity, characterized by increased early resorptions, postimplantation losses,



and reduced fetal body weight per litter, was evident at all doses. The no-
observable-effect level (NOEL) was <100 mg/kg/day (3).

In another portion of the above study, the concentrations of five minerals
(calcium, magnesium, zinc, copper, and iron) were measured in maternal and
fetal tissues (4). Marked alterations were observed on the mineral
concentrations in the fetuses. These effects suggested that the fetal toxicity
noted was partially due to changes in mineral metabolism (4).

Succimer was teratogenic and fetotoxic when SC doses were given to
pregnant mice during organogenesis (days 6–15 of gestation) at doses of 410–
1640 mg/kg/day (2,5). At the maximum dose, maternal toxicity (reduced weight
gain) was evident (5). Significant embryo and fetal toxicity, as evidenced by an
increased incidence of resorptions and stunting, and a decrease in the number
of live fetuses per litter, were observed at 1640 mg/kg/day. At 820 mg/kg/day,
significant decreases in fetal weight and length were noted. A dose relationship
was found for structural defects, including significant increases (compared with
controls) in gross external defects (hematomas in the facial area, exencephaly,
and micrognathia), internal soft tissue defects (hydrocephaly, small thoracic
cavities, and brain defects), and skeletal variations (decreased ossification,
hypoplasia of the mandible, and irregular-shaped ribs). The no-effect dose for
defects was 410 mg/kg/day (5).

In continuation of the above study, pregnant mice were given oral succimer
(200–800 mg/kg/day) from gestational day 14 through postnatal day 21
(weaning) (6). No maternal toxicity was observed at any dose. Adverse effects
were observed only in the offspring exposed during lactation to the highest
maternal dose. The effects observed in the nursing pups included significant
decreases in body weight and a corresponding increase in relative brain weight
(brain weight/body weight). The NOEL for adverse effects in the nursing pups
was >400 mg/kg/day (6).

The type of developmental toxicity observed in mice suggested to some
investigators that the toxicity may have been related to an interaction between
succimer and zinc (5). However, in a subsequent report, no consistent changes
could be demonstrated in mice fetal tissue levels of zinc, iron, calcium, or
magnesium (7). Moreover, supplemental zinc did not protect the fetuses.
Disturbance of maternal–fetal copper metabolism may have been related to the
developmental toxicity because dose-dependent decreases in fetal liver copper
levels were observed (7).

A 1991 report examined the efficacy of succimer to protect mice fetuses
from the toxicity and teratogenicity of an intraperitoneal (IP) dose (12 mg/kg) of



sodium arsenite administered to pregnant mice on day 10 of gestation (8). In
the dose-finding portion of the study, succimer SC doses of 80, 160, and 320
mg/kg were given immediately after sodium arsenite injection. An increasing
protective effect was noted with an increasing succimer dose. The effect of the
time interval between IP injection of sodium arsenite and injection of succimer
was then studied. A single SC dose of succimer (320 mg/kg) was given to
pregnant mice at various times up to 12 hours after a dose of sodium arsenite.
Significant reductions in arsenite-induced embryo toxicity and teratogenicity
were achieved only when succimer was administered within 1 hour of the
arsenite dose (8).

Using a similar study design, the above investigators examined the effect of
succimer in protecting fetal mice from the toxicity and teratogenicity of dibasic
sodium arsenate (9). Sodium arsenate is the most common form of inorganic
arsenic in the environment and is less fetotoxic than sodium arsenite (8,9). As in
the above study, the investigators demonstrated a dose-related protective
effect of succimer at SC doses of 37.5, 75, and 150 mg/kg administered at
four successive time intervals (2, 24, 48, and 72 hours) after IP injection of
dibasic sodium arsenate (45 mg/kg) (9).

A 1978 study in pregnant rats demonstrated that daily administration of
succimer was effective in reducing methylmercury concentrations in neonatal
rat brains (10). A 40-mg oral dose was more effective (70% reduction in
methylmercury) than a 20-mg dose (50% reduction). In a later study with
pregnant mice, a dose-related protective effect from methylmercury-induced
embryolethality and teratogenicity was demonstrated with the maximum
protection achieved with an SC dose of 320 mg/kg/day (11).

The effect on the immune function of female rats exposed to succimer in
utero was described in a 1999 report (12). Pregnant rats were administered
lead acetate (250 ppm) in drinking water from 2 weeks before mating until
parturition. Succimer (60 mg/kg/day), given orally from days 6–21 of gestation,
significantly lowered the blood lead levels in both the dams and embryos.
Several lead-induced changes in 13-week-old female offspring were reversed
by the chelating agent (succimer-induced changes in parentheses), including
body weight (increased), relative spleen weight (decreased), interferon γ
(increased), and interleukin-4 (decreased). However, succimer alone affected
immune function in the female offspring by decreasing the delayed-type
hypersensitivity response and increasing interleukin-2 production. Therefore,
succimer treatment during gestation did reverse some of the lead-induced
immunotoxicity but also caused subsequent adult immunomodulation (12).



It is not known if succimer crosses the human placenta. The molecular weight
(about 182) is low enough that fetal exposure should be expected. The studies
cited above suggest that succimer crosses the placenta in mice and rats.

A 2001 case report described an 18-day course of oral succimer for lead
poisoning at about 29–32 weeks’ gestation (13). There was no effect on the
woman’s blood lead concentrations (44.0 mcg/dL before chelation and 43.9
mcg/ dL after treatment). She gave birth at 37 weeks’ to a 3.04-kg, female
infant with Apgar scores of 8 and 9. At birth, the mother’s blood lead level was
57.6 mcg/dL, whereas the cord blood lead concentration was 126 mcg/dL. The
source of the lead in the mother was not found, even though an extensive
search for the source was conducted. The infant was treated with chelation
therapy and, although the concentrations remained elevated, her appearance
and behavior were normal at 6.5 months of age (13).

One pregnant woman, in a series of seven, was treated with succimer for
lead poisoning in a 2003 report (14). The source of the lead in most cases was
the ingestion of pica (soil/clay-based substances). No lead-induced congenital
defects were noted in the infants, but all received chelation therapy in the
neonatal period (14).

BREASTFEEDING SUMMARY
No studies describing the use of succimer during lactation have been located.
The molecular weight (about 182) suggests that the drug will be excreted into
milk. The effects of this exposure on a nursing infant are unknown. However,
because the use of succimer implies poisoning with lead, or other heavy
metals, these substances might also be excreted into milk and cause toxicity in
a nursing infant. Therefore, breastfeeding is contraindicated in women receiving
succimer.
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SUCCINYLCHOLINE
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Succinylcholine is not embryotoxic or teratogenic in two animal species or,
although the data are very limited, in humans. Succinylcholine has been
routinely used in obstetric patients prior to delivery since the 1950s and no
reports of fetal toxicity have been located. Partial or complete newborn
paralysis, with resulting respiratory depression, has been reported when
the drug was administered to women with the genetic trait for atypical
cholinesterase. Prolonged newborn respiratory depression may occur when
this trait has been inherited by the infant. The level of cholinesterase activity
in the infant will determine the duration of paralysis. Women without the
genetic trait for atypical cholinesterase rapidly metabolize the drug and,
because clinically significant placental transfer is dependent on
concentration, prevent toxicity in the newborn.

FETAL RISK SUMMARY
Succinylcholine is a depolarizing neuromuscular blocking agent that is used as
an adjunct to general anesthesia, to facilitate tracheal intubation, and to provide
skeletal muscle relaxation during surgery or mechanical ventilation.
Approximately 90% of the drug is rapidly hydrolyzed by plasma cholinesterase
to succinylmonocholine, a metabolite that is clinically inactive, and then more
slowly to succinic acid and choline. The remaining 10% is excreted unchanged
in the urine (1).

According to the manufacturer, reproduction studies in animals with
succinylcholine have not been conducted (1). A 1984 source, however, stated
that studies conducted in the 1950s in rabbits and dogs did not observe embryo
or fetal toxicity or teratogenicity (2). Succinylcholine has no direct action on the
uterus or other smooth muscles and, because it is highly ionized and has low



lipid solubility, does not readily cross the placenta (1).
A study published in 1961 noted the lack of quantitative data on the placental

transfer of succinylcholine in animals and humans (3). Although published
reports involving more than 1800 deliveries had shown the drug to be safe for
the fetus and newborn, there were anecdotal reports of flaccid, apneic infants
whose condition was attributed to succinylcholine (3). The authors cited two
studies in which doses <100 mg in pregnant rabbits had no adverse effect on
the newborns, but in dogs, paralysis was demonstrated in pups when a 400-mg
dose was administered to the mother immediately before delivery (3). They
then studied 14 patients delivered by cesarean section under general
anesthesia, in which a single 100-mg IV dose of succinylcholine was followed
by a continuous infusion of a 0.2% succinylcholine solution (3). The patients
received a total dose (IV plus infusion) of 100–600 mg. Three of the newborn
infants had Apgar scores <7 (time when determined was not specified). In an
additional eight patients undergoing vaginal delivery, a single 100-mg IV dose
was given within 4 minutes of birth. None of these infants had a depressed
Apgar score. Of the total 22 newborns, no paralysis was observed. Placental
transfer of succinylcholine as determined by a biologic test, however, could not
be demonstrated in any of the cases (3).

In a second study by these same authors, pregnant rabbits at term were
treated with a single IV dose of succinylcholine (0.25–570 mg/kg) with delivery
of the fetuses 3–6 minutes later (4). A difference in vigor compared with that in
controls was observed when the mother had received 340 mg/kg, about 600
times the human clinical dose based on weight. (The human clinical dose to
facilitate tracheal intubation is 0.6 mg/kg IV, range 0.3–1.1 mg/kg [1]). At 540
mg/kg, all rabbit fetuses were alive but paralyzed. In the human part of this
study, 13 women at term who were about to undergo vaginal delivery were
given a single 200- to 500-mg rapid IV dose, 1–5.25 minutes before delivery
(4). Maternal blood levels varied from 0 to 11.6 mcg/mL, whereas cord blood
concentrations varied from 0 to 2.0 mcg/mL. Cord blood levels of 1.1–2.0
mcg/mL occurred in six of eight fetuses whose mothers had received doses of
≥300 mg/kg. No drug was found in the cord blood of five newborns after a 200-
mg/kg maternal dose. None of the newborns appeared to be affected by
succinylcholine, but all of the mothers were apneic at delivery and for periods
up to 16 minutes.

The placental transfer of succinylcholine using radioactive tracers was
studied in near-term monkeys, using IV doses of 2–3 mg/kg followed by
repeated doses of 1.2 and 2 mg/kg (5). Rapid placental transfer occurred,



reaching a peak fetal plasma concentration approximately 30% of the maternal
plasma level 5–10 minutes after the dose. Fetal metabolism of succinylcholine
to inactive succinylmonocholine was demonstrated, albeit at a slower rate than
that which occurred in the mother, an indication that fetal cholinesterase
(pseudocholinesterase) activity was lower than that in the mother (5). The
authors concluded that the amount of active drug transferred to the fetus
produced a slight effect on skeletal muscle activity and was unlikely to depress
respiration in the newborn (5).

Atypical cholinesterase is an autosomal dominant inherited condition with
prevalence, for the dibucaine-resistant form, of 1:2000–1:4000 in various
populations (6). The homozygote state is diagnosed by the onset of prolonged
apnea (>10 minutes), in the absence of excessive amounts of other
depressants, after succinylcholine (1–3 mg/kg) administration (6). Some of the
anecdotal reports, mentioned in reference 3 of flaccid, apneic infants after
succinylcholine administration may represent cases of this genetic trait. Four
maternal cases of atypical cholinesterase, with probable atypical homozygote
infants in three, are discussed below.

A study published in 1975 described respiratory depression and decreased
muscular activity in a newborn whose mother had received succinylcholine, 80
mg IV followed by an IV infusion that delivered an additional 60 mg of drug, for
cesarean section at term (7). Newborn ventilation support was required for 10
minutes after birth. Neuromuscular block in the mother continued for
approximately 5.5 hours. Because the cholinesterase activity in the mother and
that in the 2-day-old infant were 10% of normal, neither was able to rapidly
metabolize the succinylcholine (7).

Low concentrations of plasma cholinesterase were thought to be responsible
for transient respiratory depression in a newborn following the use of
succinylcholine for cesarean section (8). The mother had received 200 mg
thiamylal (a barbiturate similar to thiopental that is not currently available) and
100 mg succinylcholine IV for induction of general anesthesia 3 minutes prior to
delivery. The onset of respiration and the development of an acceptable
respiratory pattern in the newborn were slightly delayed with Apgar scores of 5
and 8 at 1 and 5 minutes, respectively. After recovery, the newborn did well.
The mother required mechanical ventilation for 4 hours before return of
spontaneous muscular activity and respiration (8). Cholinesterase activity in the
mother was below the level of test sensitivity. Enzyme activity in the newborn
was 410 U/L (normal 2436–4872 U/L) (8). Three months later, the infant’s
pseudocholinesterase activity had risen to 910 U/L. Enzyme concentrations in



the father (2420 U/L) were slightly low, normal in one sibling (2480 U/L), and
markedly depressed in five other siblings (range 150–760 U/L).

A description of two mothers at term with atypical cholinesterase who were
administered succinylcholine prior to elective cesarean section was reported in
1975 (9). The first mother received 100 mg of IV succinylcholine 5 minutes
before delivery of a male infant. Apnea in the mother persisted for 2.5 hours
after delivery before return of spontaneous respirations. Her infant was flaccid,
apneic, and unresponsive to stimulation. Respiratory assistance was required
for 6 hours before occurrence of full recovery. In the second mother, who also
received succinylcholine 100 mg IV, recovery from paralysis required 2 hours.
Her infant, delivered 10 minutes after the dose, cried immediately and had
Apgar scores of 8 and 10 at 1 and 5 minutes, respectively. Analysis of serum
cholinesterase activity and dibucaine numbers in the mothers and infants
revealed that the mothers and the affected infant were atypical homozygotes,
whereas the unaffected infant was a heterozygote (9).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 26
of whom had 1st trimester exposure to succinylcholine (10). No congenital
malformations were observed in any of the newborns.

BREASTFEEDING SUMMARY
The passage of succinylcholine into breast milk has not been studied. Because
the drug is rapidly hydrolyzed by plasma cholinesterase (pseudocholinesterase)
to an inactive metabolite, it is doubtful that clinically significant amounts of
active drug are transferred into milk (11). Women with the genetic trait for
atypical cholinesterase will have high concentrations of succinylcholine, but the
effects of the drug on the mother will preclude nursing.
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SUCRALFATE
Gastrointestinal Agent (Antisecretory)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the toxicity of aluminum has been well documented, there is no
evidence that normal doses of aluminum-containing medications, such as
sucralfate, present a risk to the fetuses of pregnant women with normal
renal function. A study showing an association between in utero exposure
to gastric acid-suppressing drugs and childhood allergy and asthma
requires confirmation. Oral absorption of aluminum is poor, with only an
average of 12% retained in one study of six normal subjects ingesting 1–3
g/day of aluminum (1). Moreover, no evidence has been found to suggest
that aluminum is actively absorbed from the gastrointestinal tract (1).
Because of these characteristics and the lack of reports of adverse fetal
effects in humans or animals attributable to sucralfate, the risk to the fetus
is probably nil. A 1985 review on the use of gastrointestinal drugs during
pregnancy and lactation by the American College of Gastroenterology
classified sucralfate as an agent whose potential benefits outweighed any
potential risks (2).

FETAL RISK SUMMARY
Sucralfate is an aluminum salt of a sulfated disaccharide that inhibits pepsin
activity and protects against ulceration. The drug is a highly polar anion when
solubilized in strong acid solutions, which probably accounts for its poor
gastrointestinal absorption. Its ulcer protectant and healing effects are exerted
through local, rather than systemic, action (3). The small amounts that are
absorbed, up to 2.2% of a dose in one study using healthy males (4), are
excreted in the urine (3,4).

In mice, rats, and rabbits, sucralfate had no effect on fertility and was not
teratogenic with doses up to 50 times those used in humans (3). Sucralfate is a



source of bioavailable aluminum (1,5). Each 1-g tablet of sucralfate contains
207 mg of aluminum (1). The potential fetal toxicity of this drug relates to its
aluminum content.

When administered parenterally to pregnant animals, aluminum accumulated
in the fetus, causing an increased perinatal mortality and impaired learning and
memory (6,7). Teratogenic effects, however, were not observed (7). Prolonged
exposure to the metal has caused neurobehavioral and skeletal toxicity (8). A
1985 review of aluminum described these toxic effects on the brain and bone
tissue as dialysis encephalopathy in patients with renal failure and a unique
form of osteodystrophy in uremic patients (1). Aluminum received from IV fluids
may also be related to osteopenia in premature infants (9). A 1991 report
described the results of a study of 88 pregnancies in women exposed to high
amounts of aluminum sulfate that had been accidentally added to the city’s
water supply (10). Except for an increased rate of talipes (clubfoot) (four
cases, one control; p = 0.01), there was no evidence that the exposure was
harmful to the fetuses. Several theoretical explanations for the four cases of
clubfoot were offered by the investigators, including the possibility that the
observed incidence occurred by chance (10).

In patients with end-stage chronic renal failure, the use of sucralfate to bind
phosphate resulted in serum aluminum levels comparable to those obtained
from the antacid aluminum hydroxide (5). Administration of sucralfate to normal
subjects did not increase plasma aluminum concentrations, but evidence of
tissue aluminum loading was found in experiments with animals (1).

Analysis of 97 amniotic fluid samples, mostly from women undergoing
amniocentesis for advanced maternal age, found a mean aluminum
concentration of 93.4 mcg/L (range 37–149 mcg/L) (11). The authors of this
study did not mention whether the women were consuming aluminum-containing
medications, and the measured levels are apparently the normal baseline for
the patient population studied.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 183 newborns had
been exposed to sucralfate during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of five (2.7%) major birth defects were
observed (eight expected). Specific data were available for six defect
categories, including (observed/expected) 1/2 cardiovascular defects, 1/0 oral
clefts, 0/0 spina bifida, 1/0.5 polydactyly, 0/0.5 limb reduction defects, and
1/0.5 hypospadias. These data do not support an association between the drug
and congenital defects.



A population-based observational cohort study formed by linking data from
three Swedish national healthcare registers over a 10-year period (1995–2004)
was reported in 2009 (12). The main outcome measures were a diagnosis of
allergic disease or a prescription for asthma or allergy medications. The drug
types included in the study were gastric acid suppressors, including H2-
receptor antagonists, prostaglandins, proton pump inhibitors, combinations for
eradication of Helicobacter pylori, and drugs for peptic ulcer and
gastroesophageal reflux disease, such as sucralfate. Of 585,716 children,
29,490 (5.0%) met the diagnosis and 5645 (1%) had been exposed to gastric
acid suppression therapy in pregnancy. Of these children, 405 (0.07%) were
treated for allergic disease. For developing allergy, the odds ratio (OR) was
1.43 and the 98% confidence interval (CI) was 1.29–1.59, irrespective of the
drug, time of exposure during pregnancy, and maternal history of allergy. For
developing childhood asthma, but not other allergic diseases, the OR was 1.51
and the 95% CI was 1.35–1.69, irrespective of the type of acid-suppressive
drug and the time of exposure in pregnancy. The authors proposed three
possible mechanisms for their findings: (a) exposure to increased amounts of
allergens could cause sensitization to digestion labile antigens in the fetus; (b)
maternal Th2 cytokine pattern could promote an allergy-prone phenotype in the
fetus; and (c) maternal allergen-specific immunoglobulin E could cross the
placenta and sensitize fetal immune cells to food and airborne allergens.
Several limitations of the study that might have affected their findings were
identified, including a general increase in childhood asthma but not necessarily
an increase in allergic asthma (12). The study requires confirmation.

BREASTFEEDING SUMMARY
Minimal, if any, excretion of sucralfate into milk should be expected because
only small amounts of this drug are absorbed systemically.

References
1. Lione A. Aluminum toxicology and the aluminum-containing medications. Pharmacol Ther 1985;29:255–

85.
2. Lewis JH, Weingold AB. The use of gastrointestinal drugs during pregnancy and lactation. Am J

Gastroenterol 1985;80:912–23.
3. Product information. Carafate. Hoechst Marion Roussel, 2000.
4. Giesing D, Lanman R, Runser D. Absorption of sucralfate in man (abstract). Gastroenterology

1982;82:1066.
5. Leung ACT, Henderson IS, Halls DJ, Dobbie JW. Aluminum hydroxide versus sucralfate as a

phosphate binder in uraemia. Br Med J 1983;286:1379–81.
6. Yokel RA. Toxicity of gestational aluminum exposure to the maternal rabbit and offspring. Toxicol Appl

Pharmacol 1985;79:121–33.
7. McCormack KM, Ottosen LD, Sanger VL, Sprague S, Major GH, Hook JB. Effect of prenatal



administration of aluminum and parathyroid hormone on fetal development in the rat (40493). Proc Soc
Exp Biol Med 1979;161:74–7.

8. Yokel RA, McNamara PJ. Aluminum bioavailability and disposition in adult and immature rabbits. Toxicol
Appl Pharmacol 1985;77:344–52.

9. Sedman AB, Klein GL, Merritt RJ, Miller NL, Weber KO, Gill WL, Anand H, Alfrey AC. Evidence of
aluminum loading in infants receiving intravenous therapy. N Engl J Med 1985;312:1337–43.

10. Golding J, Rowland A, Greenwood R, Lunt P. Aluminum sulphate in water in north Cornwall and
outcome of pregnancy. Br Med J 1991;302:1175–7.

11. Hall GS, Carr MJ, Cummings E, Lee M. Aluminum, barium, silicon, and strontium in amniotic fluid by
emission spectrometry. Clin Chem 1983;29:1318.

12. Dehlink E, Yen E, Leichtner AM, Hait EJ, Fiebiger E. First evidence of a possible association between
gastric acid suppression during pregnancy and childhood asthma: a population-based register study.
Clin Exp Allergy 2009;39:246–53.



SUFENTANIL
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of sufentanil during pregnancy with clinically used doses does not
appear to present a significant risk to the fetus or newborn. Although no
reports describing the use of the narcotic during the 1st trimester have
been located, the lack of teratogenicity in animals and the general opinion
that narcotic agents, in general, pose little risk of congenital malformations
are reassuring. Sufentanil rapidly crosses the placenta to the fetus, even
more so in the presence of fetal acidosis, and similar to all narcotics, dose-
related depression of the fetus and newborn may occur. Both respiratory
depression and adverse effects on neonatal neurobehavior are potential
problems in the newborn. If sufentanil is used in pregnancy, healthcare
professionals are encouraged to call the toll-free number (800-670-6126)
for information about patient enrollment in the Motherisk study.

FETAL RISK SUMMARY
Sufentanil is a potent narcotic drug that is used as an analgesic adjunct to, or
primary anesthetic agent during, general anesthesia and in combination with
bupivacaine for epidural anesthesia during labor and vaginal delivery.

No evidence of teratogenicity has been observed in rats and rabbits, but the
drug was embryocidal (most likely due to maternal toxicity) in both species
when it was given for 10–30 days in a dose 2.5 times the upper human IV dose
(1). No adverse reproductive (number of implantations and live fetuses, percent
fetal wastage per litter, or mean fetal weight) or teratogenic effects (major or
minor malformations) were observed in rats administered continuous infusions
of sufentanil at doses of 10, 50, or 100 mcg/kg/day from day 5 through day 20
of pregnancy (2).



The placental transfer of sufentanil was studied in an experiment using the
dual-perfused, single-cotyledon human placental model at doses of 1, 10, 20,
and 100 ng/mL (3). Sufentanil was shown to rapidly cross the placenta by
passive diffusion, but high maternal protein binding significantly reduced this
transfer, whereas progressive fetal acidemia (reduction in pH from 7.4 to 6.8 in
0.2 increments) significantly increased transfer. Placental tissues appeared to
bind sufentanil, but this accumulation apparently did not affect the overall net
drug transfer to the fetus (i.e., the placenta accumulated sufentanil during
periods of increasing maternal concentrations and then functioned as a source
to sustain fetal drug levels when maternal concentrations declined) (3).

In another in vitro study, a single-pass (open) placental perfusion model was
used to assess the placental transfer of sufentanil (1 and 100 ng/mL) and the
effect of maternal plasma proteins, placental metabolism, and fetal pH (7.4–
6.8) on the transfer (4). The conclusions of this study were identical to those of
the study above, in that sufentanil rapidly crossed the placenta by passive
diffusion, the placenta acted as a depot for the narcotic, maternal protein
binding (not albumin) decreased transfer, and fetal acidosis increased the
amount reaching the fetus (4). The authors also concluded that because of its
low initial transfer (umbilical vein concentration only 2% of maternal
concentration at 5 minutes), sufentanil may be the narcotic of choice if delivery
is imminent (<45 minutes) (4).

Sufentanil crosses the placenta to the fetal circulation following maternal
epidural anesthesia (5,6). In a 1991 double-blind study, 60 women undergoing
elective cesarean section at term were randomized to receive epidural
anesthesia consisting of 0.5% bupivacaine with epinephrine (1:200,000) alone
(N = 20), sufentanil 20 mcg plus bupivacaine with epinephrine (N = 20), or
sufentanil 30 mcg plus bupivacaine with epinephrine (N = 20) (6). The mean
plasma concentrations of sufentanil in the mother and newborn in the 20-mcg
group (14 subjects) were 0.030 and 0.025 ng/mL, respectively, whereas those
in the 30-mcg group (15 subjects) were 0.056 and 0.042 ng/mL, respectively.
The fetal:maternal ratios in the two groups were 0.83 and 0.75, respectively.
To evaluate the safety of the epidural solutions for the newborn, the
Neurological and Adaptive Capacity Score (NACS) was used to evaluate the
infants at birth and between 1 and 2 hours. In each of the three groups, the
percentage of neonates with a perfect score in each category of the NACS
was statistically similar (6).

The placental transfer of sufentanil, fentanyl, and bupivacaine was studied in
a double-blind, randomized trial involving 36 women at term who received



epidural anesthesia during labor prior to vaginal delivery (6). Patients received
a 12-mL bolus of (a) bupivacaine 0.25% alone (N = 13), (b) bupivacaine
0.125% plus sufentanil 15 mcg (N = 9), or (c) bupivacaine 0.125% plus fentanyl
75 mcg (N = 14), followed by a 10 mL/hr infusion of bupivacaine 0.125% alone,
bupivacaine 0.125% plus sufentanil 0.25 mcg/mL, or bupivacaine 0.125% plus
fentanyl 1.5 mcg/mL. The mean umbilical vein:maternal vein (UV:MV) ratios for
bupivacaine in the three groups were 0.29, 0.43, and 0.33, respectively. The
mean UV concentrations of the narcotics for sufentanil and fentanyl were 0.016
and 0.18 ng/mL, respectively, whereas the mean MV concentrations were
0.019 and 0.52 ng/mL, respectively. The UV:MV ratios for sufentanil and
fentanyl were 0.81 and 0.37, respectively. The NACS was used to assess the
newborns in each group at delivery, 2 hours of age, and 24 hours of age (6).
No statistical differences among the three groups were observed at delivery or
at 2 hours of age, but at 24 hours, the bupivacaine-fentanyl group’s NACS was
significantly lower than that of the bupivacaine-sufentanil group, a result thought
to reflect the continued presence of fentanyl in the neonate (6).

Intrathecal sufentanil (10 mcg), followed at least 1 hour later with bupivacaine
epidural analgesia (N = 65), was compared with bupivacaine epidural analgesia
alone (N = 64) in a 1996 report comparing the effects of the two analgesic
regimens on fetal heart rate changes during labor (7). No statistical differences
were observed between the groups in the incidence of clinically significant fetal
heart rate tracing abnormalities (recurrent late decelerations and/or
bradycardia) or in maternal hypotension within the 1st hour of administration
(7). In addition, there were no differences between the groups in arterial or
venous cord pH or the number of 5-minute Apgar scores <7. No abnormal fetal
heart rate patterns were observed in an earlier study that compared intrathecal
sufentanil (10 mcg) either alone (N = 20) or with 0.2 mg epinephrine (N = 20)
(8). Epinephrine did not prolong analgesia but did increase the incidence of
vomiting while decreasing the incidence and severity of pruritus. In a 1993
report, abnormal fetal heart rate changes were observed in 15% (11 of 73
tracings that were acceptable for analysis) among 108 women who received
intrathecal sufentanil (10 mcg) during active labor (9). Of the 11 abnormal
tracings, 5 were of moderate but transient variable decelerations, 4 were of
mild nonrepetitive late decelerations, 1 was of a single episode of bradycardia,
and 1 was of an episode of decreased variability. None of the 11 affected
pregnancies required intervention for fetal compromise.

A number of studies have reported the successful use of sufentanil to
produce adequate labor analgesia without fetal or newborn harm (10–19). A



1992 reference concluded that 10 mcg of sufentanil administered intrathecally
produced faster and superior analgesia to that observed with epidural or IV
administration of the same dose (10). Intermittent injections of intrathecal
sufentanil (5 mcg) were compared with intermittent injections of intrathecal
fentanyl (10 mcg) or meperidine (10 mg) in another 1992 report (11). In this
study, meperidine provided better maternal analgesia once cervical dilation had
progressed beyond 6 cm (11). No intergroup differences were observed in
umbilical cord blood gases and none of the newborns had a 5-minute Apgar
score <7. No significant differences were observed in Apgar scores, umbilical
cord blood pH levels, or NACS at 2 and 24 hours in a study comparing epidural
sufentanil plus bupivacaine (N = 30) to epidural fentanyl plus bupivacaine (N =
30) (12). During labor, the patients received epidural infusions at 12 mL/hr of
either sufentanil (0.25 mcg/mL) or fentanyl (2.5 mcg/mL), both in 0.0625%
bupivacaine. The total narcotic doses of sufentanil or fentanyl were 15.9 and
139.8 mcg, respectively. In seven other studies, spinal sufentanil either alone or
combined with other various agents compared favorably with controls in
efficacy and fetal and newborn safety (13–19).

A case of maternal respiratory depression following a 15-mcg dose of
intrathecal sufentanil during labor was described in 1994 (20). A marked
decrease (to 89%) in the patient’s hemoglobin oxygen saturation was noted
that was treated with tactile stimulation and oxygen via face mask. A healthy,
3905-g male infant was delivered 2.5 hours later with Apgar scores of 7 and 8
at 1 and 5 minutes, respectively. No adverse effects were observed in the
neonate during routine hospital follow-up.

BREASTFEEDING SUMMARY
The use of sufentanil during lactation is unlikely because of its clinical
indications. It is not surprising, therefore, that no reports describing the use of
this agent during lactation have been located. The molecular weight (about 579)
of sufentanil citrate, the commercial form of the drug, is low enough that
passage into milk should be expected. The effects, if any, of this exposure on a
nursing infant are unknown.
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SULBACTAM
Anti-infective
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Sulbactam is always given in combination with ampicillin. It has caused no
harm in animal reproduction studies, but reports of human exposure in early
gestation are lacking. However, none of the penicillins has been shown to
be teratogenic. Sulbactam readily crosses the human placenta to the fetus.
Although no direct adverse effects of this exposure on the fetus or newborn
have been reported, use of the antibiotic combination near delivery may
result in superinfection with resistant bacteria in the newborn.

FETAL RISK SUMMARY
Sulbactam is a semisynthetic beta-lactamase irreversible inhibitor that is
derived from the basic penicillin nucleus. When used alone, sulbactam does not
have effective anti-infective activity (accept against the Neisseriaceae).
However, sulbactam extends the activity of ampicillin when given in combination
with this antibiotic (1).

Reproduction studies reported by the manufacturer involved mice, rats, and
rabbits, but only with the combination of sulbactam and ampicillin (1). There
was no evidence of impaired fertility or fetal harm in each species at doses up
to 10 times the human dose. Pregnant rats given IV sulbactam at doses up to
500 mg/kg/day at various times, including before mating and throughout
gestation, showed no evidence of adverse reproductive effects (2).

Sulbactam crosses the human placenta to the fetus at term (3,4). Placental
transfer studies early in gestation have not been located. An abstract from a
1983 symposium reported a linear relationship between fetal and maternal
serum sulbactam concentrations when sulbactam/ampicillin was given as a
single dose (either 0.5 g/1 g or 1 g/1 g) just before cesarean section. The
mean peak fetal serum level of sulbactam was <20 mcg/mL (3). In an in vitro
experiment with bidirectional perfused human placental lobules, sulbactam was



demonstrated to cross by simple diffusion (4). The placental transfer is
consistent with its low molecular weight (about 255).

A 1992 study compared the concentration of three antibiotics
(sulbactam/ampicillin, ticarcillin/clavulanic acid, and cefotaxime) in maternal
blood, placental tissue, and cord blood in 15 laboring women with
chorioamnionitis at ≥37 weeks’ gestation (5). Five of the women received the
sulbactam/ampicillin combination. The mean concentrations of sulbactam in
maternal blood, placental tissue, and cord blood were 7.25, 3.75, and 9.68
mcg/mL. The cord:maternal ratio was 1.3. The time interval between dosing
and delivery and the dose used were not specified (5).

The pharmacokinetics of sulbactam at term were described in a 1993 study
(6). The kinetics (area under drug vs. time curve, elimination rate constant, half-
life, volume of distribution, and clearance) of a 0.5-g dose of sulbactam
(combined with 1 g ampicillin) administered IV at cord clamping were not
significantly different from those in nonpregnant patients. Changes were noted
but did not reach statistical significance (6).

The combination of sulbactam and ampicillin has been used frequently in the
2nd and 3rd trimesters of pregnancy (7–15). These studies involved
prophylaxis, as in cases of preterm premature rupture of the membranes, and
therapy for established infections. No cases of fetal or newborn direct harm
from exposure to the combination were reported. However, indirect harm to the
newborn from antibiotic-related superinfection with resistant bacteria is a
concern (15).

Inadvertent intrauterine infusion of sulbactam (1 g) plus ampicillin (2 g) was
reported in a brief 2000 communication (16). The antibiotic combination was
being given for prophylaxis of preterm premature rupture of the membranes at
30 weeks’ gestation. Apparently the error occurred when the antibiotic was
infused into an intrauterine catheter instead of the intended IV catheter. A
1690-g infant (sex not specified) was delivered by cesarean section the next
day. No adverse effects of the error were observed.

BREASTFEEDING SUMMARY
Sulbactam is excreted into human breast milk. Sulbactam (0.5 or 1.0 g) was
infused either with cephalothin or ampicillin in four postpartum women 2 days
after cesarean section (17). The milk concentrations obtained 10–21 hours
after a dose ranged from 0.13 to 1.2 mcg/mL (mean 0.52 mcg/mL). No
sulbactam was found in one sample obtained at 49 hours. The investigators did
not state whether the infants were allowed to nurse. The potential effects of



exposure to sulbactam on a nursing infant is unknown, but are probably similar
to those that might occur with other antibiotics: modification of bowel flora,
direct effects on the infant (e.g., allergy or sensitization), and interference with
the interpretation of culture results if a fever workup is required. The American
Academy of Pediatrics classifies sulbactam as compatible with breastfeeding
(18).
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SULCONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Potential Toxicity
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of sulconazole in human pregnancy have
been located. When given orally, sulconazole was embryotoxic and
prolonged gestation in one animal species, but the systemic exposures
appeared to be far higher than those that could possibly be obtained after
topical use. Sulconazole is partially absorbed with the amount reaching the
plasma dependent on the dose and application site. The effects of this
exposure are unknown. One study did find a significant increase (relative
risk 1.4) in the risk of spontaneous abortion after vaginitis therapy with
imidazole antifungals, clotrimazole and miconazole (1). A later study
speculated that this effect might have been due to inhibition of the critical
placental enzyme aromatase (2). There is no other evidence suggesting
that similar topical imidazole-derivative antifungal agents cause embryo–
fetal harm. However, sulconazole was a more potent inhibitor of aromatase
than either of the two agents associated with the abortions (2). Until
additional data are available, the best course is to avoid the use of
sulconazole in the 1st trimester or the application of the antifungal to large
areas of skin at any time in pregnancy.

FETAL RISK SUMMARY
Sulconazole is available as a 1% cream for topical application. It is in the same
antifungal class of imidazole derivatives as butoconazole, clotrimazole,
econazole, ketoconazole, miconazole, oxiconazole, sertaconazole, and
tioconazole. Sulconazole is indicated for the treatment of tinea pedis (athlete’s
foot), tinea cruris, and tinea corporis caused by Trichophyton rubrum, T.
mentagrophytes, Epidermophyton floccosum, Microsporum canis, and tinea
versicolor (3).



In a 1988 study with seven adults, two applications (4.5 g/each) of the
radiolabeled 1% cream were made on the abdominal skin at 0 and 12 hours
(4). The site was then washed at 24 hours and then every 24 hours for 3 days.
Radioactivity was detectable in the plasma from 8 to 96 hours, with a peak at
24 hours. The total percutaneous absorption was estimated to be 8.7%–11.3%
of the total dose, the highest reported among imidazole derivatives (4).

Reproduction studies have been conducted in rats and rabbits. In rats, an
oral dose 125 times the adult human dose based on body weight was
embryotoxic. This dose also resulted in prolonged gestation and dystocia. No
teratogenicity was observed in rats and rabbits given oral doses of 50
mg/kg/day (comparison to human dose not specified) (3).

It is not known if sulconazole crosses the human placenta. The molecular
weight (about 461) suggests that exposure of the embryo–fetus will occur.
However, the dose and application site will have a major role in determining the
amount of drug available to cross the placenta.

A 2002 study evaluated azole antifungals commonly used in pregnancy for
their potential to inhibit aromatase, a placental enzyme that is critical for the
production of estrogen and for the maintenance of pregnancy (2). The authors
speculated that the embryotoxicity observed in animals and humans (see also
Clotrimazole and Miconazole) might be explained by inhibition of aromatase.
They found that the most potent inhibitors of aromatase were (shown in order
of decreasing potency) econazole, bifonazole (not available in the United
States), sulconazole, clotrimazole, and miconazole. The potential plasma
concentrations of sulconazole in humans were thought to be high enough to
partially inhibit the enzyme (2). However, an earlier study reported a pregnancy
that was maintained even when there was severe fetal and placental
aromatase deficiency (<0.3% of that of controls) caused by a rare genetic
defect (5). In this case, both the fetus and mother were virilized because of
diminished conversion of androgens to estrogen. Because the pregnancy was
maintained and the virilization, the case suggested that the main function of
placental aromatase was to protect the mother and fetus from exposure to
adrenal androgens (5).

BREASTFEEDING SUMMARY
No reports describing the use of sulconazole during human lactation have been
located. The molecular weight (about 461) suggests that the drug will be
excreted into breast milk. The drug is absorbed systemically (see above). The
effect of this exposure on a nursing infant is unknown. Because the systemic



absorption was the highest known among similar agents, other imidazole
antifungals might be more appropriate if a nursing woman requires topical
antifungal therapy.
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SULFASALAZINE
Gastrointestinal Agent/Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Sulfasalazine is a compound composed of 5-aminosalicylic acid (5-ASA)
joined to sulfapyridine by an azo-linkage (refer to Sulfonamides for a
complete review of this class of agents). No evidence of developmental
toxicity has been located. Although it has not been reported, there is a
potential risk of neonatal jaundice if the drug is administered close to
delivery. If sulfasalazine is used in pregnancy for the treatment of
rheumatoid arthritis, healthcare professionals are encouraged to call the
toll-free number (877-311-8972) for information about patient enrollment in
the Organization of Teratology Information Specialists (OTIS) Rheumatoid
Arthritis study.

FETAL RISK SUMMARY
Sulfasalazine is used for the treatment of ulcerative colitis, Crohn’s disease,
and rheumatoid arthritis. Reproduction studies in rats and rabbits at doses up
to 6 times the human dose revealed no impairment of fertility or fetal harm (1).

No increase in human congenital defects or newborn toxicity has been
observed from its use in pregnancy (2–12). However, three reports, involving
five infants (two stillborn), have described congenital malformations after
exposure to this drug (13–15). It cannot be determined whether the observed
defects were related to the therapy, the disease, or a combination of these or
other factors: bilateral cleft lip/palate, severe hydrocephalus, death (13);
ventricular septal defect, coarctation of aorta (14); Potter-type IIa polycystic
kidney, rudimentary left uterine cornu, stillborn (first twin) (14); Potter’s facies,
hypoplastic lungs, absent kidneys and ureters, talipes equinovarus, stillborn
(second twin) (14); ventricular septal defect, coarctation of aorta,
macrocephaly; gingival hyperplasia, small ears (both thought to be inherited)



(15).
Sulfasalazine and its metabolite, sulfapyridine, readily cross the placenta to

the fetal circulation (6,7). Fetal concentrations are approximately the same as
maternal concentrations. Placental transfer of 5-ASA is limited because only
negligible amounts are absorbed from the cecum and colon, and these are
rapidly excreted in the urine (16).

At birth, concentrations of sulfasalazine and sulfapyridine in 11 infants were
4.6 and 18.2 mcg/mL, respectively (7). Neither of these levels was sufficient to
cause significant displacement of bilirubin from albumin (7). Kernicterus and
severe neonatal jaundice have not been reported following maternal use of
sulfasalazine, even when the drug was given up to the time of delivery (7,8).
Caution is advised, however, because other sulfonamides have caused jaundice
in the newborn when given near term (see Sulfonamides).

Sulfasalazine is a folic acid antagonist (dihydrofolate reductase inhibitor). In a
2000 case–control study, the effect of folic acid supplementation on the risks
for certain congenital defects were examined (17). Supplementation reduced
the teratogenic risk from sulfasalazine and similar acting folic acid antagonists.
See Trimethoprim for details of this study.

Sulfasalazine may adversely affect spermatogenesis in male patients with
inflammatory bowel disease (18,19). Sperm counts and motility are both
reduced and require ≥2 months after the drug is stopped to return to normal
levels (18).

BREASTFEEDING SUMMARY
Sulfapyridine is excreted into breast milk (6,16,20) (see also Sulfonamides).
Milk concentrations were approximately 40%–60% of maternal serum levels.
One infant’s urine contained 3–4 mcg/mL of the drug (1.2–1.6 mg/24 hours),
representing about 30%–40% of the total dose excreted in the milk.
Unmetabolized sulfasalazine was detected in only one of the studies
(milk:plasma ratio of 0.3) (6). Levels of 5-ASA were undetectable. No adverse
effects were observed in the 16 nursing infants exposed in these reports
(6,16,20). However, bloody diarrhea in an infant exclusively breastfed,
occurring first at 2 months of age and then recurring 2 weeks later and
persisting until 3 months of age, was attributed to the mother’s sulfasalazine
therapy (3 g/day) (21). The mother was a slow acetylator with a blood
concentration of sulfapyridine of 42.4 mcg/mL (therapeutic range 20–50
mcg/mL). The acetylation phenotype of the infant was not determined, but his
blood level of sulfapyridine was 5.3 mcg/mL. A diagnostic workup of the infant



was negative. The bloody diarrhea did stop, however, 48–72 hours after
discontinuance of the mother’s therapy. A repeat colonoscopy of the infant 1.5
months later was normal (21).

Based on the above report, the American Academy of Pediatrics classifies
sulfasalazine as a drug that has been associated with significant effects in
some nursing infants and should be given to nursing mothers with caution (22).

References
1. Product information. Azulfidine EN-tabs. Pharmacia & Upjohn, 2000.
2. McEwan HP. Anorectal conditions in obstetric practice. Proc R Soc Med 1972;65:279–81.
3. Willoughby CP, Truelove SC. Ulcerative colitis and pregnancy. Gut 1980;21:469–74.
4. Levy N, Roisman I, Teodor I. Ulcerative colitis in pregnancy in Israel. Dis Colon Rectum 1981;24:351–4.
5. Mogadam M, Dobbins WO III, Korelitz BI, Ahmed SW. Pregnancy in inflammatory bowel disease: effect

of sulfasalazine and corticosteroids on fetal outcome. Gastroenterology 1981;80:72–6.
6. Azad Khan AK, Truelove SC. Placental and mammary transfer of sulphasalazine. Br Med J

1979;2:1553.
7. Jarnerot G, Into-Malmberg MB, Esbjorner E. Placental transfer of sulphasalazine and sulphapyridine

and some of its metabolites. Scand J Gastroenterol 1981;16:693–7.
8. Mogadam M. Sulfasalazine, IBD, and pregnancy (reply). Gastroenterology 1981;81:194.
9. Fielding JF. Pregnancy and inflammatory bowel disease. J Clin Gastroenterol 1983;5:107–8.

10. Sorokin JJ, Levine SM. Pregnancy and inflammatory bowel disease: a review of the literature. Obstet
Gynecol 1983;62:247–52.

11. Baiocco PJ, Korelitz BI. The influence of inflammatory bowel disease and its treatment on pregnancy
and fetal outcome. J Clin Gastroenterol 1984;6:211–6.

12. Fedorkow DM, Persaud D, Nimrod CA. Inflammatory bowel disease: a controlled study of late
pregnancy outcome. Am J Obstet Gynecol 1989;160:998–1001.

13. Craxi A, Pagliarello F. Possible embryotoxicity of sulfasalazine. Arch Intern Med 1980;140:1674.
14. Newman NM, Correy JF. Possible teratogenicity of sulphasalazine. Med J Aust 1983;1:528–9.
15. Hoo JJ, Hadro TA, Von Behren P. Possible teratogenicity of sulfasalazine. N Engl J Med 1988;318:1128.
16. Berlin CM Jr, Yaffe SJ. Disposition of salicylazosulfapyridine (Azulfidine) and metabolites in human

breast milk. Dev Pharmacol Ther 1980;1:31–9.
17. Hernandez-Diaz S, Werler MM, Walker AM, Mitchell AA. Folic acid antagonists during pregnancy and

the risk of birth defects. N Engl J Med 2000;343:1608–14.
18. Toovey S, Hudson E, Hendry WF, Levi AJ. Sulphasalazine and male infertility: reversibility and possible

mechanism. Gut 1981;22:445–51.
19. Freeman JG, Reece VAC, Venables CW. Sulphasalazine and spermatogenesis. Digestion 1982;23:68–

71.
20. Jarnerot G, Into-Malmberg MB. Sulphasalazine treatment during breast feeding. Scand J Gastroenterol

1979;14:869–71.
21. Branski D, Kerem E, Gross-Kieselstein E, Hurvitz H, Litt R, Abrahamov A. Bloody diarrhea-a possible

complication of sulfasalazine transferred through human breast milk. J Pediatr Gastroenterol Nutr
1986;5:316–7.

22. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



SULFONAMIDES
Anti-infective
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Taken in sum, sulfonamides, as single agents, do not appear to pose a
significant teratogenic risk. One study has found associations with birth
defects, but a causative association cannot be determined with this type of
study and they may have been due to other factors, particularly if
trimethoprim was combined with the sulfonamide. Confirmation is required.
Because of the potential toxicity to the newborn, these agents should be
avoided near term.

FETAL RISK SUMMARY
Sulfonamides are a large class of antibacterial agents. Although there are
differences in their bioavailability, all share similar actions in the fetal and
newborn periods, and they will be considered as a single group.

Sulfamethoxazole was teratogenic (primarily cleft palates) in rats given oral
doses of 533 mg/kg (1). The highest dose that did not produce cleft palates
was 512 mg/kg.

The sulfonamides readily cross the placenta to the fetus during all stages of
gestation (2–10). Equilibrium with maternal blood is usually established after 2–
3 hours, with fetal levels averaging 70%–90% of maternal levels. Significant
levels may persist in the newborn for several days after birth when given near
term. The primary danger of sulfonamide administration during pregnancy is
manifested when these agents are given close to delivery. Toxicities that may
be observed in the newborn include jaundice, hemolytic anemia, and,
theoretically, kernicterus. Severe jaundice in the newborn has been related by
several authors to maternal sulfonamide ingestion at term(11–16). Premature
infants seem especially prone to development of hyperbilirubinemia (15).



However, a study of 94 infants exposed to sulfadiazine in utero for maternal
prophylaxis of rheumatic fever failed to show an increase in prematurity,
hyperbilirubinemia, or kernicterus (17). Hemolytic anemia has been reported in
two newborns and in a fetus following in utero exposure to sulfonamides
(11,12,16). Both newborns survived. In the case involving the fetus, the mother
had homozygous glucose-6-phosphate dehydrogenase deficiency (16). She
was treated with sulfisoxazole for a urinary tract infection 2 weeks before
delivery of a stillborn male infant. Autopsy revealed an infant at 36 weeks’
gestation with maceration, severe anemia, and hydrops fetalis.

Sulfonamides compete with bilirubin for binding to plasma albumin. In utero,
the fetus clears free bilirubin by the placental circulation; however, after birth,
this mechanism is no longer available. Unbound bilirubin is free to cross the
blood–brain barrier and may result in kernicterus. Although this toxicity is well
known when sulfonamides are administered directly to the neonate, kernicterus
in the newborn following in utero exposure has not been reported. Most reports
of sulfonamide exposure during gestation have failed to demonstrate an
association with congenital malformations (10,11,18–24). Offspring of patients
treated throughout pregnancy with sulfasalazine (sulfapyridine plus 5-
aminosalicylic acid) for ulcerative colitis or Crohn’s disease have not shown an
increase in adverse effects (10,21,23) (see also Sulfasalazine). In contrast, a
retrospective study of 1369 patients found that significantly more mothers of
458 infants with congenital malformations took sulfonamides than did mothers in
the control group (25). A 1975 study examined the in utero drug exposures of
599 children born with oral clefts (26). A significant difference (p <0.05), as
compared with matched controls, was found with 1st and 2nd trimester
sulfonamide use only when other defects, in addition to the clefts, were
present.

As noted above, some sulfonamides are animal teratogens. Because of this,
warnings of human teratogenicity have been published (27,28). In two reports,
investigators associated in utero sulfonamide exposure with tracheoesophageal
fistula and cataracts, but additional descriptions of these effects have not
appeared (29,30). A mother treated for food poisoning with sulfaguanidine in
early pregnancy delivered a child with multiple anomalies (31). The author
attributed the defects to use of the drug, but a relationship is doubtful.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
1455 of whom had 1st trimester exposure to sulfonamides (32, pp. 296–313).
For use anytime during pregnancy, 5689 exposures were reported (32, p. 435).
In neither group was evidence found to suggest a relationship to large



categories of major or minor malformations. Several possible associations
were found with individual defects after anytime use, but independent
confirmation is required: ductus arteriosus persistens (8 cases), coloboma (4
cases), hypoplasia of limb or part thereof (7 cases), miscellaneous foot defects
(4 cases), urethral obstruction (13 cases), hypoplasia or atrophy of adrenals (6
cases), and benign tumors (12 cases) (32, pp. 485–486).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 131 newborns had
been exposed to sulfisoxazole, 1138 to sulfabenzamide vaginal cream, and
2296 to the combination of sulfamethoxazole-trimethoprim during the 1st
trimester (F. Rosa, personal communication, FDA, 1993). For sulfisoxazole,
eight (6.1%) major birth defects were observed (six expected), two
cardiovascular defects (one expected), and one oral cleft (none expected). No
anomalies were observed in four other categories of defects (spina bifida,
polydactyly, limb reduction defects, and hypospadias) for which data were
available. For sulfabenzamide, 43 (3.8%) major birth defects were found (44
expected), including (observed/expected) 11/10 cardiovascular defects, 0/2
oral clefts, 0/0.5 spina bifida, 2/3 polydactyly, 1/2 limb reduction defects, and
1/3 hypospadias. The data for sulfisoxazole and sulfabenzamide do not support
an association between the drug and congenital defects. In contrast, a possible
association was found between sulfamethoxazole-trimethoprim and congenital
defects (126 observed/98 expected; 5.5%) in general and for cardiovascular
defects (37/23) in particular (see Trimethoprim for details).

A 2009 report from the National Birth Defects Prevention Study estimated the
association between antibacterial agents and >30 selected birth defects (33).
The authors conducted a population-based, multiple site, case–control study of
women who gave birth to an infant with 1 of >30 selected defects. The
outcomes were identified in a 10-state birth defect surveillance program and
involved 13,155 cases and 4941 controls selected from the same geographical
regions. Exposure to an antibacterial was determined by a detailed telephone
interview conducted within 24 months after the estimated date of delivery.
Women were considered exposed if they had used an antibacterial drug during
the month before the estimated date of conception through the end of the 1st
trimester (defined as the end of the 3rd month of pregnancy). Significant
associations with multiple selected birth defects were found (total number of
exposed cases/controls) with sulfonamides (145/42) (probably combined with
trimethoprim) and nitrofurantoin (150/42). The adjusted odds ratios and 95%
confidence intervals (in parentheses) for sulfonamides were anencephaly 3.4



(1.3–8.8), hypoplastic left heart syndrome 3.2 (1.3–7.6), coarctation of the
aorta 2.7 (1.3–5.6), choanal atresia 8.0 (2.7–23.5), transverse limb deficiency
2.5 (1.0–5.9), and diaphragmatic hernia 2.4 (1.1–5.4). Significant associations
(total number of exposed cases/controls; number of associations) also were
found for penicillins (716/293; 1), erythromycins (202/78; 2), cephalosporins
(128/47; 1), quinolones (42/14; 1), and tetracyclines (36/6; 1). The results for
quinolones and tetracyclines, however, were based on small numbers of
exposed cases and controls (33).

As with all retrospective case–control studies, the data can determine
associations, but not causative associations (33). Moreover, several limitations
were identified by the authors, including spurious associations caused by the
large number of analyses, interviews conducted 6 weeks to 2 years after the
pregnancy making recall difficult for cases and controls, recall bias, and inability
to distinguish between drug-induced defects and defects resulting from the
infection (33).

BREASTFEEDING SUMMARY
Sulfonamides are excreted into breast milk in low concentrations. Milk levels of
sulfanilamide (free and conjugated) are reported to range from 6 to 94 mcg/mL
(4,34–39). Up to 1.6% of the total dose could be recovered from the milk
(34,37). Milk levels often exceeded serum levels and persisted for several days
after maternal consumption of the drug was stopped. Milk:plasma ratios during
therapy with sulfanilamide were 0.5–0.6 (38). Reports of adverse effects in
nursing infants are rare. One author found reports of diarrhea and rash in
breastfed infants whose mothers were receiving sulfapyridine or sulfathiazole
(7). (See Sulfasalazine for another report of bloody diarrhea.) Milk levels of
sulfapyridine, the active metabolite of sulfasalazine, were 10.3 mcg/mL, a
milk:plasma ratio of 0.5 (10). Based on these data, the nursing infant would
receive approximately 3–4 mg/kg/day of sulfapyridine, an apparently nontoxic
amount for a healthy neonate (17). Sulfisoxazole, a very water-soluble drug,
was reported to produce a low milk:plasma ratio of 0.06 (40). The conjugated
form achieved a ratio of 0.22. The total amount of sulfisoxazole recovered in
milk during 48 hours after a 4-g divided dose was only 0.45%. Although
controversial, breastfeeding during maternal administration of sulfisoxazole
seems to represent a very low risk for the healthy neonate (41,42).

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (43). For the 12
women taking sulfamethoxazole-trimethoprim, no diarrhea was observed but 2



(17%) had poor feeding, an effect that was considered minor because it did not
require medical attention (43).

Sulfonamide excretion into breast milk apparently does not pose a significant
risk for the healthy, full-term neonate. Exposure to sulfonamides via breast milk
should be avoided in ill, stressed, or premature infants and in infants with
hyperbilirubinemia or glucose-6-phosphate dehydrogenase deficiency. With
these latter precautions, the American Academy of Pediatrics classifies
sulfapyridine, sulfisoxazole, and sulfamethoxazole (when combined with
trimethoprim) as compatible with breastfeeding (44).
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SULINDAC
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Sulindac, a prostaglandin synthesis inhibitor, potentially could cause
constriction of the ductus arteriosus in utero, as well as inhibition of labor,
prolongation of pregnancy, and suppression of fetal renal function (1,2).
Persistent pulmonary hypertension of the newborn should also be
considered (3). Women attempting to conceive should not use any
prostaglandin synthesis inhibitor, including sulindac, because of the findings
in a variety of animal models that indicate these agents block blastocyst
implantation (4,5). Moreover, as noted below, nonsteroidal anti-
inflammatory drugs (NSAIDs) have been associated with spontaneous
abortions (SABs) and congenital malformations. The absolute risk for these
defects, however, appears to be low.

FETAL RISK SUMMARY
Sulindac is an NSAID prodrug that is converted in vivo to the biologically active
sulfide metabolite. It is used for the relief of the signs and symptoms of
rheumatoid arthritis, osteoarthritis, gouty arthritis, ankylosing spondylitis, and
acute painful shoulder (6). Sulindac is in the same NSAID subclass (acetic
acids) as diclofenac, indomethacin, and tolmetin. However, sulindac, a
derivative of indomethacin, is seven times more cyclooxygenase (COX)-2
selective than indomethacin and is sometimes referred to as a COX-2 selective
agent (7).

When administered to pregnant rats, similar to other NSAIDs, sulindac
reduces fetal weight and pup survival (at doses ≥2.5 times than the usual
maximum human daily dose), prolongs the duration of gestation, and may
cause dystocia (6,8).



Consistent with the molecular weight (about 356), sulindac and its active
metabolite cross the human placenta to the fetus. Nine women at a mean
gestational age of 31.8 weeks (24.3–36.4 weeks) were given a single 200-mg
oral dose of the drug a mean 5.5 hours (4.4–6.7 hours) before cordocentesis
(9,10). Maternal serum was obtained at a mean 5.8 hours (3.5–7.3 hours) after
the dose. The mean concentrations of sulindac in the mothers and fetuses were
0.59 and 0.98 mcg/mL, respectively, and of the sulfide metabolite 1.42 and
0.68 mcg/mL, respectively. The corresponding sulfide:sulindac ratios in the
mother and fetal compartments were 2.32 and 0.53, respectively. The reduced
amounts of metabolite in the fetus, compared with those in the mother, were
thought to be caused by decreased placental transfer of the metabolite and
slower metabolism of sulindac in the fetus (10). Because of these findings, the
investigators theorized that, as a tocolytic, sulindac would be expected to
cause less fetal toxicity than indomethacin.

Using a human term placental perfusion model, a 1999 study demonstrated
that the sulfide metabolite reaches the fetus in higher concentrations than does
sulindac or indomethacin (11). The fetal:maternal ratios after 2-hour perfusions
were 0.34 (sulindac), 0.54 (sulfide metabolite), and 0.45 (indomethacin).
Neither sulindac nor indomethacin was metabolized by the placenta (11).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 69 newborns had
been exposed to sulindac during the 1st trimester (F. Rosa, personal
communication, FDA, 1995). Three (4.3%) major birth defects were observed
(three expected), including one cardiovascular defect (one expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available. For exposure during any trimester (102 newborns), two
malformations of the eyeball (excluding oculomotor and ptosis) were observed
(none expected), but no brain defects were recorded.

A combined 2001 population-based, observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (12). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (13). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (14). (See



Ibuprofen for details on these three studies.)
A brief 2003 editorial on the potential for NSAID-induced developmental

toxicity concluded that NSAIDs, specifically those with greater COX-2 affinity,
had a lower risk of this toxicity in humans than aspirin (15).

An abstract and a full report, both published in 1992, described the use of
sulindac in the treatment of preterm labor in comparison with indomethacin
(16,17). The gestational ages at treatment for the groups were 29 and 30
weeks, respectively. The sulindac group (N = 18) received 200 mg orally every
12 hours for 48 hours, whereas those receiving indomethacin (N = 18) were
given 100 mg orally once followed by 25 mg orally every 4 hours for 48 hours.
Both groups received IV magnesium sulfate and some in both groups received
SC terbutaline. The response to tocolysis was statistically similar for sulindac
and indomethacin. However, the sulindac-treated women had significantly
greater hourly fetal urine output, the deepest amniotic fluid pocket, and the
largest amniotic fluid index. Patent ductus arteriosus (PDA) was observed in
11% vs. 22%, respectively, and intraventricular hemorrhage (IVH) in the
newborn occurred in 11% of both groups. These differences were not
significant. No cases of primary pulmonary hypertension in the newborns were
observed (16,17).

A comparison between sulindac (200 mg orally every 12 hours for 4 days)
and indomethacin (100 mg rectally on the 1st day, then 50 mg orally every 8
hours for 3 days) on fetal cardiac function was published in 1995 (18). Each
group was composed of 10 patients with threatened premature labor at 28–32
weeks’ gestation. Significant reductions in the mean pulsatility index of the fetal
ductus arteriosus began 4 hours after the first indomethacin dose. The
reduction increased with time and resolved 24 hours after the last dose. Other
secondary changes in fetal cardiac function resulting from ductal constriction
were also noted. In the sulindac group, a significant decrease in the mean
pulsatility index, without secondary changes, was observed only at 24 hours
(18).

A study comparing the fetal cardiovascular effects of sulindac (200 mg orally
every 12 hours) and terbutaline (5 mg orally every 4 hours) for 68 hours at an
approximate mean gestational age of 32 weeks was published in an abstract
form in 1996 (19) and in a full report in 1999 (20). Significant ductal constriction
was noted only in the sulindac group. In contrast to the study cited above,
therapy was stopped because of severe constriction in 2 (one at 12 hours and
the other at 24 hours) of the 10 patients. The constriction of the fetal ductus
arteriosus occurred within 5 hours of receiving sulindac and resolved within 48



hours of discontinuing the drug (19,20).
A 1994 abstract reported that the tocolytic effect of a 7-day course of

sulindac, 200 mg orally every 12 hours, following arrest of labor with IV
magnesium sulfate, was no different from placebo and observation (21). The
difference in prolongation of pregnancy between the sulindac (N = 13) and
placebo (N = 15) groups (33 vs. 26 days, respectively) was not significant. No
differences between the groups on days 0, 7, and 14 were found for hourly
fetal urine production, amniotic fluid index, or ductus arteriosus velocity (21).

Two 1995 references from the same group of investigators, using a similar
study design, concluded that sulindac did not reduce the rate of premature birth
but did lengthen the interval to retocolysis in those patients who required
retocolysis (22,23). No difference was found between sulindac and placebo in
prolongation of pregnancy, delivery at >35 weeks’ gestation, recurrent preterm
labor, birth weight, or time spent in the neonatal intensive care unit. No adverse
effects were observed in the exposed fetuses (22,23).

As demonstrated with other NSAIDs (see also Indomethacin), sulindac
reduces amniotic fluid volume by decreasing fetal urine output in a dose-related
manner (24). Sulindac, 200 mg twice daily, was given to the mothers of three
sets of monoamniotic twins, diagnosed as having cord entanglement, beginning
at 24, 27, and 29 weeks, respectively, and continued until elective cesarean
section at 32 weeks’ gestation. One of the twins had a preexisting heart defect
(transposition of the great vessels and a ventricular septal defect). The dose
was reduced in one patient to 200 mg/day to maintain an adequate amniotic
fluid index. No significant changes in the umbilical artery or the ductus
arteriosus Doppler waveforms were observed. All of the newborns had
appropriate weights for gestation and normal renal function during the first
week of life, and none required ventilation (24).

A 2000 abstract described a retrospective case–cohort study that compared
the neonatal effects of sulindac with indomethacin (25). The infants (born
between 1994 and 1999) had been exposed to antenatal sulindac (N = 25) or
indomethacin (N = 66) and weighed <1500 g. Those exposed to both drugs or
with congenital abnormalities were excluded. There were no significant
differences between the indomethacin and sulindac groups in IVH (32% vs.
36%), grades III-IV IVH (14% vs. 12%), necrotizing enterocolitis (8% vs. 8%),
serum creatinine >1.4 mg/dL (19% vs. 15%), PDA (17% vs. 28%), and
mortality (12% vs. 12%), respectively. However, there was a significant
increase in the risk for bronchopulmonary dysplasia after exposure to
indomethacin (adjusted odds ratio 4.9, 95% confidence interval 1.01–23.44)



(25).
A 2003 review concluded that COX-2 selective drugs, such as sulindac,

should only be used as tocolytics in randomized controlled trials (7). This
conclusion was based on the uncertainty over whether the fetal toxicity
observed with sulindac resulted from COX-2-dependent effects, or from fetal
accumulation of drug levels sufficient to cause COX-1 inhibition (7).

BREASTFEEDING SUMMARY
No reports describing the use of sulindac during lactation have been located.
The mean adult serum half-life of the biologically active sulfide metabolite is
16.4 hours (6). One reviewer concluded that because of the prolonged half-life,
other agents in this class (diclofenac, fenoprofen, flurbiprofen, ibuprofen,
ketoprofen, ketorolac, and tolmetin) were safer alternatives if an NSAID was
required during nursing (26).
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SUMATRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Sumatriptan has caused toxicity and malformations in one animal species,
but the drug does not appear to present a major teratogenic risk in
humans. There was no consistent pattern among the reported birth defects
to suggest a common cause. The studies, however, lack the sensitivity to
identify minor anomalies because of the absence of standardized
examinations. In one study, late-appearing major defects may also have
been missed due to the timing of the questionnaires. Thus, although the
data are generally reassuring, the number and follow-up of exposed
pregnancies are still too limited to assess, with confidence, the safety of
the agent or its teratogenic potential. However, a 2008 review of triptans in
pregnancy found no evidence for teratogenicity, but the data did suggest a
possible increase in the rate of preterm birth (1).

FETAL RISK SUMMARY
Sumatriptan (GR 43175) is a selective serotonin (5-hydroxytryptamine 1 [5-
HT]) receptor subtype agonist used for the acute treatment of migraine
headaches. It is available in oral tablets and as an SC injection. Sumatriptan
has also been used for the treatment of cluster headaches. The drug is closely
related to almotriptan, eletriptan, frovatriptan, naratriptan, rizatriptan, and
zolmitriptan.

It is metabolized to inactive metabolites. Plasma protein binding is low (14%–
21%) and the elimination half-life is about 2.5 hours (2).

Sumatriptan was embryolethal in rabbits when given in daily IV doses
approximately equivalent to the maximum recommended single human SC dose
of 6 mg based on BSA (MRHD). The doses were at or close to those



producing maternal toxicity. Fetuses of rabbits administered oral sumatriptan
(at doses >50 times the MRHD) during organogenesis had an increased
incidence of cervicothoracic vascular and skeletal anomalies. In contrast,
embryo or fetal lethality was not observed in pregnant rats treated throughout
organogenesis with IV doses approximately 20 times the MRHD. Moreover, no
rat embryo–fetal lethality or teratogenicity was observed with daily SC doses
before and throughout gestation (2). Shepard (3) described a study in which no
fetal adverse effects were observed in rats given up to 1000 mg/kg orally
during organogenesis.

No studies examining the placental transfer of sumatriptan in animals or
humans have been located. The molecular weight (about 414), low plasma
protein binding, and the elimination half-life suggest that exposure of the
embryo and fetus should be expected.

Individual reports and data from Medicaid studies totaled 14 spontaneous
abortions (SABs) with the use of sumatriptan during early pregnancy (F. Rosa,
personal communication, FDA, 1996). Seven birth defect case reports received
by the FDA included two chromosomal anomalies (both of which could have
been exposed before conception), one infant with an ear tag, one case of a
phocomelia, a reduction defect of the lower limbs (tibial aplasia), a case of
developmental retardation, and one unspecified defect (some of these defects
appear to be also included in data from the pregnancy registry cited below).

An interim report of the Sumatriptan/Naratriptan/Treximet Pregnancy
Registry, covering the period January 1, 1996 through April 30, 2009,
described the outcomes of 761 prospectively enrolled pregnancies exposed to
sumatriptan: 578 outcomes (including 6 sets of twins and 1 set of triplets), 170
lost to follow-up, and 21 pending (4). Some of the data were also reported in a
1997 abstract (5). There were 494 outcomes with earliest exposure in the 1st
trimester, 66 with earliest exposure in the 2nd trimester, 14 in the 3rd trimester,
and 4 exposed at an unspecified time. In the 1st trimester group, there were 20
birth defects (16 live births, 1 fetal death, and 3 elective abortions [EABs]),
whereas in the group with no birth defects reported, there were 427 live births,
4 fetal deaths, and 11 EABs. In the combined 1st trimester group, there were
32 SABs (<20 weeks’ gestation). In the 66 outcomes with earliest exposure in
the 2nd trimester, there were 3 live births with birth defects and 63 live births
without defects. The 3rd trimester group had 14 live births without defects, and
the unspecified group had 1 EAB with a birth defect and 3 live births without
defects. Excluding fetal deaths and EABs without reported birth defects and all
SABs, the observed proportion of birth defects in the 1st trimester group was



4.5% (95% confidence interval [CI] 2.8%–6.9%). For any trimester exposure,
the proportion (with the same exclusions) was 4.5% (95% CI 3.0%–6.7%). The
prevalence of birth defects in women with migraine has been estimated at
3.4%. The Registry noted the occurrence of ventricular septal defects in 4 of
the 447 (0.89%) prospective 1st trimester exposures, 2 of which were clinically
insignificant. There were three pregnancies exposed to Treximet (sumatriptan
plus naproxen) prospectively enrolled and all are pending outcome (4).

Although retrospective reports (reported after the pregnancy outcome was
known) are often biased (only adverse outcomes are reported), there were 26
birth defects reported to the Registry, 23 with earliest exposure in the 1st
trimester, 1 with earliest exposure in the 2nd trimester, and 2 with unspecified
trimester. Review of all birth defects from prospective and retrospective
reports revealed no signal or consistent pattern to suggest a common etiology
(4).

A 1998 report (first published in 1997 as an abstract [6]) described the
prospectively determined pregnancy outcomes of 96 women exposed to
sumatriptan (95 exposed during 1st trimester) (7). No difference in the rate of
major birth defects was found between the study patients and nonteratogen-
exposed controls or disease-matched controls. One major birth defect was
reported in a sumatriptan-exposed infant: vesicoureteral reflux requiring
bilateral reimplant (7).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (8). Data were obtained by
questionnaires sent to the prescribing physicians one month after the expected
or possible date of delivery. In 831 (78%) of the pregnancies, a newly
marketed drug was thought to have been taken during the 1st trimester with
birth defects noted in 14 (2.5%) singleton births of the 557 newborns (10 sets
of twins). In addition, two birth defects were observed in aborted fetuses.
However, few of the aborted fetuses were examined. Sumatriptan was taken
during the 1st trimester in 35 pregnancies. The outcomes of these pregnancies
included 4 SABs, 3 EABs, 5 pregnancies lost to follow-up, and 23 normal
infants (2 premature) (8).

A 2004 case report described a 24-year-old woman who took sumatriptan
(100 mg about once a week), naproxen (550 mg about twice a week), and
bisoprolol (5 mg/day) for migraine headaches during the first 5 weeks of
pregnancy (9). An elective cesarean section was performed at 37 weeks’ for
breech presentation to deliver a 3125-g male infant. The infant had a wide



bilateral cleft lip/palate, marked hypertelorism, a broad nose, and bilateral but
asymmetric toe abnormalities (missing and hypoplastic phalanges) (9).

In an in vitro study, only high concentrations of sumatriptan were capable of
increasing uterine contractions (10). The findings suggested that therapeutic
concentrations of the drug would not induce preterm labor.

A second 2008 review of triptans in pregnancy concluded that sumatriptan
appeared to be safe for use in the 1st trimester for the treatment of new-onset
or worsened migraines (11). However, the data were insufficient to similarly
classify other triptans.

Required statement (4): Sumatriptan: The number of exposed pregnancy outcomes accumulated to
date represents a sample of insufficient size for reaching definitive conclusions regarding the possible
teratogenic risk of sumatriptan. Specifically, the sample size to date remains too small for formal
comparisons of the frequency of specific birth defects. If the baseline frequency of total birth defects is
3 in 100 live births, a sample size of 324 for 1st trimester exposure has an 80 percent chance (80%
power) of correctly detecting at least a 1.9-fold increase from baseline in the frequency of birth defects.
If the baseline frequency of specific birth defects is 1 in 1000 live births, a sample size of 324 for 1st
trimester exposure has an 80 percent (80% power) of correctly detecting at least an 8.1-fold increase
from baseline in the frequency of a specific birth defect.

Naratriptan: The data represent a sample of insufficient size for reaching definitive conclusions
regarding the possible teratogenic risk of naratriptan. If the baseline frequency of total birth defects is 3
in 100 live births, a sample size of 31 for the 1st trimester exposure has an 80 percent chance (80%
power) of correctly detecting at least a 4.6-fold increase from baseline in the frequency of total birth
defects. If the baseline frequency for a specific birth defect is 1 in 1000 live births, a sample size of 31
for 1st trimester exposure has an 80 percent chance (80% power) of correctly detecting at least a 40.9-
fold increase from baseline in the frequency of a specific birth defect.

The number of exposed pregnancy outcomes accumulated to date represents a sample of
insufficient size for reaching definitive conclusions regarding the possible teratogenic risk of
sumatriptan or naratriptan. It is expected that a teratogenic exposure in the 1st trimester would result in
an increased frequency of one or a combination of individual defects or types of defects, but not
necessarily in all defects.

As reporting of pregnancies to the Sumatriptan and Naratriptan Registry is voluntary, it is possible
that even in prospectively reported pregnancies there could be bias in type of pregnancies reported. For
example, differential reporting of low-risk or high-risk pregnancies may be a potential limitation to this
type of registry. In addition, reporting of defects from maternal health care providers may limit detection
of detects not immediately apparent at birth. Despite this, the Registry is intended both to supplement
animal toxicology studies and other structured epidemiologic studies and clinical trial data, and to
assist clinicians in weighing the risks and benefits of treatment for individual patients and
circumstances.

BREASTFEEDING SUMMARY
Sumatriptan is excreted into human milk. Five women with a mean duration of
lactation of 22.2 weeks (range 10.8–28.4 weeks) were administered a 6-mg
SC dose of sumatriptan (12). Milk samples were obtained hourly for 8 hours by
emptying both breasts of each subject with a breast pump. Frequent blood
samples were also obtained from the women. The mean milk:plasma ratio was
4.9. The mean cumulative excretion of drug in milk during the 8-hour sampling



period was 12.6 mcg and, by extrapolation, a total recovery of only 14.4 mcg
after a 6-mg dose. Using this latter value, the authors estimated that the mean
weight-adjusted dose (mcg sumatriptan/kg of infant body weight as a
percentage of the mother’s dose in mcg/kg) for the infants would have been
3.5%. The investigators considered the risk to a nursing infant from this
exposure to be not significant (12).

In adults, the mean oral bioavailability of sumatriptan is 14%–15% (range
10%–26%) (2,13), suggesting that absorption from the gastrointestinal tract is
inhibited. Thus, although the oral absorption in infants may be markedly
different from adults, the amount of sumatriptan reaching the systemic
circulation of a breastfeeding infant is probably negligible. Discarding the milk
for 8 hours after a dose, an interval during which about 88% of the amount
excreted into milk can be recovered, would reduce even more the small
amounts present in milk. The American Academy of Pediatrics classifies
sumatriptan as compatible with breastfeeding (14).
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SUNITINIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of sunitinib in human pregnancy have been
located. The animal reproduction data suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment.
However, there are limited human pregnancy data for imatinib, a drug in the
same subclass and with same mechanism of action as dasatinib. (See
Imatinib.) Nevertheless, agents in this subclass inhibit angiogenesis, a
critical component of embryonic and fetal development. Women of
reproductive age should use effective contraception. However,
gastrointestinal cancers can be fatal, so if a woman requires imatinib and
informed consent is obtained, treatment should not be withheld because of
pregnancy. If an inadvertent pregnancy occurs, the woman should be
advised of the potential risk for severe adverse effects in the embryo and
fetus.

FETAL RISK SUMMARY
Sunitinib is an oral tyrosine kinase inhibitor that inhibits tumor growth, pathologic
angiogenesis, and metastatic progression of cancer. There are several other
agents in this subclass (see Appendix). Sunitinib is indicated for the treatment
of gastrointestinal stromal tumor after disease progression on or intolerance to
imatinib. It is extensively metabolized by the liver. One of the metabolites is
active and comprises 23%–37% of the total exposure. The terminal elimination
half-lives of sunitinib and the active metabolite are 40–60 and 80–110 hours,
respectively, whereas the binding to human plasma proteins is 95% and 90%,
respectively. Elimination is primarily in the feces (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, doses producing systemic exposures that were about 5.5 times than the
systemic exposure in humans from the recommended daily dose of 50 mg



based on AUC (SE-RDD) caused significant increases in the incidences of
embryo death and structural anomalies (malformations of the ribs and
vertebrae). The no-effect exposure in rats was 2.3 times the SE-RDD. In
pregnant rabbits, an exposure about 2.7 times the SE-RDD caused a significant
increase in embryo death and in cleft lips and palates. A lower exposure, about
0.3 times the SE-RDD, caused cleft lip only (1).

Studies for carcinogenicity have not been conducted with sunitinib. The drug
did not cause genotoxicity in multiple tests. In a 3-month study in monkeys, with
a dose producing systemic exposures that were about 5.1 times the SE-RDD,
ovarian changes (decreased follicular development) were noted, while an
exposure about 0.4 times the SE-RDD caused uterine changes (endometrial
atrophy). When the study period was lengthened to 9 months, an exposure 0.8
times the SE-RDD caused vaginal atrophy, as well as the ovarian and uterine
changes. A no-effect dose was not determined in the 3-month study but, in the
9-month study, it was about 0.2 times the SE-RDD. No effects on fertility were
observed in male and female rats (1).

It is not known if sunitinib or its active metabolite crosses the human
placenta. The molecular weight (about 399 for the free base) of the parent
compound and the long elimination half-lives for sunitinib and the metabolite
suggest that the agents will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of sunitinib during human lactation have been
located. The molecular weight (about 399 for the free base) of the parent
compound and the long elimination half-lives for sunitinib and its active
metabolite suggest that the agents will be excreted into breast milk. The risk to
a nursing infant is unknown, but there is potential for severe toxicity affecting
multiple systems.

Reference
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TACROLIMUS
Immunologic Agent (Immunosuppressant)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Tacrolimus has demonstrated abortifacient properties in three animal
species and dose-related teratogenicity in one, but the use of this agent
during human pregnancy has not been associated with either of these
outcomes. The available human pregnancy experience continues to suggest
that the embryo–fetal risk for congenital malformations is low. Common
complications in infants, however, are hyperkalemia, which usually resolves
untreated within 24–48 hours, renal toxicity, intrauterine growth restriction
(IUGR), and premature delivery (because of hypertension, preeclampsia,
and premature rupture of membranes). Based on one report, renal
dysfunction is more common with cyclosporine than it is with tacrolimus.
Moreover, IUGR and premature delivery are associated with the use of all
immunosuppressant agents in pregnant transplant recipients. Because of
the risk of cytomegalovirus infection in the mother and fetus, two reviews
advised waiting at least 6 months before conception is attempted following
transplantation and during periods of rejection when high doses of
immunosuppressant agents may be used (i.e., the periods when infection
with the virus is most likely) (1,2). Another report suggested waiting for 1
year to lower the risk of low birth weight and prematurity (3). Nevertheless,
recent data suggest that the overall risk to the embryo–fetus is low.
However, the long-term consequences of in utero exposure to tacrolimus,
such as functional and/or neurobehavioral deficits, have not been studied.



FETAL FISK SUMMARY
Tacrolimus (FK506) is a macrolide immunosuppressant agent produced by
Streptomyces tsukubaensis that acts similar to cyclosporine but is a more
potent immunosuppressant. It is used either orally or IV for the prophylaxis of
organ rejection in patients receiving various allogeneic organ transplants, such
as kidney, liver, heart, and pancreas. The ointment is used for atopic dermatitis
(4).

Reproduction studies have been reported in rats, rabbits, and mice (5,6). In
pregnant rabbits, tacrolimus given in oral doses about 0.5–1 and 1.6–3.3 times
the recommended human dose based on BSA (RHD) during organogenesis
was associated with maternal toxicity and an increased incidence of abortions
(5). At the higher dose, an increased incidence of malformations and
developmental variations was also observed (type of defects was not
specified). Pregnant rats dosed at 2.3–4.6 times the RHD exhibited maternal
toxicity and an increase in late resorptions, decreased numbers of live births,
and decreased pup weight and viability. Oral doses 0.7–1.4 and 2.3–4.6 times
the RHD given after organogenesis and during lactation were associated with
reduced pup weight (5).

Mice were treated with IM tacrolimus (0.17 or 1.37 mg/kg/day; relationship
to human dose not specified), from day 1 through day 16 of gestation (6). No
effects on maternal weight gain were observed in the low-dose group, but the
number of resorptions was significantly increased over the number observed in
controls. In contrast, none of the 13 pregnancies treated with high-dose
tacrolimus was carried to term, and maternal weight gain was significantly less
than that of controls. Except for the embryocidal action, low-dose tacrolimus,
compared with untreated and saline controls, had no effect on mean placental
or fetal weight and was not associated with an increase in malformations (6).

The molecular weight of tacrolimus (about 804) is low enough that the drug
crosses the human placenta (5,7–9). In 12 pregnant women with liver
transplants who were treated with tacrolimus (mean dose in 11 patients was
about 10 mg/day; 1 patient treated with 48–64 mg/day), the mean
cord:maternal plasma ratio was 0.49 (7). The placentas contained higher drug
amounts (mean 4.30 ng/g) than that measured in maternal plasma (about 4
times) or cord plasma (2–56 times) and were thought to indicate a partial
placental barrier to passage of the drug (7). A cord:maternal plasma ratio of
0.49 also was reported in another case (see below) (8). In two pregnancies
(described below) under tacrolimus immunosuppression, the mothers were
taking 15 and 10 mg/day, respectively (9). At delivery, umbilical cord blood



concentrations were 13.2 and 5.9 ng/mL, respectively, whereas the maternal
venous blood concentrations were 11.8 and 31.2 ng/mL, respectively. The
cord:maternal blood ratios were 1.12 and 0.19, respectively.

A number of reports have described the use of tacrolimus during human
pregnancy. A 1993 letter reported a case of a woman with a liver transplant
who was receiving tacrolimus (0.1 mg/kg/day with a target plasma level of <1.0
ng/mL) and who conceived about a year after her second transplant (8). At 28
weeks’ gestation, a threatened acute graft rejection (tacrolimus plasma level
<0.05 ng/mL) was successfully treated with bolus corticosteroids and an
increase in the tacrolimus dose to 0.15 mg/kg/day. She delivered a healthy
2860-g male infant at 36 weeks’ gestation that was doing well at 12 months of
age. The tacrolimus cord blood and maternal plasma concentrations at birth
were 0.24 and 0.49 ng/mL, respectively, a ratio of 0.49 (8).

A woman who had received a combined kidney and pancreaticoduodenal
graft conceived while receiving tacrolimus (12 mg/day) and prednisolone (7.5
mg/day) (9). She also received furosemide and methyldopa for hypertension
that was well controlled throughout gestation. Her pregnancy was complicated
by hyperemesis gravidarum, septicemia (Escherichia coli), endocarditis, and
esophagitis. At 38 weeks’ gestation, she delivered a normal, 3410-g female
infant with Apgar scores of 9 and 9 at 1 and 5 minutes, respectively. At
delivery, the tacrolimus cord:maternal blood ratio was 1.12. In a second case,
a woman conceived approximately 22 months after her second renal transplant.
She received tacrolimus (10 mg/day), azathioprine (75 mg/day), and
prednisolone (5 mg/day) for immunosuppression. Nifedipine and methyldopa
were used to control her hypertension. Because of a possible placental
abruption at 36 weeks’ gestation, a normal 2400-g female infant was delivered
by cesarean section. Her Apgar scores were 9 and 9 at 1 and 5 minutes,
respectively. The tacrolimus cord:maternal blood ratio was 0.19. Both of the
above infants were doing well at 3 months of age (9).

In a 1993 letter, the pregnancy outcomes of nine liver transplant recipients
who had received tacrolimus (2–64 mg/day) immunosuppression throughout
their gestation were detailed (10). Five of the women had also received
corticosteroid therapy during pregnancy. None of the newborns was small for
gestational age. Complications observed in the newborns included
hyperkalemia in five (range 6.1–10.9 mEq/L; potassium levels measured in
seven of the nine newborns), hypoxia in one who tested positive for cocaine
(mother was taking cocaine), and anuria for 36 hours in one (thought to be
secondary to high tacrolimus concentrations in the cord blood due to the



mother’s renal impairment) who regained normal renal function in 1 week; death
after delivery occurred in one at 22 weeks’ gestation. In this latter case, the
mother had conceived 1 month after transplantation and had cytomegalovirus in
her blood and gastrointestinal tract that was being treated with ganciclovir. Of
the eight surviving infants, all were alive and developing normally (10).

Some of the cases described in reference 10 above may have been included
in a 1997 abstract that reported the outcomes of 14 pregnancies in 13 liver
transplant recipients receiving various immunosuppressant agents, including
tacrolimus (11). Although the agent used in each of the pregnancies was not
specified, the complications included maternal renal insufficiency (N = 8), early
hypertension (N = 5), preeclampsia (N = 4), worsening hypertension (N = 2),
pyelonephritis (N = 2), anemia (N = 4), prolonged premature rupture of the
membranes (N = 3), and cytomegalovirus infection (N = 3). The mean
gestational age at delivery was 32.6 weeks, and the mean birth weight was
1913 g. Three newborns died; all three deaths were associated with
cytomegalovirus infection and prematurity. No structural birth defects were
mentioned (11).

A 1997 report detailed the outcomes of 27 pregnancies of 21 liver recipients
who were treated with tacrolimus before and throughout gestation (7). The
mean gestational age at delivery was 36.6 weeks, and the mean birth weight
was 2638 g (50.2 percentile). Two infants died from prematurity after delivery
at 23 and 24 weeks, respectively. The mean follow-up time of the infants was
39 months, and their mean growth weight percentile was 62. Unilateral
nonfunctional cystic renal disease in one newborn was the only congenital
anomaly observed in this series. In addition to the restricted growth and
premature births in the total series, two other transient complications, noted
among the first 13 infants born, were hyperkalemia in 10 and renal impairment
in 7. Both adverse effects were thought to be caused by the drug (7).

Successful immunosuppression with tacrolimus following heart transplantation
had been maintained for 2 years before conception occurred in a 39-year-old
woman (12). She also took prophylactic trimethoprim–sulfamethoxazole before
and throughout gestation, and her chronic hypertension was controlled with a
long-acting calcium channel blocker (name not specified). Preeclampsia (rising
blood pressure, proteinuria, and worsening renal impairment) was manifested
between 26 and 31 weeks’ gestation. An apparently normal, 2093-g female
infant, who had Apgar scores of 9 and 9 at 1 and 5 minutes, respectively, was
delivered by cesarean section at 33 weeks (12).

A 26-year-old renal transplant recipient was treated with tacrolimus (10



mg/day) and prednisolone (10 mg/day) throughout a 33.5-week pregnancy
(13). Conception had occurred about 25 months after transplantation. The
target blood concentration was 10 ng/mL. Symmetrical IUGR was discovered
after 20 weeks’ gestation. Because of spontaneous rupture of the membranes
and breech presentation, a 1312-g female infant was delivered by cesarean
section. A physical and ultrasonic examination found no congenital
malformations. Complications other than IUGR noted in the newborn included
mild hyperkalemia and a prolonged course of hyperbilirubinemia. Although not
stated, the latter complication may have been secondary to prematurity (13).

A 1998 case report described the course and outcome of a pregnancy in a
32-year-old woman after renal transplantation (14). Tacrolimus, with a target
plasma level of 5.0–11.5 ng/mL, was used alone throughout gestation after
discontinuance of prednisolone (5 mg/day) early in gestation. Hypertension
developed in the 22nd week of gestation which was treated with isradipine. A
cesarean section was performed at 31 weeks’ gestation because of severe
hypertension, a progressive decline in graft function, and an abnormal Doppler
assessment of blood velocity in the umbilical artery. No congenital
malformations were noted in the 1140-g (3rd percentile) male infant who had
Apgar scores of 8, 9, and 9 at 1, 5, and 10 minutes, respectively. The
tacrolimus concentration in the umbilical vein was 8.1 ng/mL (maternal level at
the time of delivery was not reported). At 2 days of age, the plasma drug level
had decreased to 6.4 ng/mL, and at 8 days, the level was <5.0 ng/mL.
Complications in the infant included mild hyperkalemia (6.4 mmol/L) on the 2nd
day and transient renal impairment (serum creatinine 3.0 mg/dL at birth) that
resolved completely over the next few weeks. A renal ultrasound examination
was normal. Respiratory distress syndrome and a patent ductus arteriosus
were successfully treated, and at a corrected age of 4 months, the healthy
infant was developing normally (14).

A 1998 study examined the relationship between antenatal complications and
various maternal factors in women who had undergone orthotopic liver
transplantation (15). Of the 14 pregnancies studied, tacrolimus had been used
in 5 (combined with prednisone in 3; with azathioprine and prednisone in 1),
cyclosporine in 8 (combined with prednisone in 6; with azathioprine and
prednisone in 2), and prednisone only in 1. Three of the complications—
preeclampsia, worsening hypertension, and small for gestational age—
occurred only in women with renal dysfunction (creatinine ≥1.3 mg/dL) at
conception. Cyclosporine was more commonly associated (p = 0.03) with renal
dysfunction than was tacrolimus (15).



A review of pregnancy outcomes after renal transplant was published in 1998
(16). The liveborn incidence among seven cases treated with tacrolimus was
71% (16).

In a 1998 report from the National Transplantation Pregnancy Registry
(NTPR), the pregnancy outcomes of six women who were recipients of a lung
transplant were described, one of whom was treated with tacrolimus (13–
15 mg/day) throughout gestation (17). Her pregnancy was complicated by
preterm labor at 24 weeks’ gestation and a 1616-g infant (sex not specified)
was delivered by cesarean section at 30 weeks’. The infant was successfully
treated for respiratory distress syndrome and was healthy and doing well at
15 months of age (17). An updated report from the NTPR was published in
2005 (18). A total of 18 pregnancy outcomes were described from women who
were recipients of kidney, liver, or heart transplants. In addition, two 2008
references (19,20) described the pregnancy outcomes of transplant recipients
receiving tacrolimus in combination with mycophenolate (see Mycophenolate for
details, in references 18–20).

In a 1999 case report, a woman who had a renal transplant was treated
throughout gestation with tacrolimus (10–12 mg/day), prednisone, amlodipine,
and labetalol (21). Azathioprine was also used during the first 10 weeks. At
32 weeks’ gestation, she delivered twin male infants who developed severe
respiratory distress syndrome and congestive heart failure. Echocardiograms
showed dilated heart chambers in both infants and only twin B survived.
Autopsy of twin A revealed thrombotic cardiomyopathy with degeneration of
cardiac muscle. Because animal studies had shown that tacrolimus could cause
vasculitis in the cardiac muscle of baboons and dogs, the authors concluded
that the cardiomyopathy seen in the twins might have been caused by
tacrolimus (21).

A 2000 reference described the outcomes of 100 pregnancies in 84 women
who were receiving tacrolimus for autoimmune disease (Behcet’s disease) (N =
1) or solid organ transplants (liver [N = 55], kidney [N = 22], heart [N = 3],
kidney–pancreas [N = 1], pancreas [N = 1], and lung [N = 1]) (22). During
pregnancy, the mean daily tacrolimus dose was 12.1–12.8 mg/day (range 1.0–
64 mg/day). The outcomes of the pregnancies were 70 live births (2 neonates
died in the perinatal period), 12 spontaneous abortions (SABs), 12 elective
abortions (EABs), 1 stillbirth, 2 pregnancies ongoing, and 3 lost to follow-up.
Gestational age at birth was known in 63 neonates, 37 (59%) of whom were
premature. The birth weight was known in 64 cases with a mean weight of
2573 g (range 886–4346 g). The weight was appropriate for gestational age in



58 cases (90%). There were no malformations observed in the 24 aborted
fetuses. However, four of the live births, all exposed to tacrolimus throughout
the 1st trimester, had structural anomalies, one of which was alcoholic
embryopathy. There was no pattern among the remaining three anomalies that
suggested a single cause. The defects were meningocele, urogenital defects,
and umbilical hernia; ear defect, cleft palate, and hypospadia; and multicystic
dysplastic kidney and dimple without areola. The most common complications
in the infants at birth were hypoxia, hyperkalemia, and renal dysfunction (22).

Two case reports, one in 2001 and the other in 2004, detailed the use of
tacrolimus and mycophenolate during pregnancies that involved adverse
outcomes (see Mycophenolate). A 2003 retrospective review detailed the
outcomes of 38 pregnancies in 29 women who had undergone liver
transplantation before pregnancy (23). Sixteen pregnancies (nine live births,
seven elective abortions) had been exposed to tacrolimus combined with other
agents. There were no fetal or neonatal deaths. Two tacrolimus-exposed
infants had small membranous ventricular septal defects (23).

Another 2003 report described the pregnancy outcomes of 37 women, all
after liver transplantation, who delivered 49 infants (all single gestations) (24).
All mothers were treated with tacrolimus that was, in some cases, combined
with other agents. In 47 infants, the mean gestational age was 36.4 weeks, but
2 infants were born at 23 and 24 weeks’ gestation, respectively. Both of the
very premature infants died, as did one infant from a mother with Alagille
syndrome. The latter infant had a tracheoesophageal fistula and valvular heart
disease. One of the surviving infants had a nonfunctional unilateral cystic
kidney. The mean birth weight was 2797 g, with 78% of the infants weighing
more than 2000 g (24).

The pregnancies of 38 renal allograft recipients were reported in a 2003
study (25). Four of the patients were treated with tacrolimus in combination
with other agents. The outcomes of 73 pregnancies (48 live births) in the group
were compared with 59 pregnancies (41 women; 48 live births) with primary
renal disease not treated with immunosuppressive drugs. The study group had
significantly more preterm deliveries, infants with intrauterine growth restriction,
and infants requiring hospitalization in neonatal intensive care units. However,
there was no statistical difference in the incidence of major (4.2% vs. 4.2%)
and minor malformations (20.8% vs. 16.6%) (25).

In a 2004 report, the pregnancy outcomes of 13 mothers (19 babies) after
kidney transplantation and 2 mothers (3 babies) after kidney–pancreas
implantation, all under tacrolimus immunosuppression, were described (26).



One mother had a stillborn secondary to amniotic fluid leak and a small,
ischemic placenta. The mean gestational age of the infants and their birth
weight were 34.4 weeks and 2373 g, respectively. No congenital defects were
detected (26).

A brief 2005 communication reported 16 women with 19 pregnancies after
renal transplantation under tacrolimus (27). Appropriate birth weights and no
malformations were observed in 10 successful pregnancies. The outcomes of
the other nine cases were four SABs and five (EABs) (27).

There were 71 pregnancies among 45 women with liver transplantation in a
2006 report (3). Tacrolimus and cyclosporine were used in 42 and 29 of the
pregnancies, respectively. The outcomes of the pregnancies were live births
(29 vs. 21), SABs (7 vs. 6), EABs (5 vs. 1), molar pregnancy (1 vs. 0), and
intrauterine death (0 vs. 1) (all ns). The median gestational age and birth weight
were 37.5 vs. 37 weeks and 2660 vs. 2951 g, respectively (all ns).
Pregnancies occurring within 1 year of transplantation had the highest incidence
of prematurity and lowest birth weight. No congenital anomalies were observed
(3).

Four successful pregnancies under tacrolimus in women with liver transplants
were described in 2006 (28). The mean gestational age and birth weight were
34.4 weeks and 2302 g, respectively. No birth defects were detected in the
infants.

A 2005 case report described the use of tacrolimus throughout pregnancy in
a woman with refractory ulcerative colitis (29). She delivered a healthy 3500-g,
height 51 cm, baby girl at 40 weeks’ gestation with Apgar scores of 9, 10, and
10.

A 2007 short communication described the pregnancy outcome of a 35-year-
old woman treated with tacrolimus after a liver transplant (30). The woman
conceived 5 years after the transplant and remained on tacrolimus throughout
the pregnancy. Except for hypertension (treated with methyldopa) and
suspected chorioamnionitis, the pregnancy was uncomplicated. A cesarean
section in the 38th week delivered a healthy 2780-g female infant. No additional
information on the infant was provided (30).

Another 2007 reference described the outcomes of 16 pregnancies in renal
transplant recipients that were exposed to tacrolimus combined with other
immunosuppressive agents (13 with azathioprine and prednisone, 1 with
azathioprine, and 2 with prednisone) (31). An additional 33 pregnancies (all in
women after renal transplants) were treated with cyclosporine with azathioprine
and/or prednisone and 3 pregnancies were treated with azathioprine and



prednisone alone. The mean patient age was 26.5 years (range 17–38 years).
In the 52 pregnancies, preterm delivery occurred in 20 (38%) and fetal growth
restriction in 16 (31%) (outcomes by specific drug exposure not provided).
There was one fetal death due to extreme prematurity (26 weeks’). No
congenital malformations in the offspring were observed (31).

In a 2007 case report, a 28-year-old woman became pregnant while taking
tacrolimus (5 mg/day) and prednisolone (15 mg/day), 1.5 years after her
second renal transplant (32). The pregnancy was uneventful and she gave birth
vaginally to a healthy 3535-g male infant at term with Apgar scores of 9 and
10.

A 2012 case report described the use of tacrolimus (12 mg/day) throughout
pregnancy in a woman with an intestinal transplant (33). Other medications
used were prednisone (5 mg/day), esomeprazole (40 mg/day), diphenoxylate-
atropine (2 tablets/day), tacrolimus (12 mg/day), ferrous sulfate (650 mg/day),
ascorbic acid (1 g/day), prenatal vitamins (1/day), and magnesium
supplementation. At 39 3/7 weeks, labor was induced and she had a
spontaneous vaginal delivery of a healthy female infant (33).

BREASTFEEDING SUMMARY
Tacrolimus is excreted into breast milk. Ten colostrum samples were obtained
from six women in the immediate postpartum period (0–3 days) with a mean
drug concentration of 0.79 ng/mL (range 0.3–1.9 ng/mL) (7). The median milk:
maternal plasma ratio was 0.5. The authors of this study did not mention if the
women breastfed their infants.

In a 2003 report, a mother who had taken tacrolimus (0.1 mg/kg/day)
throughout pregnancy because of liver transplantation continued the drug while
breastfeeding her infant (34). From manually expressed samples, the highest
and mean drug concentrations were 0.57 and 0.429 ng/mL, respectively. The
milk:blood ratios before a dose and 1-hour postdose were 0.08 and 0.9,
respectively. The estimated half-life, calculated on limited data, in milk was
12.85 hours. The estimated maximum dose the infant would absorb was 0.02%
of the mother’s weight-adjusted dose. The infant was developing normally at
2.5 months of age (34).

In a second case, a mother with a renal transplant was taking tacrolimus (4
mg/day) while exclusively breastfeeding her 3-month-old infant (35). The
milk:blood ratio was 0.23, whereas the average tacrolimus milk concentration
was 1.8 mcg/L (1.8 ng/mL). The estimated infant dose was 0.5% of the
mother’s weight-adjusted dose (35).



In a case described above, a mother took tacrolimus throughout pregnancy
and continued the drug while breastfeeding her infant (33). The infant’s
tacrolimus level was <1.0 ng/mL at 1 week of age.

The absolute oral bioavailability of tacrolimus in healthy adults is 18%, but
food, especially fat, markedly decreases the bioavailability (5). Based on the
two cases above, breastfeeding during tacrolimus therapy does not appear to
represent a significant risk to the infant. However, monitoring infant plasma
levels is an option.
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TAFLUPROST
Ophthalmic (Prostaglandin Agonist)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of tafluprost in human pregnancy have been
located. The animal data suggest moderate risk, but the amount appearing
in the systemic circulation is very low. Moreover, the elimination half-life
from plasma appears to be very fast. Although the absence of human
pregnancy experience prevents a more complete assessment of embryo–
fetal risk, the risk of harm appears to be low. Nevertheless, because the
drug will be given daily for long periods, it may be best to use other
antiglaucoma agents that have some human data (e.g., Latanoprost).

FETAL RISK SUMMARY
Tafluprost, a fluorinated analog of prostaglandin F2α, is available as a 0.0015%
ophthalmic solution that is given as single drop in the conjunctival sac of the
affected eye(s) once daily. It is in the same class of prostaglandin agonists as
bimatoprost, latanoprost, and travoprost. Tafluprost is indicated for reducing
elevated intraocular pressure in patients with open-angle glaucoma or ocular
hypertension. It is hydrolyzed within the eye to an active metabolite, tafluprost
acid, that undergoes further metabolism to inactive metabolites. Very small
amounts of tafluprost acid are absorbed into the systemic circulation. At a
median 10 minutes postinstillation in each eye of healthy adults, mean plasma
concentrations were 26–27 pg/mL. At 30 minutes postinstillation, mean plasma
concentrations were below the limit of quantification (10 pg/mL) (1). This
suggests an elimination half-life of about <17 minutes.

Reproduction studies have been conducted in rats and rabbits. When IV
doses of tafluprost were given, increased postimplantation losses were
observed in rats and rabbits and reduced fetal body weights in rats. The drug



also increased the incidence of vertebral skeletal defects in rats. In rats, the
no-effect dose corresponded to maternal plasma levels of tafluprost acid that
were 343 times the maximum clinical exposure based on the maximum plasma
concentration (Cmax). In a prenatal and postnatal study in rats, increased
mortality of newborns, decreased body weights, and delayed pinna unfolding
were noted in offspring. The no observed adverse effect level for these effects
was at a tafluprost IV dose that was >3 times the maximum recommended
clinical dose based on BSA. In rabbits, an increased incidence of skull, brain,
and spine malformations was observed at maternal plasma levels of tafluprost
acid during organogenesis that were about 5 times higher than the clinical
exposure based on Cmax. At the no-effect dose in rabbits, maternal plasma
levels of tafluprost acid were below the level of quantification (20 pg/mL) (1).

In long-term studies, tafluprost was not carcinogenic in mice and rats, nor
was it mutagenic or clastogenic in multiple assays. No adverse effects on
mating performance or fertility were observed in given high IV doses of the
drug (1).

It is not known if tafluprost acid crosses the human placenta. The molecular
weight (about 453) is low enough, but the very small plasma concentrations of
the drug are below the limit of quantification (10 pg/mL) 30 minutes
postinstillation.

Prostaglandin F2α has been used for pregnancy termination in humans via
intrauterine extra-amniotic infusion to treat missed abortion or intrauterine
death. However, there is no evidence that at doses given to reduce elevated
ophthalmic pressure, an increased risk for uterine contractions would be seen
(see Latanoprost).

BREASTFEEDING SUMMARY
No reports describing the use of tafluprost during human lactation have been
located. The molecular weight (about 453) is low enough for excretion, but the
very small plasma concentrations (26–27 pg/mL) of the drug are below the limit
of quantification (10 pg/mL) 30 minutes postinstillation. It is unlikely that these
brief concentrations would have any effect on a nursing infant.
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TALIGLUCERASE ALFA
Endocrine/Metabolic Agent (Gaucher Disease)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of taliglucerase alfa in human pregnancy
have been located. The animal data suggest low risk, but the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. Although pregnancy may exacerbate existing Gaucher
disease or result in new disease manifestations, the data for other agents
in this subclass (e.g., see Imiglucerase) suggest that treatment may reduce
the risk of spontaneous abortion and bleeding complications. If indicated,
the drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Taliglucerase alfa, given as an IV infusion, is a recombinant active form of the
lysosomal enzyme, β-glucocerebrosidase, that differs from the human enzyme
by nine amino acids. It is a hydrolytic lysosomal glucocerebroside-specific
enzyme produced by recombinant DNA technology using plant cell culture
(carrot). Taliglucerase alfa is indicated for long-term enzyme replacement
therapy for patients with a confirmed diagnosis of type 1 Gaucher disease. It is
in the same pharmacologic subclass as alglucerase, imiglucerase, and
velaglucerase alfa. The median terminal half-life is about 19–29 minutes (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, an IV dose that was about 5 times the recommended human dose of
60 units/kg based on BSA (RHD) in both species revealed no evidence of
impaired fertility or fetal harm (1).

Studies to evaluate carcinogenic or mutagenic potential have not been
conducted. In male and female rats, doses that were about 5 times the RHD
did not cause any significant adverse effects on fertility parameters (1).



It is not known if taliglucerase alfa, a glycoprotein, crosses the human
placenta. The high molecular weight (56,640) and short terminal half-life
suggest that it will not cross to the embryo–fetus, at least early in pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of taliglucerase alfa during human lactation have
been located. The molecular weight (56,640) and the short terminal half-life
(19–29 minutes) suggest that clinically significant amounts of the drug will not
be excreted into breast milk. In addition, there are limited data for two other
agents in this class that support the use of the drug during breastfeeding (see
Alglucerase and Imiglucerase). Moreover, if excretion does occur, the drug
would most likely be digested in the infant’s gut and not absorbed systemically.
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TAMOXIFEN
Antineoplastic/Antiestrogen
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Tamoxifen is an antiestrogen that has weak estrogenic activity in some
tissues. Although tamoxifen is not considered an animal teratogen, it is
carcinogenic in rodents and has been associated with intrauterine growth
restriction, abortions, and premature delivery in some species. Uterine
cancer has been reported in human adults treated with tamoxifen.
Moreover, tamoxifen has produced toxic changes in the reproductive tracts
of animals. Some of these changes were similar to those observed in
humans exposed in utero to diethylstilbestrol (DES), but the risk of
tamoxifen-induced clear cell adenocarcinoma of the vagina or cervix in
exposed offspring is unknown because too few humans have been exposed
during pregnancy or followed up long enough. Two adverse outcomes
following inadvertent exposure to tamoxifen during gestation have been
described. The relationship between tamoxifen and Goldenhar’s syndrome
in the first case is unknown, but, in the second case, a causal association
between the drug and the ambiguous genitalia noted in the female infant
appears to be more certain. In addition, several fetal and neonatal
disorders and defects have been reported to the manufacturer, but it is not
known whether this is the result of retrospective reporting. Because of the
various toxicities noted in animals, the increased incidence of abortions
noted in some patients when the drug was used for ovulation induction, and
the possible human teratogenicity, the best course is to avoid use of
tamoxifen during pregnancy. Moreover, because both the parent compound
and the major metabolite have prolonged half-lives that may require ≤8
weeks to eliminate, women of childbearing age should be informed that a
pregnancy occurring within 2 months of tamoxifen therapy may expose the
embryo and/or fetus to the drug. If an inadvertent pregnancy does occur,
the potential fetal and newborn risks must be discussed with the patient.
Offspring who have been exposed to tamoxifen during pregnancy require



long-term (≤20 years) follow-up to access the risk of carcinogenicity.

FETAL RISK SUMMARY
Tamoxifen, a triphenylethylene derivative that is structurally related to
clomiphene, is a nonsteroidal, antiestrogen agent used in the treatment of
breast cancer (1,2). In addition to its antiestrogen properties, it may also
produce weak estrogenic and estrogenic-like activity at some sites. Unlabeled
uses have included induction of ovulation and treatment of idiopathic
oligospermia. Tamoxifen is thought to act by competing with estrogen for
binding sites in target tissues (2). The parent drug has an elimination half-life of
about 5–7 days (range 3–21 days) (1,2), whereas the elimination half-life of the
major metabolite, N-desmethyltamoxifen, is approximately 9–14 days (1).
Following prolonged treatment (e.g., 2–3 months), clearance of tamoxifen and
its metabolites from the system may require 6–8 weeks (3).

Tamoxifen is carcinogenic, producing ovarian and testicular tumors in
immature and mature mice and hepatocellular carcinoma in rats, at all doses
tested (5, 20, and 35 mg/kg/day for up to 2 years) (2). The drug is also
genotoxic in rat liver cells and in the human lymphoblastoid cell line. Tamoxifen,
at a dose of 0.04 mg/kg/day (approximately 1/10th the human dose) for 2
weeks before conception through day 7 of pregnancy, impaired the fertility of
female rats causing a decreased number of implantations and 100% fetal
mortality (2).

In reproductive studies reported by the manufacturer, no teratogenicity was
observed with rats, rabbits, and marmosets, but fetal toxicity was common (2).
In rats, however, reversible, nonteratogenic developmental skeletal changes
were observed at doses equal to or below the human dose (2). An increased
fetal death rate occurred in pregnant rats when tamoxifen (0.16 mg/kg/day;
human dose about 0.4–0.8 mg/kg/day) was administered from day 7 to day 17
(2). When this dose was given from day 17 of pregnancy to 1 day before
weaning, an increased number of dead pups were noted and some of the
surviving pups demonstrated slower learning behavior. Moreover, in utero
growth restriction was evident in some of the pups (2). Tamoxifen (0.125
mg/kg/day) administered to pregnant rabbits during days 6 through 18 of
pregnancy caused abortions and premature delivery (2). Higher doses
produced fetal deaths. Abortions were observed in pregnant marmosets given
10 mg/kg/day either during organogenesis or in the last half of pregnancy (2).

A 1976 study administered oral tamoxifen (2 mg/kg/day) to rabbits starting at



either day 10 or day 20 of pregnancy (4). A significant increase in embryonic
loss occurred in the first group, whereas treatment later in gestation resulted in
premature delivery or abortion.

Several studies have described the effectiveness of tamoxifen as a postcoital
contraceptive in animals (5–11). The action of tamoxifen as an antifertility agent
appears to be a dose-related, antiestrogen effect that prevents implantation in
the uterus. In one report, however, a single 5-mg/kg dose on day 4 after
ovulation in macaques had no effect on fertility (12). No reports describing the
use of tamoxifen as a contraceptive in humans have been located.

In rats and guinea pigs, tamoxifen produced significant, dose-related
changes in the reproductive tract of the fetus and newborn (13–17). These
changes, most pronounced in the guinea pig, involved trophic effects on the
uterus and vagina similar to those produced by estrogens. Abnormalities in
sexual differentiation of female offspring of guinea pigs have also been
observed (18).

In a study published in 1987, the estrogenicity and potential teratogenicity of
tamoxifen were demonstrated in genital tracts isolated from aborted 4- to 19-
week-old human female fetuses grown for 1–2 months in mice (19). Some mice
were used as controls, and others were treated with tamoxifen, clomiphene, or
DES. In comparison with controls, abnormalities observed in the drug-treated
mice included proliferation and maturation of the squamous vaginal epithelium; a
decrease in the number of endometrial and cervical glands; impaired
condensation and segregation of the uterine mesenchyme; and hyperplastic,
disorganized epithelium and distorted mucosal plications in the fallopian tube.
The abnormalities induced by tamoxifen and clomiphene were, in most
instances, comparable to those of DES (19). A study published in 1979
examined the effects of tamoxifen administration on newborn female rats (5
mcg on days 1, 3, and 5), observing several abnormalities of reproductive
development, including early vaginal opening, absence of cycles, atrophic
ovaries and uteri, vaginal adenosis, and severe squamous metaplasia of the
oviducts (20). Gonad and genitourinary tract abnormalities, including uterine
hypoplasia and vaginal adenosis, were also observed in newborn female mice
given tamoxifen for 5 days (21). A 1997 report compared the uterotrophic
effects of tamoxifen (100 mcg), DES (1 mcg), or placebo administered SC
daily to newborn female rat pups for 5 days (22). At postnatal day 6, both
tamoxifen and DES produced significant epithelial hypertrophy and myometrial
thickening, as well as other uterine changes that led the investigators to
conclude that tamoxifen’s estrogenic action on the developing uterus was



similar to that produced by DES (22).
The clinical significance of the above studies demonstrating developmental

changes in animals, three of which involved neonatal exposure to tamoxifen, is
presently unknown, but some of the alterations observed in experiments,
especially vaginal adenosis, are similar to those observed in young women
following in utero exposure to DES (2). Moreover, too few women have been
exposed in utero to tamoxifen and followed sufficiently long (≤20 years) to
determine whether the drug presents a risk of clear-cell adenocarcinoma of the
vagina or cervix similar to DES (about 1 in 1000) (2) (see also
Diethylstilbestrol). It should also be noted that long-term exposure of
nonpregnant, adult humans to tamoxifen has been associated with an increased
incidence of endometrial cancer (2).

Data pertaining to human fetal exposure to tamoxifen are limited. A 1993
letter cited a statement made by tamoxifen researchers that 85 women had
become pregnant while receiving the drug and that no fetal abnormalities had
been reported (23). A 1994 letter, however, citing data (oral and written)
reported to the manufacturer, described the outcomes of 50 pregnancies
associated with tamoxifen therapy (24). Of the total, there were 19 normal
births, 8 elective abortions, 10 with a fetal or neonatal disorder (2 of which
were congenital craniofacial defects), and 13 unknown outcomes. Although the
number of adverse outcomes is suggestive of human teratogenicity, no mention
was made whether the above cases represented prospective or retrospective
reporting. The latter type frequently involves biased reporting in that adverse
outcomes are much more likely to be communicated. Also included in this letter
was the description of a case in which a 35-year-old woman, following breast
cancer surgery, took tamoxifen (20 mg/day) throughout an approximately 27-
week pregnancy (24). Because of premature labor, chorioamnionitis, and an
abnormal lie, a cesarean section was performed to deliver an 896-g,
karyotypically normal infant (sex not specified). Malformations noted in the
infant, consistent with a diagnosis of Goldenhar’s syndrome, included right-
sided microtia, preauricular skin tags, and hemifacial microsomia (24). Other
exposures, in addition to tamoxifen, were cocaine and marijuana smoking (1 or
2 times/week) during the first 6 weeks of gestation and a bone scan performed
using technetium-99m medronate. The causal relationship between tamoxifen
and the defects in the infant was unknown (24), but in some reports of familial
cases, the patterns of inheritance of Goldenhar’s syndrome
(oculoauriculovertebral anomaly) have been described as consistent with an
autosomal dominant, autosomal recessive, and multifactorial inheritance (25).



Ambiguous genitalia in a female newborn exposed in utero to tamoxifen
during the first 20 weeks of pregnancy was reported in 1997 (26). The 35-
year-old mother had been treated with tamoxifen (20 mg daily) for about 1 year
for metastatic breast cancer. Because of the mother’s deteriorating condition,
the normal 46,XX karyotype, 1360-g infant was delivered at 29 weeks’
gestation. Reproductive malformations included an enlarged, phallic-like clitoris
(1.4 × 0.6 cm), a single perineal opening for the urethra and vagina, and fusion
of the posterior portion of the rugated labioscrotal folds without palpable
glands. An ultrasound examination revealed a normal uterus and ovaries without
identifiable male structures. Congenital adrenal hyperplasia was excluded and a
serum testosterone level was normal for a female infant. At 6 months of age, a
reduction phalloplasty and vaginal reconstruction were performed without
complications (26).

Two reports have described three successful pregnancies following
chemotherapy with tamoxifen (27,28). In one of two cases described in a 1986
reference, a 26-year-old woman with a pituitary microadenoma and primary
infertility was successfully treated with tamoxifen (20 mg/day) and
bromocriptine (10 mg/day) (27). Combination therapy was used because she
could not tolerate high-dose bromocriptine monotherapy. She ovulated and
conceived approximately 7.5 months after combination therapy was begun.
Tamoxifen was discontinued when pregnancy was confirmed (exact timing not
specified), but bromocriptine was continued until 8 weeks’ gestation. She
delivered a normal 3240-g female infant at term. In the second case, a 25-
year-old woman with a pituitary macroadenoma and primary infertility was
treated for about 3 months with the same combination therapy as in the first
case, again because of intolerance to monotherapy (27). Combination therapy
was stopped when pregnancy was confirmed (exact timing not specified) and
she delivered a normal 2600-g female infant at 37 weeks’ gestation. The third
pregnancy involved a 31-year-old woman with a diagnosis of well-differentiated
adenocarcinoma of the endometrium who elected to receive 6 months of
hormonal therapy with tamoxifen (30 mg/day) and megestrol acetate (160
mg/day) combined with repeated hysteroscopy and uterine curettage rather
than undergo a hysterectomy (28). She was then placed on combination oral
contraceptives for 3 months and conceived 1 month after they were
discontinued. She eventually delivered a normal 3340-g male infant at term. In
addition, two case reports have described the use of tamoxifen in combination
with trastuzumab in pregnant women with breast cancer (see Trastuzumab).

Several studies have examined the efficacy of tamoxifen, often in direct



comparison with clomiphene, for ovulation induction in infertile women (29–35).
Although no fetal anomalies were reported in these pregnancies following
tamoxifen induction, a higher than expected occurrence of spontaneous
abortion was noted in two studies (29,33). In contrast to clomiphene, however,
tamoxifen induction did not appear to increase the frequency of multiple
gestations (34).

In males, tamoxifen, like clomiphene, has been used for the treatment of
idiopathic oligospermia (36–41). Tamoxifen appears to improve sperm density
and the number of live spermatozoa, but conflicting results have been reported
concerning the effect on sperm motility or morphology (37,40,41). A 1987
review, moreover, concluded that there was no convincing evidence that
tamoxifen was effective in increasing the conception rate (41).

BREASTFEEDING SUMMARY
Tamoxifen has been shown to inhibit lactation (42,43). In a double-blind,
placebo-controlled trial, tamoxifen started within 2 hours after delivery was
effective in preventing milk secretion and breast engorgement (42). Two
treatment courses were studied: 30 mg twice daily for 2 days, then 20 mg
twice daily for 2 days, then 10 mg twice daily for 2 days (N = 50); and 10 mg
twice daily for 14 days (N = 42). Two groups of control patients (N = 25 and N
= 23) received similar placebo tablets. The 6-day treatment course was
“superior” (statistical analysis was not done) to the 14-day treatment course
with 43 (86%) vs. 31 (74%) of the women having a “good” response (i.e.,
either no milk in their breasts or only slight to moderate milk secretion) (42).
Only six (13%) of the control patients had a “good” response. No adverse
effects or rebound engorgement were observed in the women who had
received tamoxifen.

In a second, placebo-controlled, single-blinded study, tamoxifen (N = 60, 10
mg 4 times daily) or placebo (N = 20) was started within 24 hours of delivery
and continued for 5 days (43). Breast stimulation using a mechanical breast
pump was used before the first dose, and then on days 3 and 5, followed by
blood sampling for serum prolactin. By the 5th day, a significant decrease
(compared with baseline) in serum prolactin concentration occurred in the
tamoxifen group, but not in controls. Moreover, tamoxifen was effective in
inhibiting lactation and preventing breast engorgement, and no rebound
lactation was observed (43).

Because tamoxifen inhibits lactation and because of the adverse effects
noted in newborn animals and human adults (see Fetal Risk Summary above)



given the drug directly, the drug is contraindicated during nursing.
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TAMSULOSIN
Sympatholytic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tamsulosin in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. Until such data are available, the safest course is to
avoid use in pregnancy.

FETAL RISK SUMMARY
Tamsulosin is an antagonist of α 1A-adrenoceptors in the prostate. It is available
as oral capsules and is indicated for the treatment of the signs and symptoms
of benign prostatic hyperplasia (1). The drug is used off-label as adjunctive
therapy in the management of ureteral stones (2,3). Tamsulosin is extensively
metabolized and has an elimination half-life in the range of 9–15 hours. Plasma
protein binding is 94%–99%, primarily to α1-acid glycoprotein (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, doses up to about 50 times the human therapeutic AUC exposure
revealed no evidence of fetal harm. Similar results were observed in pregnant
rabbits (1).

In carcinogenicity studies with male and female rats, no increase in tumor
incidence was noted with the exception of a modest increase in the frequency
of mammary gland fibroadenomas in female rats. In mice, there were no
significant findings in males, but females had significant increases in the
incidence of mammary gland fibroadenomas and adenocarcinomas. In both rats
and mice, the increased incidences of mammary gland neoplasms were
considered secondary to drug-induced hyperprolactinemia. Tamsulosin was not
mutagenic in multiple assays. High doses of the drug resulted in reversible male



and female rat infertility (1).
It is not known if tamsulosin crosses the human placenta. The molecular

weight (about 445) and moderately long elimination half-life suggest that the
drug will cross to the embryo and/or fetus, but the extensive plasma protein
binding should limit the amount crossing the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of tamsulosin during human lactation have been
located. The molecular weight (about 445) and moderately long elimination half-
life (9–15 hours) suggest that the drug will be excreted into breast milk, but the
extensive plasma protein binding (94%–99%) should limit the amount excreted.
However, because antiadrenergic agents can cause hypotension, the safest
course is to not breastfeed.
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TAPENTADOL
Narcotic Agonist Analgesic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tapentadol in human pregnancy have been
located. The drug caused significant embryo–fetal developmental toxicity in
two animal species but always in the presence of maternal toxicity. In
general, occasional use of narcotic agonist analgesics in pregnancy is
considered low risk. However, tapentadol, as with other agents in this
class, has the potential for abuse and such use could cause embryo–fetal
harm. Respiratory depression of the newborn is a potential complication if
the drug is used close to birth. A narcotic antagonist, such as naloxone,
should be readily available to reverse neonatal respiratory depression if
present.

FETAL RISK SUMMARY
Tapentadol is an oral centrally acting synthetic analgesic. It is indicated for the
relief of moderate to severe acute pain in patients 18 years of age or older.
Similar to other mu-opioid agonists, tapentadol has addictive properties and
may be sought by drug abusers. The drug is extensively metabolized to inactive
metabolites. Plasma protein binding is low (about 20%), whereas the average
terminal half-life is 4 hours (1).

Reproduction studies have been conducted in rats and rabbits. No
teratogenic effects were observed during organogenesis in rats given SC
doses resulting in plasma exposures up to the plasma exposure at the
maximum recommended human dose of 700 mg/day based on AUC (MRHD).
The highest dose caused significant maternal toxicity and was associated with
embryo–fetal toxicity that included transient delays in skeletal maturation (i.e.,
reduced ossification). Exposures up to 1.7 times the MRHD during late



gestation and early postnatal period did not influence physical or reflex
development, the outcome of neurobehavioral tests or reproductive
parameters. However, at maternal toxic exposures, treatment-related
developmental delay was observed, including incomplete ossification, significant
reductions in pup body weights and weight gains, and increased pup mortality
(1).

During organogenesis, rabbits received SC doses resulting in plasma
exposures that were 0.2–1.85 times the MRHD. At exposures ≥0.6 times the
MRHD, embryo–fetal toxicity was observed that consisted of reduced fetal
viability, skeletal delays and other variations, and multiple malformations
(gastroschisis/thoracogastroschisis, amelia/phocomelia, and cleft palate).
Malformations observed at exposures that were 1.85 times the MRHD were
ablepharia, encephalopathy, and spina bifida. However, the exposures caused
significant maternal toxicity and this may have caused the embryo–fetal
toxicities, including malformations (1).

In 2-year studies for carcinogenicity, no increase in tumor incidence was
observed in mice and rats. The drug was not mutagenic in several assays. A
clastogenic effect was noted in one assay but was not confirmed in a repeat
test or in vivo. In fertility tests in rats, plasma exposures up to 0.4 times the
MRHD did not alter fertility at any dose level. However, maternal toxicity was
observed at plasma exposures <0.4 times the MRHD that resulted in a
decreased number of implantations and live conceptuses, and increased
preimplantation and postimplantation losses (1).

It is not known if tapentadol crosses the human placenta. The molecular
weight (about 222 for the free base), low plasma protein binding, and the
terminal half-life suggest that the drug will reach the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of tapentadol during human lactation have been
located. The molecular weight (about 222 for the free base), low plasma
protein binding (about 20%), and the average terminal half-life (4 hours)
suggest that the drug will be excreted into breast milk. As with all basic drugs,
accumulation in the more acidic milk, as compared with plasma, should occur
with continuous dosing and result in milk:plasma ratios >1. The effect of this
exposure on a nursing infant is unknown, but respiratory depression and other
narcotic effects are a potential complication.
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TAZAROTENE
Dermatologic Agent
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Tazarotene is a retinoid that causes retinoid-like malformations in
experimental animals. Because of this and the experience with other
retinoids (e.g., see Isotretinoin), the drug is contraindicated in women who
are or who may become pregnant. A negative pregnancy test should be
obtained within 2 weeks before starting therapy with this agent, which
should begin during a normal menstrual period (1).

FETAL RISK SUMMARY
Tazarotene is a retinoid prodrug that is rapidly converted in vivo to the active
form, the cognate carboxylic acid of tazarotene (tazarotenic acid). The drug is
indicated for the topical treatment of acne vulgaris and plaque psoriasis. The
active drug is absorbed into the systemic circulation producing peak plasma
levels up to approximately 2 ng/mL. In females treated for acne, doses applied
to 15% of the BSA produced peak plasma levels 12 times higher than those
from applications to only the face (1.2 vs. 0.1 ng/mL). Peak plasma levels
occurred on day 15 of treatment and the highest observed level was 1.91
ng/mL (1).

Reproduction studies have been conducted in rats and rabbits (1). Topical
doses resulted in reduced fetal body weights and reduced skeletal ossification
in rats and single incidents of retinoid malformations, including spina bifida,
hydrocephaly, and heart defects in rabbits. The systemic exposures resulting
from the doses used in rats and rabbits were 1.2 and 13 times, respectively,
the exposure resulting from treating a psoriatic patient with 0.1% cream over
35% of the BSA, and 4.0 and 44 times, respectively, the maximum systemic
exposure of acne patients treated with 0.1% cream over 15% of the BSA (1).
Oral administration of tazarotene caused developmental delays in rats, and



teratogenicity and resorptions in rats and rabbits at doses 1.1 and 26 times,
respectively, the systemic exposure of a psoriatic patient and 3.5 and 85 times,
respectively, the maximum systemic exposure of acne patients.

It is not known whether tazarotene or its active metabolite crosses the
placenta to the fetus. The molecular weight (about 351) is low enough that
transfer usually would be expected. However, the drug is highly bound to
plasma protein (>99%) and maternal plasma concentrations are very low. Both
of these factors should inhibit placental transfer.

The manufacturer has reports on nine pregnant women who were
inadvertently exposed to tazarotene during clinical trials, two during studies
involving acne patients and seven in other trials (1). One woman terminated her
pregnancy, and healthy infants were delivered in the other eight cases. The
timing of the exposures and the dosage used were not certain, so the
significance of these findings is unknown (1).

BREASTFEEDING SUMMARY
Trace amounts of tazarotene are excreted into human milk (1). The risk to a
nursing infant from this exposure is unknown.

Reference
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TAZOBACTAM
Anti-infective
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the human data are very limited, the tazobactam–piperacillin
combination appears to be relatively safe in pregnancy. No fetal harm in
animals was observed at doses very close to those used in humans.
Moreover, there is substantial experience with penicillins in human
pregnancy that has shown this class of anti-infectives to be safe for the
embryo–fetus. Because tazobactam is a derivative of the penicillin nucleus,
it also probably is safe in pregnancy.

FETAL RISK SUMMARY
Tazobactam, a β-lactamase inhibitor, is combined with piperacillin to increase
its antibacterial spectrum. It is not available as a single agent. Structurally,
tazobactam is a derivative of the penicillin nucleus and is metabolized to an
inactive metabolite. The plasma half-life ranges from 0.7 to 1.2 hours. Only
30% of tazobactam (and none of the metabolite) is bound to plasma proteins.

Reproduction studies with tazobactam have been conducted in mice and rats.
No evidence of fetal harm was observed in these species at doses ≤6 and 14
times, respectively, the human dose based on BSA (HD). In rats, no effects on
fertility were observed with doses 3 or fewer times the HD.

Consistent with its molecular weight (about 322) and its low protein binding,
tazobactam crosses the human placenta. A 1998 report described the
pharmacokinetics of piperacillin–tazobactam in six women with gestations of
25–32 weeks (2). Because of the increase in renal clearance and other factors,
a marked decrease in maternal serum concentrations of both agents was
observed. In one of the women (samples were inadequate in the other five), the
fetal:maternal serum ratio of tazobactam was 2 approximately 3 hours after a



dose. In two other women, low concentrations of tazobactam, 2.3 and 3.7
mcg/mL, respectively, were measured in the amniotic fluid and, in two others,
low concentrations in fetal urine, 8.2 and 12.4 mcg/mL, respectively.

BREASTFEEDING SUMMARY
Although specific details were lacking, the manufacturer states that tazobactam
is excreted into breast milk in low concentrations (1). This is consistent with its
molecular weight (about 322) and low protein binding (30%). Piperacillin also is
excreted into milk (see Piperacillin). The effects of this low exposure on a
nursing infant probably are not clinically significant, but three potential problems
exist for the nursing infant: modification of bowel flora, direct effects on the
infant, and interference with the interpretation of culture results if a fever
workup is required.

References
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TECHNETIUM Tc-99m
Diagnostic Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Limited data from two studies of technetium Tc-99m (Tc-99m) exposure in
human pregnancy have not suggested an increased risk for the embryo or
fetus. Although it is desirable to minimize ionizing radiation exposure during
pregnancy, a radiopharmaceutical may be administered either in an
unrecognized pregnancy or for urgent diagnostic reasons. In these
situations, the radiation dose to the embryo–fetus is estimated to be well
below the 5Gy limit of concern.

FETAL RISK SUMMARY
Tc-99m is a gamma-emitting metastable nuclear isomer of technetium-99. It is
the most common radioisotope used in medical diagnostic procedures. It is
available either in the pertechnetate soluble salt form or in complex with various
other agents. These radiopharmaceuticals are administered orally, IV, or by
inhalation to aid in diagnostic imaging and functional studies of the brain,
myocardium, thyroid, lungs, liver, gallbladder, kidneys, skeleton, blood, and
tumors. The physical half-life (decay through gamma emission) of Tc-99m is
approximately 6 hours, and the biological half-life is approximately 24 hours (1).

Animal reproduction studies with Tc-99m have not been conducted. Studies
for carcinogenicity or mutagenic potential have not been conducted for most
Tc-99m products. No genotoxic activity was observed for the active metabolite
of Tc-99m sestamibi in various tests. At cytotoxic concentrations (>20
mcg/mL), an increase in cells with chromosome aberrations was observed in
the human lymphocyte assay. No genotoxic effects in the in vivo mouse
micronucleus test were observed at a dose that caused systemic and bone
marrow toxicity (9 mg/kg, >600 times the maximum human dose). Fertility



studies have not been conducted with Tc-99m (1).
Tc-99m is known to cross the placenta in animals and it is presumed that the

same is true for the human placenta.
High-dose radiation exposure to the embryo or fetus is known to be

associated with risks for intrauterine growth restriction, embryo–fetal loss,
mental deficiency, and cancer. However, it is generally accepted that doses
<5Gy to the embryo or fetus are not teratogenic. To evaluate potential risks for
diagnostic procedures that utilize Tc-99m radiopharmaceuticals, estimates of
the radiation dose available to the human embryo or fetus have been calculated
under various scenarios, and these estimates are under the 5Gy limit. This
suggests a low level of concern in situations where the diagnostic procedure is
necessary in pregnancy or has been inadvertently performed in an
unrecognized pregnancy (2–4).

In a 2009 study conducted by a German teratogen information service, 122
pregnancies were prospectively followed up in which the mothers were
exposed sometime between the 2nd and 17th weeks of gestation to one of five
Tc-99m radiopharmaceuticals for diagnosis of bone, thyroid, kidney, or lung
conditions (5). Outcomes were compared with 366 unexposed pregnancies. No
increased risks for growth deficiency, pregnancy loss, or major birth defects
were noted in the exposed infants (5).

In a 1997 British study, data were abstracted from medical records for 82
pregnant women who had been evaluated for pulmonary embolism with either a
Tc-99m perfusion or ventilation scan or both. Most scans were conducted late
in pregnancy. No adverse pregnancy outcomes were reported, although no
details were provided (6).

BREASTFEEDING SUMMARY
Tc-99m is excreted into breast milk. In a 1994 study, breast milk samples were
obtained from 60 women who had been exposed to Tc-99m
radiopharmaceuticals (7). Analysis found generally low radiation doses in
breast milk across the samples, but there was distinct variability by specific
radiopharmaceutical. Based on estimated dose, the recommendation for those
products that produce the highest concentrations, such as Tc-99m
pertechnetate, is to interrupt breastfeeding until activity in milk samples reaches
a threshold concentration. For other products, no interruption in breastfeeding
was considered necessary (8–10).
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TEDUGLUTIDE
Gastrointestinal Agent (Glucagon-Like Peptide-2 Analog)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of teduglutide in human pregnancy have been
located. In the animal data, comparisons to the human dose were based on
body weight. Even though such comparisons usually cannot be interpreted,
the doses were up to 1000 times the human dose and might suggest low
risk. Moreover, the drug is an analog of a naturally occurring peptide
secreted by L-cells of the distal intestine (1). Consequently, if indicated the
drug should not be withheld because of pregnancy.

FETAL RISK SUMMARY
Teduglutide, given as a daily SC injection, is a 33 amino acid analog of naturally
occurring human glucagon-like peptide-2 that is known to increase intestinal and
portal blood flow and inhibit gastric acid secretion. It is indicated for the
treatment of adult patients with short bowel syndrome (SBS) who are
dependent on parenteral support. It is metabolized to inactive components. The
mean terminal half-life is about 2 hours in healthy subjects and 1.3 hours in SBS
patients (1). However, information regarding plasma protein binding is
apparently unknown.

Reproduction studies have been conducted in rats and rabbits. In these
species, SC doses up to 1000 times the recommended human daily dose
based on body weight (RHDD) did not reveal any evidence of fetal harm or
impaired fertility. In addition, no evidence of adverse effects were observed in
predevelopment and postdevelopment studies in rats with SC doses up to 1000
times the RHDD (1).

In a 2-year carcinogenicity rat study, teduglutide caused significant increases
in the incidence of adenomas in the bile duct and jejunum of male rats. Studies



for mutagenicity were negative, as were studies of impaired fertility and
reproductive performance in male and female rats (1).

It is not known if teduglutide crosses the human placenta. The molecular
weight (about 3752) and the relatively short mean terminal half-life suggest that
clinically significant amounts of the drug probably will not reach the embryo or
fetus, at least early in gestation.

BREASTFEEDING SUMMARY
No reports describing the use of teduglutide during human lactation have been
located. The molecular weight (about 3752) and the relatively short (1.3 hours)
mean terminal half-life in SBS patients suggest that the drug will probably not
be excreted into breast milk, at least in clinically significant amounts. Even if
some excretion did occur, the peptide would probably be digested in the
infant’s gut. However, teduglutide is given as a daily SC injection and the
manufacturer states that women receiving teduglutide should not breastfeed
because of the tumorigenicity shown in rats (1).
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TEGASEROD

[Withdrawn from the market. See 9th edition.]



TELAPREVIR
Antiviral Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk (Contraindicated—3-Drug Combination)
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (3-Drug Combination)

PREGNANCY SUMMARY

No reports describing the use of telaprevir in human pregnancy have been
located. The animal data suggest low risk. However, the indication for
telaprevir involves the combined use with ribavirin and peginterferon alfa.
Although peginterferon alfa is probably compatible with pregnancy (see
Interferon, Alfa), ribavirin is contraindicated because it has caused
developmental toxicity in all animal species tested (see Ribavirin). The 3-
drug combination should be avoided in pregnancy.

FETAL RISK SUMMARY
Telaprevir, a protease inhibitor, is a direct-acting antiviral agent against the
hepatitis C virus. It is indicated, in combination with peginterferon alfa and
ribavirin, for the treatment of genotype 1 chronic hepatitis C in adult patients
with compensated liver disease, including cirrhosis, who are treatment-naive or
who have previously been treated with interferon-based treatment, including
prior null responders, and relapsers. Telaprevir is extensively metabolized to
inactive metabolites. Plasma protein binding, primarily to α1-acid glycoprotein
and albumin, is moderate (59%–76%). The mean elimination half-life after a
single dose was 4.0–4.7 hours and 9–11 hours at steady state (1).

Reproduction studies with telaprevir alone have been conducted in mice and
rats. The highest doses tested produced exposures that were 1.84 and 0.60
times, respectively, the human exposure at the recommended clinical dose
(HERCD). No harm to the fetuses were observed at these exposures (1).
However, ribavirin causes dose-related teratogenicity or embryo lethality in
animals (see Ribavirin) and peginterferon alfa causes dose-related abortions in
animals (see Interferon, Alfa).



The carcinogenic potential of telaprevir has not been studied. Multiple assays
for genotoxicity were negative. However, the drug did have adverse effects on
fertility parameters in rats. The no-observed-adverse-effect level for testicular
toxicity was an exposure 0.17 times the HERCD. At exposures 0.30 times the
HERCD, potential effects were decreased motile sperm and increased
nonmotile sperm count. In female rats, there were minor increases in
preimplantation loss in percent of dams with nonviable embryos, and percent of
nonviable conceptuses per litter. These effects were probably related to
testicular toxicity in males, but contributions of the female could not be ruled out
(1).

It is not known if telaprevir crosses the human placenta. The molecular
weight (about 680), moderate plasma protein binding, and long elimination half-
life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of telaprevir during human lactation have been
located. The molecular weight (about 680), moderate plasma protein binding
(59%–76%), and long elimination half-life (9–11 hours at steady state) suggest
that the drug will be excreted into breast milk. The effect of this exposure on a
nursing infant is unknown. However, telaprevir is always combined with ribavirin
and peginterferon alfa (see Ribavirin and Interferon, Alfa). The latter agent is
known to be excreted into breast milk and ribavirin is probably excreted. If a
woman taking this therapy is breastfeeding, her nursing infant could be exposed
to all three agents. Thus, the best course of action is to not breastfeed.

Reference
1. Product information. Incivek. Vertex Pharmaceuticals, 2012.



TELAVANCIN
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of telavancin, a synthetic derivative of
vancomycin, in human pregnancy have been located. The manufacturer
interpreted the animal reproduction data as showing risk of limb and
skeletal malformations. However, a presentation by Anthony Scialli, MD,
Tetra Tech Sciences, at a public meeting of the FDA Advisory Committee
on Antimicrobial Drugs, November 2008, did not support that interpretation.
Among 654 rat and 156 rabbit fetuses, shortened limbs were observed in
only three fetuses: two rats (one of which was not confirmed) and a rabbit.
In minipigs, polydactyly was observed in controls and in all drug groups
except the high-dose group, so inclusion of these results is questionable.
Nevertheless, a better reason for not using this drug, at least until human
pregnancy data are available, is that it does not appear to offer a clear
advantage for its indication over other available antibiotics that do have
pregnancy experience. A pregnancy registry has been established by the
manufacturer to monitor pregnancy outcomes in women exposed to
telavancin. Either the physician or the patient herself can register by calling
1-888-658-4228 (1).

FETAL RISK SUMMARY
Telavancin is a lipoglycopeptide antibacterial that is a synthetic derivative of
vancomycin. It is given as an IV infusion. Telavancin is indicated for the
treatment of adult patients with complicated skin and skin structure infections
caused by susceptible isolates of the following gram-positive microorganisms:
Staphylococcus aureus (including methicillin-susceptible and -resistant isolates),
Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus anginosus



group (includes Streptococcus anginosus, Staphylococcus intermedius, and
Streptococcus constellatus), or Enterococcus faecalis (vancomycin-susceptible
isolates only). The drug is partially metabolized. Binding to plasma proteins,
primarily to albumin, is about 90%, and the elimination half-life is about 8 hours.
The drug is highly lipophilic (1).

Reproduction studies have been conducted in rats, rabbits, and minipigs. In
these species, IV doses resulting in exposures that were about 1–2 times the
human exposure (AUC) at the maximum recommended clinical dose showed a
potential to cause limb and skeletal malformations that included brachymelia
(rats, rabbits), syndactyly (rats, minipigs), adactyly (rabbits), and polydactyly
(minipigs) (see also above Summary). Other findings were flexed front paw and
absent ulna (rabbits), misshapen digits and deformed front leg (minipigs), and
an increase in the number of stillborn pups and decreased fetal body weights
(rats) (1).

Long-term carcinogenicity studies have not been conducted. The drug was
not mutagenic or clastogenic in multiple assays. Telavancin did not impair
fertility or reproductive performance in male and female rats. When the drug
was given for longer periods in male rats at doses resulting in exposures similar
to those in humans, reversible altered sperm parameters were observed (1).

It is not known if telavancin crosses the human placenta. The molecular
weight (about 1756 for the free base) and moderately high plasma protein
binding may partially inhibit placental crossing, but the high fat solubility and
long elimination half-life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of telavancin during human lactation have been
located. The molecular weight (about 1756 for the free base) and moderately
high plasma protein binding (about 90%) may partially inhibit excretion into
breast milk, but the high fat solubility and long elimination half-life (8 hours)
suggest that some drug will cross into milk. Because telavancin is a weak base,
ion trapping in the more acidic milk may occur that results in a milk:plasma ratio
>1. The effect of this exposure on a nursing infant is unknown, but three
potential problems exist: modification of bowel flora, direct effects on the infant
(e.g., allergic response), and interference with the interpretation of culture
results if a fever workup is required.

Reference
1. Product information. Vibativ. Astellas Pharma US, 2009.



TELBIVUDINE
Antiviral
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience with telbivudine is very limited. Although
the animal reproduction data are encouraging, additional human pregnancy
experience is required for a full assessment of the embryo–fetal risk.
Theoretically, exposure to agents in this class at the time of implantation
could impair fertility as a result of embryonic cytotoxicity. This toxicity was
not observed with telbivudine in animal studies but has not been studied in
humans. Mitochondrial dysfunction has been reported with two nucleoside
reverse transcriptase inhibitors (see Lamivudine and Zidovudine). However,
no appreciable mitochondrial toxicity was observed with telbivudine at
concentrations much higher than those required to inhibit hepatitis B viral
DNA synthesis (1). If indicated, the drug should not be withheld because of
pregnancy. Physicians are encouraged to register exposed patients in the
Antiretroviral Pregnancy Registry by calling 1-800-258-4263 (1).

FETAL RISK SUMMARY
Telbivudine is an oral synthetic thymidine nucleoside analog with antiviral activity
against hepatitis B virus DNA polymerase. It has no activity against the HIV. It
is phosphorylated to the active metabolite by cellular kinases. Telbivudine is
indicated for the treatment of chronic hepatitis B in adult patients with evidence
of viral replication and either evidence of persistent elevations in serum
aminotransferases (alanine aminotransferase [ALT] or aspartate
aminotransferase [AST]) or histologically active disease. The agent is in the
same class of nucleoside reverse transcriptase inhibitors as abacavir,
didanosine, emtricitabine, lamivudine, stavudine, tenofovir, and zidovudine.
Plasma protein binding is very low (3%). The plasma terminal elimination half-



life is 40–49 hours and the drug is eliminated primarily by urinary excretion of
unchanged drug (1).

Reproduction studies have been conducted in rats and rabbits. No evidence
of fetal harm was observed in these species at exposures up to 6 and 37
times, respectively, the exposure levels from the human therapeutic dose of
600 mg/day (HTD). The drug crossed the placentas of both species (1).

Studies with telbivudine have found no evidence of carcinogenicity in mice
and rats or genotoxicity in multiple assays (1,2). No evidence of impaired
fertility was seen in male and female rats given doses that produced systemic
exposures about 14 times the HTD (1).

It is not known if telbivudine crosses the human placenta. The low molecular
weight (about 242) and plasma protein binding, and long elimination half-life
suggest that the drug will reach the embryo and fetus.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (3). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (prevalence 2.5%, 95% CI 2.1–2.9). The prevalence rates for the
two periods did not differ significantly. There were 288 infants with birth defects
among 10,803 live births with exposure anytime during pregnancy (prevalence
2.7%, 95% CI 2.4–3.0). The prevalence rate did not differ significantly from the
rate expected in a nonexposed population. There were six outcomes exposed
to telbivudine (five in the 1st trimester and one in the 2nd/3rd trimesters) in
combination with other antiretroviral agents. There were no birth defects. In
reviewing the birth defects of prospective and retrospective (pregnancies
reported after the outcomes were known) registered cases, the Registry
concluded that, except for isolated cases of neural tube defects with efavirenz
exposure in retrospective reports, there was no other pattern of anomalies
(isolated or syndromic) (3) (see Lamivudine for required statement).

BREASTFEEDING SUMMARY
No reports describing the use of telbivudine during human lactation have been
located. The molecular weight (about 242), plasma protein binding (3%), and
long elimination half-life (40–49 hours) suggest that the drug will be excreted
into breast milk. The effect of this exposure on a nursing infant is unknown.
Infants of mothers with hepatitis B are at high risk of chronic hepatitis B virus



infection when the maternal infection occurs perinatally or in early infancy (4).
Hepatitis B immune globulin and hepatitis B virus vaccine given simultaneously
to the infant at birth will prevent chronic infection in nearly all cases, regardless
of whether the infant is breastfed (4). If the mother elects to breastfeed, the
infant should be monitored closely for the most common telbivudine-induced
toxicities observed in adults, such as upper respiratory infection, fatigue,
malaise, abdominal pain, cough, fever, insomnia, rash, nausea, vomiting,
diarrhea, and loose stools.
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TELITHROMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of telithromycin in human pregnancy have
been located. The animal reproduction data suggest low risk, but the
absence of human pregnancy experience prevents a more complete
assessment. Although there are no other agents in the ketolide class,
telithromycin is a chemical derivative of erythromycin, a macrolide anti-
infective that is considered compatible in pregnancy. There is currently no
evidence that macrolides are associated with developmental toxicity.
However, telithromycin may cause severe hepatocellular hepatitis that can
be fatal (1). The hepatotoxicity has special significance for pregnant
women because liver toxicity sometimes occurs in pregnancy (e.g., viral
hepatitis, fatty liver of pregnancy, preeclampsia, and HELLP [hemolysis,
elevated liver enzymes, and low platelets] syndrome). Therefore, until there
are human pregnancy data, the best course is to avoid the use of
telithromycin in pregnancy.

FETAL RISK SUMMARY
Telithromycin, a ketolide, is a semisynthetic antibacterial agent that is a
derivative of erythromycin. The chemical structure of telithromycin differs from
the macrolide group.

The antibacterial is indicated for the treatment of community-acquired
pneumonia (mild to moderate severity). Telithromycin is partially metabolized to
inactive metabolites. Plasma protein binding is 60%–70%, primarily to albumin.
The terminal elimination half-lives after single and multiple doses are about 7
and 10 hours, respectively (2).

Reproduction studies have been conducted in rats and rabbits. No evidence



of structural defects was found when doses that were about 1.8 and 0.49
times, respectively, the daily human dose based on BSA (DHD) were given to
these species. No adverse effects on prenatal or postnatal development on rat
pups were observed at 1.5 times the DHD. However, doses higher than 1.8
and 0.49 times, respectively, the DHD in rats and rabbits were associated with
maternal toxicity and delayed fetal maturation (2).

Carcinogenicity studies have not been conducted, but tests for genotoxicity
were negative. Doses that were about 0.61 times the DHD had no effect on
fertility in rats. Higher doses, 1.8–3.6 times the DHD, did impair fertility but also
caused toxicity in both male and female rats (2).

It is not known if telithromycin crosses the human placenta. The molecular
weight (about 812), moderate plasma protein binding, and the long elimination
half-life suggest that the antibacterial agent will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of telithromycin during human lactation have been
located.

The molecular weight (about 812), moderate plasma protein binding (60%–
70%), and long elimination half-life (≤10 hours) suggest that telithromycin will be
excreted into breast milk. The effect of this exposure on a nursing infant is
unknown. Although modification of the bowel flora, direct effects, and
interference with the interpretation of culture results if a fever workup is
required are potential effects, a closely related antibacterial, erythromycin is
considered compatible with nursing. When taking this drug and nursing, a
mother should observe her infant for the most common adverse effects
reported in adults, such as diarrhea, nausea, vomiting, headache, and
dizziness.
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TELMISARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The antihypertensive mechanisms of action of telmisartan and angiotensin-
converting enzyme (ACE) inhibitors are very close. That is, the former
selectively blocks the binding of angiotensin II to AT1 receptors, whereas
the latter prevents the formation of angiotensin II itself. Therefore, use of
this drug during the 2nd and 3rd trimesters may cause teratogenicity and
severe fetal and neonatal toxicity that is identical to that seen with ACE
inhibitors (e.g., see Captopril or Enalapril). Fetal toxic effects may include
anuria, oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
prematurity, and patent ductus arteriosus. Anuria-associated
oligohydramnios may produce fetal limb contractures, craniofacial
deformation, and pulmonary hypoplasia. Severe anuria and hypotension
that are resistant to both pressor agents and volume expansion may occur
in the newborn following in utero exposure to telmisartan. Newborn renal
function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Telmisartan is a selective angiotensin II receptor blocker (ARB) that is used,
either alone or in combination with other antihypertensive agents, for the
treatment of hypertension. Telmisartan blocks the vasoconstrictor and
aldosterone-secreting effects of angiotensin II by preventing angiotensin II from
binding to AT1 receptors (1).

Reproduction studies have been conducted in pregnant rats and rabbits. No
teratogenicity was observed in either species at oral doses up to about 6.3 and
6.4 times the maximum recommended human dose of 80 mg based on BSA
(MRHD), respectively, but embryolethality was noted at the highest dose in



rabbits. The highest doses were maternally toxic (reduced body weight gain
and food consumption) in both species. In rats, an oral dose approximately 1.9
times the MRHD (also maternal toxic) during late gestation and lactation
resulted in neonatal adverse effects, including reduced viability, low birth
weight, delayed maturation, and decreased weight gain. The no-observed-
effect doses for developmental toxicity in rats and rabbits were 0.64 and 3.7
times the MRHD, respectively. No adverse effects on reproductive performance
were noted in male and female rats at a dose about 13 times the MRHD (1).

It is not known if telmisartan crosses the human placenta to the fetus. The
drug is found in rat fetuses in late gestation (1). The molecular weight (about
515) is low enough that passage to the human fetus should be expected.

A 2003 case report described transient renal failure in a newborn secondary
to maternal use of telmisartan (2). A 35-year-old woman with hypertension was
treated with telmisartan throughout pregnancy. Oligohydramnios was
diagnosed at 34 weeks’ gestation and a 2.2-kg female infant was delivered by
cesarean section. Apgar scores were 9, 10, and 10 at 1, 5, and 10 minutes,
respectively. The infant was anuric until the third day of life, but renal function
improved thereafter. Telmisartan plasma levels on day 10 and 13 were 20 and
13 ng/L, respectively. The infant’s renal function had normalized by 1.5 months
of age (2).

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (3). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of telmisartan during human lactation have been
located. The molecular weight (515) is low enough that excretion into human
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. The American Academy of Pediatrics, however, classifies ACE
inhibitors, a closely related group of antihypertensive agents, as compatible
with breastfeeding (see Captopril or Enalapril).
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TEMAZEPAM
Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Temazepam is a benzodiazepine that is used as a hypnotic for the short-
term management of insomnia. Limited human data suggest an association
between the drug and oral clefts, but confirming studies are required. Fetal
death, possibly related to an interaction between temazepam and
diphenhydramine, has been reported. The lethal interaction was apparently
confirmed in an animal study.

FETAL RISK SUMMARY
Reproductive studies in rats revealed increased resorptions and an increased
incidence of rudimentary ribs, which were considered skeletal variants (1).
Exencephaly and fusion or asymmetry of ribs were observed in rabbits (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 146 newborns had
been exposed to temazepam during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Six (4.1%) major birth defects were observed (six
expected), including one cardiovascular defect (one expected) and two oral
clefts (none expected). No anomalies were observed in four other categories of
defects (spina bifida, polydactyly, limb reduction defects, and hypospadias) for
which specific data were available. Although the two oral clefts suggest a
relationship with the drug, other factors, such as the mother’s disease,
concurrent drug use, and chance, may be involved.

A potential drug interaction between temazepam and diphenhydramine,
resulting in the stillbirth of a term female infant, has been reported (2) . The
mother had taken diphenhydramine 50 mg for mild itching of the skin and
approximately 1.5 hours later took 30 mg of temazepam for sleep. Three hours



later, she awoke with violent intrauterine fetal movements, which lasted several
minutes and then abruptly stopped. The stillborn infant was delivered
approximately 4 hours later. Autopsy revealed no gross or microscopic
anomalies. In an experiment with pregnant rabbits, neither of the drugs alone
caused fetal mortality but when combined, 51 (81%) of 63 fetuses were
stillborn or died shortly after birth (2). No definite mechanism could be
established for the apparent interaction.

BREASTFEEDING SUMMARY
Temazepam is excreted into breast milk. Ten mothers, within 15 days of
delivery, were administered 10–20 mg of temazepam for at least 2 days as a
bedtime hypnotic (3). Milk and plasma samples were obtained about 15 hours
later corresponding to an infant feeding. Temazepam was detected (limit of
detection 5 ng/mL) in the milk of only one woman with before- and after-feed
levels of 28 and 26 ng/mL, respectively. The milk:plasma ratio in this patient
was 0.12. Although no adverse effects were observed in the nursling, nursing
infants of mothers consuming temazepam should be closely observed for
sedation and poor feeding. The American Academy of Pediatrics classifies
temazepam as a drug for which the effect on nursing infants is unknown but
may be of concern (4).
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TEMOZOLOMIDE
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of temozolomide in human pregnancy have
been located. The animal reproduction data suggest risk, but the absence
of human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. The recommended first cycle of temozolomide is 42
days of consecutive therapy, followed by an increased dose for six cycles
(5 consecutive days of therapy in each 4-week cycle). Thus, exposure
could potentially occur throughout most of gestation. Women of
childbearing age should employ adequate contraceptive methods to prevent
pregnancy. However, if a woman requires temozolomide and informed
consent is obtained, therapy should not be withheld because of pregnancy.
If an inadvertent pregnancy occurs during therapy, the woman should be
advised of the unknown, but potentially severe, risk for her embryo and/or
fetus.

FETAL RISK SUMMARY
Temozolomide, an imidazotetrazine derivative, is an oral prodrug that
undergoes rapid nonenzymatic conversion at physiologic pH to the reactive
compound MTIC. The cytotoxic effect of MTIC is thought to be mainly due to
alkylation of DNA. There are no other agents in this antineoplastic subclass.
Temozolomide is indicated for the treatment of adult patients with newly
diagnosed glioblastoma multiforme concomitantly with radiotherapy and then as
maintenance treatment. It also is indicated for the treatment of adult patients
with refractory anaplastic astrocytoma. Plasma protein binding of temozolomide
is minimal (about 15%) and its elimination half-life is short (1.8 hours) (1).

Reproduction studies have been conducted in rats and rabbits. During
organogenesis, rats and rabbits were given daily oral doses that were 0.375



and 0.75 times, respectively, the maximum recommended human dose based
on BSA (MRHD) for 5 consecutive days. Numerous malformations were
observed in both species, including defects of the external organs, soft tissues,
and skeletons. Daily doses that were 0.75 times the MRHD also caused
embryolethality (resorptions) (1).

Short-term studies for carcinogenicity have been conducted in rats. When
rats were given a dose of temozolomide that was equal to the MRHD for 5
consecutive days every 28 days for three cycles, mammary carcinomas were
found in males and females. When six cycles were given with doses that were
0.125, 0.25, or 0.625 times the MRHD, mammary carcinomas were observed
at all doses. In addition, the highest dose was associated with multiple other
tumors (1).

It is not known if temozolomide crosses the human placenta. The molecular
weight of the parent compound (about 194) and the minimal plasma protein
binding suggest that the drug will cross to the embryo and fetus. However,
after absorption, temozolomide undergoes rapid hydrolysis to MTIC, and this
compound also may cross the placenta.

BREASTFEEDING SUMMARY
No reports describing the use of temozolomide during human lactation have
been located.

The molecular weight of the parent compound (about 194) and the minimal
plasma protein binding (about 15%) suggest that the drug will be excreted into
breast milk. Moreover, after absorption, temozolomide undergoes rapid
hydrolysis to the active agent MTIC, so this compound also may be excreted
into milk. The effect of these exposures on a nursing infant is unknown. In
adults, the drug is rapidly and completely absorbed and may also be absorbed
by a nursing infant. Thus, it is best that a woman receiving this agent does not
breastfeed. If she chooses to do so, the infant should be closely monitored for
the most common or serious adverse effects observed in adults. These effects
include alopecia, nausea, vomiting, anorexia, headache, constipation, fatigue,
thrombocytopenia, and convulsions (1).
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TEMSIROLIMUS
Antineoplastic (Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of temsirolimus in human pregnancy have
been located. The animal reproduction studies suggest risk, but the
absence of human pregnancy experience prevents a full assessment of the
embryo–fetal risk. The manufacturer recommends advising women of
childbearing potential to avoid becoming pregnant during treatment and for
3 months after the last dose (1). The manufacturer also recommends that
men be counseled on the potential effects of the drug on the fetus and
sperm, and, if their partner is of childbearing potential, should use reliable
contraception during treatment and for 3 months after the last dose (1).
(See also Sirolimus.)

FETAL RISK SUMMARY
Temsirolimus is an antineoplastic agent indicated for the treatment of advanced
renal cell carcinoma. It is a mTOR inhibitor (mammalian target of rapamycin)
that is the same subclass as everolimus. Temsirolimus is given as an IV infusion
over 30–60 minutes once weekly. The drug is metabolized to five metabolites.
Sirolimus is the principal metabolite in humans. Plasma protein binding of
sirolimus is about 92% but apparently is not known for the parent compound.
The mean half-lives of temsirolimus and sirolimus are about 17 and 55 hours,
respectively (1).

Reproduction studies have been conducted in rats and rabbits. Exposures
after daily oral doses that produced embryo–fetal toxicity in rats and rabbits
were about 0.04 and 0.12 times the AUC in cancer patients at the human
recommended dose, respectively. Toxicity in the rat consisted of reduced fetal
weight and reduced ossification, whereas in the rabbit it was reduced fetal
weight, omphalocele, bifurcated sternebrae, notched ribs, and incomplete
ossifications (1).



Carcinogenic studies have not been conducted with temsirolimus, but
sirolimus was carcinogenic in mice and rats (see Sirolimus). Temsirolimus was
not genotoxic in multiple assays. Fertility was impaired in male rats at doses
that were about 0.2 times the human recommended IV dose (RHID). The
effects observed were decreased number of pregnancies, decreased sperm
concentration and motility, decreased reproductive organ weights, and
testicular tubular degeneration. At about 2 times the RHID, fertility was absent.
In female rats, an increased incidence of pre- and postimplantation losses was
noted at an oral dose about 0.3 times the RHID (1).

It is not known if temsirolimus or sirolimus crosses the human placenta. The
molecular weights of the two compounds, about 1030 and 914, respectively,
are within the range for passive diffusion. In addition, the elimination half-lives
will place the drug at the maternal–fetal interface for long periods.

BREASTFEEDING SUMMARY
No reports describing the use of temsirolimus during human lactation have been
located. There also are no reports of the use of sirolimus, the active
metabolite, during lactation (see Sirolimus). The molecular weights of the two
compounds, about 1030 and 914, respectively, are low enough for excretion
into breast milk. Moreover, the elimination half-lives, about 17 and 55 hours,
respectively, suggest that both temsirolimus and sirolimus will be excreted. The
effect of this exposure on a nursing infant is unknown. However, serious toxicity
has been observed in adults, such as hypersensitivity reactions, including
anaphylaxis, infections, interstitial lung disease, bowel perforation, renal failure,
and abnormal wound healing.
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TENECTEPLASE
Thrombolytic
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

No reports describing the use of tenecteplase in human pregnancy have
been located. The limited animal data do not suggest a direct risk.
Moreover, fetal toxicity has not been observed with limited pregnancy
exposure to another, similar glycoprotein enzyme, alteplase. Although
maternal hemorrhage is a major risk, tenecteplase should not be withheld
because of pregnancy if the maternal condition requires such therapy.

FETAL RISK SUMMARY
Tenecteplase is a modified form of human tissue plasminogen activator (tPA)
that is produced by recombinant DNA technology using Chinese hamster ovary
cells. It is a 527 amino acid glycoprotein that is indicated to reduce the
mortality associated with acute myocardial infarction. Tenecteplase is cleared
from the plasma with a half-life of 20–24 minutes, but the terminal phase half-
life is 90–130 minutes (1).

In pregnant rabbits given multiple IV daily doses of 0.5, 1.5, and 5.0
mg/kg/day, vaginal hemorrhage resulted in maternal deaths. No fetal anomalies
were observed. Single IV doses (the recommended human dose is a single
bolus injection) in rabbits did not cause maternal or embryo toxicity. The no-
observable-effect-level (NOEL) of a single IV dose was 5 mg/kg (about 8–10
times the human dose) (1).

It is not known if tenecteplase crosses the human placenta. Tenecteplase is
a glycoprotein and, although some proteins do cross, the short plasma half-life
will limit the exposure of the embryo–fetus to the enzyme.

BREASTFEEDING SUMMARY
No reports describing the use of tenecteplase during human lactation have been



located. It is not known whether the glycoprotein is excreted into human milk.
Because of the nature of the indication for this agent and its very short plasma
and terminal half-life, the opportunities for its use during lactation or the
possible exposure of a nursing infant are minimal.
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TENIPOSIDE
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Teniposide, a podophyllin derivative, has been used in the 2nd and 3rd
trimesters of one pregnancy (1). An apparently normal infant was delivered
at 37 weeks’ gestation.

FETAL RISK SUMMARY
Reproduction studies in rats given IV doses of 0.1–3 mg/kg (0.6–18 mg/m2)
every second day from day 6 to day 16 postcoital revealed dose-related
embryotoxicity and teratogenicity (2). Congenital malformations consisted of
spinal and rib defects, deformed extremities, anophthalmia, and celosomia.

Long-term studies of growth and mental development in offspring exposed to
antineoplastic agents during the 2nd trimester, the period of neuroblast
multiplication, have not been conducted (3).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of teniposide during human lactation have been
located. Because of the potential for toxicity in a nursing infant, the safest
course is not to breastfeed if this drug is administered.
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TENOFOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the animal data are suggestive of risk (decreased growth), the
limited human experience suggests that the embryo–fetal risk is low, at
least for structural anomalies. If indicated, the drug should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
Tenofovir is available as a prodrug, tenofovir disoproxil fumarate (PMPA), a
fumaric acid salt of the ester derivative that is converted to tenofovir after oral
administration. Tenofovir is an acyclic nucleoside analog reverse transcriptase
inhibitor in the same antiviral class as abacavir, didanosine, emtricitabine,
lamivudine, stavudine, zalcitabine, and zidovudine. It has activity against HIV
types 1 and 2. Tenofovir is indicated in combination with other antiretroviral
agents for the treatment of HIV-1. Less than 0.7% and 7% of tenofovir are
bound to human plasma or serum proteins, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses up to 14 and 19 times the human dose based on BSA (HD),
respectively, revealed no evidence of impaired fertility or fetal harm. There
were no effects on fertility or mating performance, or early embryonic
development in male and female rats given doses up to 10 times the HD for
several weeks prior to mating and, in female rats, through the first 7 days of
gestation (1).

Tenofovir crosses the placentas of gravid rhesus monkeys (2). Tenofovir was
given to the monkeys at a dose of 30 mg/kg SC once daily starting early in the
2nd trimester (gestational day 80) and continuing until delivery at term
(gestational day 157). The fetal:maternal blood levels (based on AUC mcg/hr)
were 49.2/117.3 (ratio 0.42; gestational day 120) and 39.1/87.0 (ratio 0.45;



gestational day 140). Although normal fetal growth patterns were observed, the
mean birth weight of tenofovir-exposed newborns was significantly less (about
381 vs. 467 g) than nonexposed controls. In addition, the crown-rump,
humerus, and femur lengths were significantly reduced (2).

In a follow-up to the above study, investigators gave rhesus monkeys
tenofovir (30 mg/kg) SC once daily from gestation days 20 to 150 (3). As in the
study above, fetal development was normal but body weights and crown-rump
lengths were significantly less than age-matched controls. In addition, fetal
insulin-like growth factor was significantly reduced, as was fetal bone porosity,
but alkaline phosphatase levels were increased. Transient alterations in
maternal body weights and bone-related biomarkers and elevated alkaline
phosphatase were observed during treatment (3).

The passage of tenofovir across the human placenta apparently has not been
studied. The molecular weight (about 636 for the prodrug), and low plasma and
serum protein binding, combined with the data from monkeys, suggest that the
drug will cross to the human embryo–fetus.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (4). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (prevalence 2.5%, 95% CI 2.1–2.9). The prevalence rates for the
two periods did not differ significantly. There were 288 infants with birth defects
among 10,803 live births with exposure anytime during pregnancy (prevalence
2.7%, 95% CI 2.4–3.0). The prevalence rate did not differ significantly from the
rate expected in a nonexposed population. There were 1217 outcomes
exposed to tenofovir (756 in the 1st trimester and 461 in the 2nd/3rd
trimesters) in combination with other antiretroviral agents. There were 26 birth
defects (18 in the 1st trimester and 8 in the 2nd/3rd trimesters). In reviewing
the birth defects of prospective and retrospective (pregnancies reported after
the outcomes were known) registered cases, the Registry concluded that,
except for isolated cases of neural tube defects with efavirenz exposure in
retrospective reports, there was no other pattern of anomalies (isolated or
syndromic) (4) (see Lamivudine for required statement).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be



considered inadequate therapy (5,6). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (7). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in patients infected with HIV-1 continued the
recommendation that therapy, with the exception of efavirenz, should be
continued during pregnancy (8). If indicated, tenofovir should not be withheld in
pregnancy because the expected benefit to the HIV-positive mother outweighs
the unknown risk to the fetus. Updated guidelines for the use of antiretroviral
drugs to reduce perinatal HIV-1 transmission also were released in 2010 (9).
Women receiving antiretroviral therapy during pregnancy should continue the
therapy but, regardless of the regimen, zidovudine administration is
recommended during the intrapartum period to prevent vertical transmission of
HIV to the newborn (9).

BREASTFEEDING SUMMARY
No reports describing the use of tenofovir during human lactation have been
located. The molecular weight (about 636 for the prodrug) and low plasma
(about 1%) and serum (about 7%) protein binding suggest that the drug will be
excreted into human breast milk. The effect of this exposure on a nursing infant
is unknown.

Reports on the use of tenofovir during lactation are unlikely because the drug
is indicated in the treatment of patients with HIV. HIV-1 is transmitted in milk,
and in developed countries, breastfeeding is not recommended (5,6,8,10–12).
In developing countries, breastfeeding is undertaken, despite the risk, because
there are no affordable milk substitutes available.

References
1. Product information. Viread. Gilead Sciences, 2006.
2. Tarantal AF, Marthas ML, Shaw JP, Cundy K, Bischofberger N. Administration of 9-[2-(R)-

(phosphonomethoxy)propyl]adenine (PMPA) to gravid and infant rhesus macaques (Macaca mulatta):
safety and efficacy studies. J Acquir Immune Defic Syndr Hum Retroviral 1999;20:323–33.

3. Tarantal AF, Castillo A, Ekert JE, Bischofberger N, Martin RB. Fetal and maternal outcome after
administration of tenofovir to gravid rhesus monkeys (Macaca mulatta). J Acquir Immune Defic
Syndrome 2002;29:207–20.

4. Antiretroviral Pregnancy Registry Steering Committee. Antiretroviral Pregnancy Registry International
Interim Report for 1 January 1989 through 31 July 2009. Wilmington, NC: Registry Coordinating Center;
2009. Available at www.apregistry.com. Accessed May 29, 2010.

5. Carpenter CCJ, Fischi MA, Hammer SM, Hirsch MS, Jacobsen DM, Katzenstein DA, Montaner JSG,
Richman DD, Saag MS, Schooley RT, Thompson MA, Vella S, Yeni PG, Volberding PA. Antiretroviral
therapy for HIV infection in 1996. JAMA 1996;276:146–54.

6. Minkoff H, Augenbraun M. Antiretroviral therapy for pregnant women. Am J Obstet Gynecol

http://www.apregistry.com


1997;176:478–89.
7. Minkoff H. Human immunodeficiency virus infection in pregnancy. Obstet Gynecol 2003;101:797–810.
8. Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the Use of Antiretroviral

Agents in HIV-1-Infected Adults and Adolescents . Department of Health and Human Services.
December 1, 2009:1–161. Available at
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf. Accessed September 17, 2010:60,
96–8.

9. Panel on Treatment of HIV-Infected Pregnant Women and Prevention of Perinatal Transmission.
Recommendations for Use of Antiretroviral Drugs in Pregnant HIV-1-Infected Women for Maternal
Health and Interventions to Reduce Perinatal HIV Transmission in the United States. May 24, 2010:1–
117. Available at http://aidsinfo.nih.gov/ContentFiles/PerinatalGL.pdf. Accessed September 17, 2010:30
(Table 5).

10. Brown ZA, Watts DH. Antiviral therapy in pregnancy. Clin Obstet Gynecol 1990;33:276–89.
11. De Martino M, Tovo P-A, Pezzotti P, Galli L, Massironi E, Ruga E, Floreea F, Plebani A, Gabiano C,

Zuccotti GV. HIV-1 transmission through breast-milk: appraisal of risk according to duration of feeding.
AIDS 1992;6:991–7.

12. Van de Perre P. Postnatal transmission of human immunodeficiency virus type 1: the breast-feeding
dilemma. Am J Obstet Gynecol 1995;173:483–7.

http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf
http://aidsinfo.nih.gov/ContentFiles/PerinatalGL.pdf


TERAZOSIN
Sympatholytic (Antiadrenergic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Terazosin is a peripherally acting α 1-adrenergic blocking agent used in the
treatment of hypertension and symptomatic benign prostatic hyperplasia.
No reports describing the use of terazosin in human pregnancy have been
located.

FETAL RISK SUMMARY
Reproduction studies in rats and rabbits at doses 280 and 60 times the
recommended maximum human dose (RMHD), respectively, revealed no
teratogenic effects, but an increased incidence of fetal resorptions occurred in
both species (1). In addition, decreased fetal weight and an increased number
of supernumerary ribs were observed in rabbit offspring. The embryo–fetal
toxicity in both species was attributed to maternal toxicity (1). A significant
increase in rat pup mortality was also seen at doses more than 75 times the
RMHD in peri- and postnatal studies (1).

It is not known if terazosin crosses the human placenta. The molecular
weight (about 388 for the nonhydrated free base) is low enough that exposure
of the embryo–fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of terazosin during lactation have been located.
The molecular weight (about 388 for the nonhydrated free base) is low enough
that excretion into breast milk should be expected. The effect of this exposure
on a nursing infant is unknown.
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TERBINAFINE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal reproduction data are encouraging, the lack of human
pregnancy experience does not allow a full assessment of the fetal risk
from terbinafine. If possible, therefore, waiting to begin treatment until after
a pregnancy has been concluded would be the safest course. If terbinafine
is used in pregnancy, health care professionals are encouraged to call the
toll free number 800-670-6126 for information about patient enrollment in
the Motherisk study.

FETAL RISK SUMMARY
Terbinafine is a synthetic allylamine antifungal agent that is indicated for the
treatment of onychomycosis of the toenail or fingernail due to dermatophytes
(tinea unguium) (1). No studies evaluating the placental transfer of terbinafine in
humans have been located. The molecular weight (about 328) is low enough
that transfer to the embryo–fetus should be expected.

Reproduction studies have been conducted in rats and rabbits (1). Oral
doses in rats up to about 12 times the maximum recommended human dose
based on BSA (MRHD) had no effect on fertility or other reproductive
parameters. In pregnant rabbits, intravaginal administration of terbinafine did
not cause abortions, premature delivery, or affect fetal parameters. In pregnant
rats and rabbits, no evidence of impaired fertility or fetal harm was seen with
oral doses up to 12 and 9 times the MRHD, respectively (1).

BREASTFEEDING SUMMARY
Terbinafine is excreted into human milk. No specific details were given, but the
milk:plasma ratio in nursing women was 7:1 (1). The effect of this exposure on



a nursing infant is unknown. Because the duration of therapy is usually
prolonged (6 or 12 weeks for patients with fingernail or toenail onychomycosis,
respectively), the potential for serious toxicity in a nursing infant may be
increased. Based on the accumulation in milk and the prolonged exposure,
women taking terbinafine probably should not breastfeed.
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TERBUTALINE
Sympathomimetic/Bronchodilator
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Terbutaline is used as a tocolytic and as a bronchodilator in asthma and
such use has been considered low risk. However, new data have
suggested an association exists between continuous use (≥2 weeks) of
terbutaline by any route and autism spectrum disorders. Short-term use,
such as 48–72 hours to allow for corticosteroid use to improve fetal lung
maturation, is probably safe, but there may be a subpopulation of mothers
and fetuses at increased risk secondary to genetic predisposition. In
addition, there is a report of an association between 1st trimester
terbutaline exposure for asthma and cardiac defects. The risk magnitude
for these toxicities requires confirmation. Because of these reports,
avoiding β2-adrenergics early in gestation, except for quick relief of
asthmatic symptoms with low inhaled doses, and continuous use in the
2nd/3rd trimesters appear to be warranted. If terbutaline is used in
pregnancy for the treatment of asthma, health care professionals are
encouraged to call the toll-free number 877-311-8972 for information about
patient enrollment in an Organization of Teratology Information Specialists
(OTIS) study.

FETAL RISK SUMMARY
Terbutaline is a β 2-sympathomimetic indicated for the prevention and reversal
of bronchospasm. During pregnancy, it is primarily used as a tocolytic agent in
the late 2nd and early 3rd trimesters.

Reproduction studies in mice, rats, and rabbits at doses ≤1500 times the SC
maximum recommended human daily dose of 0.1 mg/kg have revealed no
evidence of impaired fertility or fetal harm (1).



A 2003 report described the effects of terbutaline given to rat pups (2).
Because rats are altricial, the investigators gave the pups SC terbutaline 10
mg/kg/day in two different periods, one during the early postnatal period (days
2–5) and the other second spanning the time of eye opening (days 11–14).
Hearts were examined for cardiac damage 24 hours after the last dose and on
postnatal day 30. Compared with controls, neither treatment caused an
increase in cardiac anomalies. However, there was a significant decrease in the
number of cardiac nuclei in female pups (2).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 149 newborns had
been exposed to terbutaline during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Seven (4.7%) major birth defects were observed
(six expected), including three cardiovascular defects (two expected) and one
oral cleft (none expected). No anomalies were observed in four other
categories of defects (spina bifida, polydactyly, limb reduction defects, and
hypospadias) for which specific data were available. These data do not support
an association between the drug and congenital defects.

Terbutaline rapidly crosses the placenta to the fetus (3). In seven women
given 0.25 mg IV during the second stage of labor, cord blood levels 7–60
minutes after the dose ranged from 12% to 55% (mean 36%) of maternal
serum.

Terbutaline has been used as a tocolytic agent since the early 1970s (4,5).
The incidence of maternal side effects is usually low (e.g., ≤5%) but may be
severe (4,6–10). A 1983 review listed the more serious side effects of
parenteral β2-sympathomimetic therapy (e.g., terbutaline, ritodrine) as
pulmonary edema, myocardial ischemia, cardiac arrhythmias, cerebral
vasospasm, hypotension, hyperglycemia, and miscellaneous metabolic
alterations (hypokalemia, increased serum lactate, and a decrease in
measured hemoglobin concentration) (11). The more serious adverse effects
are seen with continuous infusions of these drugs. Avoidance of this route of
administration as well as careful selection of patients, appropriate dosing, and
close monitoring of patient status may help to prevent serious maternal effects.

Terbutaline may cause fetal and maternal tachycardia (4,6–8). Fetal rates
are usually <175 beats/minute (7). As mentioned previously, maternal
hypotension may occur, especially in the bleeding patient (11). More commonly,
increases in systolic pressure and decreases in diastolic pressure occur with no
reduction in mean arterial pressure and, thus, do not adversely affect the fetus
(8,11,12).



As with all β-mimetics, terbutaline may cause transient maternal
hyperglycemia followed by an increase in serum insulin levels (4,13,14).
Sustained neonatal hypoglycemia may be observed if maternal effects have not
terminated before delivery (13). Maternal glucose intolerance was observed at
1 hour in 19 of 30 patients receiving oral terbutaline for at least 1 week (15).
Although macrosomia was not observed, the birth weights (after adjustment for
gestational age) of infants from terbutaline-treated mothers had a tendency to
be greater than those of babies from comparable controls (15).

Sudden, unexplained intrapartum death in a fetus at 30 weeks’ gestation
occurred 5 hours after the start of an IV infusion of terbutaline for premature
labor (16). No evidence of uterine, placental, or fetal anomalies was
discovered.

Myocardial necrosis in a newborn was reported in 1991 (17). A continuous
SC infusion of terbutaline (initial dose 0.5 mg/hr) was started at 25 weeks’
gestation for premature labor in a 22-year-old woman with gestational
diabetes. Therapy was continued until delivery at 37 weeks’ of a 2850-g male
infant. Tachypnea (80–100 breaths/minute) developed shortly after birth and
chest radiography demonstrated mild cardiomegaly with increased pulmonary
vascularity. A right ventricular biopsy obtained during cardiac catheterization
showed marked myocardial fiber degeneration and focal bizarre nuclear
dysmorphism. These findings were believed to be caused by catecholamine
excess. Normal electrocardiogram and echocardiogram were found on
examination at 1 month of age (17).

In a 1996 epidemiologic study that looked for correlations between drug
exposure and major malformations, 1472 births with defects (cases) were
compared with 9682 births without major or minor malformations (controls)
(18). Overall, there was no significant association between β2-
sympathomimetics (bronchodilators) and major malformations. When the
malformations were divided into 10 organ categories, an association with
cardiac defects (types not specified) was significant (odds ratio 5.8, 95%
confidence interval 1.4–24) (p = 0.05) (18).

Maternal liver impairment was reported in a patient after 1 week of
continuous IV administration of terbutaline (19). Therapy was stopped and 1
week later, a healthy newborn was delivered without signs of liver toxicity.

A paradoxical reaction to terbutaline was observed in a patient after 0.25 mg
IV produced marked uterine hypertonus and subsequent severe fetal
bradycardia (<50 beats/minute) (20). A healthy baby was delivered by
emergency cesarean section.



Terbutaline has been used frequently to treat intrapartum fetal distress
(21–25). The mechanism of the beneficial effects on fetal pH and heart rate are
thought to be caused by relief of the ischemia produced by uterine contractions
on the placental circulation.

Although maternal complications may occur, few direct adverse effects, other
than transient tachycardia and hypoglycemia, and the single report of
myocardial necrosis, have been observed in the fetus or newborn. In many
studies, neonatal complications are minimal or nonexistent (26–30). Compared
with controls, prophylactic terbutaline in low-risk patients with twin gestations
has produced significant gains in birth weights caused by longer gestational
times (29). In addition, terbutaline decreases the incidence of neonatal
respiratory distress syndrome in a manner similar to other β-mimetics (31).
Long-term evaluation of infants exposed to terbutaline in utero has been
reported (32–34). No harmful effects in the infants (2–24 months) have been
found.

A 26-year-old woman became pregnant with quadruplets after a gamete
intrafallopian transfer procedure (35). Preterm labor began at 18 weeks’
gestation and treatment was started with IV ritodrine for 2 weeks and then
changed to SC terbutaline. She was maintained on terbutaline, except for a
“24-hour rest period” every week, for 51 days. During this period, she received
200 mg of terbutaline. Labor progressed and a cesarean section was
performed in the 28th week of gestation. Between 28 and 32 hours after birth,
three of the four infants developed cardiovascular decompensation with
bradycardia, metabolic acidosis, poor tissue perfusion, and decreased urine
output. The conditions were resistant to standard interventions but responded
to dobutamine. The infants required dobutamine for 3–9 days. The authors
speculated that the prolonged β-sympathomimetic therapy led to
downregulation of fetal β-receptors (35).

A study published in 2005 reported an association between continuous use of
terbutaline for ≥2 weeks and increased concordance for autism spectrum
disorders in dizygotic twins (36). The investigators concluded that genetic
factors and over stimulation of β2-adrenergic receptors by terbutaline could
affect developmental programs in the fetal brain leading to autism.

A 2009 report examined the evidence for the use and toxicity of β2-agonists
in pregnancy, particularly for terbutaline and ritodrine as tocolytic agents and
albuterol for asthma (37). Based on animal and human reports, the authors
concluded that there was a biological plausible basis for associating prolonged
in utero exposure to β2-agonists with functional and behavioral teratogenesis,



such as increased risks for autism spectrum disorders, psychiatric disorders,
and poor cognitive, motor function, and school performance. There also were
increased risks for elevated heart rate and hypertension. The mechanisms for
these effects appeared to be a decrease in parasympathetic activity resulting in
an increase in sympathetic activity. A genetic predisposition for the toxicity was
supported by data. The available data suggested that short-term terbutaline
use (2–3 days) was not associated with these toxicities, but prolonged use (≥2
weeks) was associated (37).

BREASTFEEDING SUMMARY
Terbutaline is excreted into breast milk. In two mothers with chronic asthma
about 6–8 weeks postpartum, 5 mg 3 times daily produced mean maternal
plasma levels of 1.9–4.8 ng/mL, whereas milk concentrations ranged between
2.5 and 3.8 ng/mL (38). The nursing infants ingested approximately 0.2% of the
maternal dose, and the drug could not be detected in their plasma. In the
second report, two mothers, both at 3 weeks postpartum and both with chronic
asthma, were treated with 2.5 mg 3 times a day (39). Plasma levels varied
between 0.97 and 3.07 ng/mL, whereas mean milk levels were 2.76–3.91
ng/mL. Peak milk concentrations occurred at about 4 hours. The milk:plasma
ratios of 1.4–2.9 are indicative of ionic trapping in the milk. Concentrations of
terbutaline were highest in the fat fraction of the milk. Based on calculations,
the infants were ingesting approximately 0.7% of the maternal dose (39).

No symptoms of adrenergic stimulation were observed in the four infants and
all exhibited normal development. Long-term effects of this exposure, however,
have not been studied. The American Academy of Pediatrics classifies
terbutaline as compatible with breastfeeding (40).
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TERCONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no published reports describing the use of terconazole in human
pregnancy have been located, the FDA database provided information on a
large number of exposures. This pregnancy experience, combined with the
animal data, suggest that the embryo–fetal risk is low. However, additional
human studies are required for confirmation.

FETAL RISK SUMMARY
Terconazole is available as either a vaginal cream or suppositories. The
antifungal agent is absorbed into the systemic circulation in humans after
vaginal administration. Fetal exposure to the drug is also possible by direct
transfer of terconazole across the amniotic membranes after vaginal
administration (1). Terconazole is a triazole antifungal agent in the same class
as fluconazole, itraconazole, posaconazole, and voriconazole.

No evidence of teratogenicity was found after oral and SC administration of
terconazole to rats and rabbits, but some embryotoxicity was observed at high
doses (1).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1167 newborns
had been exposed to terconazole during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 34 (2.9%) major birth defects were
observed (48 expected). Specific data were available for six defect categories,
including (observed/expected) 14/12 cardiovascular defects, 0/2 oral clefts,
0/0.5 spina bifida, 3/3 polydactyly, 1/2 limb reduction defects, and
1/3 hypospadias. These data do not support an association between the drug
and congenital defects.



BREASTFEEDING SUMMARY
No reports describing the use of terconazole during lactation have been
located.

Reference
1. Product information. Terazol. Ortho Pharmaceutical, 1993.



TERFENADINE

[Withdrawn from the market. See 9th edition.]



TERIFLUNOMIDE
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report cited a clinical trial that involved 43 pregnancies (1). Although
no details of the exposures were provided, the report stated that there was
no increased risk of spontaneous abortions, lower birth weights, lower
gestational ages, or congenital malformations. The animal reproduction
data suggest risk, including embryo malformations and fetal death. The
manufacturer classifies the drug as contraindicated in pregnancy. If a
woman conceives while taking this drug, or a woman a childbearing
potential stops the drug, the 11-day procedure for accelerated elimination
of teriflunomide is recommended because it takes on average 8 months,
but possibly as long as 2 years, to reach plasma concentrations (<0.02
mg/mL) that are considered minimal risk (see package insert for
procedure) (2). If exposure does occur in pregnancy, physicians are
encouraged to enroll their patient in the manufacturer’s pregnancy registry,
or women can enroll themselves, by calling 1-800-745-4447, option 2.

FETAL RISK SUMMARY
Teriflunomide, an oral immunomodulator with anti-inflammatory properties,
inhibits a mitochondrial enzyme involved in de novo pyrimidine synthesis. It is
the principal active metabolite of leflunomide and is responsible for
leflunomide’s activity (see also Leflunomide). Teriflunomide is indicated for the
treatment of patients with relapsing forms of multiple sclerosis. The drug is
mainly distributed in plasma. It is metabolized to inactive metabolites. Plasma
protein binding is high (>99%), and the dose-dependent elimination half-life is
very long (18–19 days). The drug has been detected in human semen (2).

Reproduction studies with teriflunomide have been conducted in rats and
rabbits. In rats given oral doses during organogenesis that were not maternal



toxic, high incidences of fetal defects, mainly craniofacial, and axial and
appendicular skeletal defects, as well as embryo–fetal death were observed.
The no-effect maternal plasma exposure for embryo–fetal developmental
toxicity was less than that in humans at the maximum recommended human
dose (MRHD). When nonmaternal toxic doses were administered during
gestation and lactation, decreased growth, eye and skin abnormalities, and
high incidences of limb defects and postnatal death were observed in the
offspring. The no-effect maternal plasma exposure for prenatal and postnatal
developmental toxicity in rats was less than that in humans at the MRHD. In
rabbits given oral doses that caused minimal maternal toxicity, high incidences
of defects (similar to those seen in rats) and embryo–fetal death, were
observed. The maternal plasma exposure at the no-effect dose for prenatal
and postnatal developmental toxicity in rabbits was less than that in humans at
the MRHD (2).

No evidence of carcinogenicity was observed in mice and rats in lifetime
studies. Both positive and negative results for mutagenic and clastogenic
effects were noted in various assays. In studies with male rats, no adverse
effect on fertility was noted, but a dose-related decrease in epididymal sperm
count did occur. In female rats, oral doses before and during mating resulted in
embryolethality, reduced fetal body weight, and malformations at all doses
tested (2).

It is not known if teriflunomide crosses the human placenta. The molecular
weight (about 270) and very long elimination half-life suggest that the drug will
cross to the embryo–fetus, but the high plasma protein binding might limit the
exposure.

A 2013 reference cited data from a clinical trial database that involved 43
pregnancies exposed to teriflunomide (1). Although no information was provided
on the dose, timing of the exposures, or specific data on outcomes, the citation
stated that no increased risk of spontaneous abortions, lower birth weights,
lower gestational ages, or congenital malformations were observed (1).

BREASTFEEDING SUMMARY
No reports describing the use of teriflunomide during human lactation have been
located. The molecular weight (about 270) and very long elimination half-life
(about 18–19 days) suggest that the drug will be excreted into breast milk, but
the high plasma protein binding (>99%) might limit the amount excreted.
Because of the severe toxicity that has occurred in adults taking the drug (e.g.,
severe hepatotoxicity, bone marrow depression, immunosuppression), the drug



is best not used in women who are nursing an infant.
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TERPIN HYDRATE
Respiratory Drug (Expectorant)
PREGNANCY RECOMMENDATION: Contraindicated (Significant Alcohol
Content)
BREASTFEEDING RECOMMENDATION: Contraindicated (Significant
Alcohol Content)

PREGNANCY SUMMARY

Terpin hydrate is available as a liquid preparation that contains a significant
amount (about 42%) of ethanol. It should not be used in pregnancy.

FETAL RISK SUMMARY
Although no longer approved as an expectorant, this agent has been used for a
number of years and may still be available for this indication. At one time it was
combined with codeine as an expectorant–antitussive proprietary mixture. No
animal reproductive studies of terpin hydrate have been located.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 146
of whom had 1st trimester exposure to terpin hydrate (1, pp. 378–89).
Congenital malformations were observed in 13 (standardized relative risk [SRR]
1.29) of the newborns. For use anytime in pregnancy, 1762 mother–child pairs
were exposed (1, p. 442). Twenty-nine (30.6 expected) of the newborns had
anomalies (SRR 0.95). Neither of the exposure periods indicates an increased
fetal risk from the drug. Specific malformations or conditions identified following
use of terpin hydrate anytime in pregnancy were any benign tumors 9 (SRR
1.9), clubfoot 11 (SRR 1.2), and inguinal hernia 34 (SRR 1.4) (1, p. 496).
However, these data are uninterruptible without independent confirmation from
other studies. Any positive or negative associations may have occurred by
chance (1, p. 481). A 1964 study found no abnormalities in six infants exposed
in utero to terpin hydrate (with or without codeine) during the 1st trimester (2).
Neither of the above studies specified the doses consumed by the patients.

The recommended dose of terpin hydrate, which contains approximately 42%
ethanol, is 5–10 mL 3–4 times daily. The maximum daily dose would therefore
contain about 17 mL of absolute ethanol or about one-half of the amount that



has been shown to produce mild fetal alcohol syndrome (see Ethanol).
Because the minimum amount of ethanol exposure required to produce fetal
developmental toxicity is unknown, this product should be avoided during
pregnancy.

BREASTFEEDING SUMMARY
No reports describing the use of terpin hydrate during lactation have been
located. Because of the high ethanol content (about 42%) of terpin hydrate,
frequent use of this product should be avoided during lactation (see also
Ethanol).

References
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TESAMORELIN
Growth Hormone Releasing Factor
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of tesamorelin acetate in human pregnancy
have been located. Animal data suggest risk, but the absence of human
pregnancy experience prevents an assessment of the embryo–fetal risk.
However, during human pregnancy, visceral adipose tissue increases due
to normal hormonal and metabolic changes. Altering these changes with
tesamorelin offers no known benefit and could result in fetal harm.
Therefore, tesamorelin is contraindicated in pregnancy.

FETAL RISK SUMMARY
Tesamorelin is given as a daily SC injection. It is a growth hormone releasing
factor (GRF) analog indicated for the reduction of excess abdominal fat in HIV-
infected patients with lipodystrophy. Tesamorelin binds and stimulates human
GRF receptors with potency similar to endogenous GRF. Metabolism in
humans has not been studied. The mean elimination half-life is 26 minutes in
healthy subjects and 38 minutes in HIV-infected patients (1).

Reproduction studies have been conducted in rats and rabbits. In rats during
organogenesis, doses that were about 2 and 4 times the human clinical dose
based on AUC (HCD) resulted in hydrocephaly in offspring. Lower doses that
were about 0.1–1 times the HCD during organogenesis caused delayed skull
ossification. No adverse developmental effects were observed in rabbits at
doses up to 500 times the HCD (1).

Carcinogenicity studies in rodents have not been conducted with tesamorelin.
The drug was not genotoxic in multiple assays. There was no effect on fertility
in male or female rats after doses approximately equal to the HCD for 28 days
in males or 14 days in females. In a 26-week study, female rats given 16 and
25 times the HCD were more likely to be in diestrus (1).

It is not known if tesamorelin crosses the human placenta. The molecular



weight (about 5136 for the free base) and the short elimination half-life suggest
that exposure of the embryo–fetus will be limited.

BREASTFEEDING SUMMARY
No reports describing the use of tesamorelin during human lactation have been
located. The molecular weight (about 5136 for the free base) and the short
elimination half-life (38 minutes for HIV-infected patients) suggest that excretion
into milk will be limited. Moreover, any drug in breast milk would most likely be
digested in the infant’s gut. However, tesamorelin is a weak base, and when
used during lactation, accumulation in the milk may occur with concentrations
significantly greater than corresponding plasma levels. Nevertheless, it is
unlikely that tesamorelin will be used during breastfeeding because the drug is
indicated for use in HIV-infected patients and breastfeeding is not
recommended in this patient population.

Reference
1. Product information. Egrifta. EMD Serono, 2012.



TESTOSTERONE
Androgenic Hormone
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

First trimester in utero exposure of female fetuses to exogenous
testosterone or its derivatives causes clitoral hypertrophy, fused or partial
fused labia, and, possibly, absent vagina. These varying degrees of
masculinization are referred to as nonadrenal female
pseudohermaphroditism. Exposure to testosterone hormones at any
gestational age is associated with clitoral hypertrophy (1). However, to
cause labial–scrotal fusion, exposure must occur before the 10th or 11th
fetal week when female differentiation of external genitalia is complete (1).
Other than the genital abnormalities, testosterone and its derivatives do not
appear to cause structural defects. Only one report of nongenital
malformations after testosterone exposure has been published, but this
association lacks confirmation. However, a study in monkeys has
suggested that long-term potentially permanent changes in the central
nervous system of female offspring may result from in utero testosterone
exposure. Apparently, this has not been studied in humans. Testosterone
and its derivatives are contraindicated at any time during pregnancy.

FETAL RISK SUMMARY
Testosterone is a natural hormone with androgenic and anabolic properties.
Testosterone and its derivatives (e.g., methyltestosterone) are primarily
indicated as replacement therapy in male hypogonadal disorders secondary to
various causes. Preparations of testosterone products are available for oral,
buccal, topical, and IM administration. About 80% of testosterone is bound to
sex-hormone-binding globulin. Several metabolic pathways of testosterone have
been identified, including aromatization to form estrogenic derivatives. The
plasma elimination half-life of testosterone is in the range of 10–100 minutes
(2). Testosterone rapidly crosses the human placenta to the embryo or fetus



(3).
In a 1987 study, testosterone exposure of female rhesus monkeys in utero

appeared to have induced irreversible changes in the pattern of luteinizing
hormone secretion in adult life (4). Seventeen female monkey
pseudohermaphrodites (exposed in utero) and 24 normal females were studied
at about 13–14 years of age. All subject and control animals demonstrated
evidence of ovulatory menstrual cycles. The 17 monkeys with
pseudohermaphroditism had been exposed in utero to testosterone that had
resulted in external genital masculinization/obliteration of the external vaginal
orifice or clitoromegally alone (degree of genital masculinization was dependent
on the timing of exposure). Compared with controls, significant increases in the
ratio of luteinizing hormone to follicle-stimulating hormone in the luteal and
follicular phases of the ovulatory menstrual cycles were measured in the
pseudohermaphrodites (4).

A 1957 report cited several animal studies published in the late 1940s and
early 1950s that had demonstrated that administration of testosterone or its
derivatives to pregnant animals resulted in masculinization of female fetuses
(5). A later report also reviewed the animal data and specifically evaluated the
dose and fetal age associated with masculinization of female fetuses (3).

Testosterone and its derivates are contraindicated in pregnancy because
they cause virilization of female fetuses (5–16). Two case reports, one in 1953
and another in 1955 (both in German), were the first to describe female
pseudohermaphroditism in human infants after exposure to a testosterone
derivative (methylandrostenediol; methandriol) (6) or
testosterone/methyltestosterone/estradiol (7).

The first English language cases of nonadrenal human female
pseudohermaphroditism secondary to maternal use of testosterone were
published in 1957. A woman was treated with oral methyltestosterone 20
mg/day for alopecia starting in the 7th week of pregnancy and continuing
irregularly until term (total dose 1.5 g) (5). During treatment, the woman noted
a deepening voice, hirsutism, and a male-pattern of body hair, as well as partial
resolution of her alopecia. Sex of the newborn, which initially appeared to be
male, was not established until 7 months of age when the diagnosis of female
pseudohermaphroditism was made (5). In the second case, a woman at 10
weeks’ gestation was treated with two doses of testosterone (100 mg IM on
day 1 and 3) and 51 days of oral methyltestosterone (30 mg/day) for nausea
and vomiting of pregnancy (8). The therapy was discontinued because of the
woman’s deepening voice. A 3.4-kg infant was delivered at term who had



cyanosis and bradycardia of short duration. Although the sex was ambiguous
(small penis, undescended testes), the infant was raised as a male. Detailed
examination at 6 months of age revealed the infant to be a female (8).

Other cases have described nonadrenal female pseudohermaphroditism
secondary to exposures to methyltestosterone or testosterone, sometimes in
combination with estradiol or other estrogens, in the 1st trimester (9–16). In
each of these cases, examination of the newborn infant usually revealed a
hypoplastic penis, cryptorchidism, and hypospadias. The actual diagnosis of
female sex with clitoral hypertrophy, with or without fused labia, and an
occasionally absent vagina, was made weeks to months after birth. Surgery
was usually required to correct the genital abnormalities. In two cases, the
infants had been exposed to methyltestosterone or testosterone during the first
12 or 16 weeks of pregnancy (13,14). They were later diagnosed as females
and the genital abnormalities were corrected surgically. In their early 20s, both
had normal pregnancies and gave birth to healthy infants (14,15). In another
case, the mother received daily oral methyltestosterone from the 14th week
until term for breast engorgement (3). In addition, she was given four IM doses
of testosterone (total dose 115 mg) between the 14th and 35th weeks of
gestation. Except for clitoral hypertrophy, no other signs of virilization were
observed in the infant or the mother (3).

The only report of structural defects, other than genital, associated with the
use of testosterone appeared in a 1953 article (17). Three infants with limb
anomalies had been exposed during the 1st trimester to a combination of
testosterone and progesterone.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 26
of whom were exposed to a group of miscellaneous hormones during the 1st
trimester (18). Among the 26 cases, 3 were exposed to testosterone, 4 to
methandrostenolone, and 1 each to methyltestosterone, fluoxymesterone, and
an unspecified male hormone. There were no congenital malformations
observed in the 26 exposures (18).

BREASTFEEDING SUMMARY
Testosterone, usually combined with an estrogen, has been used to suppress
lactation and to treat postpartum breast pain and engorgement (19–29).
Testosterone suppresses lactation apparently by prolactin inhibition (29).
Although the amount of testosterone administered was very large, no cases of
virilization or other adverse effects attributable to the androgen have been
reported. The combination, however, is no longer used because the estrogen–



testosterone combination was associated with frequent rebound lactation and
an increased incidence of postpartum thromboembolic disease (29).

Although testosterone inhibits prolactin, suckling or any breast manipulation
may antagonize the inhibitory effect (21). This has been shown in cases where
a mother has received the testosterone–estrogen combination, then changed
her mind and breastfed her infant. The amounts of testosterone excreted into
milk have apparently not been determined. The absence of reports of adverse
effects in nursing infants probably indicates that the short-term exposure is
benign. However, the effects from long-term maternal use of testosterone or its
derivatives on a nursing infant have not been studied. Therefore, breastfeeding
should be halted if these agents are required.
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TETANUS/DIPHTHERIA TOXOIDS (ADULT)
Toxoid

See Diphtheria/Tetanus Toxoids (Adult).



TETANUS TOXOID/REDUCED DIPHTHERIA
TOXOID/ACELLULAR PERTUSSIS VACCINE
ADSORBED
Vaccine/Toxoid

See Vaccine, Pertussis (Acellular).



TETRABENAZINE
Antichorea
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The very limited human pregnancy experience prevents an assessment of
the embryo–fetal risk. However, tetrabenazine caused stillbirths and pup
mortality in one animal species. Moreover, the drug rapidly distributes into
the brain and reversibly depletes monoamines, such as dopamine,
serotonin, norepinephrine, and histamine (1). Thus, it is best avoided in
pregnancy.

FETAL RISK SUMMARY
Tetrabenazine, a reversible monoamine depletory, is indicated for the treatment
of chorea associated with Huntington’s disease. The drug undergoes rapid and
extensive hepatic metabolism to two active metabolites resulting in plasma
concentrations of the parent drug that are generally below the limit of detection.
Plasma protein binding of the two metabolites is moderate, in the range of
59%–68%, and their half-lives are 4–8 hours and 2–4 hours, respectively (1).

Reproduction studies have been conducted in rats and rabbits. In rats, doses
up to 3 times the maximum recommended human dose of 100 mg/day based
on BSA (MRHD) from the beginning or organogenesis through the lactation
period had no clear effects on embryo–fetal development. However, increases
in stillbirths and postnatal mortality were observed at doses 1.5–3 times the
MRHD, as well as delayed pup maturation at doses 0.5–3 times the MRHD.
The no-effect dose for stillbirths and postnatal mortality was 0.5 times the
MRHD. In rabbits, dose up to 12 times the MRHD during organogenesis had no
effect on embryo–fetal development (1).

Neither carcinogenicity nor fertility impairment studies have been conducted.
The parent drug and the active metabolites were negative in mutagenic studies,



but were clastogenic in two assays (1).
It is not known if tetrabenazine or its two active metabolites cross the human

placenta. The molecular weight of the parent compound (about 317), and the
plasma protein binding and half-lives of the metabolites suggest that all three
compounds will cross to the embryo–fetus.

A woman with chorea gravidarum was treated with tetrabenazine starting
late in the 2nd trimester (2). No drug-induced fetal or newborn effects were
observed. The small ventricular septal defect in the infant was probably not
related to tetrabenazine exposure (2).

BREASTFEEDING SUMMARY
No reports describing the use of tetrabenazine during lactation have been
located. The molecular weight of the parent compound (about 317), and the
plasma protein binding and half-lives of the two metabolites (see above)
suggest that at least the metabolites will be excreted into breast milk. The
effect of this exposure on a nursing infant is unknown. However, common
adverse effects observed in adults, such as sedation, somnolence, insomnia,
depression, akathisia, and other toxicities, are potential complications.
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TETRACAINE
Local Anesthetic
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

A 1988 review concluded that the available human pregnancy data for
tetracaine were inadequate to estimate the embryo–fetal risk from use of
the local anesthetic in pregnancy (1). Animal reproduction data also are
very limited but did not indicate risk. However, the highest dose used was
equal to the human dermal dose based on BSA. In addition, there are no
studies regarding the amount of tetracaine reaching the systemic circulation
after topical (other than the skin patch) or spinal administration.
Nevertheless, based on very small numbers, tetracaine does not appear to
represent a risk of embryo and/or fetal harm any greater than that of other
local anesthetics (see also Lidocaine, Pramoxine, and Ropivacaine). Thus,
although the combined data are inadequate, the risk of embryo–fetal harm
from tetracaine is probably low.

FETAL RISK SUMMARY
Tetracaine is an ester type local anesthetic agent. Because of the potential for
severe systemic toxicity, its use is restricted to topical anesthesia and spinal
block. For some procedures, injectable lidocaine is considered to be a safer
alternative (2). Tetracaine is available as topical preparations (concentrations)
that include solutions (2%), gels (2%), creams (1% and 2%), and ointments
(1%), ophthalmic solutions (0.5%), and formulations for spinal anesthesia
(0.2%, 0.3%, and 1%). It is also available in equal combination (70 mg each)
with lidocaine as a skin patch that is indicated for use on intact skin to provide
local dermal anesthesia for superficial venous access and superficial
dermatological procedures such as excision, electrodessication, and shave
biopsy of skin lesions (3). Little, if any, tetracaine is absorbed from the skin



patch. Plasma levels of the anesthetic were not detectable (<0.9 ng/mL) at 30
and 60 minutes, whereas lidocaine was detectable in the plasma (<5 ng/mL)
(3).

Reproduction studies have been conducted in rats and rabbits. In these
species, SC doses up to the single dermal administration dose based on BSA
(SDAD) were not teratogenic. In addition, no other reproductive or
developmental toxicity was observed when tetracaine was given during
gestation and lactation at a SC dose that was equal to the SDAD. Tetracaine
has not been studied for carcinogenicity, but tests for mutagenicity were
negative. The anesthetic agent had no effect on male and female rat fertility at
SC doses up to the SDAD (3).

The low molecular weight (about 264) suggests that tetracaine crosses the
human placenta, as does lidocaine and other local anesthetics (see Lidocaine).
However, the amounts in the systemic circulation appear to be very low, at
least from the skin patch, so the amount reaching the embryo and/or fetus will
also be very low. Although the absorption of tetracaine into the blood from
other formulations is unknown, it also is probably low.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 23
of whom had exposure to tetracaine during the 1st trimester (4, pp. 358, 360).
No evidence of an association with malformations was found.

A 1981 report described 53 women who received spinal anesthesia with
tetracaine diluted to 0.5% (5). Prolongation of the induction-to-delivery interval
had no effect on the Apgar scores or the neonatal acid-base values. However,
when the uterine incision-to-delivery interval was more than 3 minutes, there
were significantly lower mean pH and pO2 values in the umbilical vein and
artery, and significantly higher mean pCO2 and base deficit results in the
umbilical artery. Moreover, the prolonged interval was also associated with
significantly more Apgar scores less than 7 at 1 and 5 minutes (5).

BREASTFEEDING SUMMARY
No reports describing the use of tetracaine during human lactation have been
located. The low molecular weight (about 264) suggests that tetracaine will be
excreted into human breast milk, as does lidocaine. (See Lidocaine.) However,
the amount of tetracaine in the systemic circulation appears to be very low, at
least from the skin patch, so the amount excreted into breast milk will also be
very low. Although the absorption of tetracaine into the blood from other
formulations is unknown, it also is probably low. Based on these estimates, the
risk to a nursing infant from tetracaine given to the mother appears to be nil.
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TETRACYCLINE
Antibiotic (Tetracycline)
PREGNANCY RECOMMENDATION: Contraindicated—2nd and 3rd
Trimesters
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Tetracyclines are a class of antibiotics that should be used with extreme
caution, if at all, in pregnancy. These agents can cause significant maternal
and fetal toxicity. The discussion below, unless otherwise noted, applies to
all members of this class.

FETAL RISK SUMMARY
Problems attributable to the use of the tetracyclines during or around the
gestational period can be classified into four areas:

Adverse effects on fetal teeth and bones
Maternal liver toxicity
Congenital defects
Miscellaneous effects

Placental transfer of a tetracycline was first demonstrated in 1950 (1). The
tetracyclines were considered safe for the mother and fetus and were routinely
used for maternal infections during the following decade (2–5). It was not until
1961 that an intense yellow-gold fluorescence was observed in the mineralized
structures of a fetal skeleton whose mother had taken tetracycline just before
delivery (6). Following this report, a 2-year-old child was described whose
erupted deciduous teeth formed normally but were stained a bright yellow
because of tetracycline exposure in utero (7). Fluorescence under ultraviolet
light and yellow-colored deciduous teeth that eventually changed to yellow-
brown were associated with maternal tetracycline ingestion during pregnancy
by several other investigators (8–22). An increase in enamel hypoplasia and
caries was initially suspected but later shown not to be related to in utero
tetracycline exposure (14,15,22). Newborn growth and development were



normal in all of these reports, although tetracycline has been shown to cause
inhibition of fibula growth in premature infants (6). The mechanism for the
characteristic dental defect produced by tetracycline is related to the potent
chelating ability of the drug (13). Tetracycline forms a complex with calcium
orthophosphate and becomes incorporated into bones and teeth undergoing
calcification. In the latter structure, this complex causes a permanent
discoloration, because remodeling and calcium exchange do not occur after
calcification is completed. Because the deciduous teeth begin to calcify at
around 5 or 6 months in utero, use of tetracycline after this time will result in
staining.

The first case linking tetracycline with acute fatty metamorphosis of the liver
in a pregnant woman was described in 1963 (23), although two earlier papers
reported the disease without associating it with the drug (24,25). This rare but
often fatal syndrome usually follows IV dosing of >2 g/day. Many of the
pregnant patients were being treated for pyelonephritis (24–37). Tetracycline-
induced hepatotoxicity differs from acute fatty liver of pregnancy in that it is not
unique to pregnant women and reversal of the disease does not occur with
pregnancy termination (38). The symptoms include jaundice, azotemia,
acidosis, and terminal irreversible shock. Pancreatitis and nonoliguric renal
failure are often related findings. The fetus may not be affected directly, but as
a result of the maternal pathology, stillborns and premature births are common.
In an experimental study, increasing doses of tetracycline caused increasing
fatty metamorphosis of the liver (39). The possibility that chronic maternal use
of tetracycline before conception could result in fatal hepatotoxicity of
pregnancy has been raised (36). The authors speculated that tetracycline
deposited in the bone of a 21-year-old patient was released during pregnancy,
resulting in liver damage.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, a large number of
newborns had been exposed to the tetracycline group of antibiotics during the
1st trimester (F. Rosa, personal communication, FDA, 1993). For four
tetracyclines (T, tetracycline; D, doxycycline; O, oxytetracycline; M,
minocycline), specific data were available for six defect categories, including
(observed/expected):



These data do not support an association between the drugs and the specific
malformations evaluated.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 341
of whom had 1st trimester exposure to tetracycline, 14 to chlortetracycline, 90
to demeclocycline, and 119 to oxytetracycline (40, pp. 297–313). For use
anytime in pregnancy, 1336 exposures were recorded for tetracycline, 0 for
chlortetracycline, 280 for demeclocycline, and 328 for oxytetracycline (40, p.
435). The findings of this study were as follows:

Tetracycline: Evidence was found to suggest a relationship to minor, but not
major, malformations. Three possible associations were found with
individual defects, but independent confirmation is required: hypospadias
(1st trimester only) (5 cases); inguinal hernia (25 cases); and hypoplasia of
limb or part thereof (6 cases) (40, pp. 472, 485).

Chlortetracycline: No evidence was found to suggest a relationship to large
categories of major or minor malformations or to individual defects.
However, the sample size is extremely small, and safety should not be
inferred from these negative results.

Demeclocycline: No evidence was found to suggest a relationship to large
categories of major or minor malformations, but the sample size is small
(40, pp. 297–313). Two possible associations were found with individual
defects, but independent confirmation is required: clubfoot (1st trimester
only) (3 cases); and inguinal hernia (8 cases) (40, pp. 472, 485).

Oxytetracycline: Evidence was found to suggest a relationship to large
categories of major and minor malformations (40, pp. 297–313). One
possible association was found with individual defects, but independent
confirmation is required: inguinal hernia (14 cases) (40, pp. 472, 485).



In 1962, a woman treated with tetracycline in the 1st trimester for acute
bronchitis delivered an infant with congenital defects of both hands (41,42). The
mother had a history of minor congenital defects on her side of the family and
doubt was cast on the role of the drug in this anomaly (43). A possible
association between the use of tetracyclines in pregnancy or during lactation
and congenital cataracts has been reported in four patients (44). The effects of
other drugs, including several antibiotics, and maternal infection could not be
determined, and a causal relationship to the tetracyclines seems remote. An
infant with multiple anomalies whose mother had been treated for acne with
clomocycline daily during the first 8 weeks of pregnancy has been described
(45). Some of the defects, particularly the incomplete fibrous ankylosis and
bone changes, made the authors suspect this tetracycline as the likely cause.

Doxycycline has been used for 10 days very early in the 1st trimester for the
treatment of Mycoplasma infection in a group of previously infertile women
(46). Dosage was based on the patient’s weight, varying from 100 to 300
mg/day. All 43 of the exposed liveborn were normal at 1 year of age. Bubonic
plague occurring in a woman at 22 weeks’ gestation was successfully treated
with tetracycline and streptomycin (47). Long-term evaluation of the infant was
not reported.

A 1997 report examined the question of doxycycline-induced teratogenicity in
the large population-based dataset of the Hungarian Case–Control Surveillance
of Congenital Abnormalities, 1980–1992 (48). Some mild defects were
excluded, including hemangiomas and minor malformations. Moreover, although
an extensive retrospective assessment of drug use during pregnancy was
performed, a history of tobacco and alcohol exposure was not obtained
because the accuracy of these data was believed to have low validity. Among
the 32,804 women who had normal infants (controls), 63 (0.19%) had taken
doxycycline, whereas 56 (0.30%) of the 18,515 women who delivered infants
with congenital anomalies had taken the antibiotic (p = 0.01). A case–control
pair analysis of exposures during the 2nd and 3rd months of gestation,
however, did not show a significant difference among the groups in any of the
malformation types (48).

A retrospective cohort study using data from Tennessee Medicaid included
30,049 infants born in 1985–2000 was published in 2009 (49). Infants with fetal
exposures in the 1st trimester to four antibiotics recommended for potential
bioterrorism attacks (doxycycline, amoxicillin, ciprofloxacin, and azithromycin)
were compared to infants with no fetal exposure to any antibiotic. Erythromycin
was included as a positive control. In the 1691 infants exposed to doxycycline



and no other antibiotics, the number of cases, risk ratios, and 95% confidence
interval [CI] were: any malformation (42, 0.85, 0.59–1.23); cardiac (15, 0.86,
0.47–1.57); musculoskeletal (12, 0.94, 0.47–1.88); genitourinary (4, 0.45,
0.15–1.34); gastrointestinal (3, 0.35, 0.10–1.20); CNS (4, 0.87, 0.27–2.78);
and orofacial (5, 2.96, 0.75–11.67). The authors concluded that the four
antibiotics should not result in a greater incidence of overall major
malformations (see also Amoxicillin, Azithromycin, and Ciprofloxacin) (49).

A 2000 report, using the same database as above, but now for the years
1980–1996, examined the relationship between oral oxytetracycline and
congenital malformations (50). Of 22,865 women who had offspring with a
congenital defect, 216 (0.9%) had been treated with oxytetracycline, whereas
of 38,151 women with offspring without defects, 214 (0.6%) had been treated
(odds ratio [OR] 1.7, 95% CI 1.4–2.0). Analysis of medically documented
treatment in the 2nd/3rd months of gestation revealed significant associations
with neural tube defects (NTD) (OR 9.7, 95% CI 2.0–47.1), cleft palate (OR
17.2, 95% CI 3.5–83.5), and multiple defects (mainly neural tube defects and
cardiovascular malformations) (OR 12.9, 95% CI 3.8–44.3). However, these
results were based on a very small number of cases: two NTD, two cleft
palates, and four multiple defects. The number of cases, OR, and 95% CI
occurring in the entire pregnancy for these outcomes were NTDs (7, 5.4, 2.4–
12.1), cleft palate (3, 4.6, 1.4–15.0), and multiple defects (6, 3.3, 1.4–7.9)
(50).

Under miscellaneous effects, two reports have appeared that, although they
do not directly relate to effects on the fetus, do directly affect pregnancy. In
1974, a researcher observed that a 1-week administration of 500 mg/day of
chlortetracycline to male subjects was sufficient to produce semen levels of the
drug averaging 4.5 mcg/mL (51). He theorized that tetracycline overdose could
modify the fertilizing capacity of human sperm by inhibiting capacitation. Finally,
a possible interaction between oral contraceptives and tetracycline resulting in
pregnancy has been reported (52). The mechanism for this interaction may
involve the interruption of enterohepatic circulation of contraceptive steroids by
inhibiting gut bacterial hydrolysis of steroid conjugates, resulting in a lower
concentration of circulating steroids.

BREASTFEEDING SUMMARY
Tetracycline is excreted into breast milk in low concentrations. Milk:plasma
ratios vary between 0.25 and 1.5 (4,53,54). In a 1996 case, black breast milk
was reported in a woman taking minocycline, a semisynthetic derivative of



tetracycline (55). She had stopped breastfeeding 18 months before she was
treated with minocycline 150 mg/day and topical clindamycin for acne. Within 4
weeks of starting minocycline, milk expressed from her breasts was black. No
other abnormalities were found on a diagnostic workup. Analysis of the milk
demonstrated black pigment particles within macrophages, as well as
extracellular, that stained positive for iron. The milk contained a high iron
concentration (11.9 μmol/g wet weight) (55).

Theoretically, dental staining and inhibition of bone growth could occur in
breastfed infants whose mothers were consuming tetracycline. However, this
theoretical possibility seems remote, because tetracycline serum levels in
infants exposed in such a manner were undetectable (<0.05 mcg/mL) (4).
Three potential problems may exist for the nursing infant even though there are
no reports in this regard: modification of bowel flora, direct effects on the
infant, and interference with the interpretation of culture results if a fever
workup is required. The American Academy of Pediatrics classifies tetracycline
as compatible with breastfeeding (56).
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THALIDOMIDE
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Thalidomide is a potent human teratogen. The severe malformations
induced by thalidomide may involve defects of the limbs, axial skeleton,
head and face, eyes, ears, tongue, teeth, central nervous, respiratory,
cardiovascular, and genitourinary systems, and the gastrointestinal tract.
The neurological complications may include severe mental retardation
secondary to sensory deprivation. The critical period of exposure is 34–50
days after the first day of the last menstrual period (LMP) (20–36 days
after conception). The drug is contraindicated in pregnancy.

FETAL RISK SUMMARY
Thalidomide is an immunomodulatory agent used for the acute treatment of
erythema nodosum leprosum, a cutaneous manifestation of Hansen’s disease
(leprosy) (1). The agent was recently approved for use in the United States for
the first time, making its debut in 1999. Thalidomide was one of the first drugs
that was clearly shown to be a human teratogen and probably has caused
more known severe malformations in humans than any other drug.

A large number (>30) of animal (mice, rats, rabbits, and monkeys)
reproduction studies conducted with thalidomide were reviewed in a 1976
reference (2). Embryolethality and teratogenicity (structural and/or functional
abnormalities) were noted commonly in some species. Evidence of significant
thalidomide teratogenicity was found in monkeys, but in mice and rats, limb
reduction defects were not observed and, in some cases, there was no
evidence of teratogenicity. Amelia and micromelia were noted in two mouse
fetuses and a limb defect in another that closely resembled the defects
observed in humans, but these reports were considered inconclusive (2). In a
1983 study with rats, however, increased rates of both embryolethality and



congenital defects involving the skeleton (ribs and spine) and eyes
(ophthalmorrhexis and microphthalmia) were observed (3). The authors
speculated that the difference in outcome between their study and previous
experimental work with rats was possibly due to hydrolysis of the drug before
administration, the use of toxic solvents that masked the teratogenic effect of
thalidomide, or the low solubility of thalidomide in the solvent that prevented
delivery of an effective dose to the target site (3). Experiments in rabbits have
consistently revealed fetal limb malformations that are very similar to those
seen in human infants exposed in utero to thalidomide (4–8). Other anomalies
noted in rabbit fetuses included hemangioma of the nose and defects of the
skull, nostril, external genitalia, and tail (6). Another study with rabbits observed
limb anomalies, arthrogryposis, dysplasia of the kidneys and gallbladder, cleft
palate, hernia, and gastric hypoplasia (8). Experiments with chick embryos
demonstrated that thalidomide induced cardiovascular anomalies in this species
(9).

Several reviews have described the various human systems affected by
thalidomide-induced embryopathy (10–19). One of these reviews presented the
pregnancy history of two children (twins), born in the United States, who had
very different severity of thalidomide embryopathy (10). The first twin, 2211-g
female, was born with duodenal atresia, a rectoperineal fistula, and
hypoplastic, dislocated thumbs (right thumb worse than left). The other twin, a
2240-g male, had phocomelia of both upper extremities and a midline
hemangioma on the forehead. Missing or hypoplastic digits were noted on both
hands (10).

The critical period of fetal exposure to thalidomide is 34–50 days after the
first day of the LMP (20–36 days after conception) (13,16–18). Congenital
malformations that have been associated with approximate time periods within
this 17-day interval include (days after LMP; when two ranges are shown, the
references cited disagreed): anotia (34–38 days), microtia (39–43 days),
thumb duplication (35–38 days), thumb aplasia (35–43 days), thumb hypoplasia
(38–40 days), thumb triphalangism (46–50 days), eye defects (35–42 days),
cardiovascular defects (ductus, conotruncal defects, and septal defects) (36–
45 days), duplication of the vagina (35–39 days), cranial nerve palsy (35–37
days), amelia of the arms (38–43 days), phocomelia of the arms (38–47 or
49 days), dislocation of the hip (38–48 days), amelia of the legs (41–45 days),
phocomelia of the legs (40 or 42–47 days), choanal atresia (43–46 days),
duodenal atresia (40–47 days), anal atresia (41–43 days), aplasia of
gallbladder (42–43 days), pyloric stenosis (40–47 days), duodenal stenosis



(41–48 days), rectal stenosis (49–50 days), ectopic kidney and hydronephrosis
(38–43 days), other genitourinary defects (45–47 days), and abnormal
lobulation of lungs (43–46 days) (13,17).

Perhaps the best description of the spectrum of congenital defects caused
by thalidomide was written by Newman (16,17). The limb reduction defects are
bilateral, usually grossly symmetric, and upper limb anomalies are commonly
associated with lower limb defects. Shoulder and hip malformations occur with
increasing severity of upper limb defects. Vertebral defects include an
increased incidence of progressive ossification of the anterior spinal ligaments
that converts the sacral and lumbar vertebral bodies into one bone mass, loss
of distal segment of the sacrum, and spondylolisthesis. Spina bifida occulta and
meningomyelocele occur with increased frequency. A nonspecific facial
asymmetry may occur, as well as tooth hypoplasia and a deficiency in the
number of teeth. There may be a hypoplastic nasal bridge with an expanded
nasal tip, and choanal atresia can affect one or both nostrils. Laryngeal and
tracheal anomalies and abnormal lobulation of the lungs have been observed.
Ocular defects include refractive errors, pupillary abnormalities, muscle
dysfunction, coloboma, microphthalmos, cataracts, and abnormalities of all
three components of the oculomotor nerve. Ear defects are frequently
associated with ocular malformations, as is facial nerve palsy. The defects of
the ears include external, middle, and internal anomalies which are frequently
associated with deafness (either conductive, neural, or both). A midline
capillary hemangioma or nevus of the nose and philtrum have been described,
but may fade as the child grows older. Cardiac defects, commonly of the
conotruncal region, occur frequently and are a major cause of early death (30%
at birth, 6% in survivors). Gastrointestinal tract defects include atresia and
stenosis, and absence of the gallbladder and appendix. Inguinal hernias may be
observed. Genitourinary malformations involve the kidneys (ectopic, horseshoe,
hydronephrosis, and double ureter), double vagina, and cryptorchism (16,17).

Thalidomide was introduced into clinical medicine in West Germany in 1956
(20). Although a wide range of indications was promoted for the drug, it was
primarily used as a sedative and tranquilizer. Because of the concern over birth
defects, thalidomide was withdrawn from the market in most countries in late
1961 (21).

In 1961, two cases of congenital defects of the limbs were presented at a
German pediatric meeting (22). At the meeting, Lenz (23) proposed that
thalidomide was the cause of the defects. A brief 1961 correspondence,
however, was the first published English language article to describe birth



defects that were suspected as being induced by thalidomide (24). McBride
(24) had noted an approximate 20% incidence of polydactyly, syndactyly, and
limb reduction defects consisting of abnormally short femora and radii in infants
exposed in utero to thalidomide. In early 1962, Lenz (23) estimated that 2000–
3000 thalidomide-exposed babies had been born in West Germany since 1959.

A number of communications have been published that describe the types of
congenital malformations caused by thalidomide (10,15–19,23–81):
Thalidomide Embryopathy

Limb Defects
Upper and lower limbs (bilateral amelia or phocomelia; absence or

hypoplasia of radius/ulna and/or tibia/fibula; femoral hypoplasia; preaxial
aplasia of upper and lower limbs; absence of the fingers and/or toes;
thumb defects such as duplication, hypoplasia, and triphalangism;
duplication of big toe and triphalangism)
(10,15–19,23–38,40,41,45–47,49–51,54–59,61–66,68,70,71,74–81)

Osteochondritis of femoral head (Legg-Calve-Perthes disease)
(possibly a late complication that results from growth disturbance of the
upper end of the femur; appeared in early childhood) (51)

Knee joints (laxity of cruciate ligaments) (16,17,61)

Other Skeletal Defects
Spine (ossification of sacral and lumbar vertebrae, loss of distal segment

of sacrum, spondylolisthesis, scoliosis)
(15–18,35–37,40,43,49,50,58,61,66,71,78,79)

Shoulder (hypoplasia/dysplasia of glenoid cavity, dysplasia of neck of
scapula, altered humeral head) (16,17,19,61)

Hip/pelvis (dislocation, pelvic girdle hypoplasia)
(16,17,19,35,51,59,61,66,78,79)

Jaw (69,74)

Craniofacial
Eye (refractive errors, pupil, motility, coloboma of the iris, uvea, lens, and

choroid, microphthalmos, cataracts, glaucoma, crocodile-tear syndrome)
(15–19,25,30,33,36,37,40,45–47,49,50,62,63,65,66,68,70–77)

Ear (anotia, microtia, low set, middle and internal ear, deafness)
(15–19,23,25–27,29,30,33,35,37,39,41,43–45,48,53,56–58,61–68,70,73

Face/skull (face—asymmetrical; skull—rhomboid shape) (16,17,58,69)
Tongue (dysplasias of lingual frenulum in the form of an ankyloglossia

[tongue-tie] or a shortened, sinew-shaped frenulum; grooved point of



tongue [bifid tongue]) (16,69)
Nose (hypoplastic nasal bridge with expanded nasal tip) (16,17,19,58,66)
Choanal atresia (16–19,29,37,62,65,70,71,75)
Teeth (hypodontia, hyperdontia, malformed crown, enamel hypoplasia,

discoloring, malocclusion, missing teeth) (16–18,58,60,69,75)
Midline hemangioma or nevus (nose, upper lip, frontal area)

(10,16,17,23,25,30,33,35,45,46,57,58,60,65,66,71)

Central Nervous System
Facial nerve palsy (often associated with eye and ear anomalies)

(15–19,35,39,43,61,63,68,71,73,75–77)
Hydrocephalus (37,57,65,73)
Spina bifida occulta (16,17,78,79)
Meningomyelocele (16,17,35)
Autism (18,77)
Epilepsy (15,16,76,77)
Marcus Gunn phenomenon or jaw winking syndrome (16,19)
Crocodile-tear syndrome (see Eye)

Major Organ Systems
Respiratory system (laryngeal and tracheal abnormalities, abnormal

lobulation of lungs) (16,17,19,29,33,36,37,49,62,65,66,74,75)
Cardiovascular (ventricular septal defect, atrial septal defect, tetralogy of

Fallot, cor triloculare, pericardial effusion, hypertrophy of atrium and
ventricle, coarctation of aorta, systolic murmurs)
(16–19,23,25,30,33,35–37,39,40,42,43,45,57,61,62,65,66,70,73,75,76)

Gastrointestinal tract
Esophageal atresia (23,29,30,37,74)
Duodenal atresia (10,16,19,23,29,30,33,35,37,49,61,62,66,70)
Common bileduct atresia (33,66)
Anal atresia (16,18,19,23,29,30,33,35,37,44,61,62,66,75)
Rectoperineal fistula (10)
Malrotation (25,30,33,35,66)
Stenosis (16–19,25,30,37,40,45,46,53,61,62,65,66,70,76)
Abnormal lobulation of liver (33,37)
Aplasia of appendix (16,17,19,23,29,30,33,37,40,46,52,53,59,65,66)
Aplasia of cecum (33)
Aplasia of gallbladder (16,17,19,23,30,33,36,49,57,65,66)
Rectoperineal fistula (10)



Genitourinary system
Unspecified (25,30,33,37,75)
Renal abnormalities

(16–19,29,35–37,46,57,59,61,62,65,66,70,74,75,81)
Defects and duplication of ureters (16,17,19,37,81)
Aplasia of fallopian tube (62)
Defects of uterus and/or vagina (16,17,19,33,37,55,62,65,66,80)
Penile maldevelopment (65)
Cryptorchism (16,17,19,25,36,61,65,66)

Other
Excessive sweating (52,54)
Inguinal hernias (16,17,19,61,66)

Cleft lip with or without cleft palate has occasionally been observed in
newborns with thalidomide embryopathy (35,44,48,49,65,66,69–71), but it is
not thought to be related to thalidomide exposure (19).

In 1962, Lenz and Knapp (62) reviewed the fetal effects of thalidomide that
were known at the time. Of 293 cases known to the authors or from published
reports, the approximate percentage of each defect was arms only (52%);
arms and legs (28%); arms, legs, and ears (3%); arms and ears (6%); ears
only (7%); legs only (2%); and other malformations (3%). The anomalies
observed in the eight infants grouped as “other malformations” included one
case each of a right polycystic kidney with aplasia of the left kidney, aplasia of
left fallopian tube and left cornu of the uterus, multicystic kidneys, anal stenosis
with hydronephrosis, fistula of the neck, congenital heart disease, choanal
atresia, and anal atresia (62). In addition, malformations that accompanied
those of the limbs and ears were pyloric stenosis, duodenal stenosis, duodenal
atresia, cardiac defect, microphthalmos, anophthalmia, imperforate anus, and
choanal atresia (62). Two additional review articles by Lenz, focusing on
thalidomide-induced defects, appeared in 1966 (63) and 1971 (64), one with a
commentary by Warkany (82).

In 1963, Japanese investigators reported phocomelia and other
malformations in 10 cases (5 live infants and 5 stillbirths or early neonatal
deaths) (65). Another investigator evaluated 160 cases of thalidomide
embryopathy that occurred in Japan (66). Of the 160 cases, 99 had a well-
documented history of thalidomide intake in early pregnancy. Of these, 70%
had defects of the arms only; 14% of arms and legs; 5% of the arms, legs, and
ears; 5% of the ears only; 3% of the arms and ears; and 3% of other organs



(66). In 41 of the cases with malformations of the limbs and ears, an autopsy
found multiple other defects of various organ systems that were similar to those
reported by Lenz and Knapp (see reference 62) (66).

The importance of early examinations for ear anomalies, especially for
resulting hearing impairment, was emphasized in a study published in 1965
(67). The author had observed 14 cases of bilateral congenital meatal atresia in
thalidomide-exposed infants at his center, but he was aware of 50 such cases
throughout England. Eleven of the cases (three were unsuitable for operation)
underwent either bilateral or unilateral surgery to construct a sound conducting
mechanism. Gross malformations determined by x-ray and tomographic
examinations in the 14 cases (28 ears) involved the ossicles (32%), middle ear
(21%), and labyrinth (25%) (67).

A later study, published in 1976, evaluated the ear anomalies in 18 children,
ages 12–16 years, who had thalidomide-induced malformations (68). Hearing
impairment and vestibular hypofunction or absence of function were each found
in 15 (83%) of the children. External and middle ear anomalies found in 11 of
the 18 children included bilateral microtia (N = 5), bilateral microtia and bilateral
atresia of the auditory canal (N = 5), and bilateral microtia and unilateral atresia
of the auditory canal (N = 1). In one 13-year-old girl, surgical exploration
revealed that the stapes and the oval and round windows had not developed,
the long process of the incus was shaped like a string, and there was a nearly
normal malleus. X-ray examination revealed inner ear malformations in 15
cases (83%) consisting of bilateral inner ear aplasia (N = 9), cystic deformity
with the shape of the anterior semicircular canal (N = 4), large cystic defect of
the inner ear (N = 1), and a narrow, internal auditory canal bilaterally (N = 1)
(68). In addition to the ear defects, 12 children had eye-movement
disturbances consisting of bilateral abducens palsy (N = 5), bilateral abducens
palsy and bilateral adduction disturbance (N = 6), and unilateral abducens palsy
(N = 1). Bilateral (N = 3) or unilateral (N = 3) facial palsy, and “crocodile-tear”
syndrome (i.e., abnormal lacrimation that accompanies eating) (N = 7) were
also observed (68).

A 1968 reference described the findings that resulted from clinical,
orthodontic, and radiologic examinations of the face and jaws of children with
thalidomide embryopathy (69). The findings in 127 children (approximate ages
4–6 years) with thalidomide embryopathy (group 1) were compared with
57 children with nonthalidomide-induced dysmelia (group 2), and 120 children
without malformation of the limbs (group 3). Thalidomide exposure did not
disturb either the shape or number of the deciduous or permanent teeth (69).



However, in the 103 children of group 1 with complete deciduous dentition,
there was an increase in the frequency of abnormalities of the maxilla and/or
mandible. The other important findings were malformation at the base of the
skull, asymmetry of the skull, and dysplasia of the point of the tongue and the
frenum (69).

One investigator categorized the malformations found in 154 children with
thalidomide embryopathy using a classification system of principal defects that
he had designed (70). The type of defects were the same as those listed
above for thalidomide embryopathy. In eight groups, limb defects were
dominant but other defects were often present, whereas in two groups, limb
defects were absent or minimal. The defect classifications and the number and
approximate percentage of children in each group were as follows: upper limb
amelia or phocomelia with normal legs (N = 60, 39%); upper limb amelia or
phocomelia with other leg defects (N = 18, 12%); forearm defects with normal
legs (N = 17, 11%); four limb phocomelia (N = 15, 10%); anomalies of the ears
(N = 16, 10%); severe lower limb defects with less severe upper limb defects
(N = 10, 6%); other limb defects (N = 9, 6%); forearm defects with defects of
the lower limbs (N = 5, 3%); lower limb defects with normal upper limbs (N = 3,
2%); and other anomalies (N = 1, <1%). A discussion of the disabilities caused
by the defects in each group was also included in the text (70).

The focus of eight studies was on thalidomide-induced ocular malformations
(18,46,47,71–75). Four children with ocular defects and typical thalidomide
embryopathy were described in a 1964 report (46). The eye defects thought to
be thalidomide related were as follows: left optic disc with a very deep
physiologic cup; bilateral coloboma of the iris, unilateral coloboma of the
choroid and retina involving the optic disc, and unilateral microphthalmos;
unilateral coloboma of the choroid and retina; and bilateral coloboma of the iris,
choroid, and retina, involving the optic disc on one side, and unilateral
microphthalmos (46). At one ophthalmology center, minor ocular abnormalities
were found in some children consisting of pigmentary retinopathy, a high
refractive error, and reduced visual acuity (47). A 1963 study evaluated 20
children with known or suspected thalidomide-induced limb malformations for
ocular anomalies (71). Of the children, 13 had anatomically normal eyes with
apparently normal function and 7 (35%) had visual defects. Five of the seven
had structural defects consisting of either unilateral or bilateral coloboma of the
iris, choroid, or lens, sometimes involving the macular areas or the disc, and
microphthalmos. The other two had anatomically normal eyes but abnormalities
in visual function. The visual prognosis was rated as good in three cases, poor



in two, and uncertain in two (71). A 1966 study from Sweden examined 38
children for ocular malformations who had thalidomide-induced defects (72).
Abducens paralysis was found in 17 children, bilateral in 13, and unilateral in 4.
Bilateral oculomotor paralysis was present in two of these cases and unilateral
in one (72). Other conditions, often concomitant with additional defects,
included strabismus, unequal pupils (both reactive to light), nonreactive pupil,
microphthalmos (both bilateral and unilateral), anophthalmos on one side and
severe microphthalmos on the other, coloboma of the choroid, bilateral aplasia
of macula with nystagmus, and bilateral epiphora (with free tear ducts and
grossly normal drainage system) (72). Of note, more than half of the children
had hearing impairment of varying severity. A 1967 report reviewed the
previously published cases of ocular abnormalities induced by thalidomide and
presented additional data on 21 Canadian children (ages 3–4.5 years) exposed
in utero to the drug (73). Only four of these children had ocular malformations
and none had a coloboma.

Ocular abnormalities associated with thalidomide embryopathy were
reported in a 1991 study of 21 Swedish patients, ages 28–29 years (74).
Horizontal incomitant strabismus, usually of the Duane syndrome type, was the
most common ocular motility abnormality, but other motility abnormalities were
also noted (74). Abnormal tearing, facial nerve (7th cranial nerve) palsy, and
ear anomalies were also present in some cases. Citing previous studies, facial
nerve palsy and ear anomalies were thought to have occurred from thalidomide
exposure on days 20–29 after conception (74). This time period is consistent
with the time intervals (34–43 days after LMP) given earlier. Two years later,
these same authors reported the results of an ophthalmological study
conducted in 86 of 100 Swedes with documented thalidomide embryopathy
(75). The subjects, 49 males and 37 females, ranged in age from 27 to 30
years. Forty-six (54%) had one or more abnormal eye signs. The ocular
abnormalities included the following: (a) motility defects (N = 43, 50%),
including 37 with horizontal incomitant strabismus (26 with Duane syndrome,
4 with marked limitation of abduction, and 7 with gaze paresis), and 6 with
horizontal comitant strabismus (all esotropia); (b) facial nerve palsy (N = 17,
20%); (c) abnormal lacrimation (N = 17, 20%); (d) coloboma of uvea and optic
disc (N = 1, 1%) or optic disc only (N = 2, 2%); (e) microphthalmos (N = 2,
2%); and (f) one each of congenital glaucoma, conjunctival lipodermoid, and
hypertelorism (75).

In a subsequent paper, the authors again reviewed the above ocular findings
but also included the multiple other thalidomide-induced defects that were found



in the 86 subjects (18). The defects and the number of cases for each were
(note that all cases had more than one defect): thumbs (triphalangeal, absent,
misplaced, hypoplastic, or extra digit) N = 70 (81%), upper limb excluding
thumb N = 59 (69%), lower limb N = 21 (24%), ears/hearing N = 33 (38%),
facial nerve palsy N = 17 (20%), kidney (absent, horseshoe, hydronephrosis,
dysfunctional) N = 12 (14%), cardiovascular (ventricular septal defect [VSD],
arrhythmia, ductus botalli, murmur) N = 7 (8%), chest/lung (cardiovascular
defects, pulmonary atresia, enlarged chest wall or structural anomaly) N = 4
(5%), genitalia (absent uterus and vagina, double vagina) N = 3 (3%), anal
atresia N = 4 (5%), choanal atresia N = 2 (2%), dental anomalies N = 4 (5%),
mental retardation (moderate to severe) N = 5 (6%), and autism (all had mental
retardation) N = 4 (5%) (18). The authors also expanded the type of ocular
malformations listed in their previous study (reference 73) to include two cases
of myelinated nerve fiber, two cases of ptosis, and one additional case each of
coloboma (uveal or optic disc) and microphthalmos (18).

Neurologic complications of thalidomide embryopathy include epilepsy. In a
study that appeared in 1976, the incidence of epilepsy was determined from a
database that included all surviving children (N = 408) with documented
thalidomide embryopathy in the United Kingdom (76). Seven children (1.7%)
met established criteria for the diagnosis of epilepsy and were classified into
two groups: (a) children with normal ears (four had upper limb defects, two had
mental impairment, and one had ocular anomalies, facial palsy, and “high
intelligence”) (N = 4); and (b) children with abnormal ears (in addition, one had
ocular defects and facial palsy, one had defects of the thumbs, and one had
facial palsy and bilateral sixth nerve palsies) (N = 3) (76). In a third group,
those with cardiac abnormalities, the diagnosis of epilepsy was uncertain. The
two children in this group also had other defects consisting of amelia of the
upper limbs, pyloric stenosis, and ocular and ear defects in one, and upper limb
defects in the other. These two cases were apparently excluded from the
prevalence rate calculations below. The prevalence rates of epilepsy calculated
for various ages were significant when compared with published rates in the
population as a whole: active epilepsy—5 cases, 12.5/1000 vs. 2.7/1000
(p <0.01); epilepsy between birth and 9 years of age—7 cases, 17.2/1000 vs.
2.42/1000 (p <0.0001); and new cases in first 7 years of life—6 cases,
2.1/1000 vs. 0.43/1000 (p <0.01) (76). The types of epilepsy in the first group
(normal ears) were thought to be consistent with structural defects of the
cerebral cortex (76). Moreover, two of the children in this group had severe
refractory epilepsy, a prevalence of 5/1000 vs. 0.5/1000 in the general



population. The unlocalized or generalized seizures in the second group
(abnormal ears) suggested abnormalities in the brain stem (76).

Five subjects, suspected of having a severe learning disorder (IQ scores <20
to 70–84), were identified from a group of 100 patients previously studied for
ocular malformations (77). The five cases were then evaluated for the presence
of autism. The ages of the subjects (three males, two females) ranged from 30
to 31 years. All had physical stigmata (i.e., ocular motility defects, other cranial
nerve disorders, ear and upper-limb anomalies) characteristic of thalidomide
embryopathy that had occurred from drug exposure approximately 20–24 days
after conception (34–38 days after LMP). Four of the cases (two males, two
females) met the criteria for autism. Based on an incidence of 4%, compared
with a prevalence of about 0.08% in the general population, the investigators
estimated that there was a 50 times higher rate of autism in those with
thalidomide embryopathy (77).

A 1977 report evaluated the spinal deformities in 28 children, ages 10–14
years, who had thalidomide embryopathy (78). The children’s spinal defects
had been first studied at 4–8 years of age (79), and the current study was part
of a continuing evaluation of their status. The initial group contained 32 cases,
but 4 were either lost to follow-up or had died. All of the subjects had
characteristic limb defects. In both studies, the spinal abnormalities were
classified into five types. The initial and current (shown in italics) findings for
each group were: (a) local anomalies of bone development (spina bifida, N = 3;
fusion of adjacent spinous processes, N = 2), neural arch defect more obvious,
increased number of minor changes; (b) scoliosis (N = 18), 20 children now had
scoliosis; (c) wedge deformity of solitary vertebral bodies (N = 4), worsened in
four cases; (d) disc space calcification (N = 3); and (e) end-plate and disc
defects (N = 16), two additional cases of vertebral fusion, extension of fusion in
two others, reduction in lumbar lordosis in 10 cases (78).

The pregnancy outcomes of women with thalidomide embryopathy were
presented in a 1988 publication (80), and also discussed in 1989 (83). The
pregnancy of one woman was described in detail (80). This case involved a 24-
year-old primigravida with upper limb amelia and lower limb phocomelia.
Although there were many technical difficulties (e.g., blood pressure
determination, blood sampling, and obesity), she eventually delivered a term,
3.4-kg healthy female infant without any apparent abnormalities. The baby was
doing well at the first postnatal check. During the cesarean section, a left
rudimentary uterine horn was noted that did not communicate with the uterine
cavity (80). Supplementing their case history, the authors described the



outcomes of 70 pregnancies in 35 women (includes the case history) who were
living in England and who had thalidomide embryopathy (8 with absent upper
and/or lower limbs; 27 with minor disabilities of the upper limbs and ears). Six
miscarriages (9%) had occurred, but there were no congenital malformations in
the 64 live births (80).

Renal failure complicated the fifth pregnancy of a 26-year-old woman with
upper limb phocomelia and kidney and ureter malformations secondary to
thalidomide (81). At 11 years of age, bilateral refluxing megaureters with
dilated calices and thinning of the renal cortex were diagnosed because of
chronic urinary tract infections and she underwent a bilateral antireflux
procedure. Her first pregnancy, at 19 years of age, had been normotensive but
complicated by proteinuria, hematuria, and premature labor thought to have
been precipitated by a urinary tract infection. She had delivered a 660-g female
infant who was currently alive and well. Her next three pregnancies resulted in a
spontaneous abortion and two elective terminations. At 24 weeks’ gestation in
the index pregnancy, complications included normochromic normocytic anemia,
hypertension, proteinuria, hematuria, urinary tract infection, and renal failure
(creatinine clearance 11 mL/minute). A renal ultrasound revealed small kidneys
with diffuse caliceal clubbing, a very thin parenchyma, and dilated ureters to the
bladder (81). Peritoneal dialysis, in addition to antihypertensive, antibiotic, and
iron therapy, was initiated with ritodrine tocolysis. Two weeks later, however,
ultrasound confirmed that no fetal growth had occurred and her hypertension
and renal failure had worsened. A cesarean section was performed to deliver a
460-g male infant who died 6 hours after birth. Because of her continued renal
failure, the patient eventually received a kidney transplant (81).

The mechanism of thalidomide-induced malformations is unknown. The
findings of many investigations have been discussed in reviews published in
1988 (84) and 2000 (85,86). Four other references (87–90) have developed
additional hypotheses to explain how thalidomide causes structural defects.

A review published in 1988 listed 24 proposed mechanisms for thalidomide
teratogenesis (84). Eight of the proposals were rejected by the author for
various reasons. The remaining 16 proposed mechanisms were classified as
those involving biochemical or molecular mechanisms (N = 9), cellular
mechanisms (N = 2), or tissue-level mechanisms (N = 5) (84). The absence of
solid experimental evidence for the proposed mechanisms, however, led the
author to the conclusion that none of the proposals could adequately account
for thalidomide teratogenicity (84).

The role of a toxic arene oxide metabolite was thought to be involved in



thalidomide teratogenicity according to a 1981 study (87). In an in vitro
experiment, the human lymphocyte toxicity of a thalidomide metabolite was
enhanced in the presence of epoxide hydrolase inhibitors and abolished by
addition of the pure enzyme. The toxic thalidomide metabolite was not
produced by rat liver microsomes, but was produced in hepatic preparations
from maternal rabbits, and fetal rabbits, monkeys, and humans. These results
were consistent with the lack of sensitivity to thalidomide teratogenesis in the
rat vs. the sensitivity of rabbits, monkeys, and humans (87). A decrease in
ascorbic acid (vitamin C) levels has been suggested as a mechanism of
thalidomide teratogenesis (88). Two important consequences of ascorbic acid
deficiency in the fetus would be inhibition of collagen synthesis and disruption of
the development of nerve ganglia innervating limb buds (88).

A 1996 research study used developing chick embryos to test the hypothesis
that elimination of the mesonephros, in the absence of scarring, would produce
limb abnormalities similar to those observed with thalidomide (89). Tantalum foil
barriers were used at various levels of the intermediate mesoderm to prevent
caudal elongation of the mesonephros. Limb reduction defects were produced
when the mesonephros was prevented from forming caudal to somite 14. The
types and percentage of limb defects in the chick embryos were: upper limb
only (57%), upper and lower limb (31%), and lower limb only (12%). In
comparison, the corresponding percentages of limb reduction defects in 1252
human cases of thalidomide embryopathy were 64%, 34%, and 2%,
respectively (89). Based on these results and previous studies, the
investigators concluded that disruption of the mesonephros (or factors
produced in the mesonephros) results in limb reduction defects and that the
mechanism of thalidomide-induced limb anomalies probably also involves
disruption of the mesonephros (89).

Whole embryo culture was used in a study directly comparing thalidomide-
resistant rats and thalidomide-sensitive rabbits (90). Various concentrations of
thalidomide were shown to significantly decrease the concentration of
glutathione in rabbit visceral yolk sacs, but not in the rat. Cysteine
concentrations were not affected in either species, but the cysteine levels in
control rabbits were 65% lower than those in control rats. Thus, a possible role
for glutathione was suggested by the results (90).

In a study published in 1996, a highly teratogenic derivative of thalidomide
(EM12) was used in an experiment with nonhuman primates (marmosets) (91).
EM12 was chosen because it is a more potent teratogen than thalidomide; it is
more stable to hydrolysis and produces a teratogenic incidence close to 100%



in the marmoset. Moreover, the pattern of malformations produced in the
marmoset is identical to those seen in humans after in utero exposure to
thalidomide (91). The data indicated that thalidomide produced a statistically
significant downregulation (in some cases, complete disappearance) of several
surface adhesion receptors found on early limb bud cells and other organs. The
adhesion receptors identified were receptors of the integrin family (β1-integrins,
β2-integrins, and β3-integrins), the immunoglobulin family, and the selectin
family. These receptors are involved in the development of the limbs, heart,
head, and body. The downregulation of these receptors, which was most
pronounced in those involved with limb development, was expected to alter
cell–cell and cell–extracellular matrix interactions (91).

A 1998 communication proposed that the mechanism of limb reduction
anomalies induced by thalidomide was related to the inhibition of mesenchymal
proliferation in the limb bud (92). In the progress-zone model, the proximal and
distal structures of the limb are specified sequentially by a continuous signal
(thought to be fibroblast growth factor [FGF]) from the apical ectodermal ridge
(92). The mesenchyme at the tip of the limb bud is respecified by FGF to
produce distal structures, whereas those not receiving a continuous FGF signal
develop into proximal structures. If thalidomide blocks mesenchymal cell
growth, all of the progress-zone cells remain under the influence of FGF and
are programmed to form the only distal most elements (i.e., a phocomelia)
(92).

Two 2000 reviews by the same group of investigators evaluated 30
mechanistic hypotheses of thalidomide embryopathy (85,86). Of the proposals,
14 were rejected because they were either unsubstantiated or had not been
proved to be viable. The 16 remaining hypotheses were grouped into
6 categories with thalidomide affecting: (a) DNA synthesis or transcription,
synthesis and/or function of (b) growth factors (insulin-like growth factor and
FGF); or (c) integrins (α subunit type v and β subunit type 3); (d) angiogenesis;
(e) chondrogenesis; or (f) cell death or injury (85,86). The hypotheses were not
thought to be necessarily mutually exclusive, but could eventually be fitted into a
unified model (85,86). Citing evidence from the literature, they proposed that
thalidomide, or a metabolite, intercalates into the DNA of specific promoter
regions of genes that code for proteins involved in normal limb development.
The binding of thalidomide would inhibit the transcription of these genes,
resulting in interference with the development of new blood vessels and leading
to truncation of the limb (85,86).

Although thalidomide was withdrawn from England and the European



markets in late 1961, the agent has continued to be available in 8 of 10 South
American countries for the treatment of leprosy (56,93). Thalidomide is
manufactured in Argentina and Brazil and is available either through pharmacies
(Brazil) or government health agencies (Brazil and Argentina) (93). A 1987 case
report from Brazil described a 17-week-old fetus that was diagnosed by
prenatal ultrasound with malformations secondary to thalidomide (56). After
pregnancy termination, an autopsy revealed upper limb phocomelia, absent
tibiae and fibulae (both feet connected directly to the femora), missing toes on
both feet, and absent external ears (56). This case was apparently the first to
report a prenatal diagnosis of thalidomide syndrome (56). In a second report,
34 children with thalidomide embryopathy who were born in South America
after 1965 were identified by the Latin American Collaborative Study of
Congenital Malformations (ECLAMC) in endemic areas for leprosy (93).
Specific details of the typical thalidomide-induced malformations in 11 of these
cases (including the case in reference 56) were presented.

A study published in 1988 reviewed the history of thalidomide embryopathy
and cited 4336 cases that had been identified in various countries (20). The
number of cases was considered a minimal estimate, however, because
stillborns and early deaths were underrepresented and the ascertainment of
surviving cases in many countries was thought to be incomplete (20). The
countries and the number of affected fetuses/infants are shown below. Note
that none of the cases from the United States (resulting from thalidomide
obtained elsewhere) were included.



Seventeen years before the above report, a review on the medicolegal
implications of the thalidomide tragedy estimated that a total of 5000–6000
babies had been affected, about 4000 of these in West Germany (94).

The critical maternal dose is at least 100 mg (95). However, normal
pregnancy outcomes have occurred, even when thalidomide was taken during
the critical period (45,96). In addition, other causes of limb reduction defects
and heart defects, such as Holt-Oram syndrome, may mimic thalidomide-
induced malformations (19).

The risk of congenital malformations after exposure during the critical period
has been estimated to be between 20% and 50% (17). The large degree of
uncertainty in the estimated risk is a result of the lack of epidemiologic studies
and any organized attempt to determine the number of normal, yet exposed



children (17). Just as uncertain, because it is based on only four reports, the
frequency of specific malformations is thought to be in the following order: arms
only > arms and legs > ears only > arms and ears ≥ arms, legs, and ears >
legs only (62,66,70,89). The frequencies of the other malformations associated
with thalidomide are unknown, partially because many of them were determined
at autopsy, were only recognized later in life or in specialized groups, or have
not been fully analyzed.

Although thalidomide had not been approved for use in the United States
when thalidomide embryopathy was discovered, at least 17 such cases were
delivered in this country, apparently from women who had received the drug
elsewhere (10,94). Fortunately, thalidomide did not receive approval in the
United States because of the alertness of the FDA (94,97). Thalidomide is
indicated (FDA approved) for the treatment of a leprosy skin complication
(erythema nodosum leprosum) (1), but it may also have eventual application in
other serious conditions, such as chronic graft-versus-host disease, rash due to
systemic lupus erythematosus, Behcet’s syndrome, inflammatory bowel
disease, prostate cancer, metastatic breast cancer, rheumatoid arthritis,
uremic pruritus, severe atopic erythroderma, weight loss in tuberculosis, and in
the complications of acquired immunodeficiency syndrome (aphthous ulcers,
microsporidioses diarrhea, macular degeneration, wasting, Kaposi’s sarcoma,
and HIV replication) (85,98,99). The mechanism of action of thalidomide
teratogenesis is unknown, but recent investigations have suggested that it
involves disruption of specific genes involved in normal limb development. If the
mechanism can be fully understood, development of nonteratogenic derivatives,
that retain the ability to treat disease, may be possible (85,86).

Thalidomide is contraindicated during pregnancy and in women of
childbearing age who are not receiving two reliable methods of contraception
for 1 month prior to starting therapy, during therapy, and for 1 month after
stopping therapy (1). In addition, it is contraindicated in women who do not
meet the specific requirements of the STEPS program (System for Thalidomide
Education and Prescribing Safety). The STEPS program was developed by the
manufacturer to limit the prescribing and use of thalidomide to tightly controlled
situations and to prevent inadvertent exposure of pregnant women (1,99). Any
suspected fetal exposure to thalidomide should be reported to the FDA
(Medwatch Program at 1-800-FDA-1088) and/or to the manufacturer (1).

BREASTFEEDING SUMMARY
No reports describing the use of thalidomide during lactation have been located.



The molecular weight (about 258) is low enough that excretion into milk should
be expected. Moreover, nothing is known about the excretion of thalidomide
metabolites into breast milk. Women who are taking thalidomide should not
nurse because the effect on an infant from exposure to thalidomide and its
metabolites in breast milk is unknown.
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THEOPHYLLINE
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Theophylline is the bronchodilator of choice for asthma and chronic
obstructive pulmonary disease in the pregnant patient (1–6). No published
reports linking the use of theophylline with congenital defects have been
located.

FETAL RISK SUMMARY
Reproduction studies in mice and rats at oral doses up to about 2 and 3 times,
respectively, the recommended human dose based on BSA (RHD) revealed no
evidence of teratogenicity (7). At a slightly lower dose (about 2.5 times the
RHD) in rats, embryo toxicity, but not maternal toxicity, was observed.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 1240 newborns
had been exposed to theophylline and 36 to aminophylline during the 1st
trimester (F. Rosa, personal communication, FDA, 1993). A total of 68 (5.5%)
major birth defects were observed (53 expected) with theophylline and 1
(2.8%) major defect (2 expected) with aminophylline. For theophylline, specific
data were available for six defect categories, including (observed/expected)
20/12 cardiovascular defects, 5/1 oral clefts, 2/0.5 spina bifida, 5/4
polydactyly, 0/2 limb reduction defects, and 2/3 hypospadias. Three of the
defect categories, cardiovascular, oral clefts, and spina bifida, suggest an
association with the drug, but other factors, such as the mother’s disease,
concurrent drug use, and chance, may be involved. For aminophylline, the
single defect was a polydactyly.

The Collaborative Perinatal Project monitored 193 mother–child pairs with 1st
trimester exposure to theophylline or aminophylline (8). No evidence was found
for an association with malformations.

Theophylline crosses the placenta, and newborn infants may have



therapeutic serum levels (9–13). Transient tachycardia, irritability, and vomiting
have been reported in newborns delivered from mothers consuming theophylline
(9,10). These effects are more likely to occur when maternal serum levels at
term are in the high therapeutic range or above (therapeutic range 8–20
mcg/mL) (11). Cord blood levels are approximately 100% of the maternal
serum concentration (12,13).

In patients at risk for premature delivery, aminophylline (theophylline
ethylenediamine) was found to exert a beneficial effect by reducing the
perinatal death rate and the frequency of respiratory distress syndrome
(14,15). In a nonrandomized study, aminophylline 250 mg IM every 12 hours up
to a maximum of 3 days was compared with betamethasone, 4 mg IM every 8
hours for 2 days (15). Patients in the aminophylline group were excluded from
receiving corticosteroids because of diabetes (4 patients), hypertension (10
patients), and ruptured membranes for more than 24 hours (4 patients). The
aminophylline and steroid groups were comparable in length of gestation (32.5
vs. 32.1 weeks), male:female infant sex ratio (10:8 vs. 8:8), Apgar score (7.6
vs. 7.7), birth weight (1720 vs. 1690 g), and hours between treatment and
delivery (73 vs. 68). Respiratory distress syndrome occurred in 11% (2 of 18)
of the aminophylline group compared with 0% (0 of 16) of the corticosteroid
group (ns). A significant difference (p = 0.01) was found in the incidence of
neonatal infection with 8 of 16 (50%) of the betamethasone group having signs
of infection and none in the aminophylline group. The mechanism proposed for
aminophylline-induced fetal lung maturation is similar to that observed with
betamethasone: enhancement of tissue cyclic adenosine monophosphate
(AMP) by inhibition of cyclic AMP phosphodiesterase and a corresponding
increased production and/or release of phosphatidylcholine (15).

An IV infusion of aminophylline has been tested for its tocolytic effects on
oxytocin-induced uterine contractions (16). A slight decrease in uterine activity
occurred in the first 15 minutes, but this was related to the effect on contraction
intensity, not frequency. The author concluded that aminophylline was a poor
tocolytic agent. However, a more recent in vitro study examined the effect of
increasing concentrations of aminophylline on pregnant human myometrium
(17). Aminophylline produced a dose-related decrease in contraction strength
and a nondose-dependent lengthening of the period of contraction. In this
study, the authors concluded that aminophylline may be a clinically useful
tocolytic agent (17).

A reduction in the occurrence of preeclampsia among pregnant asthmatic
women treated with theophylline has been reported (18). Preeclampsia



occurred in 1.2% (1 of 85) of patients treated with theophylline compared with
8.8% (6/68) (p <0.05) of asthmatic patients not treated with the drug. Although
the results were significant, the small numbers indicate that the results must be
interpreted cautiously (18). The authors proposed a possible mechanism for the
protective effect, if indeed it does occur, involving the inhibition of platelet
aggregation and the altering of vascular tone, two known effects of theophylline
(18).

Concern over the depressant effects of methylxanthines on lipid synthesis in
developing neural systems has been reported (19). Recent observations that
infants treated for apnea with theophylline exhibit no overt neurologic deficits at
9–27 months of age are encouraging (20,21). However, the long-term effects
of these drugs on human brain development are not known (19).

Frequent, high-dose asthmatic medication containing theophylline, ephedrine,
phenobarbital, and diphenhydramine was used throughout pregnancy by one
woman who delivered a stillborn girl with complete triploidy (22). Although drug-
induced chromosomal damage could not be proven, theophylline has been
shown in in vitro tests to cause breakage of chromosomes in human
lymphocytes (23). However, the clinical significance of this breakage is
doubtful.

Theophylline withdrawal in a newborn exposed throughout gestation has been
reported (12). Apneic spells developed at 28 hours after delivery and they
became progressively worse over the next 4 days. Therapy with theophylline
resolved the spells.

The pharmacokinetics of theophylline during pregnancy has been studied
(24,25). One report suggested that plasma concentrations of theophylline fall
during the 3rd trimester because of an increased maternal volume of
distribution (24). However, a more recent study found a significantly lower
clearance of theophylline during the 3rd trimester, ranging in some cases
between 20% and 53% (25). Two women had symptoms of toxicity requiring a
dosage reduction.

BREASTFEEDING SUMMARY
Theophylline is excreted into breast milk (26,27). A milk:plasma ratio of 0.7 has
been measured (27). Estimates indicate that <1% of the maternal dose is
excreted into breast milk (26,27). However, one infant became irritable
secondary to a rapidly absorbed oral solution of aminophylline taken by the
mother (26). Because very young infants may be more sensitive to levels that
would be nontoxic in older infants, less rapidly absorbed theophylline



preparations may be advisable for nursing mothers (10,28). Except for the
precaution that theophylline may cause irritability in the nursing infant, the
American Academy of Pediatrics classifies the drug as compatible with
breastfeeding (29).
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THIAMINE
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Thiamine is compatible with pregnancy, but doses above the RDA should
be avoided.

FETAL RISK SUMMARY
Thiamine (vitamin B1), a water-soluble B-complex vitamin, is an essential
nutrient required for carbohydrate metabolism (1). The National Academy of
Sciences’ recommended dietary allowance (RDA) for thiamine in pregnancy is
1.5 mg (1).

Thiamine is actively transported to the fetus (2–5). As with other B-complex
vitamins, concentrations of thiamine in the fetus and newborn are higher than in
the mother (4–11).

Maternal thiamine deficiency is common during pregnancy (11,12).
Supplementation with multivitamin products reduces the thiamine
hypovitaminemia only slightly (9). Since 1938, several authors have attempted
to link this deficiency to toxemia of pregnancy (13–16). A 1945 paper
summarized the early work published in this area (14). All of the reported
cases, however, involved patients with poor nutrition and pregnancy care in
general. More recent investigations have failed to find any relationship between
maternal thiamine deficiency and toxemia, fetal defects, or other outcomes of
pregnancy (8,17).

No association was found between low birth weight and thiamine levels in a
1977 report (7). One group has shown experimentally, however, that the
characteristic intrauterine growth restriction of the fetal alcohol syndrome may
be caused by ethanol-induced thiamine deficiency (18).

Thiamine has been used to treat hyperemesis gravidarum, although
pyridoxine (vitamin B6) was found to be more effective (see Pyridoxine)
(19–21). In one early report, thiamine was effective in reversing severe



neurologic complications associated with hyperemesis (19). A mother treated
with frequent injections of thiamine and pyridoxine, 50 mg each/dose, for
hyperemesis during the first half of two pregnancies delivered two infants with
severe convulsions, one of whom died within 30 hours of birth (21). The
convulsions in the mentally slow second infant were eventually controlled with
pyridoxine. Pyridoxine dependency–induced convulsions are rare. The authors
speculated that the defect was caused by in utero exposure to high circulating
levels of the vitamin. Thiamine was not thought to be involved (see Pyridoxine).

An isolated case report described an anencephalic fetus whose mother was
under psychiatric care (22). She had been treated with very high doses of
vitamins B1, B6, C, and folic acid. The relationship between the vitamins and the
defect is unknown. Also unproven is the speculation by one researcher that an
association exists between thiamine deficiency and Down’s syndrome (trisomy
21) or preleukemic bone marrow changes (23).

BREASTFEEDING SUMMARY
Thiamine (vitamin B1) is excreted into breast milk (24–27). One group of
investigators supplemented well-nourished lactating women with a multivitamin
preparation containing 1.7 mg of thiamine (24). At 6 months postpartum, milk
concentrations of thiamine did not differ significantly from those of control
patients not receiving supplements. In a study of lactating women with low
nutritional status, supplementation with thiamine (0.2–20.0 mg/day) resulted in
mean milk concentrations of 125–268 ng/mL (25). Milk concentrations were
directly proportional to dietary intake. A 1983 English study measured thiamine
levels in pooled human milk obtained from preterm (26 mothers: 29–34 weeks)
and term (35 mothers: 39 weeks or longer) patients (26). Milk obtained from
preterm mothers rose from 23.7 ng/mL (colostrum) to 89.3 ng/mL (16–196
days), whereas milk from term mothers increased during the same period from
a level of 28.4 to 183 ng/mL.

In Asian mothers with severe thiamine deficiency, including some with
beriberi, infants have become acutely ill after breastfeeding, leading in some
cases to convulsions and sudden death (28–31). Pneumonia was usually a
characteristic finding. One author thought the condition was related to toxic
intermediary metabolites, such as methylglyoxal, passing to the infant via the
milk (28). Although a cause-and-effect relationship has not been proven, one
report suggested that thiamine deficiency may aggravate the condition (29).
Indian investigators measured very low thiamine milk levels in mothers of
children with convulsions of unknown cause (32). Mean milk thiamine



concentrations in mothers of healthy children were 111 ng/mL, whereas those
in mothers of children with convulsions were 29 ng/mL. The authors were
unable to establish an association between the low thiamine content in milk and
infantile convulsions (see Pyridoxine for correlation between low levels of
vitamin B6 and convulsions).

A 1992 case described the features of “Shoshin beriberi” in a 3-month-old
breastfed infant (33). Both the infant and the mother had biochemical evidence
of thiamine deficiency. Clinical features in the infant included cardiac failure with
vasoconstriction, hypotension, severe metabolic acidosis, and atypical grand-
mal seizures. He responded quickly to thiamine and made an unremarkable
recovery.

The National Academy of Sciences’ RDA for thiamine during lactation is 1.6
mg (1). If the diet of the lactating woman adequately supplies this amount,
maternal supplementation with thiamine is not needed (27). Supplementation
with the RDA for thiamine is recommended for those women with inadequate
nutritional intake. The American Academy of Pediatrics classifies thiamine as
compatible with breastfeeding (34).
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THIOGUANINE
Antineoplastic
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Thioguanine is a purine analog that interferes with nucleic acid biosynthesis.
It is classified as an antimetabolite in the same antineoplastic subclass of
purine analogs and related agents as cladribine, clofarabine, fludarabine,
pentostatin, and mercaptopurine. The drug is potentially mutagenic,
carcinogenic, and teratogenic (1).

FETAL RISK SUMMARY
Reproduction studies in rats at a dose 5 times the human dose caused
resorptions and malformed or stunted offspring (1). Malformations observed
included generalized edema, cranial defects, general skeletal hypoplasia,
hydrocephalus, ventral hernia, situs inversus, and limb defects (1).

The use of thioguanine in pregnancy has been reported in 26 patients, 4
during the 1st trimester (2–19). An elective abortion, resulting in a normal fetus,
was performed at 21 weeks’ gestation in one pregnancy after 4 weeks of
chemotherapy (17). Use in the 1st and 2nd trimesters has been associated with
chromosomal abnormalities in one infant (relationship to antineoplastic therapy
unknown), trisomy group C autosomes with mosaicism (2), and congenital
malformations in another, two medial digits of both feet missing and distal
phalanges of both thumbs missing with hypoplastic remnant of right thumb (3).
In a third case, a fetus, who was not exposed to antineoplastic agents until the
23rd week, long after development of the affected extremity, was delivered at
42 weeks’ gestation with polydactyly (six toes on the right foot), a condition that
had occurred previously in this family (18).

Two cases of intrauterine fetal death have occurred after antineoplastic
therapy with thioguanine and other agents (15,18). In one case, a mother,
whose antileukemic chemotherapy was initiated at 15 weeks’ gestation,
developed severe pregnancy-induced hypertension in the 29th week of



pregnancy (15). Before this time, fetal well-being had been continuously
documented. One week after onset of the preeclampsia, intrauterine fetal
death was confirmed by ultrasound. In the second case, a woman, with a
history of two previous 1st trimester spontaneous abortions, was treated for
acute myeloblastic leukemia and ulcerative colitis beginning at 15 weeks’
gestation (18). Intrauterine fetal death occurred at 20 weeks. No congenital
abnormalities were found at autopsy in either of the fetuses.

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (20). This finding was not related to the timing of
exposure. Long-term studies of growth and mental development in offspring
exposed to thioguanine during the 2nd trimester, the period of neuroblast
multiplication, have not been conducted (21). However, individual children have
been followed for periods ranging from a few months to 5 years and, in each
case, normal development was documented (14,15,17,18).

Although abnormal chromosomal changes were observed in one aborted
fetus, the clinical significance of this observation and the relationship to
antineoplastic therapy are unknown. In two other newborns, karyotyping of
cultured cells did not show anomalies (2,5). Paternal use of thioguanine with
other antineoplastic agents before conception has been suggested as a cause
of congenital defects observed in three infants: anencephalic stillborn (22),
tetralogy of Fallot with syndactyly of the first and second toes (22), and
multiple anomalies (23). However, confirmation of these data has not been
forthcoming, and any such relationship is probably tenuous at best. Exposed
men have also fathered normal children (23,24).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of thioguanine during human lactation have been
located. It is not known if the drug is excreted into breast milk. Because of the
potential for severe toxicity, including tumors, in a nursing infant, women
receiving thioguanine should not breastfeed.
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THIORIDAZINE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although occasional reports have attempted to link various phenothiazine
agents with congenital malformations, most of the evidence suggests that
these drugs are low risk for the embryo–fetus (see Chlorpromazine).

FETAL RISK SUMMARY
Thioridazine is a piperidyl phenothiazine. The drug is not teratogenic in animals
(species not specified) (1).

Phenothiazines readily cross the placenta (2). Extrapyramidal symptoms
were seen in a newborn exposed to thioridazine in utero, but the reaction was
probably caused by chlorpromazine (3).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 63 newborns had
been exposed to thioridazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Two (3.2%) major birth defects were observed
(three expected), one of which was a cardiovascular defect (one expected). No
anomalies were observed in five other categories of defects (oral clefts, spina
bifida, polydactyly, limb reduction defects, and hypospadias) for which specific
data were available.

A case of a congenital heart defect was described in 1969 (4). However, one
investigator found no anomalies in the offspring of 23 patients exposed
throughout gestation to thioridazine (5). Twenty of the infants were evaluated
for up to 13 years.

A brief 1993 report described a 31-year-old woman with depression, panic
disorder, and migraine headaches who was exposed to a number of drugs in
the first 6 weeks of pregnancy, including thioridazine, dihydroergotamine,



citalopram, buspirone, and etilefrin (a sympathomimetic agent) (6). An elective
abortion at 12 weeks’ gestation revealed a normal fetus.

BREASTFEEDING SUMMARY
No reports describing the use of thioridazine during human lactation have been
located. It is not known if the drug is excreted into breast milk. However, other
phenothiazines are present in milk and have caused toxicity (see
Chlorpromazine). Sedation is a possible effect in nursing infants.
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THIOTEPA
Antineoplastic
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing embryo–fetal harm caused by thiotepa have been
located. However, the drug is a polyfunctional cytotoxic agent that is
related chemically and pharmacologically to nitrogen mustard
(mechlorethamine), an alkylating antineoplastic. Moreover, the animal
reproduction data suggest risk.

FETAL RISK SUMMARY
Thiotepa impairs fertility and is carcinogenic, mutagenic, and teratogenic in
animals (1). Reproduction studies in mice and rats at intraperitoneal doses one-
eighth and one times, respectively, the maximum recommended human dose
based on BSA (MRHD) revealed teratogenicity in both species. Embryolethality
was noted in rabbits at a dose twice the MRHD (1).

It is not known if thiotepa crosses the human placenta. The molecular weight
(about 189) is low enough that passage to the embryo–fetus should be
expected.

Thiotepa has been used during the 2nd and 3rd trimesters in one patient
without apparent fetal harm (2). Long-term studies of growth and mental
development in offspring exposed to antineoplastic agents during the 2nd
trimester, the period of neuroblast multiplication, have not been conducted (3).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of thiotepa during lactation have been located.



The molecular weight (about 189) is low enough that excretion into breast milk
should be expected. Because of the potential for severe toxicity, including
tumors, in a nursing infant, women receiving thiotepa should not breastfeed.

References
1. Product information. Thioplex. Immunex, 2000.
2. Gililland J, Weinstein L. The effects of cancer chemotherapeutic agents on the developing fetus. Obstet

Gynecol Surv 1983;38:6–13.
3. Dobbing J. Pregnancy and leukaemia. Lancet 1977;1:1155.



THIOTHIXENE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Thiothixene, a phenothiazine derivative, is structurally and
pharmacologically related to trifluoperazine and chlorprothixene (see
Trifluoperazine). Although occasional reports have attempted to link various
phenothiazines with congenital malformations, most of the evidence
suggests that these drugs are low risk for the embryo–fetus.

FETAL RISK SUMMARY
No published reports, other than the one study below, describing the use of the
drug in human pregnancy have been located. The drug is not teratogenic in
mice, rats, rabbits, and monkeys (1–3).

It is not known if thiothixene crosses the human placenta. The molecular
weight (about 444) is low enough that passage to the embryo–fetus should be
expected.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 38 newborns had
been exposed to thiothixene during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.6%) major birth defect (two expected), a
cardiovascular defect (0.5 expected), was observed. No anomalies were
observed in five other categories of defects (oral clefts, spina bifida,
polydactyly, limb reduction defects, and hypospadias) for which specific data
were available.

BREASTFEEDING SUMMARY
No reports describing the use of thiothixene during lactation have been located.
The molecular weight (about 444) is low enough that excretion into breast milk



should be expected. The effect on a nursing infant from exposure to the drug in
milk is unknown. However, other phenothiazines are present in milk and have
caused toxicity (see Chlorpromazine). Sedation is a possible effect in nursing
infants.
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THYROGLOBULIN
Thyroid
See Thyroid.



THYROID
Thyroid
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Thyroid contains the two thyroid hormones levothyroxine (T4) and
liothyronine (T3) plus other materials peculiar to the thyroid gland. It is used
during pregnancy for the treatment of hypothyroidism. Congenital defects
have been reported with the use of thyroid but they are thought to be
caused by maternal hypothyroidism or other factors (see Levothyroxine and
Liothyronine).

FETAL RISK SUMMARY
Neither T4 nor T3 crosses the placenta when physiologic serum concentrations
are present in the mother (see Levothyroxine and Liothyronine). In one report,
however, two patients, each of whom had produced two cretins in previous
pregnancies, were given huge amounts of thyroid, up to 1600 mg/day or more
(1). Both newborns were normal at birth even though one was found to be
athyroid. The authors concluded that sufficient hormone was transported to the
fetuses to prevent hypothyroidism.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 44 newborns had
been exposed to thyroid during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (2.3%) major birth defect (two expected), a
cardiovascular defect (0.5 expected), was observed.

Combination therapy with thyroid–antithyroid drugs was advocated at one
time for the treatment of hyperthyroidism but is now considered inappropriate
(see Propylthiouracil).

BREASTFEEDING SUMMARY
See Levothyroxine and Liothyronine.
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THYROTROPIN
Thyroid
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Thyrotropin (thyroid-stimulating hormone; TSH) does not cross the placenta
(1). No correlation exists between maternal and fetal concentrations of TSH
at any time during gestation (2).

BREASTFEEDING SUMMARY
No reports describing the excretion of thyrotropin in human milk have been
located. Serum levels of this hormone have been measured and compared in
breastfed and bottlefed infants (3–7). Breast milk does not provide sufficient
levothyroxine (T4) or liothyronine (T3) to prevent the effects of congenital
hypothyroidism (see Levothyroxine and Liothyronine). As a consequence,
serum levels of TSH in breastfed hypothyroid infants are markedly elevated
(3,4). In euthyroid babies, no differences in TSH levels have been discovered
between breastfed and bottlefed groups (5–7).
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TIAGABINE
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Tiagabine was not teratogenic or embryo–fetal toxic in experimental
animals at doses that did not cause maternal toxicity. However, the no–
observed-effect levels were much <10 times the MRHD. The human data
are too limited to determine the risk magnitude this agent represents to the
embryo–fetus. Of concern, however, metabolism of tiagabine results in
epoxide metabolites. As noted above, these intermediate arene oxide
metabolites from other anticonvulsants have been associated with human
teratogenicity. Therefore, the safest course is to avoid tiagabine, if
possible, during the 1st trimester, but there is no evidence that exposure
during organogenesis or at any other time during gestation will result in
fetal harm. If tiagabine is required, monotherapy using the lowest effective
dose is preferred, but because of its status as adjunctive therapy, this may
not be possible. In addition, folic acid 4–5 mg/day should be taken with
tiagabine.

FETAL RISK SUMMARY
The oral anticonvulsant tiagabine enhances the activity of γ-aminobutyric acid,
the major inhibitory neurotransmitter, in the central nervous system. It is not
known if this relates to its anticonvulsant activity. Tiagabine is indicated as
adjunctive therapy in the treatment of partial seizures. Its elimination half-life is
7–9 hours, but is decreased to 4–7 hours in patients who are concurrently
receiving hepatic enzyme-inducing anticonvulsants (e.g., carbamazepine,
phenytoin, primidone, and phenobarbital). A 1996 review stated that the
elimination half-life was 4–13 hours (mean 7 hours) and decreased to 2–3
hours when combined with enzyme-inducing anticonvulsants (2). In plasma,



96% is bound to albumin and α1-acid glycoprotein (1,2). Although not all of the
metabolites have been identified, at least one is inactive (1). Of particular
interest, a 1996 review stated that metabolism of tiagabine (based on data
from a manufacturer) results in arene oxide metabolites (3). These intermediate
free radicals have been associated with human teratogenicity (see
Carbamazepine, Phenytoin, and Valproic Acid).

Reproduction studies with tiagabine have been conducted in rats and rabbits.
In pregnant rats treated during organogenesis, maternal toxic (weight
loss/reduced weight gain) doses approximately 16 times the maximum
recommended human dose based on BSA (MRHD) were associated with an
increased incidence of fetal malformations (craniofacial, appendicular, and
visceral defects) and growth restriction. When this dose was given during late
gestation and throughout parturition and lactation, maternal toxicity (decreased
weight gain), stillbirths, and decreased postnatal offspring viability and growth
were observed. No maternal or fetal adverse effects were observed at 3 times
the MRHD. In pregnant rabbits, a dose 8 times the MRHD caused maternal
toxicity (decreased weight gain), embryo death, and fetal variations. The no-
effect dose for maternal, embryo, and fetal toxicity was approximately
equivalent to the MRHD (1).

In rats, high doses (36–100 times the plasma exposure [AUC] obtained with
the maximum recommended human dose of 56 mg/day) for 2 years were
carcinogenic (hepatocellular adenomas in females and Leydig cell tumors of the
testis in males). In an in vitro test, tiagabine, in the absence of metabolic
activation, caused increased structural chromosome aberration frequency in
human lymphocytes. This toxicity, however, was not observed in the assay in
the presence of metabolic activation. Similarly, no genetic toxicity was
observed in several other in vitro or in vivo assays (1).

It is not known if tiagabine crosses the human placenta. The molecular
weight (376 for the free base) is low enough that exposure of the embryo–fetus
should be expected. The moderately long elimination half-life will result in
prolonged concentrations of the drug at the maternal blood–placenta interface,
thus increasing the opportunity for embryo–fetal exposure.

A 1996 report described the outcomes of 23 human pregnancies exposed to
tiagabine (3). Among the pregnancies exposed in a preclinical trial, there was
one maternal death (unrelated to therapy), four spontaneous abortions (SABs),
eight elective abortions (EABs) (including one blighted ovum and one ectopic
pregnancy), eight normal outcomes, and one infant with unspecified
malformations (also receiving other unspecified anticonvulsants). Specific data



relating to the exposures (e.g., dose, duration, timing) were not provided.
In a 1999 analysis of 53 clinical trials involving tiagabine, 2531 epileptic

patients were treated, including 22 pregnancies (4). Some data from this report
also might have been reported in the above reference. The pregnancy
outcomes were: four SABs, seven EABs (includes one blighted ovum and one
ectopic pregnancy), eight normal outcomes, one infant with hip displacement
related to a breech presentation, and one ongoing pregnancy. In the last case,
the mother, who had taken tiagabine only during the first 2 months of
pregnancy, had a seizure and drowned in her bathtub. Autopsy revealed a
normal fetus with growth consistent to the gestational age (4).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997. The final report was
published in July 2010 (5). The Registry is now closed. In five prospectively
enrolled pregnancies exposed in the 1st trimester to tiagabine and lamotrigine,
with or without other anticonvulsants, the outcomes were four live births without
birth defects and one SAB (5).

The effect of tiagabine on folic acid levels and metabolism is unknown (3).
Although not specifically referring to tiagabine, a 2003 review recommended
that to reduce the risk of birth defects from anticonvulsants, women should
start multivitamins with folic acid before conception (6). Although the
recommendation did not specify the amount of folic acid, a recent study found
that multivitamin supplements with folic acid (typically 0.4 mg) did not reduce
the risk of congenital malformations from four first-generation anticonvulsants
(see Carbamazepine, Phenytoin, Phenobarbital, or Primidone). Therefore, until
further information is available, the best course is to start folic acid
supplementation before conception. Although a specific dosage
recommendation has not been determined for patients receiving
anticonvulsants, 4 mg/day appears to be reasonable.

BREASTFEEDING SUMMARY
No studies describing the use of tiagabine during human lactation have been
located. The molecular weight (about 376 for the free base) and the
moderately long elimination half-life (as long as 13 hours) suggest that
excretion into breast milk should be expected. The effect on the nursing infant
from exposure to tiagabine in milk is unknown.
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TICAGRELOR
Hematologic (Antiplatelet)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of ticagrelor in human pregnancy have been
located. The animal data suggest risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. However, if indicated, the benefits to the mother might
be greater than the risks to the embryo–fetus and must be evaluated on a
case-by-case basis.

FETAL RISK SUMMARY
Ticagrelor is an oral reversible inhibitor of platelet activation and aggregation. It
is indicated to reduce the rate of thrombotic cardiovascular events in patients
with acute coronary syndrome (unstable angina, non-ST elevation myocardial
infarction, or ST elevation myocardial infarction). Ticagrelor is metabolized to
an approximately equipotent metabolite. Both the parent drug and metabolite
are highly bound (>99%) to plasma proteins and mean half-lives are about 7
and 9 hours, respectively (1).

Reproduction studies have been conducted in rats and rabbits. Rats were
given oral doses that were about 1–16.5 times the maximum recommended
human dose of 90 mg twice daily for a 60-kg human (MRHD) based on BSA
(MRHD-BSA) during organogenesis. Adverse outcomes in the offspring caused
by the highest dose were supernumerary liver lobe and ribs, incomplete
ossification of sternebrae, displaced articulation of pelvis, and misshapen
misaligned sternebrae. When rats were given a dose that was about 10 times
the MRHD-BSA during late gestation and lactation, pup deaths and effects on
pup growth were observed. Minor effects such as delays in pinna unfolding and
eye opening occurred at doses that were about 0.5–3.2 times the MRHD-BSA.



In rabbits, an oral dose that was 6.8 times the MRHD-BSA given during
organogenesis resulted in delayed gall bladder development and incomplete
ossification of the hyoid, pubis, and sternebrae (1).

In studies in mice and rats, no carcinogenic effects were noted in mice or
male rats. In female rats, doses that were 29 times the MRHD based on AUC
(BSA-AUC) were associated with uterine carcinomas, uterine
adenocarcinomas, and hepatocellular adenomas. A lower dose that was about
8 times the MRHD-AUC was not carcinogenic. Neither the parent drug nor
active metabolite were mutagenic in multiple assays. In fertility studies,
ticagrelor had no effect on male rats, but an increased incidence of irregular
duration of estrus cycles was observed in female rats (1).

It is not known if ticagrelor or its active metabolite cross the human placenta.
The molecular weight (about 523) of the parent drug and moderately long half-
lives suggest that both agents will cross to the embryo–fetus. However, the
high plasma protein binding should limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of ticagrelor during human lactation have been
located. The molecular weight (about 523) of the parent drug and moderately
long half-lives of the parent drug (7 hours) and its approximately equipotent
metabolite (9 hours) suggest that both agents will be excreted into breast milk.
However, the high (>99%) plasma protein binding of both agents should limit
the exposure. The effects of the exposure on a nursing infant are unknown. If
the drug is used during breastfeeding, the infant should be monitored for the
most common adverse reactions observed in adults (bleeding and dyspnea).
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TICARCILLIN
Antibiotic (Penicillin)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of ticarcillin with congenital defects have been
located. Although the reported pregnancy experience is limited, all
penicillins are considered low risk in pregnancy.

FETAL RISK SUMMARY
Ticarcillin is a penicillin antibiotic. Reproduction studies in mice and rats have
revealed no evidence of impaired fertility or fetal harm (1).

Ticarcillin rapidly crosses the placenta to the fetal circulation and amniotic
fluid (2). Following a 1-g IV dose, single determinations of the amniotic fluid
from six patients, 15–76 minutes after injection, yielded levels of 1.0–3.3
mcg/mL. Similar measurements of ticarcillin in cord serum ranged from 12.6 to
19.2 mcg/mL. In a study using in vitro perfused human placentas, the
fetal:maternal ratio of ticarcillin was 0.91 (3).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
3546 of whom had 1st trimester exposure to penicillin derivatives (4, pp. 297–
313). For use anytime during pregnancy, 7171 exposures were recorded (4, p.
435). In neither group was evidence found to suggest a relationship to large
categories of major or minor malformations or to individual defects.

BREASTFEEDING SUMMARY
Ticarcillin is excreted into breast milk in low concentrations. After a 1-g IV dose
given to five patients, only trace amounts of drug were measured at intervals up
to 6 hours (2). Although these amounts are probably not significant, three
potential problems exist for the nursing infant: modification of bowel flora, direct
effects on the infant (e.g., allergic response), and interference with the
interpretation of culture results if a fever workup is required. The American
Academy of Pediatrics classifies ticarcillin as compatible with breastfeeding (5).
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TICLOPIDINE
Hematological Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Ticlopidine is not teratogenic in experimental animals, but the human
pregnancy experience is too limited to assess the potential risk to the
embryo or fetus. Three case reports have described the use of ticlopidine
in human pregnancy, one of which ended in a spontaneous abortion (SAB).
Ticlopidine may cause life-threatening blood dyscrasias, including
neutropenia/agranulocytosis, thrombotic thrombocytopenia purpura, and
aplastic anemia (1). The peak incidence for these disorders is in the first 3
months of therapy. The adverse effects are not predictable by any known
demographic or clinical characteristics (1). Theoretically, if ticlopidine
crossed the placenta, the fetus or newborn could also be at risk, as well as
the mother. Therefore, because other antiplatelet agents are available,
ticlopidine should be used during pregnancy only if other agents are judged
to be less effective for the mother’s condition.

FETAL RISK SUMMARY
Ticlopidine is a direct, irreversible inhibitor of adenosine diphosphate (ADP)–
induced platelet aggregation. The drug has at least 20 metabolites, all of which
appear to be inactive. Reversible protein binding is extensive (98%), primarily
to albumin and lipoproteins, but some (15%) also is bound to α1-acid
glycoprotein. Ticlopidine is indicated to reduce the risk of thrombotic stroke in
patients who have stroke precursors and in patients who have had a completed
thrombotic stroke (1).

Reproduction studies have been conducted in mice, rats, and rabbits at
doses up to 200, 400, and 200 mg/kg/day, respectively (1). There was no
evidence of teratogenicity at these doses, but maternal and fetal toxicity was



observed at 200, 400, and 100 mg/kg/day, respectively. In male and female
rats, however, no effects on fertility were observed at the highest dose. The
maximum doses in mice and rats were approximately 29 and 56 times,
respectively, the human clinical dose (HCD), or 3 and 8 times, respectively, the
HCD on a BSA basis. Ticlopidine was not carcinogenic in mice or rats, or
mutagenic in in vitro or in vivo assays (1).

Whether ticlopidine crosses the placenta is not known, but the molecular
weight (about 300) is low enough that transfer to the fetus should be expected.
Of interest, a platelet aggregation study was conducted on cord blood from a
term pregnancy of a woman who had been receiving ticlopidine and aspirin for
2 weeks (2). Complete inhibition of platelet aggregation to 20 micromoles of
ADP was demonstrated.

A 1998 case report described the treatment of an acute myocardial infarction
in a 30-year-old woman at 38 weeks’ gestation (2). Her condition did not
improve with aspirin, heparin, nitrates, or balloon angioplasty, so a stent was
placed in the partially occluded left anterior descending coronary artery during
abciximab (an antiplatelet agent) infusion. Adequate flow was re-established in
the artery. Postoperatively, she was treated with ticlopidine, aspirin, and an
unspecified β-blocker. Two weeks later, she delivered vaginally a healthy baby
boy with a normal ductus arteriosus (no other details were provided). No
excessive maternal bleeding was observed (2).

A woman with a history of essential thrombocytopenia and an anterior wall
myocardial infarction was treated with chemotherapy (details not specified) to
normalize her platelet count (3). After cardiac bypass surgery, she conceived
while taking ticlopidine (500 mg/day) and aspirin (300 mg/day). An SAB
occurred in the 2nd trimester, 6 months after surgery. The woman’s therapy
was changed to clopidogrel and intermittent low-molecular-weight heparin, and
she eventually had a normal pregnancy. The relationship between the abortion
and the ticlopidine/aspirin combination is unknown (3).

A 24-year-old woman with a history of aortic valve replacement with a 21-
mm St. Jude Medical mechanical valve and two SABs was treated before and
through the 36th week of pregnancy with ticlopidine (300 mg/day), dipyridamole
(300 mg/day), and aspirin (81 mg/day) (4). At that time, oral therapy was
replaced with continuous IV heparin until delivery of a healthy baby (sex not
specified) by an elective cesarean section at 38 weeks’ gestation. No maternal
or fetal thrombotic or bleeding complications were observed. Other than being
healthy, no other information was given about the newborn (4).



BREASTFEEDING SUMMARY
No reports describing the use of ticlopidine during human lactation have been
located. The molecular weight (about 300) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. However, the life-threatening hematological adverse reactions that
have been reported with this drug (see above), especially in the first 3 months
of therapy, suggest that ticlopidine should not be used by the lactating woman.
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TIGECYCLINE
Antibiotic (Tetracycline)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tigecycline in human pregnancy have been
located. In one animal species, exposures close to those obtained in
humans that did not cause maternal toxicity did result in reduced fetal
weight and minor skeletal anomalies. Moreover, tigecycline crosses the
placentas of rats and rabbits and enters fetal tissues, including fetal bony
structures (1). Similar to tetracyclines, tigecycline can permanently discolor
the teeth if used in the second half of pregnancy (1). Inadvertent or planned
use in the 1st trimester probably does not represent a major risk to the
embryo or fetus, but use in later trimesters should be avoided.

FETAL RISK SUMMARY
Tigecycline is a glycylcycline, broad-spectrum antibacterial agent with
bacteriostatic activity that is given by IV infusion. It is structurally related to the
tetracycline class of antibiotics and may have similar adverse effects.
Tigecycline undergoes partial metabolism. The elimination half-life after a single
IV dose is about 27 hours, whereas after multiple dosing the half-life is about
42 hours. The primary route of elimination is by biliary excretion. The in vitro
plasma protein binding ranges from about 71% to 89% (1).

Reproduction studies have been conducted in rats and rabbits. No
teratogenic effects were observed in either species at exposures about 5 times
and equal to, respectively, the human daily dose based on AUC (HDD).
However, these exposures were associated with slight reductions in fetal
weights and an increased incidence of minor skeletal anomalies (delays in bone
ossification). The exposure in rabbits was maternally toxic and was associated
with an increased incidence of fetal loss (1).



Studies for carcinogenicity have not been conducted with tigecycline, but
tests for mutagenicity and clastogenicity were negative. No effects on
reproductive performance or fertility were observed in male and female rats
given doses resulting in exposures that were 5 times the HDD (1).

Tigecycline crosses the placentas of animals (1). However, it is not known if
the drug crosses the human placenta. The molecular weight (about 586),
prolonged elimination half-life, and wide distribution in tissues suggest that the
antibiotic will cross to the embryo–fetus. Moreover, tetracycline is known to
cross the human placenta resulting in fetal toxicity.

BREASTFEEDING SUMMARY
No reports describing the use of tigecycline during human lactation have been
located. The molecular weight (about 586), prolonged elimination half-life, and
wide distribution in tissues suggest that the antibiotic will be excreted into
breast milk. However, the oral bioavailability of tigecycline is such that there
might be little or no systemic exposure. Even if the oral bioavailability in infants
is negligible, the presence of the antibiotic in milk could cause three potential
problems: modification of bowel flora, direct effects on the infant’s gut, and
interference with the interpretation of culture results if a fever workup is
required.
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TILUDRONATE
Bisphosphonate
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of tiludronate in human pregnancy have been
located. Developmental toxicity (growth restriction, structural anomalies,
and death) at doses close to those used in humans was observed in three
animal species, but the maternal toxicity evident in two of the species
prevents a better assessment of the animal embryo–fetal toxicity. The
complete lack of human pregnancy experience with tiludronate and the very
limited human data for the bisphosphonate class prevent further
assessment of the risk. The amount of drug retained in bone and eventually
released back into the systemic circulation is directly related to the dose
a n d duration of treatment. Because tiludronate probably crosses the
placenta, treatment of the mother before conception could result in
continuous exposure of the embryo and fetus to an unknown amount of
drug. Therefore, the use of tiludronate is not recommended in women who
may become pregnant or during pregnancy. There is a theoretical risk of
fetal harm (e.g., skeletal and other abnormalities) (1), but the magnitude of
this risk cannot be estimated at the present time. Infants exposed in utero
to tiludronate should be monitored for hypocalcemia during the first few
days after birth.

FETAL RISK SUMMARY
Tiludronate is a bisphosphonate in the same class as alendronate, etidronate,
ibandronate, pamidronate, risedronate, and zoledronic acid. It is indicated for
the treatment of Paget’s disease of bone (osteitis deformans). Tiludronate
undergoes little, if any, metabolism. The plasma elimination half-life is about
150 hours, but the elimination rate from bone is unknown (1).



Reproduction studies have been conducted in mice, rats, and rabbits. In mice
during organogenesis, a dose 7 times the 400 mg/day human dose based on
BSA (HD) caused maternal toxicity (decreased body weight gain) and embryo–
fetal developmental toxicity (increased postimplantation loss, decreased
number of fetuses per dam, and decreased fetal body weight). A low incidence
of malformations of the paw (shortened or missing digits, blood blisters
between or in place of digits) was seen in one litter. Similar effects, including
maternal toxicity but not fetal malformations, were observed in rats dosed at 10
times the HD. When rats were given doses 2 times the HD from day 15 of
gestation to day 26 postpartum, protracted parturition and maternal death,
presumably due to hypocalcemia, were observed. In rabbits during
organogenesis, doses 2 and 5 times the HD caused dose-related scoliosis that
was thought to be attributable to the pharmacologic properties of the drug (1).

Tiludronate was not genotoxic in several assays. The drug also had no effect
on male or female rat fertility at doses up to twice the HD (1).

It is not known if tiludronate crosses the human placenta. The molecular
weight (about 326 for the free acid), prolonged plasma elimination half-life (150
hours), and lack of metabolism suggest that active drug will cross to the
embryo–fetus.

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32), pamidronate (N = 11), etidronate (N =
5), risedronate (N = 2), and zoledronic acid (N = 1) (2). The authors concluded
that although these drugs may affect bone modeling and development in the
fetus, no such toxicity has yet been reported.

BREASTFEEDING SUMMARY
No reports describing the use of tiludronate during lactation have been located.
The molecular weight (about 326 for the free acid), prolonged plasma
elimination half-life (150 hours), and lack of metabolism suggest that active
drug will be excreted into breast milk. Although the oral bioavailability in infants
differs from that of adults, the very low adult oral bioavailability (<1% with food)
and the binding of tiludronate by the calcium in milk suggest that the amount
absorbed by the infant will be clinically insignificant. Thus, breastfeeding is
probably compatible with tiludronate treatment.
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TIMOLOL
Sympatholytic (Antihypertensive)
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Systemic use of some β-blockers may cause intrauterine growth restriction
(IUGR) and reduced placental weight, especially those lacking intrinsic
sympathomimetic activity (ISA) (i.e., partial agonist). Treatment beginning
early in the 2nd trimester results in the greatest weight reductions, whereas
treatment restricted to the 3rd trimester primarily affects only placental
weight. Timolol does not possess ISA. However, IUGR and reduced
placental weight may potentially occur with all agents within this class.
Although IUGR is a serious concern, the benefits of maternal therapy with
β-blockers, in some cases, might outweigh the risks to the fetus and must
be judged on a case-by-case basis.

The systemic use near delivery of some agents in this class has resulted
in persistent β-blockade in the newborn (see Acebutolol, Atenolol, and
Nadolol). Thus, newborns exposed in utero to timolol should be closely
observed during the first 24–48 hours after birth for bradycardia and other
symptoms. The long-term effects of in utero exposure to β-blockers have
not been studied but warrant evaluation.

FETAL RISK SUMMARY
Timolol is a nonselective β-adrenergic blocking agent used for the treatment of
hypertension, after myocardial infarction, for the prophylaxis of migraine
headache, and topically for the treatment of glaucoma.

Reproductive studies in mice, rats, and rabbits at doses up to about 40 times
the maximum recommended daily human dose based on patient weight of 50
kg (MRHD) found no evidence of teratogenicity (1). However, fetotoxicity
(resorptions) was observed in rabbits at this dose and in mice exposed to 830



times the MRHD (a maternal toxic dose).
A study using an in vitro perfusion system of human placental tissue

demonstrated that timolol crossed to the fetal side of the preparation (2). The
placental transfer is consistent with the molecular weight of the compound
(about 433 for timolol maleate).

A woman with glaucoma was treated throughout gestation with topical timolol
(0.5%) two drops in each eye, pilocarpine, and oral acetazolamide (3). Within
48 hours of delivery at 36 weeks’ gestation, the infant developed
hyperbilirubinemia, hypocalcemia, hypomagnesemia, and metabolic acidosis.
The toxic effects, attributed to the carbonic anhydrase inhibitor, acetazolamide
(see Acetazolamide), quickly resolved on treatment. Mild hypertonicity was
observed on examinations at 1, 3, and 8 months of age (3).

In a 1998 case report, a 37-year-old woman at 21 weeks’ gestation was
referred because of fetal bradycardia (74 beats/minute [bpm]) with irregularity
(4). There were no cardiac structural anomalies and no fetal hydrops. The
mother had been taking timolol eye drops 0.5%, one drop in each eye once
daily, for glaucoma for 3 years. Because no other cause of the bradycardia
could be found, the dose was reduced to 0.25% in each eye once daily at
about 25 weeks’ gestation. Three days later, the fetal heart rate increased to
96 bpm, and then to 120 bpm 1 week later. After consulting with an
ophthalmologist, timolol was stopped completely at about 30 weeks, and 3
days later the fetal heart rate was around 130 bpm. At term, a 3025-g female
infant was delivered with Apgar scores of 8 and 10 at 1 and 5 minutes,
respectively. After birth, a cardiac arrhythmia developed that was diagnosed as
right ventricle tachycardia (200 bpm) with atrial extra systole. The condition
required digitalization. The baby was doing well at 2 months of age (4).

A case report published in 1986 described the pregnancy of a 24-year-old
woman at 30 weeks’ gestation who was treated for recurrent
pheochromocytoma with a combination of timolol, prazosin (an α1-adrenergic
blocker), and metyrosine (a tyrosine hydroxylase inhibitor) (5). Hypertension
had been noted at her first prenatal visit at 12 weeks’ gestation. Because of
declines in fetal breathing, body movements, and amniotic fluid volume that
began 2 weeks after the start of therapy, a cesarean section was conducted at
33 weeks. The 1450-g female infant had Apgar scores of 3 and 5 at 1 and 5
minutes, respectively. Mild metabolic acidosis was found on analysis of
umbilical cord blood gases. Multiple infarcts were noted in the placenta but no
evidence of metastatic tumor. The growth-restricted infant did well and was
discharged home on day 53 of life (5).



BREASTFEEDING SUMMARY
Timolol is excreted into breast milk (6,7). In nine lactating women given 5 mg
orally 3 times daily, the mean milk concentration of timolol 105–135 minutes
after a dose was 15.9 ng/mL (6). When a dose of 10 mg 3 times daily was
given to four patients, mean milk levels of 41 ng/mL were measured. The
milk:plasma ratios for the two regimens were 0.80 and 0.83, respectively.

A woman with elevated intraocular pressure applied ophthalmic 0.5% timolol
drops to the right eye twice daily, resulting in excretion of the drug in her breast
milk (7). Maternal timolol levels in milk and plasma were 5.6 and 0.93 ng/mL,
respectively, about 1.5 hours after a dose. A milk sample taken 12 hours after
the last dose contained 0.5 ng/mL of timolol. Assuming that the infant nursed
every 4 hours and received 75 mL at each feeding, the daily dose would be
below that expected to produce cardiac effects in the infant (7).

In a 2008 report, milk concentrations of timolol were measured from a
woman with open-angle glaucoma who had been administering timolol 0.5%
eye drops twice daily to her right eye for 6 months (8). Four milk samples were
collected over 6 days. The mean timolol concentration in milk was 0.12 ng/mL
(range 0–0.37 ng/mL). The theoretical maximum relative infant dose expressed
as a percentage of the mother’s weight-adjusted dose was 0.012%. Even
doubling the dose to reflect the standard practice of treating both eyes would
only have raised the relative dose to 0.024%. These infant exposures were
thought to be clinically insignificant (8). Comments on this study and a reply
also have been published (9,10).

No adverse reactions were noted in the nursing infants described in the
above reports. However, infants exposed to timolol via breast milk should be
closely observed for bradycardia and other signs or symptoms of β-blockade.
Long-term effects of exposure to β-blockers from milk have not been studied
but warrant evaluation. The American Academy of Pediatrics classifies timolol
as compatible with breastfeeding (11).
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TINIDAZOLE
Anti-infective (Antiprotozoal)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding (Single Dose)
Limited Human Data—Potential Toxicity (Divided Dose)

PREGNANCY SUMMARY

The human pregnancy experience with tinidazole is very limited. Although
there was a slight increase in fetal deaths in one animal species at a dose
close to that used in humans, no other evidence of developmental toxicity
was noted in animal studies. Tinidazole is chemically related to
metronidazole, and there is no convincing evidence of embryo or fetal harm
with that anti-infective. Nevertheless, it would be prudent to choose
metronidazole for those infections where both agents are recommended.
Tinidazole could be used in cases where metronidazole therapy has failed
to eradicate the infection. However, until more human data are available,
avoidance of the 1st trimester should be considered.

FETAL RISK SUMMARY
Tinidazole is an oral synthetic antiprotozoal agent that chemically is a second-
generation 5-nitroimidazole. It is closely related structurally to metronidazole.
Tinidazole is indicated for the treatment of trichomoniasis caused by
Trichomonas vaginalis, giardiasis caused by Giardia duoenalis, and amebiasis
caused by Entamoeba histolytica. Oral bioavailability is 100%. It is partially
metabolized and has a plasma half-life of about 12–14 hours. Plasma protein
binding of tinidazole is about 12% (1).

Reproduction studies have been conducted in mice and rats. In pregnant
mice, no evidence of embryo or fetal harm was observed with doses up to
about 6.3 times the maximum human therapeutic dose based on BSA (MHTD).
In pregnant rats, a slightly higher incidence of fetal death was noted with a
dose 2.5 times the MHTD. No biologically relevant neonatal developmental
effects were noted in rat pups after maternal doses as high as 3 times the



MHTD (1).
Long-term studies for carcinogenic effects have not been conducted with

tinidazole. A closely related agent, metronidazole, has been studied and found
to be associated with tumors in mice and rats (1) (see also Metronidazole).
Assays for mutagenicity with tinidazole have resulted in both positive and
negative results (1).

Decreased fertility and testicular histopathology occurred in male rats given
doses that were about 3 times the MHTD for 60 days. Spermatogenic effects
were noted at doses that were about ≥1.5 times the MHTD. The no-observed-
adverse-effect level for testicular and spermatogenic effects was about half the
MHTD. These findings are characteristic of agents in the 5-nitroimidazole class
(1).

Tinidazole crosses the human placenta. A single 500-mg IV infusion was
given over 20 minutes to 11 women undergoing a 1st trimester abortion (2).
Sixty minutes after the start of the infusion, the uterus was evacuated. The
mean concentrations of tinidazole in the maternal serum, fetal tissue, and
placental tissue were 13.2 mcg/mL, 7.6 mcg/g, and 4.9 mg/g, respectively. The
fetal tissue level was 58% of the maternal serum concentration (2).

The large population-based dataset of the Hungarian Case–Control
Surveillance of Congenital Abnormalities was used to evaluate the effect of oral
tinidazole (1–2 g/day for 6–7 days) on pregnancy outcomes in terms of
congenital defects (3). Among the 22,843 cases with congenital anomalies, 10
(0.04%) had taken tinidazole, whereas in 38,151 controls, 16 (0.04%) had
been exposed to the drug. The exposures had occurred in the 1st trimester in
six cases and six controls. Although the data are very limited, there was no
suggestion that tinidazole exposures resulted in a higher rate of congenital
anomalies (3).

A 2006 review of the treatment of trichomoniasis concluded that single, 2-g
oral dose of either metronidazole or tinidazole were first-line therapy (4). If a
decision was made to treat a pregnant woman, metronidazole was preferred
because of the greater amount of data related to pregnancy.

According to the CDC’s 2006 Sexually Transmitted Diseases Treatment
guidelines, recurrent and persistent urethritis was best treated with single, 2-g
oral dose of either metronidazole or tinidazole (5). No special consideration
was made for pregnancy. A similar recommendation was made for
trichomoniasis. In this case, however, the limited human pregnancy experience
with tinidazole was mentioned (5).



BREASTFEEDING SUMMARY
Tinidazole is excreted into breast milk. In a 1972 report, four women had
milk:serum ratios as high as 1.62 after 7 days of treatment with tinidazole (6).
A 1983 investigation studied the milk excretion of the drug in 24 women (7).
After cord clamping, an IV infusion of tinidazole 500 mg was given to the
mother over 20 minutes. Milk (colostrum) and blood samples were collected at
12, 24, 48, 72, and 96 hours after the end of the infusion. Mean maternal
serum concentrations (mcg/mL) in the five samples were 6.1, 3.7, 1.2, 0.1, and
0, respectively. Milk samples at 12 and 24 hours were mixed samples,
whereas the samples at 48, 72, and 96 hours were collected as fore- and hind-
milk. The mixed milk concentrations were 5.8 and 3.5 mcg/mL, respectively. At
the three other times, the concentrations (fore-milk/hind-milk) were 1.28/1.20,
0.32/0.30, and trace/trace, respectively. It was not stated if the infants were
allowed to breastfeed (7).

In a 1985 study, five women undergoing a cesarean section received a single
IV dose of tinidazole 1600 mg infused within 1.5 hours immediately after cord
clamping (8). Blood and milk samples were collected at 8- and 4-hour intervals,
respectively, for 96 hours. The average half-life of tinidazole in serum was 11.4
hours. The milk:serum ratios ranged from 0.62 to 1.39 with milk concentrations
highly related to serum concentrations (r = 0.969). By 72 hours, only one
woman had a milk concentration greater than 0.5 mcg/mL. The infants were not
allowed to breastfeed. It was estimated that at 72 hours, the maximum daily
dose for a nursing infant would be 0.1 mg/kg (assuming 3.5 kg body weight and
400 mL of milk consumed), and that breastfeeding then could commence (8).

The effect of exposure to tinidazole in breast milk is unknown because none
of the above mothers breastfed their infants. Because of the close similarity
between tinidazole and metronidazole, the American Academy of Pediatrics
classifies both drugs as agents whose effect on nursing infants is unknown but
may be of concern (9). If single-dose therapy is given, discontinuing
breastfeeding for 12–24 hours to allow excretion of the drug was
recommended.

References
1. Product information. Tindamaz. Presutti Laboratories, 2004.
2. Karhunen M. Placental transfer of metronidazole and tinidazole in early human pregnancy after a single

infusion. Br J Clin Pharmacol 1984;18:254–7.
3. Czeizel AE, Kazy Z, Vargha P. Oral tinidazole treatment during pregnancy and teratogenesis. Int J

Gynecol Obstet 2003;83:305–6.
4. Nanda N, Michel RG, Kurdgelashvili G, Wendel KA. Trichomoniasis and its treatment. Expert Rev Anti

Infect Ther 2006;4:125–35.



5. CDC. Sexually transmitted diseases treatment guidelines, 2006. MMWR 2006;55(RR11):1–94.
6. Welling PG, Monro AM. The pharmacokinetics of metronidazole and tinidazole in man.

Arzneimittelforsch 1972;22:2128–32. As cited in Mannisto PT, Karhunen M, Koskela O, Suikkari AM,
Mattila J, Haataja H. Concentrations of tinidazole in breast milk. Acta Pharmacol Toxicol (Copenh)
1983;53:254–6.

7. Mannisto PT, Karhunen M, Koskela O, Suikkari AM, Mattila J, Haataja H. Concentrations of tinidazole in
breast milk. Acta Pharmacol Toxicol (Copenh) 1983;53:254–6.

8. Evaldson GR, Lindgren S, Nord CE, Rane AT. Tinidazole milk excretion and pharmacokinetics in
lactating women. Br J Clin Pharmacol 1985;19:503–7.

9. Committee on Drugs, American Academy of Pediatrics. The transfer of drugs and other chemicals into
human milk. Pediatrics 2001;108:776–89.



TINZAPARIN
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TIOCONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although the animal reproduction data suggest low risk, there was no
comparison with the recommended human dose. Only very small amounts
of tioconazole are absorbed systemically from the human vagina and
comparison with the oral doses used in the animal studies would have little
meaning. The limited human data also suggest low risk, but the failure to
specify the gestational ages and other data limits the assessment of
embryo–fetal risk. The use of intravaginal tioconazole during pregnancy
does not appear to represent a major risk, but more commonly used
agents such as clotrimazole, miconazole, or nystatin should be considered
the antifungals of choice during pregnancy.

FETAL RISK SUMMARY
Tioconazole is a topical antifungal agent that is indicated for the local treatment
of vulvovaginal candidiasis (moniliasis). In the United States, it is available only
as a single-dose, 300-mg (6.5% ointment) for intravaginal administration.
Systemic absorption of tioconazole after intravaginal administration of a 300-mg
dose is negligible (1–3). Six women with vaginal candidosis were treated with
intravaginal 2% tioconazole cream (100 mg tioconazole in 5 g) for 14
consecutive days. The drug was not detected in blood samples drawn before
and 2, 4, and 8 hours after the first and last doses (2). In another study, a 300-
mg dose was given to 10 nonpregnant women. The mean plasma concentration
was 21.2 ng/mL 8 hours after a dose and was undetectable (detection limit 10
ng/mL) at 24 hours in 9 of the 10 women. In contrast, the mean concentration
in vaginal fluid was 21,400 ng/mL (3).

Reproduction studies have been performed in rats and rabbits. No adverse



effects on fetal viability or growth and no major structural anomalies were
observed in pregnant rats given 55–165 mg/kg/day orally during
organogenesis. An increase in the incidence of dilated ureters, hydroureters,
and hydronephrosis in fetuses was not evident in pups raised to 21 days of
age. These effects were not observed when a 2% tioconazole cream (about 10
mg/kg/day) was given intravaginally. Similar to other azole antimycotic agents,
when treatment was extended through parturition in rats, tioconazole caused
dystocia, prolongation of pregnancy, embryo–fetal deaths, and impaired pup
survival. The no-effect dose for this toxicity was about 20 mg/kg/day orally and
about 9 mg/kg/day intravaginally. In pregnant rabbits, there was no evidence of
embryo toxicity or teratogenicity with oral doses ≤165 mg/kg/day or daily
intravaginal application of about 2–3 mg/kg from a 2% cream during
organogenesis. No effects on parturition occurred in rabbits at 50 mg/kg/day
orally (1).

It is not known if tioconazole crosses the human placenta. The molecular
weight (about 388) is low enough, but systemic absorption of the drug from the
vagina is negligible. Thus, exposure of the embryo–fetus to clinically significant
concentrations is unlikely.

In an open 1987 study, 45 pregnant women with intractable vaginal
candidosis were treated with a single-dose 300-mg tioconazole vaginal ovule
(4). In addition, they applied a tioconazole 1% cream intra-anally, and rubbed
the cream onto the perianal and vulva regions once daily for 7 days. The
gestational ages of the women were not specified. All 45 women had
spontaneous vaginal deliveries of normal healthy infants (gestational age at
delivery and status of the newborn not specified). At 6-week follow-up, the
infants were in satisfactory condition (4).

BREASTFEEDING SUMMARY
No reports describing the use of tioconazole during human lactation have been
located. The molecular weight (about 388) is low enough for excretion into
breast milk. However, systemic absorption of the drug from the vagina is
negligible and detectable concentrations in milk are unlikely. Moreover, a 1%
tioconazole cream has been used safely in neonates and infants to treat
candidal diaper rash (5). Thus, the effect of maternal use of intravaginal
tioconazole on a nursing infant appears to be nil.
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TIOTROPIUM
Respiratory Drug (Bronchodilator)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of tiotropium during human pregnancy have
been located. The approved indication for the drug suggests that such
experience will be rare, but its use in asthmatic patients is possible.
Although the animal data suggest low risk, the absence of pregnancy data
prevents a full assessment of human risk. There are human pregnancy data
for ipratropium, which is the preferred inhaled anticholinergic bronchodilator
in pregnancy. However, because its long elimination half-life, use of
tiotropium immediately before the diagnosis of an inadvertent pregnancy
would most likely result in the exposure of a portion of organogenesis.
Therefore, if a nonpregnant woman has shown a good response to inhaled
tiotropium, it would be reasonable to continue her on this drug during
pregnancy. If the maternal condition warrants starting tiotropium in
pregnancy, avoidance of the 1st trimester should be considered.

FETAL RISK SUMMARY
Tiotropium is a parasympatholytic (anticholinergic), quarternary ammonium
compound that has specificity for muscarinic receptors. It is formulated as
capsules that contain a powder given by oral inhalation. Tiotropium is indicated
for the long-term maintenance treatment of bronchospasm associated with
chronic obstructive pulmonary disease (COPD), including chronic bronchitis and
emphysema. As expected, the majority of the dose is deposited in the
gastrointestinal tract, but oral bioavailability is poor (2%–3%). The absolute
bioavailability of an inhaled dose, primarily from the lung, is about 20%. The
terminal elimination half-life after inhalation is 5–6 days (1,2).

Reproduction studies have been conducted with tiotropium in experimental



animals. Long-term studies in rats revealed no evidence of tumorigenicity,
mutagenicity, or clastogenicity. In pregnant rats and rabbits, inhalation doses
up to about 660 and 6 times, respectively, the maximum recommended human
daily dose based on BSA (MRHD) revealed no evidence of structural
anomalies. In rats, however, a dose about 35 times the MRHD resulted in fetal
toxicity (resorptions, litter loss, decreased number of live pups at birth,
decreased mean birth weight, and a delayed pup sexual maturation) and, in a
fertility study, decreased number of corpora lutea and percentage of implants.
In rabbits an increase in postimplantation loss was noted at about 360 times
the MRHD. The no-observed-effect level (NOEL) for these toxicities in rats and
rabbits was about 4 and 80 times the MRHD, respectively. However, these
dose multiples may be over-estimated because of the difficulties in measuring
deposited doses in animal inhalation studies (1,2).

It is not known if tiotropium crosses the placenta. The drug’s molecular
weight (about 490 for the bromide monohydrate salt) is low enough to cross.
The peak plasma concentrations at steady state are very low (17–19 pg/mL),
thus limiting the amount of drug at the maternal–fetal interface.

BREASTFEEDING SUMMARY
No reports describing the use of tiotropium during human lactation have been
located. Because of the very low amounts in plasma (steady state peak plasma
levels of 17–19 pg/mL) and the poor oral bioavailability (about 2%–3%),
maternal use of the drug during lactation probably would have no effect on a
nursing infant. However, close monitoring of the infant for anticholinergic effects
(e.g., dry mouth, constipation, urinary retention, and increased heart rate) is
warranted.
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TIPRANAVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The very limited human pregnancy experience during the 1st trimester does
not allow a prediction as to the risk of tipranavir during gestation. The
animal data suggest low risk, but the obtainable systemic exposures were
very low. If indicated, the drug should not be withheld because of
pregnancy.

FETAL RISK SUMMARY
Tipranavir is a nonpeptide inhibitor of HIV type 1 (HIV-1) protease. Tipranavir is
indicated, in combination with ritonavir 200 mg, for combination antiretroviral
treatment of adults infected with HIV-1 with evidence of viral replication, who
are highly treatment-experienced or have HIV-1 strains resistant to multiple
protease inhibitors. Tipranavir and ritonavir are combined because tipranavir is
primarily metabolized by CYP3A and ritonavir inhibits CYP3A, thereby markedly
increasing the plasma concentrations of tipranavir (darunavir and lopinavir also
are combined with ritonavir for the same reason). Metabolism in the presence
of ritonavir is minimal. Tipranavir is extensively bound to plasma proteins
(>99.9%), both albumin and α1-acid-glycoprotein. In HIV-infected adults, the
mean terminal elimination half-life is about 6 hours when combined with ritonavir
(1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, no effect on early embryonic development was observed at tipranavir
exposures about equal to the human exposure from the recommended dose of
500/200 mg tipranavir/ritonavir given twice daily. No teratogenicity was
observed in rats or rabbits with tipranavir doses up to 1.1 and 0.1 times,
respectively, the human exposure (AUC) of tipranavir at the recommended
dose (HE). At about 0.8 times the HE or higher in rats, fetal toxicity (decreased



sternebrae ossification and body weights) was observed. In rats and rabbits,
fetal toxicity was not observed at exposures (AUC) that were about 0.2 and 0.1
times, respectively, the HE. In pre- and postdevelopment studies in rats, dose
levels about 0.8 times the HE caused growth inhibition in pups and maternal
toxicity. The no-adverse-effect level was about 0.2 times the HE (1).

Long-term carcinogenicity studies have not been completed with tipranavir
and tipranavir/ritonavir. No evidence of mutagenicity or clastogenicity was
observed in a variety of assays. There also was no evidence of impaired
fertility in rats at tipranavir exposures about equal to the human exposure from
the recommended dose of 500/200 mg tipranavir/ritonavir given twice daily (1).

It is not known if tipranavir crosses the human placenta. The molecular
weight (about 603), minimal metabolism, and elimination half-life suggest that
the drug will cross, but the high plasma protein binding will be limiting factor.

A 33-year-old woman with drug-resistant HIV presented to a treatment
center at 27 weeks’ gestation (2). The woman’s current therapy was stavudine,
tenofovir, and lopinavir/ritonavir, but the response to this combination had been
poor, as had been her compliance. Her therapy was changed to zidovudine,
lamivudine, abacavir, tenofovir, enfuvirtide, and tipranavir/ritonavir. The patient
was hospitalized. High-dose zidovudine was given at 34 weeks’ gestation and a
cesarean section delivered a healthy infant (sex not specified). No evidence of
HIV was found in the infant on the day of birth and at 6 and 26 weeks of age
(2).

In 1998, a public health advisory was issued by the FDA on the association
between protease inhibitors and diabetes mellitus (3). Because pregnancy is a
risk factor for hyperglycemia, there was concern that these antiretroviral agents
would exacerbate this risk. The manufacturer’s product information also notes
the potential risk for new-onset diabetes, exacerbation of preexisting diabetes,
and hyperglycemia in HIV-infected patients receiving protease inhibitor therapy
(1). An abstract published in 2000 described the results of a study involving 34
pregnant women treated with protease inhibitors compared with 41 controls
that evaluated the association with diabetes (4). No association between
protease inhibitors and an increased incidence of gestational diabetes was
found.

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (5). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live



births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (prevalence 2.5%, 95% CI 2.1–2.9). The prevalence rates for the
two periods did not differ significantly. There were 288 infants with birth defects
among 10,803 live births with exposure anytime during pregnancy (prevalence
2.7%, 95% CI 2.4–3.0). The prevalence rate did not differ significantly from the
rate expected in a nonexposed population. There were five outcomes exposed
to tipranavir (four in the 1st trimester and one in the 2nd/3rd trimesters) in
combination with other antiretroviral agents. There were no birth defects. In
reviewing the birth defects of prospective and retrospective (pregnancies
reported after the outcomes were known) registered cases, the Registry
concluded that, except for isolated cases of neural tube defects with efavirenz
exposure in retrospective reports, there was no other pattern of anomalies
(isolated or syndromic) (5) (see Lamivudine for required statement).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy
during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (6,7). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (8). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that the therapy, with the exception of efavirenz, should be continued during
pregnancy (9). If indicated, therefore, protease inhibitors, including tipranavir,
should not be withheld in pregnancy because the expected benefit to the HIV-
positive mother outweighs the unknown risk to the fetus. Pregnant women
taking protease inhibitors should be monitored for hyperglycemia. Updated
guidelines for the use of antiretroviral drugs to reduce perinatal HIV-1
transmission also were released in 2010 (10). Women receiving antiretroviral
therapy during pregnancy should continue the therapy but, regardless of the
regimen, zidovudine administration is recommended during the intrapartum
period to prevent vertical transmission of HIV to the newborn (10).

BREASTFEEDING SUMMARY
No reports describing the use of tipranavir during lactation have been located.
The molecular weight (about 603), minimal metabolism, an elimination half-life
(6 hours) suggest that the drug will be excreted into breast milk. The effect of
this exposure on a nursing infant is unknown.

Reports on the use of tipranavir during human lactation are unlikely because



the antiviral agent is used in the treatment of HIV infection. HIV-1 is transmitted
in milk, and in developed countries, breastfeeding is not recommended
(6,7,9,11–13). In developing countries, breastfeeding is undertaken, despite the
risk, because there are no affordable milk substitutes available. Until 1999, no
studies had been published that examined the effect of any antiretroviral
therapy on HIV-1 transmission in milk. In that year, a study involving zidovudine
was published that measured a 38% reduction in vertical transmission of HIV-1
infection despite breastfeeding when compared with controls (see Zidovudine).
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TIROFIBAN
Antiplatelet Agent
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Hold Breastfeeding

PREGNANCY SUMMARY

Only one report describing the use of tirofiban in human pregnancy has
been located. The pregnancy was still ongoing at the time of the report.
The animal data are reassuring but human pregnancy experience is
required to assess the risk this agent presents to the embryo–fetus. The
primary risk, however, appears to be from maternal hemorrhage during
drug administration. If this is adequately controlled, the benefits of the drug
to the mother appear to far outweigh the unknown risks to the fetus.

FETAL RISK SUMMARY
Tirofiban, a nonpeptide antagonist of the platelet glycoprotein IIb/IIIa receptor,
is an inhibitor of platelet aggregation. It is given by continuous IV infusion for up
to 108 hours depending on the indication. Tirofiban is in the same subclass of
antiplatelet agents as abciximab and eptifibatide. It is indicated, in combination
with heparin, for the treatment of acute coronary syndrome, including patients
who are to be managed medically and those undergoing percutaneous
transluminal coronary angioplasty (PTCA) or atherectomy. The metabolism of
the agent is limited and about 65% is bound to plasma proteins. The half-life is
about 2 hours (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, IV doses up to 5 and 13 times, respectively, the maximum
recommended human dose based on BSA (MRHD) revealed no harm to the
fetus (1).

Studies evaluating the carcinogenic potential of tirofiban have not been
conducted. Multiple assays for mutagenicity and chromosomal aberration were
negative. Fertility and reproductive performance were not affected in male and
female rats given IV doses up to about 5 times the MRHD (1).



It is not known if tirofiban crosses the human placenta. The drug does cross
the placenta in rats and rabbits. The molecular weight (about 441 for the
nonhydrated free base), limited metabolism, and moderate plasma protein
binding suggest that the drug will cross to the embryo–fetus. Moreover, the
drug is given as a continuous IV infusion for periods up to 108 hours, thus
allowing for prolonged contact at the maternal–fetal interface.

A 43-year-old woman, with a history of diabetes and hypertension, was in
her sixth pregnancy when she had an acute myocardial infarction at 20 weeks’
gestation (2). She was treated with aspirin, nitroglycerin, and then tirofiban with
heparin for PTCA and intracoronary stenting. She was discharged home, 5
days after the procedure, on aspirin, clopidogrel, and metoprolol (doses not
specified). The pregnancy was ongoing at the time of the report (2).

BREASTFEEDING SUMMARY
No reports describing the use of tirofiban during human lactation have been
located. The molecular weight (about 441 for the nonhydrated free base),
limited metabolism, and moderate plasma protein binding (65%) suggest that
the drug will be excreted into breast milk. Moreover, the drug is given as a
continuous IV infusion for periods up to 108 hours. The drug is commonly
combined with heparin and sometimes with aspirin. The effect of this exposure
on a nursing infant is unknown, as is its oral bioavailability. However, the safest
course is to hold breastfeeding during the infusion.
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TIZANIDINE
Skeletal Muscle Relaxant
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tizanidine in human pregnancy have been
located. The animal data suggest toxicity but not congenital defects. The
absence of human pregnancy experience prevents an assessment of the
embryo–fetal risk. However, dose-related hypotension has been observed
in humans and this could be a potentially serious adverse effect in pregnant
women. Single doses of the recommended dose (8 mg) have caused a
20% reduction in either the systolic or the diastolic blood pressure in two-
thirds of patients. This effect may be minimized by titration of the dose, but
close monitoring of the maternal blood pressure is required. In addition, if
the drug must be used in pregnancy, avoidance in the 1st trimester is
recommended.

FETAL RISK SUMMARY
Tizanidine is a centrally acting α2-adrenergic agonist structurally related to
clonidine that is used for the management of spasticity. Based on animal
studies, tizanidine has no direct effect on skeletal muscle fibers or the
neuromuscular junction. Although, in animals the drug has a small fraction (2%–
10%) of the potency of clonidine in lowering blood pressure, dose-related
hypotension has been observed in humans. The terminal elimination half-life is
about 2.5 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, a
dose equal to the maximum recommended human dose based on BSA (MRHD)
revealed no evidence of teratogenicity. At doses up to 8 times the MRHD,
increased duration of gestation, increased prenatal and postnatal pup mortality
and slow development were noted. In rabbits, no evidence of structural defects



was evident at a dose 16 times the MRHD. However, postimplantation loss
was increased at a dose equal to or greater than 0.5 times the MRHD (1).

It is not known if tizanidine crosses the human placenta. The relatively low
molecular weight (about 254 for the free base) and lipid solubility suggest that
passage to the embryo or fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of tizanidine during human lactation have been
located. The molecular weight (about 254 for the free base) and lipid solubility
suggest that excretion into breast milk will occur. The effect of this exposure on
a nursing infant is unknown, but serious toxicity (e.g., sedation, hypotension,
liver injury, and hallucinations/psychotic-like symptoms as seen in adults) is a
potential complication. Because of these potential adverse effects,
breastfeeding is not recommended.

Reference
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TOBRAMYCIN
Antibiotic (Aminoglycoside)
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of tobramycin with congenital defects have been
located. The antibiotic is not teratogenic in two animal species (1).
Ototoxicity, which is known to occur after tobramycin therapy, has not been
reported as an effect of in utero exposure. However, eighth cranial nerve
toxicity in the fetus is well known following exposure to other
aminoglycosides (see Kanamycin and Streptomycin) and may potentially
occur with tobramycin.

FETAL RISK SUMMARY
Tobramycin is an aminoglycoside antibiotic. Renal toxicity was observed in
pregnant rats and their fetuses after maternal administration of high doses of
tobramycin (30 or 60 mg/kg/day) for 10 days, during organogenesis. The dose-
related fetal renal toxicity consisted of granularity and swelling of proximal
tubule cells, poor glomerular differentiation, and increased glomerular density
(2).

Tobramycin crosses the placenta into the fetal circulation and amniotic fluid
(3,4). Studies in patients undergoing elective abortions in the 1st and 2nd
trimesters indicate that tobramycin distributes to most fetal tissues except the
brain and cerebrospinal fluid (3). Amniotic fluid levels generally did not occur
until the 2nd trimester. The highest fetal concentrations were found in the
kidneys and urine (3). In a woman undergoing surgical termination of an ovarian
gestation in a 22-week heterotopic pregnancy (intrauterine and ovarian), a
single 2 mg/kg IV dose of tobramycin was administered for 10 minutes, 5.6
hours before cesarean section (4). Tobramycin was found in all fluids and
tissues of the 260-g ovarian fetus, with the highest concentrations occurring in
the fetal spleen (1.53 mcg/mL) and kidney (2.98 mcg/mL). The intrauterine
fetus developed normally and a healthy 2900-g girl was eventually delivered at



38 weeks’ gestation. Reports measuring the passage of tobramycin in the 3rd
trimester or at term are lacking.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 81 newborns had
been exposed to tobramycin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of three (3.7%) major birth defects were
observed (three expected), one of which was a cardiovascular defect (one
expected). No anomalies were observed in five other categories of defects
(oral clefts, spina bifida, polydactyly, limb reduction defects, and hypospadias)
for which specific data were available.

The population-based dataset of the Hungarian Case–Control Surveillance of
Congenital Abnormalities, covering the period of 1980–1996, was used to
evaluate the teratogenicity of aminoglycoside antibiotics (parenteral gentamicin,
streptomycin, tobramycin, and oral neomycin) in a study published in 2000 (5).
A case group of 22,865 women who had fetuses or newborns with congenital
malformations were compared with 38,151 women who had newborns with no
structural defects. A total of 38 cases and 42 controls were treated with
aminoglycosides. There were two cases and four controls treated with
tobramycin (odds ratio 0.8, 95% confidence interval 0.2–3.9). The investigators
concluded that there was no detectable teratogenic risk for structural defects
for any of the aminoglycoside antibiotics. They also concluded, although it was
not investigated in this study, that the risk of deafness after in utero
aminoglycoside exposure was small (5).

A potentially serious drug interaction may occur in newborns treated with
aminoglycosides who were also exposed in utero to magnesium sulfate (see
Gentamicin).

BREASTFEEDING SUMMARY
Tobramycin is excreted into breast milk. Following an 80-mg IM dose given to
five patients, milk levels varied from a trace to 0.52 mcg/mL over 8 hours (6).
Peak levels occurred at 4 hours after injection. Because oral absorption of this
antibiotic is poor, ototoxicity in the infant would not be expected. However,
three potential problems exist for the nursing infant: modification of bowel flora,
direct effects on the infant, and interference with the interpretation of culture
results if a fever workup is required.
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TOCILIZUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Outcomes in 31 human pregnancies including 10 live births and 1 newborn
death have been reported with no teratogenic effects noted. Teratogenicity
was not observed in cynomolgus monkeys, but compared with controls, an
increased risk of fetal death was observed at the two highest doses. No
other forms of developmental toxicity were observed in the monkey model
or in a mouse analog. If tocilizumab is used in pregnancy, patients should
be informed of the lack of adequate human pregnancy experience. The
manufacturer maintains a pregnancy registry (1). Physicians are
encouraged to register patients and patients can register themselves by
calling 1-877-311-8972.

FETAL RISK SUMMARY
Tocilizumab is a recombinant humanized IgG1κ monoclonal antibody against the
human interleukin-6 receptor (IL-6). It is indicated for the treatment of adult
patients with moderately to severely active rheumatoid arthritis who have had
inadequate response to other therapies, and for the treatment of patients with
juvenile idiopathic arthritis who are 2 years of age or older. The terminal
elimination half-life in adult patients is up to 11 days for doses of 4 mg/kg and
up to 13 days for doses of 8 mg/kg given by IV infusion every 4 weeks (1).

Reproduction studies have been conducted in pregnant cynomolgus monkeys
who received daily doses of 0 (control), 2, 10, and 50 mg/kg given by IV
infusion from gestation day 20 to 50. The comparability of these doses to the
human dose of 8 mg/kg given every 2 to 4 weeks is unclear; however, there
was no evidence of teratogenicity at any dose. An increase in embryo–fetal
deaths was observed at the 10 and 50 mg/kg doses (embryo–fetal losses of



10%, 10%, 20%, and 30%, respectively, for the 0, 2, 10, and 50 mg/kg/day
groups) (1,2).

In other studies in rats, rabbits, and mice no evidence of teratogenicity was
noted. In addition, no effects on postnatal development including functional
performance or immune competence were observed in mice. In rabbits, at the
intermediate dose of 5 mg/kg, an increase in fetal mortality was noted, but
effects were thought to be secondary to maternal toxicity (1,2).

The carcinogenic potential of tocilizumab has not been evaluated. Tocilizumab
was negative for mutagenicity in two assays. No impairment of fertility was
noted in male or female mice analog studies (1).

It is not known if tocilizumab crosses the human placenta, but the antibody
does cross the cynomolgus monkey placenta (1,2). Although the molecular
weight is high (about 148,000), the prolonged elimination half-life (up to 13
days) may allow the protein to cross the human placenta. Similar to other
immune globulin antibodies, placental transfer should be expected late in
gestation (1,2).

Thirty-three human pregnancies with known outcomes occurring in 32
patients with rheumatoid arthritis have been reported in abstract (3). Thirteen
pregnancies ended in elective termination; 7 spontaneously aborted (5 of whom
were also exposed to methotrexate); and 10 pregnancies resulted in healthy
newborns. One additional liveborn infant died of respiratory distress after
intrapartum feto-maternal hemorrhage due to placenta previa. No congenital
malformations were reported (3).

In another study of 10 pregnant patients with preterm premature rupture of
the membranes, the regulation of matrix metalloproteinase (MMP) expression
by inflammatory cytokines in human amnion cells was investigated. Treatment
with IL-6 increased secretion of selected MMPs, whereas treatment with 1
mcg/mL tocilizumab inhibited the IL-6-induced secretion (4).

BREASTFEEDING SUMMARY
No reports describing the use tocilizumab during human lactation have been
located. The high molecular weight (about 148,000) suggests that the antibody
will not be excreted into breast milk, but the prolonged elimination half-life (up
to 13 days) may allow some excretion.

Because maternal antibodies are excreted into breast milk, especially early in
lactation, the presence of tocilizumab in milk should be expected. The effect of
this exposure on a nursing infant is unknown.
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TOFACITINIB
Immunologic Agent (Antirheumatic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk (Contraindicated if Combined with Methotrexate)
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity (Contraindicated if Combined with Methotrexate)

PREGNANCY SUMMARY

No reports describing the use of tofacitinib in human pregnancy have been
located. Animal reproduction data suggest risk, but the absence of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. The drug should not be used in pregnancy if combined
with methotrexate. Women who are either pregnant or of reproductive age
should be informed of the potential risk of this drug if taken in pregnancy.
Either physicians or pregnant women themselves are encouraged to
register in the manufacturer’s pregnancy registry for tofacitinib by calling 1-
877-311-8972.

FETAL RISK SUMMARY
Tofacitinib is an inhibitor of Janus kinases that are intracellular enzymes. It is
indicated for the treatment of adult patients with moderately to severely active
rheumatoid arthritis who have had an inadequate response or intolerance to
methotrexate. The drug may be used as monotherapy or in combination with
methotrexate or other nonbiologic disease-modifying antirheumatic drugs.
Tofacitinib is partially metabolized to inactive metabolites. Plasma protein
binding to albumin is about 40% and the elimination half-life is about 3 hours
(1).

Reproduction studies have been conducted in rats and rabbits. In rats, the
drug was teratogenic at exposure levels about 146 times the maximum
recommended human dose based on AUC (MRHD) at oral doses of 100
mg/kg/day (MRHD-100). Defects included external and soft-tissue
malformations of anasarca and membranous ventricular septal defects,
respectively, and skeletal malformations or variations (absent cervical arch;



bent femur, fibula, humerus, radius, scapula, tibia, and ulna; sternoschisis;
absent rib; misshapen femur; branched rib; fused rib; fused sternebra; and
hemicentric thoracic centrum). Early and late abortions also were observed as
was decreased fetal weight and postnatal survival. The no-observed-effect
exposure level (NOEL) for developmental toxicity was about 58 times the
MRHD at oral doses of 30 mg/kg/day (MRHD-30). In rabbits, exposure levels
about 13 times the MRHD-30 caused teratogenic effects consisting of
thoracogastroschisis, omphalocele, membranous ventricular septal defects, and
cranial/skeletal malformations (microstomia, microphthalmia), mid-line and tail
defects. An increase in abortions also was observed. No developmental toxicity
was observed at exposure levels about 3 times the MRHD at oral doses of 10
mg/kg/day (1).

In long-term studies, tofacitinib was not carcinogenic in mice but was
carcinogenic in monkeys (lymphomas) and in rats (benign Leydig cell tumors,
hibernomas, and benign thymomas). The drug was not mutagenic in multiple
assays but was clastogenic in one assay. Reduced fertility due to increased
postimplantation loss was seen in some rat studies but this effect was not
observed when lower doses were used. Doses that were about 133 times the
MRHD-100 had no effect on male fertility, sperm motility, or sperm
concentrations (1).

It is not known if tofacitinib crosses the human placenta. The molecular
weight (about 312 for the free base), moderate plasma protein binding, and
elimination half-life suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of tofacitinib during human lactation have been
located. The molecular weight (about 312 for the free base), moderate plasma
protein binding (about 40%), and elimination half-life (about 3 hours) suggest
that the drug will be excreted into breast milk. The effect of this exposure on a
nursing infant is unknown. However, because tofacitinib has been associated
with severe adverse effects in adults, including infections that have resulted in
death, the drug is best avoided during breastfeeding.
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TOLAZAMIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the use of tolazamide during human gestation does not appear to
be related to structural anomalies, insulin is still the treatment of choice for
this disease. Oral hypoglycemics might not be indicated for the pregnant
diabetic. Moreover, insulin, unlike tolazamide, does not cross the placenta
and, thus, eliminates the additional concern that the drug therapy is
adversely affecting the fetus. Carefully prescribed insulin therapy will
provide better control of the mother’s blood glucose, thereby preventing the
fetal and neonatal complications that occur with this disease. High maternal
glucose levels, as may occur in diabetes mellitus, are closely associated
with a number of maternal and fetal adverse effects, including structural
anomalies if the hyperglycemia occurs early in gestation. To prevent this
toxicity, the American College of Obstetricians and Gynecologists
recommends that insulin be used for types 1 and 2 diabetes occurring
during pregnancy and, if diet therapy alone is not successful, for gestational
diabetes (1,2). If tolazamide is used during pregnancy, therapy should be
changed to insulin and tolazamide discontinued before delivery (the exact
time before delivery is unknown) to lessen the possibility of prolonged
hypoglycemia in the newborn.

FETAL RISK SUMMARY
Tolazamide is a sulfonylurea used for the treatment of adult-onset diabetes
mellitus. It is not indicated for the pregnant diabetic.

No reports describing the placental transfer of tolazamide have been located.
The molecular weight (about 311) suggests that transfer to the fetus probably
occurs (see Chlorpropamide).



A 1991 report described the outcomes of pregnancies in 21 noninsulin-
dependent diabetic women who were treated with oral hypoglycemic agents
(17 sulfonylureas, 3 biguanides, and 1 unknown type) during the 1st trimester
(3). The duration of exposure ranged from 3 to 28 weeks, but all patients were
changed to insulin therapy at the first prenatal visit. Forty noninsulin-dependent
diabetic women matched for age, race, parity, and glycemic control served as
a control group. Eleven (52%) of the exposed infants had major or minor
congenital malformations compared with six (15%) of the controls. Moreover,
ear defects, a malformation that is observed, but uncommonly, in diabetic
embryopathy, occurred in six of the exposed infants and in none of the controls
(1). One of the infants with an ear defect (thickened curved pinnae and
malformed superior helices) was exposed in utero to tolazamide during the first
12 weeks of gestation. Sixteen live births occurred in the exposed group
compared with 36 in controls. The groups did not differ in the incidence of
hypoglycemia at birth (53% vs. 53%), but three of the exposed newborns had
severe hypoglycemia lasting 2, 4, and 7 days even though the mothers had not
used oral hypoglycemics (none of the three was exposed to tolazamide) close
to delivery. The authors attributed this to irreversible β-cell hyperplasia that
may have been increased by exposure to oral hypoglycemics.
Hyperbilirubinemia was noted in 10 (67%) of 15 exposed newborns compared
with 13 (36%) controls (p <0.04), and polycythemia and hyperviscosity
requiring partial exchange transfusions were observed in 4 (27%) of 15
exposed vs. 1 (3.0%) control (p <0.03) (1 exposed infant was not included in
these data because the infant was delivered after completion of the study) (3).

BREASTFEEDING SUMMARY
No reports describing the use of tolazamide during human lactation have been
located. The molecular weight (about 311) is low enough that excretion in milk
should be expected (see Chlorpropamide). The effect of exposure to the drug
in milk on the nursing infant is unknown, but hypoglycemia is a potential toxicity.
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TOLBUTAMIDE
Antidiabetic Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the use of tolbutamide during human gestation does not appear to
be related to structural anomalies, insulin is still the treatment of choice for
diabetes. Oral hypoglycemics might not be indicated for the pregnant
diabetic. Moreover, insulin, unlike tolbutamide, does not cross the placenta
and, thus, eliminates the additional concern that the drug therapy itself is
adversely affecting the fetus. Because tolbutamide crossed the placenta,
prolonged hypoglycemia occurred in a premature infant. Carefully
prescribed insulin therapy will provide better control of the mother’s blood
glucose, thereby preventing the fetal and neonatal complications that occur
with this disease. High maternal glucose levels, as may occur in diabetes
mellitus, are closely associated with a number of maternal and fetal
adverse effects, including fetal structural anomalies if the hyperglycemia
occurs early in gestation. To prevent this toxicity, the American College of
Obstetricians and Gynecologists recommends that insulin be used for types
1 and 2 diabetes occurring during pregnancy and, if diet therapy alone is
not successful, for gestational diabetes (1,2). If tolbutamide is used during
pregnancy, therapy should be changed to insulin and tolbutamide
discontinued before delivery to lessen the possibility of prolonged
hypoglycemia in the newborn. The timing when therapy should be changed
to insulin is not certain but at least 4 days before delivery appears
reasonable based on one case.

FETAL RISK SUMMARY
Tolbutamide is a sulfonylurea used for the treatment of adult-onset diabetes
mellitus. It is not the treatment of choice for the pregnant diabetic patient.



Shepard (3) reviewed four studies that had reported teratogenicity in mice
and rats, but not in rabbits. In a study using early-somite mouse embryos in
whole-embryo culture, tolbutamide produced malformations and growth
restriction at concentrations similar to therapeutic levels in humans (4). The
defects were not a result of hypoglycemia. In a similar experiment, but using
tolbutamide concentrations 2–4 times the human therapeutic level, investigators
concluded that tolbutamide had a direct embryotoxic effect on the rat embryos
(5).

When administered near term, the drug crosses the placenta (6,7). Neonatal
serum levels are higher than corresponding maternal concentrations. In one
infant whose mother took 500 mg/day, serum levels at 27 hours were 7.2
mg/dL (maternal 2.7 mg/dL) (7).

An abstract (8), and later full report (9), described the in vitro placental
transfer, using a single-cotyledon human placenta, of four oral hypoglycemic
agents. As expected, molecular weight was the most significant factor for drug
transfer, with dissociation constant (pKa) and lipid solubility providing significant
additive effect. The cumulative percent placental transfer at 3 hours of the four
agents and their approximate molecular weight (shown in parenthesis) were
tolbutamide (270) 21.5%, chlorpropamide (277) 11.0%, glipizide (446) 6.6%,
and glyburide (494) 3.9%.

Although teratogenic in animals, an increased incidence of congenital defects,
other than those expected in diabetes mellitus, has not been found with
tolbutamide in a number of studies (10–20). Four malformed infants have been
attributed to tolbutamide but the relationship is unclear: right-sided preauricular
skin tag, accessory right thumb, thrombocytopenia (nadir 19,000/mm3 on fourth
day) (7); hand and foot anomalies, finger and toe syndactyly, external ear
defect, atresia of external auditory canal, gastrointestinal, heart, and renal
anomalies (21); grossly malformed (22); and severe talipes, absent left toe
(23). The neonatal thrombocytopenia, persisting for about 2 weeks, was
thought to have been induced by tolbutamide (7).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 4 newborns had
been exposed to tolbutamide during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (25%) major birth defect was observed (none
expected), but specific information on the defect is not available. No anomalies
were observed in six categories of defects (cardiovascular defects, oral clefts,
spina bifida, polydactyly, limb reduction defects, and hypospadias).

A 1991 report described the outcomes of pregnancies in 21 noninsulin-



dependent diabetic women who were treated with oral hypoglycemic agents
(17 sulfonylureas, 3 biguanides, and 1 unknown type) during the 1st
trimester (24). The duration of exposure ranged from 3 to 28 weeks, but all
patients were changed to insulin therapy at the first prenatal visit. Forty
noninsulin-dependent diabetic women matched for age, race, parity, and
glycemic control served as a control group. Eleven (52%) of the exposed
infants had major or minor congenital malformations compared with six (15%)
of the controls. Moreover, ear defects, a malformation that is observed, but
uncommonly, in diabetic embryopathy, occurred in six of the exposed infants
and in none of the controls. None of the infants with defects was exposed to
tolbutamide. Sixteen live births occurred in the exposed group compared with
36 in controls. The groups did not differ in the incidence of hypoglycemia at
birth (53% vs. 53%), but three of the exposed newborns had severe
hypoglycemia lasting 2, 4, and 7 days even though the mothers had not used
oral hypoglycemics (none of the three was exposed to tolbutamide) close to
delivery. The authors attributed this to irreversible β-cell hyperplasia that may
have been increased by exposure to oral hypoglycemics. Hyperbilirubinemia
was noted in 10 (67%) of 15 exposed newborns compared with 13 (36%) of
controls (p <0.04), and polycythemia and hyperviscosity requiring partial
exchange transfusions were observed in 4 (27%) of 15 exposed vs. 1 (3.0%)
control (p <0.03) (1 exposed infant was not included in these data because the
infant was delivered after completion of the study) (24).

A case of prolonged hypoglycemia in a premature infant whose mother was
treated with tolbutamide for gestational diabetes was reported in 1998 (25).
The mother was treated with tolbutamide starting from 23 weeks’ gestation
until delivery at 34 weeks. The male infant’s weight and length were 3200 g and
49 cm, respectively, both values above 1 standard deviation of the mean for
gestational age. Hypoglycemia was diagnosed 1 hour after birth and IV 20%
glucose was required for the first 3 days of life. Subcutaneous octreotide was
also administered for first 9 days of life. Serum tolbutamide concentrations
decreased from 38 mcg/mL (140.6 µmol/L) at 3 hours after birth to 2 mcg/mL
(7.4 µmol/L) at 90 hours. The decline in serum concentration showed zero-
order kinetics with an initial half-life of 46 hours that declined to 6 hours. The
change in tolbutamide elimination suggested immaturity of hepatic elimination
during the first 2 days of life. The infant displayed normal psychomotor
development without seizures and normal glucose values at 3 months of age
(25).



BREASTFEEDING SUMMARY
Tolbutamide is excreted into breast milk. Following long-term dosing with 500
mg orally twice daily, milk levels in two patients averaged 3 and 18 mcg/mL 4
hours after a dose (26). Milk:plasma ratios were 0.09 and 0.40, respectively.
The effect on an infant from these levels is unknown, but hypoglycemia is a
potential toxicity. The American Academy of Pediatrics, although noting the
possibility of jaundice in the nursing infant, classifies tolbutamide as compatible
with breastfeeding (27).
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TOLCAPONE
Antiparkinson Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tolcapone in human pregnancy have been
located. Because the drug is always used concomitantly with
levodopa/carbidopa, the increased incidence of fetal anomalies and
reduced fetal weight observed in rats treated with combination therapy
resulting in plasma exposures of tolcapone only one-half of the expected
human exposure is noteworthy. Embryo and/or fetal toxicity were also
observed in rats and rabbits with tolcapone doses ranging from less than to
slightly above the typical human dose. The complete lack of human
pregnancy experience, however, prevents an assessment of the potential
embryo and fetal risk from tolcapone. The low incidence of Parkinson’s
disease in women of reproductive age and the risk of potentially fatal,
acute fulminant liver failure should markedly limit the use of tolcapone in this
patient population.

FETAL RISK SUMMARY
Tolcapone is used as an adjunct to levodopa/carbidopa for the treatment of
Parkinson’s disease. The agent is a selective and reversible inhibitor of
catechol-O-methyltransferase (COMT), an enzyme involved in the metabolism
of levodopa. Inhibition of COMT by tolcapone allows for more sustained plasma
levels of levodopa resulting in greater beneficial effects on the signs and
symptoms of Parkinson’s disease. Because the drug may cause potentially
fatal, acute fulminant liver failure, it is recommended that it should be used only
in patients who are not appropriate candidates for other adjunctive therapies
(1). Tolcapone is nearly completely metabolized to inactive metabolites before
excretion in the urine. It has an elimination half-life of 2–3 hours with no



evidence of accumulation after repeat dosing (1).
Reproduction studies with tolcapone alone have been conducted in rats and

rabbits. In rats, doses up to 5.7 times the recommended human clinical dose of
600 mg/day based on BSA (RHCD) had no effect on fertility or general
reproductive performance. There was no evidence of teratogenicity with these
doses during organogenesis, but the highest dose was associated with
maternal toxicity (decreased weight gain, death). When tolcapone was given to
rats in late gestation and throughout lactation, decreased litter size, and
impaired growth and learning performance were observed in female pups.
Because the initial dose (4.8 times the RHCD) was associated with a high rate
of maternal mortality, the dose was reduced during late gestation to 2.9 times
the RHCD (1).

Treatment of rabbits during organogenesis with doses up to 15 times the
RHCD revealed no evidence of teratogenicity, but an increased rate of abortion
was observed at 3.7 times the RHCD (plasma exposure half the expected
human exposure based on AUC). Maternal toxicity was evident at the highest
dose (15 times the RHCD) (1). Pregnant rabbits were also treated with a
combination of tolcapone (half the expected human exposure based on AUC)
and levodopa/carbidopa (6 times the expected human therapeutic exposure of
levodopa based on AUC) during organogenesis. The three-drug regimen
(tolcapone, levodopa, and carbidopa) resulted in an increased incidence of fetal
anomalies, primarily external and skeletal digit defects, compared with
levodopa/carbidopa alone. The combination of levodopa–carbidopa is known to
cause visceral and skeletal malformations in rabbits. The three-drug regimen in
pregnant rats with tolcapone (0.5 times the expected human exposure or higher
based on AUC) and levodopa/carbidopa (levodopa exposures 21 times the
human exposure or higher) was associated with reduced fetal body weights.
However, no effect on fetal body weight was observed when tolcapone (1.4
times the expected human exposure based on AUC) was used alone (1).

It is not known if tolcapone crosses the human placenta. The molecular
weight (about 273) is low enough that embryo–fetal exposure should be
expected. The nearly complete metabolism and relatively short elimination half-
life should limit the amount of active parent drug available for distribution to the
fetus.

BREASTFEEDING SUMMARY
No reports describing the use of tolcapone during human lactation have been
located. The molecular weight (about 273) is low enough that excretion into



breast milk should be expected. The nearly complete metabolism and relatively
short elimination half-life should limit the amount of active drug available for
passage into milk. The effect on a nursing infant from exposure to tolcapone
from milk is unknown. Because of the potential for severe toxicity (e.g.,
potentially fatal, acute fulminant liver failure as seen in adults), lactating women
who are taking tolcapone should not breastfeed.
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TOLMETIN
Nonsteroidal Anti-inflammatory
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 1st and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Constriction of the ductus arteriosus in utero is a pharmacologic
consequence arising from the use of prostaglandin synthesis inhibitors
during pregnancy (see also Indomethacin) (1). Persistent pulmonary
hypertension of the newborn may occur if these agents are used in the 3rd
trimester close to delivery (1,2). These drugs also have been shown to
inhibit labor and prolong pregnancy, both in humans (3) (see also
Indomethacin) and in animals (4). Women attempting to conceive should
not use any prostaglandin synthesis inhibitor, including tolmetin, because of
the findings in a variety of animal models that indicate these agents block
blastocyst implantation (5,6). Moreover, as noted above, nonsteroidal anti-
inflammatory drugs (NSAIDs) have been associated with spontaneous
abortions (SABs) and congenital malformations. The absolute risk for these
defects, however, appears to be low.

FETAL RISK SUMMARY
Tolmetin is an NSAID used for the relief of the signs and symptoms of
rheumatoid arthritis, juvenile arthritis, and osteoarthritis. It is in the same
subclass (acetic acids) as three other NSAIDs (diclofenac, indomethacin, and
sulindac).

Tolmetin is not teratogenic in rats and rabbits (7,8). The doses used in some
of the studies were up to 1.5 times the maximum clinical dose based on a body
weight of 60 kg (8).

It is not known if tolmetin crosses the human placenta. The molecular weight
of the sodium salt (about 315) is low enough that passage to the fetus should
be expected.



In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 99 newborns had
been exposed to tolmetin during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (1.0%) infant had a major birth defect (four
expected) consisting of a cardiovascular defect (one expected) and polydactyly
(none expected).

A combined 2001 population-based observational cohort study and a case–
control study estimated the risk of adverse pregnancy outcome from the use of
NSAIDs (9). The use of NSAIDs during pregnancy was not associated with
congenital malformations, preterm delivery, or low birth weight, but a positive
association was discovered with SABs. A similar study, also published in 2001,
failed to find a relationship, in general, between NSAIDs and congenital
malformations, but did find a significant association with cardiac defects and
orofacial clefts (10). In addition, a 2003 study found a significant association
between exposure to NSAIDs in early pregnancy and SABs (11). (See
Ibuprofen for details on these three studies.)

A brief 2003 editorial on the potential for NSAID-induced developmental
toxicity concluded that NSAIDs, and specifically those with greater COX-2
affinity, had a lower risk of this toxicity in humans than aspirin (12).

BREASTFEEDING SUMMARY
Tolmetin is excreted into breast milk (8,13). In the 4 hours following a single
400-mg oral dose, milk levels varied from 0.06 to 0.18 mcg/mL with the highest
concentration occurring at 0.67 hour. Milk:plasma ratios were 0.005–0.007.
The clinical significance of these levels to the nursing infant is unknown. The
American Academy of Pediatrics classifies tolmetin as compatible with
breastfeeding (14).
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TOLTERODINE
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tolterodine in human pregnancy have been
located. The limited animal data suggest low risk, but the complete lack of
human pregnancy experience prevents an assessment of embryo–fetal
risk. The safest course is to avoid the 1st trimester, but inadvertent
exposure in early pregnancy does not appear to represent a major risk.

FETAL RISK SUMMARY
Tolterodine is a competitive muscarinic receptor antagonist that is indicated for
the treatment of overactive bladder with symptoms of urge urinary incontinence,
urgency, and frequency. It is in the same subclass as darifenacin, flavoxate,
oxybutynin, solifenacin, and trospium. Tolterodine is metabolized in the liver to a
major active metabolite that has the same potency as tolterodine. Metabolism
is mediated by the cytochrome P450 2D6 (CYP2D6). After multiple dosing, the
elimination half-life is 2.2 hours in extensive metabolizers. In those lacking
CYP2D6 (poor metabolizers; about 7% of the population), metabolism (to an
inactive metabolite) is mediated by CYP3A4 and the elimination half-life of
tolterodine is 9.6 hours. About 96% of tolterodine is bound in the plasma,
primarily to α1-glycoprotein, but the binding of the active metabolite is only 64%
(1).

Reproduction studies have been conducted in mice and rabbits. In pregnant
mice, oral doses producing systemic exposures about 14 times the human
exposure (HE) revealed no evidence of teratogenicity. At doses 20–25 times
the HE, embryolethality, reduced fetal weight, and increased incidences of
intra-abdominal hemorrhage and malformations (cleft palate and digital and
various skeletal abnormalities) were seen. In pregnant rabbits, SC doses



producing systemic exposures about 3 times the HE did not cause
embryotoxicity or teratogenicity. Tolterodine is neither carcinogenic nor
mutagenic in experimental systems (1).

Tolterodine crosses the placenta in mice (2). It is not known if tolterodine or
its active metabolite crosses the human placenta. The molecular weight of
tolterodine tartrate (about 476) is low enough that exposure of the embryo–
fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of tolterodine during human lactation have been
located. The molecular weight of the parent compound (about 476) is low
enough that excretion into breast milk should be expected. Moreover,
tolterodine has an equipotent metabolite that also might be excreted into milk.
The effect of this exposure in a nursing infant is unknown.
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TOLVAPTAN
Vasopressin Receptor Antagonist
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of tolvaptan in human pregnancy have been
located. The animal reproduction data suggests low risk because all of the
toxic effects occurred in the presence of maternal toxicity and at doses that
were much greater than 10 times the human dose. Although human
pregnancy experience is needed for a better risk assessment, there does
not appear to be a reason to withhold the drug in pregnancy if indicated.

FETAL RISK SUMMARY
Tolvaptan is an oral selective vasopressin receptor antagonist. It is in the same
class as conivaptan. Tolvaptan is indicated for the treatment of clinically
significant hypervolemic and euvolemic hyponatremia (serum sodium <125
mEq/L or less marked hyponatremia that is symptomatic and resisted
correction with fluid restriction), including patients with heart failure, cirrhosis,
and syndrome of in appropriate antidiuretic hormone. The drug is metabolized
to inactive metabolites. Tolvaptan is highly plasma protein bound (99%) and has
a terminal phase half-life of about 12 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats during
organogenesis, decreased fetal body weights and delayed ossification were
observed at the highest dose that was 162 times the maximum recommended
human dose based on BSA (MRHD). Maternal toxicity (reduced body weight
gain and food consumption) were noted at ≥16 times the MRHD. In rabbits
during organogenesis, maternal toxicity (reduced body weight and food
consumption) occurred with doses that were ≥32 times the MRHD and
abortions at ≥97 times the MRHD. Increased rates of embryo–fetal death,
microphthalmia, open eyelids, cleft palate, brachymelia and skeletal



malformations occurred at doses that were 324 times the MRHD (1).
Tolvaptan was not carcinogenic in 2-year studies in rats and mice. Tests also

were negative for genotoxicity. No effect on fertility was noted in male rats but,
in female rats a dose that was 162 times the MRHD caused significantly fewer
corpora lutea and implants than controls (1).

It is not known if tolvaptan crosses the human placenta. The molecular
weight (about 449) and long terminal phase half-life suggest that the drug will
cross, but the high plasma protein binding should limit the embryo–fetal
exposure.

BREASTFEEDING SUMMARY
No reports describing the use of tolvaptan during human lactation have been
located. The molecular weight (about 449) and long terminal phase half-life
(about 12 hours) suggest that it will be excreted into breast milk, but the high
plasma protein binding (99%) should limit the amount. The effect of this
exposure on a nursing infant is unknown. However, because the drug promotes
urinary water excretion, dehydration and hypovolemia are potential
complications.
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TOPIRAMATE
Anticonvulsant
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

A 2012 review concluded that the use of topiramate during pregnancy was
associated with a two- to threefold increased risk of malformations, largely
due to an increased risk for cleft lip with or without cleft palate (1). Another
2012 study found significant effects on cognitive functions and other
matters (see below) (2). Consistent with previous anticonvulsants studies,
the risk of birth defects appears to be increased when topiramate is
combined with other antiepileptics. Topiramate does not produce epoxide
metabolites (3). Because these intermediate arene oxide metabolites have
been associated with teratogenicity (see Carbamazepine, Phenytoin, and
Valproic Acid), this may indicate a lower risk of teratogenicity compared
with other agents. The effect of topiramate on folic acid levels or
metabolism is unknown (3). Until this information is available, the safest
course is to start folic acid supplementation (4–5 mg/day) before
conception, as is done with other antiepileptic agents. Topiramate should
be avoided, if possible, during the 1st trimester but, if required,
monotherapy with the lowest effective dose is preferred. The risk for
neonatal hypocalcemic seizures following in utero exposure to topiramate
requires further study.

FETAL RISK SUMMARY
Topiramate, a sulfamate-substituted monosaccharide, is an antiepileptic agent
indicated as adjunctive therapy in patients with partial onset seizures, primary
generalized tonic-clonic seizures, and seizures associated with Lennox-Gastaut
syndrome. The drug undergoes partial metabolism to six metabolites, none of
which constitutes more than 5% of the dose, with approximately 70% of the
dose eliminated unchanged in the urine. Only 13%–17% is bound to human



plasma proteins and the mean plasma elimination half-life is 21 hours.
Topiramate is a weak carbonic anhydrase inhibitor, but this activity is not
thought to be a major contributing factor to its antiepileptic action (4).

Reproduction studies with topiramate have been conducted in mice, rats, and
rabbits. In pregnant mice, oral doses, 0.2–5 times the recommended human
dose (400 mg/day) based on BSA (RHD), administered during organogenesis
increased the incidence of fetal malformations at all doses. The primary
anomalies were craniofacial defects. At the highest dose (5 times the RHD),
reduced fetal body weights and ossification were evident, but this dose also
caused maternal toxicity (decreased body weight gain) (4).

Topiramate at doses of 0.005–12.5 times the RHD was administered to
pregnant rats during organogenesis. At ≥10 times the RHD, the frequency of
limb malformations (ectrodactyly, micromelia, and amelia) was increased. In
addition, in the postnatal portion of the study, pups exposed to topiramate
during organogenesis exhibited delayed physical development (doses 10 times
the RHD) and persistent reductions in body weight gain (doses ≥1 times the
RHD). The teratogenic dose (≥10 times the RHD) produced clinical signs of
maternal toxicity. At ≥2.5 times the RHD, reduced maternal weight gain was
evident. However, fetotoxicity (reduced fetal body weight and increased
incidence of structural variations) was observed at half the RHD. Pregnant rats
also were treated during the latter part of gestation and throughout lactation
with doses ranging from 0.005 to 5 times the RHD. No drug-related effects on
gestation length or parturition were observed at any studied dose. At ≥0.05
times the RHD, reductions in pre- and/or postweaning body weight gain were
observed. At 5 times the RHD, offspring exhibited decreased viability and
delayed physical development (4).

Pregnant rabbits were administered oral doses during organogenesis that
were approximately 0.6–11 times the RHD. At ≥2 times the RHD, embryo and
fetal mortality was observed, but maternal toxicity (decreased body weight
gain, clinical signs, and/or mortality) also were evident. At 6 times the RHD,
teratogenic effects, primarily rib and vertebral malformations, were observed
(4).

Topiramate crosses the placenta to the fetus with cord and maternal plasma
drug levels approximately equivalent at term (5,6). Diffusion across the
placenta to the embryo early in gestation has not been studied. The molecular
weight (about 339), the relatively lack of protein binding and low metabolism,
and the prolonged plasma elimination half-life favor transfer of the drug to the
embryo and fetus.



Postmarketing experience has been reported by the manufacturer (4).
Without providing specific details, the manufacturer stated that cases of
hypospadias had been observed in male infants exposed in utero to the drug,
with or without other anticonvulsants. A causal relationship with topiramate has
not been established (4).

A 2003 reference cited details from pregnancy exposure during clinical trials
(5). Among 28 pregnancies, all involving polytherapy (other anticonvulsants not
specified), there was “one malformation and two children with anomalies.” In
addition, the outcomes of 139 pregnancies identified during postmarketing
surveillance were 87 live births, 23 elective abortions, and 29 lost to follow-up.
The patient’s anticonvulsant therapy was not specified. Five cases of
hypospadias were observed, presumably in the live births (5).

In cases reported in a 2002 publication, five women were treated with
topiramate (100–400 mg/day) combined with either carbamazepine (four
cases) or valproic acid (one case) throughout gestation (6). All five newborns
were healthy, normal infants. Birth weights of three infants ranged from 3520 to
3855 g, whereas the other two, both delivered from smoking mothers, had
lower weights: 3160 g (6 cigarettes/day) and 2720 g (10 cigarettes/day),
respectively. Cord blood levels of topiramate (average 8.1 microM) were nearly
equivalent to the maternal plasma concentration at delivery (average 8.4
microM) (6).

A 2002 review cited a case of a pregnant patient who had been treated with
topiramate (1400 mg/day) monotherapy throughout gestation (7). The growth-
restricted newborn had several minor anomalies, including generalized
hirsutism, a third fontanelle, short nose with anteverted nares, blunted distal
phalanges and nails, and fifth nail hypoplasia. The similarity of some of these
anomalies to those observed with other anticonvulsants suggested to the
authors that genetic factors might have been involved (7).

A 2006 report from the United Kingdom Epilepsy and Pregnancy Register
provided information on 35 pregnancies treated with topiramate for epilepsy, 28
of which involved monotherapy (8). Two newborns, both exposed to
monotherapy, had major congenital malformations (rate 7.1%, 95% confidence
interval [CI] 2.0%–22.6%); one with cleft lip–palate and the other with
hypospadias.

A second report from the above Register described the outcomes of 203
pregnancies exposed to topiramate (70 monotherapy and 133 polytherapy) (9).
The outcomes of this prospective (enrolled before the outcome was known)
observational study were 18 spontaneous abortions (SABs), 5 elective



abortions, 2 stillbirths, and 178 live births (62 monotherapy and 116
polytherapy). The mean topiramate dose in the two groups was 245 mg (range
50–800 mg) and 299 mg (range 25–1000 mg), respectively, whereas the mean
gestational age at delivery and the birth weight was 39.2 and 38.8 weeks, and
3168 and 3062 g, respectively. Three (4.8%, 95% CI 1.7%–18.2%) major
anomalies were observed in the monotherapy group (daily dose): cleft lip and
bilateral cleft palate (200 mg); hypospadias (400 mg); and cleft lip and palate
(600 mg). There also were five (8.1%) infants with minor malformations who
had been exposed to doses of 50–750 mg/day. Among the 116 live births
exposed to polytherapy, 13 (11.2%, 95% CI 6.7%–18.2%) had major defects
(daily dose): left hydronephrosis, dysmorphic (800 mg); pyloric stenosis (3
cases) (75, 150, 800 mg); hernia and hydrocele (250 mg); anal atresia (175
mg); tracheoesophageal fistula (150 mg); hypospadias (50 mg); cleft palate,
crossed toes (500 mg); bilateral dislocated hips (400 mg); Harold type II
talipes, plagiocephaly (350 mg); congenital dislocated hip (500 mg); and left
cleft lip and palate (250 mg). The other anticonvulsants were carbamazepine,
clobazam, ethosuximide, lamotrigine, levetiracetam, phenobarbital, sodium
valproate, and vigabitrin. Minor defects, including two infants with glandular or
mild hypospadias, were observed in 10 (8.6%) infants exposed to polytherapy.
In the combined groups, four oral clefts (2.2%, 95% 0.9%–5.6%) were
observed, and among 78 male infants, 4 had hypospadias (5.1%, 95% CI
0.2%–10.1%). The rate of oral clefts was 11 times the background rate (9).

A teratogen information service (TIS) in Israel reported the outcomes of 52
pregnancies that were exposed to topiramate including in the 1st trimester (10).
Compared with 212 controls not exposed to teratogens, there were statistically
significant differences in SABs (11.3% vs. 2.8%, p = 0.017), birth weight (2932
vs. 3300 g, p = 0.024), and birth weight of single term infants (3084 vs. 3356 g,
p = 0.001). After adjustment of the abortion data for gestational age when the
TIS was called, maternal age, previous miscarriages, and smoking, regression
analysis revealed that gestational age at initial TIS contact was a significant
predictor and did not support a drug effect. The total number of major birth
defects (4/41, 9.8%) was not statistically different from controls (7/206, 3.4%)
(p = 0.090), but the possibility of a small increased risk could not be excluded
because of the sample size. However, two of the anomalies were genetic in
origin and were not caused by drugs. The other cases were pulmonary artery
stenosis (topiramate 475 mg/day) and multiple brain cysts with neonatal
seizures (topiramate 50 mg/day plus valproic acid 800 mg/day and clonazepam
1 mg/day). The reason for the low birth weight was unknown (10).



In the 2007 report from the Australian Registry of Antiepileptic Drugs in
Pregnancy, no malformations were observed in the offspring of 15 pregnancies
treated with topiramate monotherapy in the 1st trimester (11).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997. The final report was
published in July 2010 (12). The Registry is now closed. Among 54
prospectively enrolled pregnancies exposed to topiramate and lamotrigine, with
or without other anticonvulsants, 48 were exposed in the 1st trimester resulting
in 40 live births, 2 birth defects, 3 SABs, and 3 EABs. There were six
exposures in the 2nd/3rd trimesters resulting in five live births and one birth
defect (12).

A 2007 report described two siblings that developed hypocalcemic seizures
shortly after birth from a mother taking topiramate throughout pregnancy (13).
The mother had developed seizures during her first pregnancy at age 20 and
had been treated with valproic acid. Following that pregnancy, her
anticonvulsant therapy had been changed to topiramate, 200 mg twice daily.
Seven years later she became pregnant a second time and gave birth to a
normal appearing, 3153-g male infant that was formula fed. Seizures began on
day 3 of life and were associated with hypocalcemia, hypomagnesemia, and
hyperphosphatemia but normal parathyroid hormone concentrations. Other
laboratory parameters were within normal limits. He was treated with IV
calcium and a low-phosphorus formula, and was discharged home at age 14
days on phenobarbital. At age 6 months, phenobarbital was discontinued. His
development and neurologic examination were normal at 1 year of age. The
mother subsequently delivered a normal baby girl (weight not specified) at term
that was formula fed. During this pregnancy, her third, she had taken
topiramate 100 mg twice daily. Seizures were noted at age 7 days and were
associated with the same electrolyte and hormone abnormalities as in the first
case. The infant was treated with IV calcium, magnesium, phenobarbital, and a
change in the formula. No further seizures occurred after age 8 days, and she
was discharged home on short-term courses of oral calcium and phenobarbital.
Her neurological examination was normal at 2 months of age. Because there
was no identifiable biochemical etiology for the seizures in the two infants, the
seizures were attributed to hypocalcemia caused by hypoparathyroidism. It
was proposed that in utero exposure to topiramate led to hypoparathyroidism
and subsequent hypocalcemia via effects on protein kinase A signaling (13).

In a 2012 study, 9 children of preschool age (3–7 years) exposed during
pregnancy to topiramate were compared with 18 children not exposed (2). The



two groups were compared on developmental measures of visual, fine and
gross motor function, and behavior and cognitive functions. The exposed group
performed significantly worse than controls in almost all measures, including
verbal, nonverbal, and general IQ scores (2).

A dose-related interaction between topiramate and a combined oral
contraceptive (ethinylestradiol 35 mcg/northethindrone 1 mg) has been reported
(4,14). At a dose of 400 mg/day, peak levels of the estrogen were decreased.
At 800 mg/day, estrogen bioavailability was reduced and clearance increased.
Norethindrone clearance was also increased at 800 mg/day. The concurrent
use of these agents could reduce the efficacy of the contraceptive, possibly
requiring a higher-dose contraceptive combination (14).

Topiramate is known to induce hepatic enzymes and may increase the
incidence of early hemorrhagic disease of the newborn by depleting fetal
vitamin K stores. Although vitamin K1 (see Phytonadione) does not readily cross
the placenta, 10 mg/day of the vitamin may be given orally to the mother in the
last 4 weeks of pregnancy. In addition, 1 mg of vitamin K1 should be given IV or
IM to the infant at birth (15).

BREASTFEEDING SUMMARY
Topiramate is excreted into breast milk. This is consistent with the low
molecular weight (about 339), protein binding (13%–17%), and metabolism
(about 30%), and the prolonged plasma elimination half-life (21 hours).

Three women who had been treated with topiramate throughout pregnancy
(see above) and continued during nursing were studied (6). The daily doses
were 150, 200, and 200 mg/day. The mean milk:plasma ratio 3 weeks after
delivery was 0.86 (range 0.67–1.1). In one case, 3 months after delivery, the
ratio was 0.69. The minimum weight-adjusted infant doses, based on 150
mL/kg of milk per day, were about 0.1–0.7 mg/kg/day or 3%–23% of the
maternal doses. Plasma concentrations of topiramate in two infants at 3 weeks
of age, before and after nursing, were 1.4 and 1.3 microM, and 1.6 and 1.9
microM, respectively. The latter infant had a topiramate plasma concentration
of 2.1 microM at 3 months of age. (Note: Possible antiepileptic effects of
topiramate on cultured neurons are concentration-dependent within the range of
1 to 200 microM [3]). Plasma levels in the third infant were undetectable at 2
and 4 weeks postdelivery. The elimination half-life in the infants was estimated
to be about 24 hours compared with 20–30 hours among healthy adult controls.
No adverse effects of the exposure were observed (6).

In pediatric patients (ages 2–16 years), common adverse effects (most



occurred twice as often or more than those in placebo-treated patients)
associated with topiramate were fatigue, somnolence, difficulty with
concentration/attention, aggressive reaction, confusion, difficulty with memory,
ataxia, purpura, epistaxis, infections (viral and pneumonia), and anorexia and
weight decrease (4). (Patients also were receiving one or two other
anticonvulsants.) The potential for these or other adverse effects in a nursing
infant cannot be assessed with the available data. Therefore, nursing women
who are being treated with topiramate, particularly those receiving high doses,
should be advised to monitor their infants for signs of toxicity and for changes in
alertness, behavior, and feeding habits.
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TOPOTECAN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of topotecan in human pregnancy have been
located. The animal reproduction data suggest risk, but the absence of
human pregnancy experience prevents a more thorough assessment of the
embryo–fetal risk. Because of the potential for embryo and fetal harm,
women of childbearing potential should employ adequate contraceptive
methods to prevent pregnancy. However, all of the indications for
topotecan involve potentially fatal cancers, so if informed consent is
obtained, treatment should not be withheld because of pregnancy. If an
inadvertent pregnancy occurs during therapy, the woman should be advised
of the unknown, but potentially severe risk for her embryo–fetus.

FETAL RISK SUMMARY
The DNA topoisomerase I-inhibitor, topotecan, is a semi-synthetic derivative of
camptothecin that is given as an IV infusion. It is in the same antineoplastic
subclass as irinotecan. Topotecan is indicated as secondary therapy for
metastatic carcinoma of the ovary, small-cell lung cancer, and, in combination
with cisplatin, recurrent or persistent carcinoma of the cervix. The cytotoxicity
of topotecan is thought to involve the inhibition of the enzyme responsible for
the repair of normally occurring single-strand breaks in DNA. Topotecan
undergoes partial metabolism in the liver. Binding to plasma proteins is about
35% and the terminal elimination half-life is 2–3 hours (1).

Reproduction studies have been conducted in the rat and rabbit. In rats, a
daily dose about equal to the clinical dose based on BSA (CD) given for 14
days before mating through gestation day 6 caused preimplant loss, fetal
resorption, and microphthalmia. The dose also produced mild maternal toxicity.
A lower daily dose, about 0.5 times the CD, given on gestation days 6–17



caused increased postimplantation mortality and fetal malformations. The most
frequent malformations involved the eye (microphthalmia, anophthalmia, rosette
formation of the retina, coloboma of the retina, and ectopic orbit), brain (dilated
lateral and third ventricles), skull, and vertebrae. In pregnant rabbits, a daily
dose about equal to the CD given on gestation days 6–20 caused maternal
toxicity, embryo death, and decreased fetal body weight (1). The route of drug
administration in the above animal studies was not specified.

Studies for carcinogenicity have not been conducted. However, topotecan is
known to be genotoxic in mammalian cells and is probably a carcinogen (1).
The drug also is mutagenic and clastogenic, with or without metabolic activation
(1).

It is not known if topotecan crosses the human placenta. The molecular
weight (about 422 for the free base), low metabolism and plasma protein
binding suggest that the drug will cross to the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of topotecan during human lactation have been
located.

The molecular weight (about 422 for the free base), low metabolism and
plasma protein binding (35%) suggest that the drug will be excreted into breast
milk. The effect of this exposure on a nursing infant is unknown, but may be
severe. It is best that a woman receiving this agent does not breastfeed.
However, if she chooses to do so, the infant should be closely monitored for
the most common or serious adverse effects observed in adults. These effects
include bone marrow suppression (primarily neutropenia), headache, nausea,
vomiting, diarrhea or constipation, abdominal pain, alopecia, and hepatic toxicity
(1).
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TORSEMIDE
Diuretic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of torsemide in human pregnancy have been
located. Fetotoxicity was observed in animal studies but only with maternal
toxic doses. In general, exposure to diuretics in early pregnancy has not
been associated with structural anomalies, but the lack of human
pregnancy experience with torsemide prevents a better assessment of the
embryo–fetal risk. Diuretics do not prevent or alter the course of toxemia
but may decrease placental perfusion (see also Chlorothiazide) because of
maternal hypovolemia characteristic of this disease.

FETAL RISK SUMMARY
Torsemide is a loop diuretic in the same pharmacologic class as bumetanide,
ethacrynic acid, and furosemide. The drug can be given orally or IV. Torsemide
is indicated for the treatment of edema associated with congestive heart
failure, renal disease, or hepatic disease. It is also indicated for the treatment
of hypertension alone or in combination with other antihypertensive agents.
Torsemide undergoes hepatic metabolism to primarily inactive metabolites.
Plasma protein binding is >99% and the elimination half-life is about 3.5 hours
(1).

Reproduction studies have been conducted in rats and rabbits. In these
species, doses up to 10 and 1.7 times, respectively, the human dose of 20
mg/day based on BSA caused no fetotoxicity or teratogenicity. Doses that
were 5 (rats) and 4 (rabbits) times larger caused maternal toxicity (decreased
average body weight) and fetal toxicity (increased resorptions and delayed
ossification) (1).

No overall increase in tumor incidence was noted when torsemide was given



to rats and mice throughout their lives. In addition, no mutagenic activity was
noted in a variety of assays and no adverse effects were noted on the
reproductive performance of male and female rats (1).

It is not known if torsemide crosses the human placenta. The molecular
weight (about 348) and moderate elimination half-life suggest that the drug will
cross, but the high plasma protein binding may limit the amount available for
transfer.

BREASTFEEDING SUMMARY
No reports describing the use of torsemide during human lactation have been
located. The molecular weight (about 348) and moderate elimination half-life
(about 3.5 hours) suggest that the drug will be excreted into breast milk, but
the high plasma protein binding (>99%) should limit the amount in milk. The
effect of this exposure on a nursing infant is unknown, but no adverse effects in
nursing infants exposed to diuretics in milk have been reported. Of note,
however, thiazide diuretics have been used to suppress lactation (see
Chlorothiazide).

Reference
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TRAMADOL
Central Analgesic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The National Birth Defects Prevention Study discussed below found
evidence that opioid use during organogenesis is associated with a low
absolute risk of congenital birth defects. Neonatal withdrawal is a potential
complication after continuous use in the mother. The long-term effects on
the neurobehavior of offspring are unknown but warrant study.

FETAL RISK SUMMARY
Tramadol is a synthetic, centrally acting, analgesic analog of codeine that has
the potential to cause physical dependence similar to, but much less than, that
produced by opiates. Because of its low addiction potential, tramadol is not
classified as a controlled substance. The drug is available only as an oral tablet
in the United States but has been used both parenterally and rectally in other
countries. The drug is extensively metabolized to active and inactive
metabolites. The active metabolite (M1) is a more potent analgesic than the
parent drug. Plasma protein binding of tramadol is about 20%. The plasma
elimination half-lives of tramadol and M1 are about 6–7 hours (1).

Reproduction studies in mice, rats, and rabbits at doses that were 1.4, ≥0.6,
and ≥3.6 times the maximum daily human dose based on BSA (MDHD) were
embryotoxic, fetotoxic, and maternally toxic, but not teratogenic. Embryo and
fetal toxicity consisted of decreased fetal weights, skeletal ossification, and
increased supernumerary ribs. In perinatal and postnatal studies in rats, doses
that were ≥1.2 times the MDHD resulted in decreased pup weights and
survival. Transient delays in developmental or behavioral parameters were seen
in rat pups (1). Shepard described a reproductive study using oral and SC
tramadol in mice and rats with no observed teratogenic effects (2).

Tramadol has a molecular weight of about 300 and crosses the placenta to



the fetus. In 40 women given 100 mg of tramadol during labor, the mean ratio
of drug concentrations in the umbilical cord and maternal serum was 0.83 (3).

Several studies outside of the United States, some of which were reviewed in
1993 (4) and 1997 publications (3), have compared the use of tramadol with
meperidine or morphine for labor analgesia (5–13). In five of these studies
(5–9), the use of tramadol was associated with less neonatal respiratory
depression than meperidine, but no difference was observed in four studies in
comparison with meperidine or morphine (10–13). Tramadol also has been
combined with bupivacaine for epidural during labor (14).

The effects of tramadol and meperidine (100 mg IV), for each drug, were
compared in laboring patients in a study conducted in Thailand (8). A second or
third dose of 50 mg IV was given at 30-minute intervals if requested. A
significant increase in the incidence of neonatal respiratory depression was
observed in the offspring of the meperidine group, if delivery occurred 2–4
hours after the last dose. The respiratory depressant effects of meperidine are
known to be time- and dose-related, increasing markedly after 60 minutes (see
Meperidine).

A study from Singapore found that 100 mg IM of tramadol was equivalent in
analgesic effect to 75 mg IM of meperidine for the control of labor pain (9).
Meperidine was associated with a significantly higher frequency of adverse
effects (nausea, vomiting, fatigue, drowsiness, and dizziness) in the mothers
and a significantly lower respiratory rate in the newborns. However, the
injection–delivery interval in the patients was 7–8 hours.

In a 1997 case report, a male infant developed withdrawal symptoms
between 24 and 48 hours after birth (15). Symptoms consisted of trembling,
tachypnea, tachycardia, hypertonic muscle tone, signs of tetany when touched,
and a single mild convulsion. The mother admitted to taking tramadol 300
mg/day for 4 years. The infant was treated with diazepam and/or phenobarbital
for 13 days until the symptoms had fully resolved. No long-term follow-up of the
infant was reported. The authors concluded that the drug’s estimated
elimination half-life of 36 hours in the infant was consistent with the course of
the withdrawal syndrome (15).

Four other reports, involving seven infants, have described neonatal
abstinence syndrome after long-term use of tramadol (200–800 mg/day) in
pregnancy (16–19). Withdrawal symptoms in the infants occurred on the
second day of life and persisted for up to about 2 weeks.

Results of a National Birth Defects Prevention Study (1997–2005) were
published in 2011 (20). This population-based case–control study examined the



association between maternal use of opioid analgesics and >30 types of major
structural birth defects. In 17,449 case mothers, therapeutic opioid use was
reported by 454 (2.6%) compared with 134 (2.0%) of 6701 control mothers.
Indications for use of opioid analgesics were surgical procedures (41%),
infections (34%), chronic diseases (20%), and injuries (18%). Dose, duration,
or frequency were not evaluated. The exposure period evaluated was from 1
month before to 3 months after conception. Limiting the exposure period to the
first 2 months after conception produced similar results. Infants with >1 defect
were included in multiple birth defect categories. The following opioids were
included (number of cases for each agent not specified): codeine,
hydrocodone, hydromorphone, fentanyl, meperidine, methadone, morphine,
oxycodone, pentazocine, propoxyphene, and tramadol. The birth defect, total
number, number exposed, and the adjusted odds ratio (aOR) with 95%
confidence interval (CI) were as follows:

The authors speculated that the activity of opioids and their receptors as
growth regulators during development of the embryo might be a mechanism to



explain the above findings. The exposure data were obtained by retrospective
maternal self-report; the authors acknowledged that recall bias and
misclassification might have affected their results. They concluded that the
absolute risk was a modest absolute increase above the baseline risk for birth
defects (20).

A 2012 review of tramadol in pregnancy and lactation found no clear
evidence of fetal or neonatal harm, but concluded that the drug should be
avoided during conception and the 1st trimester because of lack of data during
these periods (21). The above study was not cited in the review.

BREASTFEEDING SUMMARY
Both tramadol and its pharmacologic active metabolite (M1) are excreted into
human milk (1). After a single 100-mg IV dose, the cumulative amounts of the
parent drug and M1 excreted into milk within 16 hours were 100 and 27 mcg,
respectively (1). The recommended dose of tramadol is 50–100 mg every 4–6
hours up to a maximum of 400 mg/day. Moreover, the mean absolute
bioavailability of a 100-mg oral dose is 75%. Thus, ingestion of the
recommended dose may produce drug amounts in breast milk that could
exceed those reported above. The effect of this exposure on a nursing infant is
unknown.

In a 2008 study, 75 breastfeeding mothers were taking tramadol (100 mg
every 6 hours) on days 2–4 after cesarean section (22). Samples were
collected after four or more doses. On the study date, 49% of the subjects and
100% of the controls also took other opiate analgesics (mostly oxycodone)
while 61% of the subjects and 58% of the controls also took nonsteroidal anti-
inflammatory agents (mostly diclofenac). The mean milk:plasma ratio was 2.2
for tramadol and 2.8 for M1. For tramadol, the estimated absolute and relative
infant doses were 112 mcg/kg/day and 0.64%, respectively, whereas for M1
the doses were 30 mcg/kg/day and 2.24%, respectively. Compared with
controls not taking tramadol, there were no significant behavioral adverse
effects (22).

A 2012 review of tramadol in pregnancy and lactation concluded that the use
of tramadol during early breastfeeding was unlikely to cause harm in healthy
term infants (21).
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TRANDOLAPRIL
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The fetal toxicity of trandolapril in the 2nd and 3rd trimesters is similar to
other angiotensin-converting enzyme (ACE) inhibitors. The use of this drug
during the 2nd and 3rd trimesters may cause teratogenicity and severe
fetal and neonatal toxicity. Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction (IUGR),
prematurity, and patent ductus arteriosus. Stillbirth or neonatal death may
occur. Anuria-associated oligohydramnios may produce fetal limb
contractures, craniofacial deformation, and pulmonary hypoplasia. Severe
anuria and hypotension, which is resistant to both pressor agents and
volume expansion, may occur in the newborn following in utero exposure.
Newborn renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
The prodrug, trandolapril, is rapidly metabolized to the active drug,
trandolaprilat. It is indicated in the management of hypertension either alone, or
in combination with other antihypertensives (e.g., hydrochlorothiazide).
Trandolapril is also indicated in the management of stable patients with heart
failure or left-ventricular dysfunction after myocardial infarction. The active
metabolite, trandolaprilat, is an ACE inhibitor, thus preventing the conversion of
angiotensin I to angiotensin II (1).

Reproduction studies have been conducted in rats, rabbits, and cynomolgus
monkeys. No teratogenicity was observed in the three species at doses that
were 2564, 3, and 108 times, respectively, the maximum projected human dose
based on BSA (1).

It is not known if trandolapril or trandolaprilat cross the human placenta. The



molecular weights (about 431 for trandolapril; about 403 for trandolaprilat) are
low enough that transfer to the fetus should be expected.

A retrospective study using pharmacy-based data from the Tennessee
Medicaid program identified 209 infants, born between 1985 and 2000, who
had 1st trimester exposure to ACE inhibitors (2). Infants of mothers with
evidence of diabetes, either before or during pregnancy, were excluded, as
were those exposed to angiotensin-receptor antagonists (ARBs), ACE
inhibitors, or other antihypertensives beyond the 1st trimester, and exposure to
known teratogens. Two comparison groups, other antihypertensives (N = 202)
and no antihypertensives (N = 29,096), were formed. The number of major birth
defects in each of the three groups was 18 (8.6%), 4 (2%), and 834 (2.9%),
respectively. Compared with the no antihypertensives group, exposure to ACE
inhibitors was associated with a significantly increased risk of major defects
(relative risk [RR] 2.71, 95% confidence interval [CI] 1.72–4.27). When the
analysis was conducted by the type of defect, the highest rates were with
cardiovascular defects, 9, 2, and 294, respectively, RR 3.72, 95% CI 1.89–
7.30, and with CNS defects, 3, 0, and 80, respectively, RR 4.39, 95% CI 1.37–
14.02. The major defects observed in the subject group were: atrial septal
defect (N = 6) (includes three with pulmonic stenosis and/or three with patent
ductus arteriosus [PDA]), renal dysplasia (N = 2), PDA alone (N = 2), and one
each of ventricular septal defect, spina bifida, microcephaly with eye anomaly,
coloboma, hypospadias, intestinal and choanal atresia, Hirschsprung disease,
and diaphragmatic hernia (2). In an accompanying editorial, it was noted that
neither previous reports of 1st trimester exposure to ACE inhibitors nor the
animal studies had observed an increased risk of birth defects (3). It also was
noted that no mechanism for ACE inhibitor-induced teratogenicity was known. A
subsequent communication raising concerns about the validity of the study in
terms of adequate exclusion of diabetes, charting and coding errors in busy
medical practices, and the effects of maternal obesity (4) was addressed by
the investigators (5).

Trandolapril and other ACE inhibitors are human teratogens when used in the
2nd and 3rd trimesters, producing fetal hypocalvaria and renal defects. The
cause of the defects and other toxicity is probably related to fetal hypotension
and decreased renal blood flow. The compromise of the fetal renal system may
result in severe, and at times fatal, anuria, both in the fetus and in the newborn.
Anuria-associated oligohydramnios may produce pulmonary hypoplasia, limb
contractures, persistent PDA, craniofacial deformation, and neonatal death
(6,7). IUGR, prematurity, and severe neonatal hypotension may also be



observed. Two reviews of fetal and newborn renal function indicated that both
renal perfusion and glomerular plasma flow are low during gestation and that
high levels of angiotensin II may be physiologically necessary to maintain
glomerular filtration at low perfusion pressures (8,9). Trandolapril prevents the
conversion of angiotensin I to angiotensin II and, thus, may lead to in utero
renal failure. Because the primary means of removal of the drug is renal, the
impairment of this system in the newborn prevents elimination of the drug
resulting in prolonged hypotension. Newborn renal function and blood pressure
should be closely monitored. If oligohydramnios occurs, stopping trandolapril
may resolve the problem but may not improve infant outcome because of
irreversible fetal damage (6). In those cases in which trandolapril must be used
to treat the mother’s disease, the lowest possible dose should be used
combined with close monitoring of amniotic fluid levels and fetal well-being.
Guidelines for counseling exposed pregnant patients have been published and
should be of benefit to health professionals faced with this task (6,10).

The observation in Tennessee Medicaid data of an increased risk of major
congenital defects after 1st trimester exposure to ACE inhibitors raises
concerns about teratogenicity that have not been seen in other studies (3).
Medicaid data are a valuable tool for identifying early signals of teratogenicity,
but are subject to a number of shortcomings and their findings must be
considered hypotheses until confirmed by independent studies.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (11). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of trandolapril in human lactation have been
located. The molecular weights (about 431 for trandolapril; about 403 for
trandolaprilat) suggest that excretion into breast milk should be expected. The
effect of this exposure on a nursing infant is unknown. However, other ACE
inhibitors are excreted into breast milk and are considered compatible with
breastfeeding by the American Academy of Pediatrics (see Captopril and
Enalapril).
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TRANEXAMIC ACID
Hemostatic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No adverse effects attributable to use of tranexamic acid during pregnancy,
in either animals or humans, have been reported in the fetus or newborn.
The drug crosses the placenta to the fetus, but its reported lack of effect
on plasminogen activator activity in the vascular wall (1,2) (vs. its known
effect in the peripheral circulation) may protect the fetus and newborn from
potential thromboembolic complications.

FETAL RISK SUMMARY
This hemostatic agent, a competitive inhibitor of plasminogen activation, is used
to reduce or prevent hemorrhage in hemophilia and in other bleeding disorders.
The drug blocks the action of plasminogen activators (e.g., tissue plasminogen
activator [alteplase; t-PA], streptokinase, and urokinase) by inhibiting the
conversion of plasminogen to plasmin (3).

No adverse fetal effects were observed in reproductive toxicity testing in
mice, rats, and rabbits (3,4). Both Schardein (5) and Shepard (6) cited a 1971
study in which doses up to 1500 mg/kg/day were given to mice and rats during
organogenesis without causing adverse fetal effects.

Tranexamic acid crosses the human placenta to the fetus (7). Twelve women
were given an IV dose of 10 mg/kg just before cesarean section. Cord serum
and maternal blood samples were drawn immediately following delivery, a
mean of 13 minutes after the dose of tranexamic acid. The mean drug
concentrations in the cord and maternal serum were 19 mcg/mL (range <4–31
mcg/mL) and 26 mcg/mL (range 10–53 mcg/mL), respectively, a ratio of 0.7
(7).

Twelve women with vaginal bleeding between 24 and 36 weeks’ gestation



were treated with 7-day courses of tranexamic acid, 1 g orally every 8 hours
(8). Additional courses were given if bleeding continued (number of patients
with repeat courses not specified). Four women underwent cesarean section
(placenta previa in three, breech in one) and the remainder had vaginal
deliveries. One of the newborns was delivered at 30 weeks’ gestation, but the
gestational ages of the other newborns were not specified. All of the newborns
were alive and well. Two of the mothers were receiving treatment at the time of
delivery, and the drug concentrations in the cord blood were 9 and 12 mcg/mL
(8).

A pregnant woman with fibrinolysis was treated with tranexamic acid and
fibrinogen for 64 days until spontaneous delivery of a normal 1400-g girl at 30
weeks’ gestation (9). No adverse fetal or newborn effects attributable to the
drug were reported. Tranexamic acid was used in a woman with abruptio
placentae during her third pregnancy (10). She had a history of two previous
pregnancy losses because of the disorder. Treatment with tranexamic acid (1 g
IV every 4 hours for 3 days, then 1 g orally 4 times daily) was begun at
26 weeks’ gestation and continued until 33 weeks’ gestation, at which time a
cesarean section was performed because of the risk of heavier bleeding. A
healthy 1430 g male infant was delivered (10).

The use of tranexamic acid in a woman with Glanzmann’s thrombasthenia
disease was described in an abstract published in 1981 (11). Treatment was
started at 24 weeks’ gestation and continued until spontaneous delivery at 42
weeks’ gestation of a healthy boy. A study published in 1980 described the use
of tranexamic acid in 73 consecutive cases of abruptio placentae, 6 of which
were treated for 1–12 weeks (1). Six (8.2%) of the newborns were either
stillbirths (N = 4) or died shortly after delivery (N = 2), a markedly reduced
mortality rate compared with the expected 33%–37% at that time (10). None of
the deaths was attributed to the drug. No cases of increased hemorrhage,
thromboses, or maternal deaths were observed (1).

Tranexamic acid (4 g/day) was used in a 21-year-old primigravida at 26
weeks’ gestation for the treatment of vaginal bleeding (12). She also received
terbutaline and betamethasone for premature labor. Tranexamic acid was
administered as a single dose on admission, and 6 days later a 10-day course
was initiated for continued bleeding. Acute massive pulmonary embolism
occurred at the termination of tranexamic acid, and following 2–3 days of
treatment with heparin and streptokinase, a preterm 1140-g male infant was
spontaneously delivered. No adverse effects in the fetus or newborn
attributable to the drug therapy were noted (12).



A retrospective study published in 1993 examined the question of whether
tranexamic acid was thrombogenic when administered during pregnancy (2). In
the period 1979–1988 in Sweden, among pregnant women with various
bleeding disorders, 256 had been treated with tranexamic acid (mean duration
46 days), whereas 1846 had not been treated (controls). Two patients (0.78%)
in the treated group had pulmonary embolism compared with four (0.22%)
(three deep vein thromboses, one pulmonary embolism) (odds ratio 3.6, 95%
confidence interval [CI] 0.7–17.8) in the control group. In the subgroups of
those patients who were delivered by cesarean section (168 treated, 439
controls), the rates of thromboembolism were 1 (0.60%) and 4 (0.91%) (odds
ratio 0.65, 95% CI 0.1–5.8), respectively. Thus, no evidence was found
indicating that the use of tranexamic acid during gestation was thrombogenic.
Although the purpose of this study did not include examining the effects of the
therapy on the fetus or newborn, the authors concluded that in the absence of a
thrombogenic risk, there was no reason to change the indications for its use
during pregnancy (2).

BREASTFEEDING SUMMARY
Tranexamic acid is excreted into human milk. One hour after the last dose
following a 2-day treatment course in lactating women, the milk concentration
of the agent was 1% of the peak serum concentration (13). In adults,
approximately 30%–50% of an oral dose is absorbed (1). The amount a
nursing infant would absorb is unknown, as is the effect of the small amount of
drug present in milk.
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TRANYLCYPROMINE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Tranylcypromine is a monoamine oxidase inhibitor used in the treatment of
major depressive episode without melancholia. Other agents in this
subclass are iproniazid, isocarboxazid, nialamide, and phenelzine. Although
risk was suggested in consecutive pregnancies from one woman, the
human pregnancy experience is too limited to assess adequately the
embryo–fetal risk.

FETAL RISK SUMMARY
Relevant animal reproduction data have not been located. However, the drug
crosses the rat placenta (1).

The Collaborative Perinatal Project monitored 21 mother–child pairs exposed
to monoamine oxidase inhibitors during the 1st trimester, 13 of whom were
exposed to tranylcypromine (2). Three of the 21 infants had malformations
(relative risk 2.26). Details of the 13 cases with exposure to tranylcypromine
were not specified.

A brief 2000 abstract described two consecutive adverse pregnancy
outcomes in a woman treated with tranylcypromine (3). In the first pregnancy,
the 41-year-old woman with severe depression was treated with
tranylcypromine (100 mg/day), pimozide (1 mg/day), and diazepam (5–10
mg/day). The woman delivered a stillborn fetus at 31 weeks’ gestation.
Examination of the macerated female fetus revealed hypertelorism, a large
atrioventricular septal defect, single coronary ostium, and right pulmonary
isomerism. The placenta had multiple infarcts that were considered significant
factors in the fetal death. In her second pregnancy (other drugs and doses not
specified), an ultrasound at 19 weeks’ revealed a fetus with a head described



as “lemon-shaped.” A female infant (normal karyotype) was delivered at 38
weeks’ because of poor growth (weight not specified). The infant had multiple
defects, including hypertelorism, low-set overfolded ears, cleft palate,
micrognathia, marked distal phalangeal hypoplasia, agenesis of the corpus
callosum, and an atrioventricular septal defect (first detected at 26 weeks’).
The outcomes of both pregnancies were attributed to tranylcypromine, possibly
due to reduced uterine and placental blood flow (3).

It is not known if tranylcypromine crosses the human placenta. The molecular
weight (about 365) is low enough that exposure of the embryo–fetus should be
expected.

BREASTFEEDING SUMMARY
No reports describing the use of tranylcypromine during lactation have been
located. The molecular weight (about 365) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown.
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TRASTUZUMAB
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The human pregnancy experience with trastuzumab is limited to six cases,
three of which involved 1st trimester exposure. No congenital malformations
were noted in the infants and all were developing normally. However, fetal
renal toxicity, as evidenced by oligohydramnios or anhydramnios, was
observed in four cases. The toxicity might have been secondary to inhibition
of epidermal growth factor receptor 2 (HER2) in the fetal kidneys but
additional study is required. The toxicity appears to be reversible when
trastuzumab is stopped. Although the action of this receptor in human fetal
development requires study, HER2 protein expression is high in many
embryonic tissues, such as cardiac and neural tissues, and blocking this
expression may be harmful. Trastuzumab has a very long elimination half-
life and could be present in the maternal system for ≤5 months after the
last dose.

FETAL RISK SUMMARY
Trastuzumab, a recombinant DNA-derived humanized monoclonal antibody (an
IgG1 kappa), selectively binds with high affinity to the extracellular domain of
the human epidermal growth factor receptor 2 (HER2) protein. It is indicated,
either alone or in combination with paclitaxel, for the treatment of patients with
metastatic breast cancer whose tumors overexpress the HER2 protein.
Trastuzumab is administered as an IV infusion. The mean elimination half-life,
after a 4 mg/kg loading dose followed by a weekly maintenance dose of 2
mg/kg, was 5.8 days (range 1–32 days) (1).

No evidence of impaired fertility or fetal harm were observed in female
cynomolgus monkeys administered doses up to 25 times the weekly human



dose of 2 mg/kg. However, HER2 protein expression is high in many embryonic
tissues, such as cardiac and neural tissues. Early death was observed in
embryos of mutant mice that lacked this protein. Trastuzumab was not
mutagenic in multiple assays or clastogenic in one test (1).

It is not known if trastuzumab crosses the human placenta. The antibody
does cross the placentas of cynomolgus monkeys in both early (gestational
days 20 and 50) and late (gestational days 120 and 150) pregnancy. The
presence of trastuzumab in the serum of infant monkeys had no adverse effect
on growth or development from birth to 3 months of age (1).

Six case reports have described the use of trastuzumab during pregnancy
(2–7). A 28-year-old woman had undergone bilateral mastectomy for breast
cancer, followed by chemotherapy with cyclophosphamide, doxorubicin and
paclitaxel, and then radiation therapy (2). She then received trastuzumab 580
mg every 3 weeks. Pregnancy was diagnosed at 23 weeks’ gestation, 3 weeks
after the last dose of trastuzumab. Anhydramnios was present with normal
appearing fetal kidneys and an estimated fetal weight of 475 g. The
anhydramnios slowly resolved and a normal 2950-g female infant was delivered
vaginally at 37.5 weeks’ with Apgar scores of 8 and 9, at 1 and 5 minutes,
respectively. The placenta pathology was unremarkable with normal fetal
membranes. The infant had normal renal function at birth and no evidence of
pulmonary hypoplasia. The 6-month-old child was doing well with growth at the
75th percentile (2).

In another 2005 case report, a 26-year-old woman with breast cancer was
treated with trastuzumab, paclitaxel, fluorouracil, epirubicin, and
cyclophosphamide, followed by a left mastectomy and radiation therapy (3).
Fourteen months later, in the 27th week of pregnancy, multiple hepatic
metastases were detected. She was treated with trastuzumab (4 mg/kg
loading dose, then 2 mg/kg every week) and vinorelbine (25 mg/m2 weekly for
3 weeks followed by a week of rest) until 34 weeks’ gestation.
Oligohydramnios was noted during therapy. Because of decreased fetal
movement, labor was induced at 34 weeks’ gestation and a healthy 2.6-kg
male infant was delivered vaginally with Apgar scores of 9, 9, and 10 at 1, 5,
and 10 minutes, respectively. At 6 months of age, the infant was healthy and
developing normally (3).

A 30-year-old woman with breast cancer was treated with epirubicin,
cyclophosphamide, fluorouracil, a bilateral mastectomy, and radiation therapy
(4). She was enrolled in a clinical trial and was randomized to receive
trastuzumab 736 mg as a loading dose and then 523 mg every 3 weeks for the



first year. Conception occurred 3 days after her second cycle. A third cycle
was apparently given before she was withdrawn from the study. She delivered
a normal female infant at term (no other details provided) (4).

A 38-year-old woman at 17 weeks’ in her second pregnancy had spinal-cord
compression secondary to metastatic disease 7 years after undergoing
treatment for breast cancer (5). Treatment had consisted of surgery, six cycles
of fluorouracil, methotrexate, and cyclophosphamide, radiotherapy, and then 5
years of tamoxifen. She was given radiotherapy to the cervical vertebrae, with
lead shielding of the uterus to protect the fetus. At about 26 weeks’ gestation,
she received trastuzumab 8 mg/kg and paclitaxel 175 mg/m2. A second cycle of
trastuzumab (6 mg/kg) and paclitaxel was given 3 weeks later. At 26–32
weeks’, fetal abdominal circumference stopped growing and amniotic fluid
decreased to near anhydramnios. At the end of this period, the volume of both
fetal kidneys was below the 5th percentile and the fetal bladder was barely
visible. Corticosteroids were given for fetal lung maturity and a cesarean
section delivered a growth-restricted 1.460-kg (10th percentile) male infant.
Complications in the newborn included bacterial sepsis with hypotension,
transient renal failure, and respiratory failure. The renal impairment resolved
within 14 days. The infant was discharged home at 6 weeks weighing 2.335 kg
and was developing normally at 12 weeks of age. Although the cause of the
fetal renal impairment was not known with certainty, it was noted that
epidermal growth factor receptors are expressed in the kidney during fetal
development and blocking these receptors may have prevented normal kidney
growth and development (5).

A 2007 case report described a woman treated during the first 24 weeks of
pregnancy with trastuzumab (6). The patient had a history of breast cancer with
multiple metastases that had been treated with surgery, paclitaxel, carboplatin,
trastuzumab, and radiation. She had been on trastuzumab exclusively for a year
when pregnancy was diagnosed at 5 weeks’ gestation. Trastuzumab was
continued until 24 weeks’ at which time it was stopped because of reversible,
asymptomatic maternal heart failure (low ejection fraction). At 37 weeks’, a
healthy 2.6-kg female infant was delivered by cesarean section with Apgar
scores of 9 and 10 at 1 and 5 minutes, respectively. At 2 months of age, the
infant’s weight, height, and head circumference were 4.4 kg (25th percentile),
55 cm (25th percentile), and 40 cm (50th percentile), respectively. No
abnormalities were found on physical and neurological examination and her
development was within normal limits for age (6).

Another 2007 case report described a 28-year-old woman with a history of



radical mastectomy, chemotherapy, and radiotherapy 1 year before pregnancy
(7). Because of metastases, she was treated with docetaxel and trastuzumab
at 23 and 26 weeks’ gestation, trastuzumab alone at 27 weeks’, and docetaxel
alone at 30 weeks’. Trastuzumab was omitted at 30 weeks’ because an
ultrasound revealed anhydramnios and fetal growth at the 5th percentile. The
anhydramnios was thought to be due to trastuzumab. At 33 weeks’,
oligohydramnios was noted. An elective cesarean section was conducted at 36
weeks’ to deliver a 2.23-kg male infant with Apgar scores of 7 and 9 at 1 and 5
minutes, respectively. No evidence of positional deformations or respiratory
abnormalities from the prolonged low amniotic fluid was noted and the neonatal
urine output was normal. The development of the infant also was normal (7).

Because of the unknown potential for embryo–fetal harm, two reviews
recommended that the use of trastuzumab in pregnancy should be avoided or
limited until adequate human pregnancy experience is available (8,9). However,
as noted in one review, compared with standard chemotherapy, the use of
trastuzumab could improve the pregnancy outcome for both the mother and her
fetus (8).

BREASTFEEDING SUMMARY
No reports describing the use of trastuzumab during human lactation have been
located.

Human immunoglobulin G also is excreted into breast milk (1,7). The effect of
this exposure on a nursing infant is unknown. In adults, adverse effects include
left ventricular dysfunction and congestive failure, anemia, leucopenia, diarrhea,
and an increased incidence of infection. The manufacturer recommends that
women should not breastfeed while receiving trastuzumab and for 6 months
after the last dose (1).
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TRAVOPROST
Ophthalmic (Prostaglandin Agonist)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of travoprost in human pregnancy have been
located. The animal data suggest moderate risk, but the amount appearing
in the systemic circulation is very low. Moreover, the elimination half-life
from plasma is very fast. Although the absence of human pregnancy
experience prevents a more complete assessment of embryo–fetal risk,
the risk of harm appears to be low. Nevertheless, because the drug will be
given daily for long periods, it may be best to use other anti-glaucoma
agents that have some human data (e.g., Latanoprost).

FETAL RISK SUMMARY
Travoprost is a synthetic prostaglandin F analog that acts as a selective FP
prostanoid receptor agonist to reduce intraocular pressure by increasing
uveoscleral outflow. It is available as an 0.004% ophthalmic solution that is
given as one drop in the affected eye(s) once daily. It is in the same class of
prostaglandin agonists as bimatoprost, latanoprost, and tafluprost. Travoprost
is indicated for the reduction of elevated intraocular pressure in patients with
open-angle glaucoma or ocular hypertension. It is hydrolyzed in the eye to the
active free acid and systemically to inactive metabolites. In most nonpregnant
subjects, plasma concentrations were below the quantification limit (0.01
ng/mL) of the assay. In subjects with quantifiable plasma levels, the mean
plasma maximum concentration was 0.018 ng/mL and the elimination half-life
was estimated to be 45 minutes (range 17–86 minutes) (1).

Reproduction studies have been conducted in mice and rats. In rats, a daily
IV dose up to 250 times the maximum recommended human ocular dose
(MRHOD) was associated with an increase in the incidence of skeletal



malformations and external and visceral defects (fused sternebrae, domed
head, and hydrocephaly). Teratogenicity was not observed with daily IV doses
up to 75 times the MRHOD in rats or in mice with daily SC doses up to 25
times the MRHOD. Travoprost caused an increase in postimplantation loses
and a decrease in fetal viability in rats at daily IV doses up to 75 times the
MRHOD or in mice with daily SC doses up to 7.5 times the MRHOD. When rats
received a daily SC dose that was 3 times the MRHOD from day 7 of
pregnancy to lactation day 21 there was an increased incidence of postnatal
mortality and decreased neonatal body weight gain. Neonatal development also
was affected as evidenced by delayed eye opening, pinna detachment,
preputial separation, and decreased motor activity (1).

No evidence of carcinogenicity was observed in 2-year studies in mice and
rats with SC doses. Most assays for mutagenicity were negative but a slight
increase in mutant frequency was observed in one assay. No effect on mating
or fertility was observed in male or female rats, but at the highest dose (250
times the MRHOD), the mean number of corpora lutea was reduced and
postimplantation losses were increased (1).

It is not known if travoprost free acid crosses the human placenta. The
molecular weight of the parent drug (about 501) is low enough but the short
elimination half-life and very low plasma concentrations suggest that clinically
significant amounts of the drug will not cross to the embryo–fetus.

Prostaglandin F2α has been used for pregnancy termination in humans via
intrauterine extra-amniotic infusion to treat missed abortion or intrauterine
death. However, there is no evidence that at doses given to reduce elevated
ophthalmic pressure, an increased risk for uterine contractions would be seen
(see Latanoprost).

BREASTFEEDING SUMMARY
No reports describing the use of travoprost during human lactation have been
located. The molecular weight of the parent drug (about 501) is low enough but
the short elimination half-life (45 minutes) and very low plasma concentrations
suggest that clinically significant amounts of the drug will not be excreted into
breast milk.
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TRAZODONE
Antidepressant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal and limited human data suggest that the risk for major
malformations in the embryo is low. Studies for other aspects of
developmental toxicity in the embryo–fetus, however, have not been
conducted.

FETAL RISK SUMMARY
Trazodone is an antidepressant. At high doses in some animal species,
trazodone is fetal toxic and teratogenic. However, others have reported no
teratogenicity in rats and rabbits (1).

One manufacturer has received several anecdotal descriptions concerning
the use of trazodone in pregnancy (T. Donosky, personal communication, Mead
Johnson Pharmaceutical Division, 1987). Included in these was a report of an
infant born with an undefined birth defect after in utero exposure to the
antidepressant. Another report described a normal infant exposed throughout
gestation beginning with the 5th week. No confirmatory follow-up information
was available for either of these cases. A third case from the manufacturer’s
files involved a woman who took trazodone, 50–100 mg/day, during the first 3
weeks of pregnancy and eventually delivered a normal infant. Finally, a woman
was treated with trazodone for 8 days, at which time the drug was discontinued
because of a positive pregnancy test. A spontaneous abortion occurred
approximately 1.5 months later. No cause and effect relationship can be
inferred between trazodone and any of the above adverse outcomes.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 100 newborns had
been exposed to trazodone during the 1st trimester (F. Rosa, personal



communication, FDA, 1993). One (1%) major birth defect was observed (four
expected), but details are not available. No anomalies were observed in six
defect categories (cardiovascular defects, oral clefts, spina bifida, polydactyly,
limb reduction defects, and hypospadias) for which specific data were
available.

A prospective multicenter study evaluated the effects of lithium exposure
during the 1st trimester in 148 women (2). One of the pregnancies was
terminated at 16 weeks’ gestation because of a fetus with the rare congenital
heart defect, Ebstein’s anomaly. The fetus had been exposed to lithium,
trazodone, fluoxetine, and L-thyroxine during the 1st trimester. The defect was
attributed to lithium exposure.

In a 1996 descriptive case series, the European Network of the Teratology
Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (3). Multiple drug therapy occurred in
about two-thirds of the mothers. Trazodone was used in 13 pregnancies. The
outcomes of these pregnancies were two elective abortions, eight normal
newborns (includes one premature infant), and three normal infants who died
after birth (after difficult delivery; twins delivered at 27 weeks’; multiple other
drugs) (3).

A 2003 prospective controlled study described the outcomes of 147
pregnancies exposed in the 1st trimester (52 used the drugs throughout
gestation) to either trazodone or nefazodone, a closely related antidepressant
(4). The data were gathered from five teratology information services in
Canada (two sites), the United States (two sites), and Italy. The outcomes
were compared with two control groups (one exposed to other antidepressants
and one exposed to nonteratogens). There were no significant differences
between the three groups in terms of spontaneous abortions, elective
abortions, stillbirths, major malformations, gestational age at birth, or birth
weights. In the study group, there were two (1.4%) major malformations:
neural tube defect and Hirschsprung disease (4).

A 2005 meta-analysis of seven prospective comparative cohort studies
involving 1774 patients was conducted to quantify the relationship between 7
newer antidepressants and major malformations (5). The antidepressants were
bupropion, fluoxetine, fluvoxamine, nefazodone, paroxetine, sertraline, and
trazodone. There was no statistical increase in the risk of major birth defects
above the baseline of 1%–3% in the general population for the individual or
combined studies (5).

A prospective cohort study evaluated a large group of pregnancies exposed



to antidepressants in the 1st trimester to determine if there was an association
with major malformations (6). The patient population came from the Motherisk
database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 17 trazodone cases,
the other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 52 fluvoxamine, 68 mirtazapine, 49 nefazodone, 148 paroxetine, 61
sertraline, and 154 venlafaxine. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (odds ratio 0.9,
95% CI 0.5–1.61). There were no major defects in the pregnancies exposed to
bupropion, escitalopram, or trazodone (6).

BREASTFEEDING SUMMARY
Trazodone is excreted into human milk. Six healthy lactating women, 3–8
months postpartum, were given a single 50-mg oral dose of trazodone after an
overnight fast (7). Simultaneous serum and milk samples were collected at
various times ≤30 hours after ingestion. The infants of the mothers were not
allowed to breastfeed during the first 4 hours after the dose. The mean
milk:plasma ratio, based on AUC for the two fluids, was 0.142. Based on 500
mL of milk consumed during a 12-hour interval, the infants would have received
a trazodone dose of 0.005 mg/kg. This study was unable to include a
potentially active metabolite, 1-m-chlorophenylpiperazine, in the analysis (7).

A 2006 report described six women taking quetiapine and other psychotropic
agents during breastfeeding (8). One woman was treated with trazodone,
quetiapine, and venlafaxine throughout gestation. Details of the pregnancy or its
outcome were not provided. At 6.5 weeks postpartum, milk samples were
obtained for analysis after doses of 75 mg for each drug (timing of samples
and daily doses were not specified). Quetiapine was not detected (<30
nmol/L), but the milk levels of trazodone and venlafaxine were 108 and 371
nmol/L, respectively. The estimated infant daily doses for all three drugs were
<0.01 mg/kg/day. In addition, the infant’s behavior was assessed using the
Bayley Scales of Infant Development, Second Edition, that suggested normal
development (8).

Although the amount of trazodone in milk is very small, the American
Academy of Pediatrics classifies trazodone as a drug for which the effect on
nursing infants is unknown but may be of concern (9).
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TREPROSTINIL
Hematologic Agent (Antiplatelet)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of treprostinil during human pregnancy have
been located. The animal data suggest low risk, but the lack of human
pregnancy experience prevents an assessment of the embryo–fetal risk.
However, maternal hypotension, resulting in decreased placental perfusion
and fetal hypoxia, is a potential risk.

FETAL RISK SUMMARY
Treprostinil is an inhibitor of platelet aggregation. Its action includes direct
vasodilation of pulmonary and systemic arterial vascular beds. Treprostinil is
administered by continuous SC infusion for the treatment of pulmonary arterial
hypertension. The terminal elimination half-life is about 2–4 hours. Treprostinil is
extensively metabolized in the liver but the biological activity of the metabolites
is unknown (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats during organogenesis, continuous SC infusions of doses up to about 117
times the recommended starting rate in humans based on BSA (HD) and about
16 times the average rate achieved in clinical trials (AR) revealed no evidence
of fetal harm. At doses up to about 8 times the AR, continuous SC infusions
administered from implantation to the end of lactation had no effect on growth
or development of offspring. In pregnant rabbits during organogenesis, a
continuous SC infusion at 41 times the HD and about 5 times the AR produced
fetal skeletal variations. However, maternal toxicity (decreased body weight
and food consumption) was evident at this dose (1).

It is not known if treprostinil crosses the human placenta. The molecular
weight (about 412) is low enough that passage to the fetus should be



expected. Moreover, the drug is administered as a continuous SC infusion that
should result in relatively constant plasma drug concentrations at the placental
maternal–fetal interface.

BREASTFEEDING SUMMARY
No reports describing the use of treprostinil during lactation have been located.
The molecular weight (about 412) and method of administration (continuous SC
infusion) suggest that the drug will be excreted into breast milk. In adults,
treprostinil undergoes extensive hepatic metabolism, but the biological activity
of the metabolites has not been characterized. However, even if the
metabolites are inactive, the neonatal immature hepatic function could allow
systemic levels of the parent drug. Although the effect of this exposure on a
nursing infant is unknown, treprostinil has caused clinically significant adverse
effects in adults (e.g., headache, nausea/vomiting, restlessness, and anxiety).
A nursing infant should be closely observed for these effects if a woman
receiving treprostinil elects to breastfeed.
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TRETINOIN (SYSTEMIC)
Antineoplastic/Vitamin
PREGNANCY RECOMMENDATION: Contraindicated—1st Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Tretinoin (all-trans retinoic acid; retinoic acid; vitamin A acid) is a retinoid
and vitamin A (retinol) metabolite that is available both as a topical
formulation (see Tretinoin [Topical]) and as an oral antineoplastic for the
treatment of acute promyelocytic leukemia. As with other retinoids, all-trans
retinoic acid is a potent teratogen when taken systemically during early
pregnancy (see Etretinate, Isotretinoin, and Vitamin A), producing a pattern
of birth defects termed retinoic acid embryopathy (CNS, craniofacial,
cardiovascular, and thymic anomalies). The teratogenic effect of all-trans
retinoic acid is dose-dependent because an endogenous supply of the
vitamin is required for normal morphogenesis and differentiation of the
embryo, including a role in physiologic developmental gene expression (1).
A low serum concentrations or frank deficiency of vitamin A and all- trans
retinoic acid is also teratogenic (see Tretinoin [Topical]).

FETAL RISK SUMMARY
The teratogenicity of all-trans retinoic acid in animals is summarized under the
topical formulation as is the reported human pregnancy experience following
topical use.

A number of reports have described the use of systemic tretinoin (45
mg/m2/day in 10 cases, 70 mg/day in 1) for the treatment of acute
promyelocytic leukemia during pregnancy (2–12). In one case treatment was
started during the sixth week of gestation (about 36 days from the last
menstruation) (2); in six cases (one set of twins), treatment was started during
the 2nd trimester (3–8); and in four cases, treatment was started during the
3rd trimester (9–12). No congenital abnormalities were observed in the 12
newborns, although 10 were premature. The growth and development in nine of



the infants (postnatal examinations not reported in two cases) were normal in
the follow-up periods ranging up to 4 years.

BREASTFEEDING SUMMARY
Vitamin A and, presumably, tretinoin (all- trans retinoic acid) are natural
constituents of human milk. There are no data available on the amount of
all-trans retinoic acid excreted into breast milk following the doses used for the
treatment of promyelocytic leukemia or the risk, if any, this may present to a
nursing infant.
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TRETINOIN (TOPICAL)
Dermatologic Agent
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Elevated serum concentrations of all-trans retinoic acid in early gestation
are considered teratogenic in humans. Because of its relatively poor
systemic absorption (if occlusive dressings are not used) after topical
administration, tretinoin is not thought to present a significant fetal risk.
Because some absorption does occur, however, it is not possible to
exclude a teratogenic risk (1). Congenital malformations, some of which
are consistent with those observed in retinoic acid embryopathy, have been
reported after topical use, but a causal association has yet to be
established. The reports may reflect (a) greater-than-normal fetal exposure
from higher-than-usual maternal doses or enhanced systemic absorption,
or (b) selective reporting of adverse outcomes that are not caused by
tretinoin. Until more data are available, however, the safest course is to
avoid the use of tretinoin during pregnancy, especially in the 1st trimester.
But if inadvertent exposure does occur during early pregnancy, the fetal
risk, if any, appears to be very low.

FETAL RISK SUMMARY
Tretinoin (all-trans retinoic acid; retinoic acid; vitamin A acid) is a retinoid and
vitamin A (retinol) metabolite used topically for the treatment of acne vulgaris
and other skin disorders and systemically in the treatment of acute
promyelocytic leukemia (see Tretinoin [Systemic]). As with other retinoids, the
drug is a potent teratogen after exposure in early pregnancy (see also
Etretinate, Isotretinoin, and Vitamin A), producing a pattern of birth defects
termed retinoic acid embryopathy (CNS, craniofacial, cardiovascular, and
thymic anomalies). However, an endogenous supply of retinoic acid is required
for normal morphogenesis and differentiation of the embryo, including a role in



physiologic developmental gene expression. The teratogenic effect of retinoic
acid is manifested when the levels are excessive (2).

Low serum concentration or frank deficiency of vitamin A and all- trans
retinoic acid is also teratogenic. Recent studies have shown that inhibition of
the conversion of retinol to retinoic acid or depletion of retinol may be involved
in the teratogenic mechanisms of such agents as ethanol (3–7) and some
anticonvulsants (8).

Two manufacturers have stated that reproduction studies with topical
tretinoin in animals are equivocal. In pregnant rats, daily doses >200 times the
recommended human topical dose (RHTD) were associated with shortened or
kinked tail. At 2000 times the RHTD, skeletal anomalies (humerus: short, bent;
os parietale incompletely ossified) were observed. In rabbits, fetotoxicity was
observed with doses 100 times the RHTD. Doses approximately 80 times the
RHTD in pregnant rabbits were associated with domed head and hydrocephaly,
anomalies that are typical of retinoid-induced malformations in this species. In
addition, a dose 91 times the RHTD was also associated with an increased
incidence of cleft palate (9). In contrast, other studies with topical tretinoin in
rats and rabbits at doses 100–200 times the RHTD have not demonstrated a
teratogenic effect (9,10).

A 1997 report described the developmental toxicity of topical and oral
tretinoin in pregnant rats (11). Topical doses of ≥10 mg/kg/day (approximately
2000 times the RHTD) were not tolerated, causing severe local and systemic
maternal toxicity. Maternal toxicity (reduced weight gain and food consumption)
was also evident at doses of 2.5 mg/kg/day (approximately 500 times the
RHTD) or more. A significant increase in the occurrence of supernumerary ribs
was observed at this dose, a result thought to be nonspecific or maternally
mediated. In contrast, oral tretinoin doses of 5 and 10 mg/kg/day were not
maternally toxic, but were associated with an increased incidence of
supernumerary ribs (5 mg/kg/day) and cleft palate (10 mg/kg/day). Based on
these results, the investigators concluded that only the highest oral dose was
teratogenic (11).

Dose-related maternal toxicity was observed in rabbits treated topically with
tretinoin cream at dosages of 10 and 100 times the human clinical dose (500
mg of 0.05% cream in a 50-kg adult equals 0.005 mg/kg/day) based on body
weight (12). Maternal endogenous plasma tretinoin levels were below the
detection level (5 ng/mL) in all animals. After treatment, however, a few rabbits
had detectable concentrations of retinoic acid, 13-cis-retinoic acid, or their
metabolites. The maternal toxicity was associated with an increased incidence



of abortions, resorptions, and reduced fetal body weight. Some significant (p
≤0.01) increases in malformations (open eyelids and cleft palate) and variations
(nasal ossification, fused sternebrae, and irregular-shaped scapular alae) were
observed. However, these were not considered to be tretinoin-related because
they were not dose-related, and the litter incidences either did not differ
significantly from those of controls or were within expected ranges for the
species (12).

Additional literature on the teratogenicity of both systemic and topical
tretinoin in various animal species has been summarized in several sources
(13–17). The latter reference has particular application to the study of the
teratogenic effects of tretinoin because it examined the toxicity of very small
oral doses of this compound at presomite stages in mouse embryos, thought to
be the most sensitive period for retinoid-induced teratogenesis (17). An
increasing incidence of severe microphthalmia, anophthalmia, and iridial
colobomata was produced as the dose was increased from 0 to 1.25 mg/kg.
These doses were much less than those typically used for reproductive toxicity
testing at later gestational periods. Slightly higher threshold doses produced
exencephaly (2.5 mg/kg) and marked craniofacial defects (7.5 mg/kg)
representative of the holoprosencephaly–aprosencephaly spectrum (17).

When tretinoin is used topically, its teratogenic risk had been thought to be
close to 0 (18). According to one source, no cases of toxicity had been
reported after nearly 20 years of use (18). In support of this, it has been
estimated that even if maximal absorption (approximately 33%) occurred from
a 1-g daily application of a 0.1% preparation, this would result in only about
one-seventh of the vitamin A activity received from a typical prenatal vitamin
supplement (19). One source stated that 80% of a 0.1% formulation in alcohol
remained on the skin’s surface, but when a 0.1% ointment was applied to the
back with a 16-hour occlusive dressing, only 50% of the drug remained on the
skin surface and 6% was excreted in the urine within 56 hours (20).

Authors of a 1992 reference reviewed the teratogenicity of vitamin A and its
congeners, including tretinoin, but did not derive a conclusion on the safety of
the drug after topical use (21), most likely because of the lack of studies with
the drug in pregnancy.

Five reports of congenital malformations in newborns whose mother’s were
using tretinoin during the 1st trimester have been located (22–26). The first
case involved a woman who had used tretinoin cream 0.05% during the month
before her last menstruation and during the first 11 weeks of pregnancy (22).
Her term, growth-restricted (weight 2620 g, <3rd percentile; length 49 cm, 25th



percentile; head circumference 32.5 cm, 3rd percentile) female infant had a
crumpled right hypoplastic ear and atresia of the right external auditory meatus,
a pattern of ear malformation identical with that observed with vitamin A
congeners. The remainder of the examination was normal, including the eyes,
cerebral computed tomography, and chromosomal analysis (22).

The second report described the female infant of a woman who had used an
over-the-counter alcohol-based liquid preparation of 0.05% tretinoin for severe
facial acne (23). The infant had multiple congenital defects consisting of
supraumbilical exomphalos, a diaphragmatic hernia, a pericardial defect,
dextroposition of the heart, and a right-sided upper limb reduction defect.

A 1998 case report described the pregnancy outcome of a woman who had
used, before conception and during the first 2 months of gestation, a topical
alcohol-based preparation of tretinoin 0.05% combined with benzoyl peroxide
2.5% for facial acne (24). Except for doxycycline (200 mg/ day) that had been
taken for an unknown duration, she had no other exposures to medications or
vitamins. An ultrasound examination at 5 months’ gestation detected hand and
heart malformations. The female infant (2800 g; length 48 cm; normal
karyotype 46,XX) was delivered at term with coarctation of the aorta,
hypoplastic left hand, and small ear canals. The authors noted the similarity of
some of the anomalies to those observed in retinoic acid embryopathy and
speculated that the keratolytic action of benzoyl peroxide may have enhanced
the cutaneous absorption of tretinoin. However, they also noted that any
association between tretinoin and the birth defects may have been fortuitous
(24).

Severe malformations were reported in a term, female infant whose mother
had used tretinoin (0.05%) twice daily for facial acne before and throughout
gestation (25). The defects were thought to be consistent with abnormal cranial
neural crest cell migration. They included craniofacial defects (cleft palate and
harelip, fused palpebral fissures, hypertelorism, a depressed nasal bridge, and
deficient left naris) and CNS anomalies (disorganized rudimentary optic cup
derivatives with optic tract dysgenesis, arrhinencephaly, agenesis of the corpus
callosum, fornices and cingulate gyri, cerebellar hypoplasia, and aqueduct
stenosis with hydrocephalus) (25).

The fifth case report involved a 4090-g term male infant who was born with
absence of the right ear and external auditory canal (26). The mother had used
tretinoin 0.025% topically on her face and over a large area of her back before
conception and during the first 2–3 months of gestation. She took prenatal
vitamins during pregnancy. The father was using isotretinoin before conception.



Examinations at 16 and 20 months of age revealed a nonverbal infant with poor
receptive language consistent with cognitive impairment. He had age-
appropriate muscle strength, tone and bulk. There was a diminished optokinetic
response and no oculovertibular response when rotating toward the right.
Extensive examinations revealed cerebral calcification of the right posterior
hemisphere, an overall reduction in the volume of the right cerebral hemisphere,
a remote infarct in the deep basal ganglia, focal atrophy and encephalomalacia
of the right parieto-occipital lobe. Marked abnormalities were noted in the
posterior cerebral artery and some of its branches. Hypometabolism,
sometimes severe, was observed in several regions of the brain, including the
thalamus (26).

The results of a prospective survey involving 60 completed pregnancies
exposed to tretinoin early in pregnancy were presented in a 1994 abstract (27).
From these pregnancies there were 53 liveborns (1 set of twins), 3 lost to
follow-up, 4 spontaneous abortions, and 1 elective termination. No major
malformations characteristic of retinoic acid embryopathy were observed
except for one case in which the mother had also taken isotretinoin (27).

Among 25 birth defect cases with 1st trimester exposure to tretinoin reported
to the FDA from 1969 to 1993, 5 were cases of holoprosencephaly (28). Six
other cases of holoprosencephaly involved other vitamin A derivatives:
isotretinoin (N = 4), etretinate (N = 1), and megadose vitamin A (N = 1). In
contrast, among 8700 nonretinoid-exposed birth defect reports to the FDA, only
19 involved suspected holoprosencephalies (28). Pregnancy outcomes from
1120 apparent 1st trimester tretinoin exposures were also examined. Among
the 49 birth defects observed (the expected incidence), no cases of
holoprosencephaly were seen. Although it is speculation, the contrasting
findings in the above two reports (27,28) on early pregnancy tretinoin exposure
may reflect (a) fetal exposure to different doses of tretinoin at the critical times
from the use of higher maternal doses or from enhanced systemic absorption,
or (b) selective (biased) reporting of adverse pregnancy outcomes to the FDA.

A 1993 report summarized data gathered from the Group Health Cooperative
of Puget Sound, Washington, involving 1st trimester exposure to topical
tretinoin and congenital malformations (29). A total of 215 women who had
delivered live or stillborn infants and were presumed to have been exposed to
the drug in early pregnancy were compared with 430 age-matched nonexposed
controls of women whose live or stillborn infants were delivered at the same
hospitals. A total of 4 (1.9%) infants in the exposed group had major anomalies
compared with 11 (2.6%) among the controls, a relative risk of 0.7 (95%



confidence interval 0.2–2.3). The defects observed in the exposed infants were
hypospadias, undescended or absent testicles, metatarsus adductus, and
esophageal reflux. The three stillborn infants in the exposed group were all
associated with umbilical cord accidents. The authors concluded that these
data provided no evidence for a relationship between topical tretinoin and the
congenital abnormalities normally observed with other vitamin A congeners or
for an increased incidence of defects compared with data from women not
using tretinoin (29). The findings of this study were summarized in a review
article on retinoids and teratogenicity (30).

A brief 1997 report described a prospective, observational, controlled study
that compared the pregnancy outcomes of 94 women who had used topical
tretinoin during pregnancy with 133 women not exposed to topical tretinoin or
other known human teratogens (31). Both groups were composed of pregnant
women who had contacted a teratology information service in the years from
1988 to 1996. No differences between the groups were found for the number
of live births, miscarriages, elective terminations, major malformations, duration
of pregnancy, cesarean sections, birth weight (after exclusion of one baby
weighing 5396 g in the control group), and low birth weight. Two liveborn
infants from the tretinoin-exposed group had major birth defects: a bicuspid
aortic valve in one and dysplastic kidneys in one. Neither defect is consistent
with retinoic acid embryopathy. Malformations in the four infants from the
control group were congenitally dislocated hip in two, aortic valvular stenosis in
one, and imperforate anus in one (31).

Several comments concerning the above study were made in a 1999 letter
(32). The primary concern expressed was that the number of subjects enrolled
in the study was too small to derive any conclusions as to the safety of tretinoin
in the 1st trimester. The authors thought that the risk of certain birth defects,
specifically cardiac anomalies and microtia, could not be excluded, and that the
use of tretinoin in pregnancy was contraindicated (32).

BREASTFEEDING SUMMARY
Vitamin A and, presumably, tretinoin (all- trans retinoic acid) are natural
constituents of human milk. There are no data available on the amount of
all-trans retinoic acid excreted into milk after topical use. Although other
retinoids are excreted (see Vitamin A), the minimal absorption that occurs after
topical application of tretinoin probably precludes the detection of clinically
significant amounts in breast milk from this source. Thus, use of tretinoin while
breastfeeding does not appear to represent a significant risk to a nursing infant.
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TRIAMCINOLONE
Corticosteroid
PREGNANCY RECOMMENDATION: Compatible (Inhaled) Human and
Animal Data Suggest Risk (Oral/Parenteral)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Triamcinolone is a corticosteroid with potency slightly greater than
prednisone. Use in the 1st trimester has a small absolute risk of oral clefts.
Continuous use during pregnancy has also caused fetal growth restriction.
However, inhaled triamcinolone does not appear to cause embryo–fetal
harm. Depending on the indication, the benefit of therapy may outweigh
these risks.

FETAL RISK SUMMARY
Triamcinolone is a synthetic fluorinated corticosteroid that can be administered,
depending on the preparation selected, orally, parenterally, topically, or by oral
inhalation. In animal models of inflammation, triamcinolone is approximately 1–2
times as potent as prednisone, whereas triamcinolone acetonide is about 8
times more potent (1). Oral inhalation of usual therapeutic doses of the latter
agent does not appear to suppress the hypothalamic–pituitary–adrenal axis (2).

Triamcinolone is teratogenic in animals. Cleft palate was induced in fetal mice
and rats exposed in utero to triamcinolone, triamcinolone acetonide, or
triamcinolone diacetate (3–5). In one study with mice, high dietary fat intake
(48% compared with a low-fat diet of 5.6%) increased the frequency and
severity of cleft palate (5). IM administration of nonlethal maternal doses
(0.125–0.5 mg/kg/day) of triamcinolone acetonide in pregnant rats at various
gestational ages produced fetal growth restriction at all doses tested (6).
Higher doses were associated with resorption, cleft palate, umbilical hernias,
undescended testes, and reduced ossification (6). A second report by these
latter investigators compared the teratogenic potency, as measured by the
induction of cleft palate, of triamcinolone, triamcinolone acetonide, and cortisol



in rats (7). Triamcinolone acetonide was 59 times more potent than
triamcinolone, which, in turn, was more potent than cortisol. Other anomalies
observed with triamcinolone acetonide were umbilical hernias, resorption, and
fetal death. All three agents produced fetal growth restriction.

Morphologically abnormal lungs and increased epithelial maturation were
found in fetal rat whole organ lung cultures exposed to triamcinolone acetonide
(8). Similarly, accelerated fetal lung maturation was observed following
administration of IM triamcinolone acetonide to pregnant rhesus macaques at
various stages of gestation (9). However, treatment earlier in gestation
produced growth restriction of some of the lung septa, as well as decreased
body weight and length (9).

A series of studies described the teratogenic effects of single and multiple
doses of IM triamcinolone acetonide administered early in gestation to
nonhuman primates (bonnet monkeys, rhesus monkeys, and baboons) at doses
ranging from approximately equivalent to the human dose up to 300 times the
human dose (10–13). Resorption; intrauterine death; orocraniofacial anomalies;
and defects of the thorax, hind limbs, thymus, adrenal glands, and kidney were
observed. The most common malformations involved the central nervous
system and cranium in all three species (11); growth restriction was also
common in all species (10).

Published human pregnancy experience with triamcinolone is limited to 16
cases. The Collaborative Perinatal Project monitored 50,282 mother–child
pairs, 56 of whom were exposed during the 1st trimester to a category of
miscellaneous corticosteroids (14). Included in this group were eight
triamcinolone-exposed mother–child pairs. Two (3.6%; relative risk 0.47)
newborns with malformations were observed in the total group, suggesting a
lack of any relationship to large categories of major or minor malformations or
to individual defects.

A 1966 reference described a woman with benign adrenogenital syndrome
who took 4–8 mg of triamcinolone orally throughout gestation (15). She
delivered a normal 2.61-kg male infant at 38 weeks without evidence of
hypoadrenalism. A 1975 report included 5 patients treated with triamcinolone
acetonide, presumably by oral inhalation, among 70 women with asthma who
were treated with various corticosteroids throughout gestation (16). No adverse
fetal outcomes were observed in the five triamcinolone-exposed cases,
although one of the mothers delivered prematurely. None of the 70 newborns
had evidence of adrenal insufficiency.

Symmetric growth restriction was observed in a 700-g, small-for-gestational-



age newborn delivered via cesarean section at 31 weeks’ gestation because of
fetal distress, diminished amniotic fluid, and lack of growth (17). The Dubowitz
evaluation was compatible with the menstrual dates. The normotensive,
nonsmoking mother had applied 0.05% triamcinolone acetonide cream to her
legs, abdomen, and extremities for atopic dermatitis from 12 to 29 weeks’
gestation. The authors estimated her daily dose to be approximately 40 mg, but
she had no signs or symptoms of adrenal insufficiency. The newborn was
breathing room air within 12 hours without evidence of respiratory distress.
Although not discussed, the apparent fetal lung maturity in a 31-week fetus may
have been the result of chronic corticosteroid exposure. At 14 days of age,
necrotizing enterocolitis occurred and, following multiple surgeries, the infant
was alive at 10 months of age on total parenteral nutrition. In an addendum to
their report, the authors noted that the mother had had a second pregnancy,
this time without the use of triamcinolone, and delivered a 1660-g (10th
percentile for gestational age) male infant at 34 weeks’ gestation. The authors
attributed the growth restriction in the first infant to triamcinolone because no
other cause was discovered. The result of the second pregnancy, however,
probably indicates that other factors were involved in addition to any effect of
the corticosteroid.

Four large epidemiologic studies have associated the use of corticosteroids
during the 1st trimester with orofacial clefts. The specific corticosteroid was not
identified in three of these studies (see Hydrocortisone for details), but in a
1999 study described below, the corticosteroids were listed.

In a case–control study, the California Birth Defects Monitoring Program
evaluated the association between selected congenital anomalies and the use
of corticosteroids 1 month before to 3 months after conception
(periconceptional period) (18). Case infants or fetal deaths diagnosed with
orofacial clefts, conotruncal defects, neural tubal defects (NTD), and limb
anomalies were identified from a total of 552,601 births that occurred from
1987 through the end of 1989. Controls, without birth defects, were selected
from the same database. Following exclusion of known genetic syndromes,
mothers of case and control infants were interviewed by telephone, an average
of 3.7 years (cases) or 3.8 years (controls) after delivery, to determine various
exposures during the periconceptional period. The number of interviews
completed were orofacial cleft case mothers (N = 662, 85% of eligible),
conotruncal case mothers (N = 207, 87%), NTD case mothers (N = 265, 84%),
limb anomaly case mothers (N = 165, 82%), and control mothers (N = 734,
78%) (18). Orofacial clefts were classified into four phenotypic groups: isolated



cleft lip with or without cleft palate (ICLP, N = 348), isolated cleft palate (ICP,
N = 141), multiple cleft lip with or without cleft palate (MCLP, N = 99), and
multiple cleft palate (MCP, N = 74). A total of 13 mothers reported using
corticosteroids during the periconceptional period for a wide variety of
indications. Six case mothers of infants with ICLP and three of infants with ICP
used corticosteroids (unspecified corticosteroid N = 1, prednisone N = 2,
cortisone N = 3, triamcinolone acetonide N = 1, dexamethasone N = 1, and
cortisone plus prednisone N = 1). One case mother of an infant with NTD used
cortisone and an injectable unspecified corticosteroid, and three controls used
corticosteroids (hydrocortisone N = 1 and prednisone N = 2). The odds ratio for
corticosteroid use and ICLP was 4.3 (95% confidence interval [CI] 1.1–17.2),
whereas the odds ratio for ICP and corticosteroid use was 5.3 (95% CI 1.1–
26.5). No increased risks were observed for the other anomaly groups.
Commenting on their results, the investigators thought that recall bias was
unlikely because they did not observe increased risks for other malformations,
and it was also unlikely that the mothers would have known of the suspected
association between corticosteroids and orofacial clefts (18).

A 2004 study examined the effect of inhaled corticosteroids on low birth
weight, preterm births, and congenital malformations in pregnant asthmatic
patients (19). The inhaled steroids and the number of patients were
beclomethasone (N = 277), fluticasone (N = 132), triamcinolone (N = 81),
budesonide (N = 43), and flunisolide (N = 25). Compared with the general
population, the study found no increased incidence of small-for-gestational-age
infants (less than 10th percentile for gestational age), low birth weight (<2500
g), preterm births, and congenital malformations (19).

A 2006 meta-analysis on the use of inhaled corticosteroids during pregnancy
was published in 2006 (20). The analysis included five agents: beclomethasone,
budesonide, flunisolide, fluticasone, and triamcinolone. The results showed that
these agents do not increase the risk of major congenital defects, preterm
delivery, low birth weight, and pregnancy-induced hypertension. Thus, they
could be used during pregnancy (20).

BREASTFEEDING SUMMARY
No reports describing the use of triamcinolone during lactation have been
located. The molecular weight (about 394) is low enough that excretion into
breast milk should be expected. Small amounts of other corticosteroids (see
Hydrocortisone and Prednisone) are excreted into milk and do not appear to
present a risk to a nursing infant. Similar excretion probably occurs following



inhaled triamcinolone. At least one source states that inhaled corticosteroids
used for asthma are not contraindicated during breastfeeding (21).
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TRIAMTERENE
Diuretic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Many investigators consider diuretics to be contraindicated in pregnancy,
except for patients with heart disease, because they do not prevent or alter
the course of toxemia, and they may decrease placental perfusion (1–3). In
general, diuretics are not recommended for the treatment of gestational
hypertension because of the maternal hypovolemia characteristic of this
disease. Folic acid, at least 0.4 mg/day, should be taken before and during
gestation because triamcinolone is a weak folic acid inhibitor.

FETAL RISK SUMMARY
Triamterene is a potassium-conserving diuretic. It is a weak folic acid
antagonist. Reproduction studies in rats at doses up to 6 times the maximum
recommended human dose based on BSA found no evidence of fetal harm (4).

It is not known if triamterene crosses the human placenta. The molecular
weight (about 253) is low enough that exposure of the embryo–fetus should be
expected.

No defects were observed in five infants exposed to triamterene in the 1st
trimester (5, p. 372). For use anytime during pregnancy, 271 exposures were
recorded without an increase in malformations (5, p. 441).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 318 newborns had
been exposed to triamterene during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of 15 (4.7%) major birth defects were
observed (13 expected). Three cases of cardiovascular defects (three
expected) and one case of polydactyly (one expected) were observed, but
specific information was not available for the other defects. No anomalies were
observed in four other categories of defects (oral clefts, spina bifida, limb



reduction defects, and hypospadias) for which data were available. These data
do not support an association between the drug and congenital defects.

The effects of exposure (at any time during the 2nd or 3rd month after the
last menstrual period) to folic acid antagonists on embryo–fetal development
were evaluated in a large, multicenter, case–control surveillance study
published in 2000 (6). The report was based on data collected between 1976
and 1998 by the Slone Epidemiology Unit Birth Defects Study from 80 maternity
or tertiary care hospitals in Boston, Philadelphia, Toronto, and Iowa. Mothers
were interviewed within 6 months of delivery about their use of drugs during
pregnancy. Folic acid antagonists were categorized into two groups: group I—
dihydrofolate reductase inhibitors (aminopterin, methotrexate, sulfasalazine,
pyrimethamine, triamterene, and trimethoprim); group II—agents that affect
other enzymes in folate metabolism, impair the absorption of folate, or increase
the metabolic breakdown of folate (carbamazepine, phenytoin, primidone, and
phenobarbital) (3). The case subjects were 3870 infants with cardiovascular
defects, 1962 with oral clefts, and 1100 with urinary tract malformations.
Infants with defects associated with a syndrome were excluded, as were
infants with coexisting neural tube defects (NTDs; known to be reduced by
maternal folic acid supplementation). Too few infants with limb reduction
defects were identified to be analyzed. Controls (N = 8387) were infants with
malformations other than oral clefts and cardiovascular, urinary tract, and limb
reduction defects, and NTDs, but included infants with chromosomal and
genetic defects. The risk of malformations in control infants would not have
been reduced by vitamin supplementation, and none of the controls used folic
acid antagonists (3). For group I cases, the relative risks (RRs) of
cardiovascular defects and oral clefts were 3.4 (95% confidence interval [CI]
1.8–6.4) and 2.6 (95% CI 1.1–6.1), respectively. For group II cases, the RRs
of cardiovascular and urinary tract defects, and oral clefts were 2.2 (95% CI
1.4–3.5), 2.5 (95% CI 1.2–5.0), and 2.5 (95% CI 1.5–4.2), respectively.
Maternal use of multivitamin supplements with folic acid (typically 0.4 mg)
reduced the risks in group I cases, but not in group II cases (6).

BREASTFEEDING SUMMARY
No reports describing the use of triamterene during lactation have been
located. The molecular weight (about 253) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown.
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TRIAZOLAM
Hypnotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

A 1990 report evaluated the available published data to determine the fetal
risk that occurs from exposure to various drugs (1). The risk for triazolam,
based on poor data, was determined to be “none minimal.” This risk
assignment was defined as “…a magnitude that patients and physicians
would generally consider to be too small to influence the management of an
exposed pregnancy” (1).

FETAL RISK SUMMARY
Triazolam, a short-acting benzodiazepine, is used as a hypnotic for the
treatment of insomnia. Although no congenital anomalies have been attributed
to the use of triazolam during human pregnancies, other benzodiazepines (e.g.,
see Chlordiazepoxide and Diazepam) have been suspected of producing fetal
malformations after 1st trimester exposure. Because of this association, the
manufacturer classifies the drug as contraindicated in pregnancy (2). In one
report, the drug was not teratogenic in pregnant animals when administered in
large oral doses (3).

It is not known if triazolam crosses the human placenta. However, other
benzodiazepines, such as diazepam, freely cross the placenta and accumulate
in the fetus (see Diazepam). A similar distribution pattern should be expected
for triazolam.

By the middle of 1988, the manufacturer had received >100 reports of in
utero exposure to triazolam (J.H. Markillie, personal communication, Upjohn,
1989). Approximately one-seventh of these women were either lost to follow-up
or further information was not available. Of the cases in which the outcome was
known, more than one-half of the completed pregnancies ended with the



delivery of a normal infant. Some of these exposures were reported in a 1987
correspondence that also included experience with alprazolam, another short-
acting benzodiazepine (4). From these two sources, a total of five infants with
congenital malformations have been described after in utero exposure to
triazolam: extra digit on left foot and cleft uvula; incomplete closure of the
foramen ovale (resolved spontaneously); small-for-gestational-age infant with
left pelvic ectopic kidney; ventricular septal defect and possible coarctation of
aorta (exposed to multiple drugs including triazolam); and premature, low-birth-
weight infant with ventricular septal defect, pulmonary stenosis, intraventricular
hemorrhage, hydrocephalus, apnea, bradycardia, anemia, jaundice, and seizure
disorder (exposed to single 0.125-mg tablet at 1–2 weeks’ gestation).

Single reports received by the manufacturer of defects in infants exposed in
utero to either triazolam or alprazolam include pyloric stenosis, moderate
tongue-tie, umbilical hernia and ankle inversion, and clubfoot (4).

Three cases of nonmalformation toxicities have been observed in infants
exposed during gestation to triazolam: tachycardia, bradycardia, respiratory
pauses, hypotonia and axial hypotony, impaired arachnoid reflexes,
hypothermia, sleepiness and lifeless (symptoms resolved after infant received
supportive care for several days; mother took multiple medications during
pregnancy); fetal distress requiring emergency cesarean section and infant
resuscitation, umbilical cord wrapped around neck, seizure activity, and
generalized cortical atrophy (exposed to triazolam and a second [not identified]
benzodiazepine early in pregnancy and during the last week of gestation;
apparent recovery with no permanent disability by 6 months of age);
bradycardia, malaise, cyanosis, leukopenia, and chewing movements at 4 days
of age (exposed during 3rd trimester; symptoms resolved by 1 week of age)
(4).

Based on the available information, a causal relationship between triazolam
and the various infant outcomes does not appear to exist. Moreover, these
cases cannot be used to derive rate or incidence data, because of the probable
bias involved in the reporting of pregnancy exposures to the manufacturer (4).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 138 newborns
were exposed to triazolam during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). A total of seven (5.1%) major birth defects were
observed (six expected). One cardiovascular defect (one expected) and one
case of polydactyly (0.5 expected) were observed, but specific information on
the other defects was not available. No anomalies were observed in four other



categories of defects (oral clefts, spina bifida, limb reduction defects, and
hypospadias) for which specific data were available. These data do not support
an association between the drug and congenital defects.

BREASTFEEDING SUMMARY
No reports describing the use of triazolam during human lactation or measuring
the amount excreted into milk have been located. The molecular weight (about
343) is low enough that passage into human milk should be expected. The
effect of this exposure on a nursing infant is unknown, but closely related drugs
are classified by the American Academy of Pediatrics as agents that may be of
concern during breastfeeding (e.g., see Diazepam).
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TRICHLORMETHIAZIDE
Diuretic

See Chlorothiazide.



TRIDIHEXETHYL

[Withdrawn from the market. See 9th edition.]



TRIENTINE
Chelating Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal data suggest moderate risk, no developmental toxicity
has been observed in the limited human pregnancy data. Copper deficiency
is thought to be teratogenic, but evidence was found in one study that
fetuses exposed to trientine are not copper deficient.

FETAL RISK SUMMARY
Trientine is a chelating agent used for the removal of excess copper from the
systems of patients with Wilson’s disease who either cannot tolerate
penicillamine or who have developed penicillamine resistance. The drug is
available in the United States only as an orphan drug.

In studies with pregnant rats, trientine was teratogenic in doses similar to
those used in humans (1–6). The frequency of fetal resorptions and
malformations, including hemorrhage and edema, was directly related to the
decrease in fetal copper concentrations.

It is not known if trientine crosses the human placenta. The molecular weight
(about 147 for the free base) suggests that exposure of the embryo–fetus
should be expected.

A 1996 report described the use of trientine in seven human pregnancies (7).
The women were treated for Wilson’s disease through 11 pregnancies. At the
time of conception, the average duration of trientine therapy had been 5 years
(range 2–3 weeks to 9 years). Therapy was continued throughout pregnancy in
seven cases, interrupted in the 2nd trimester of one because of inability to
obtain the drug, and apparently was discontinued in the final few weeks of still
another because of nausea not related to trientine (7). One woman underwent
a therapeutic abortion at 10 weeks’ gestation and one spontaneously aborted a



normal male fetus, together with a copper contraceptive coil, at 14 weeks’
gestation. Of the pregnancies ending with a live infant, there were four males,
four females, and one infant whose sex was not specified. The mean birth
weight of the full-term infants was 3263 g. Two of the infants were delivered
prematurely, one male at 36 weeks (2400 g) and one female at 31 weeks (800
g). The latter infant had an isochromosome X, but both parents had normal X
chromosomes. No other abnormalities were observed in the infants at the time
of birth.

Because copper deficiency is thought to be teratogenic, the results led to the
conclusion that the fetuses had not become copper depleted (7). Evidence
supporting this conclusion was obtained from the mean ceruloplasmin
concentration of cord blood, 9.9 mg/dL, which was nearly identical to
nontreated controls (10 mg/dL) (7). Additional studies, however, are needed
before this conclusion can be accepted with confidence. Except for slow
progress at 3 months in the infant with the isochromosome X, development in
the other children was normal during follow-up evaluations ranging from 2
months to 9 years.

In a 1998 case report, a 20-year-old woman with Wilson’s disease took
trientine (900 mg/day) throughout pregnancy (8). At 42 weeks’, she vaginally
delivered a normal 3280-g female infant with Apgar scores of 10, 10, and 10 at
1, 5, and 10 minutes, respectively. No complications were observed in the
mother or infant during the postpartum period (8).

BREASTFEEDING SUMMARY
No reports describing the use of trientine during lactation have been located.
The molecular weight (about 147 for the free base) is low enough that excretion
into breast milk should be expected. The effect of this exposure on a nursing
infant is unknown. Copper deficiency, however, is a potential toxicity.
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TRIFLUOPERAZINE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although some reports have attempted to link trifluoperazine with congenital
defects, most evidence suggests that the drug is safe for the mother and
low risk for the embryo–fetus.

FETAL RISK SUMMARY
Trifluoperazine is a piperazine phenothiazine. The drug readily crosses the
placenta (1). It has been used for the treatment of nausea and vomiting of
pregnancy, but it is primarily used as a psychotropic agent.

Reproduction studies with trifluoperazine have been conducted in rats,
rabbits, and monkeys (2). In rats, doses >600 times the human dose revealed
an increased incidence of malformations and reduced litter size and weight
associated with maternal toxicity. These effects were not observed when the
dose was reduced to half (2). No fetal adverse effects were observed in
rabbits or monkeys at doses of 700 and 25 times the human dose,
respectively.

In 1962, the Canadian Food and Drug Directorate released a warning that
eight cases of congenital defects had been associated with trifluoperazine
therapy (3). This correlation was refuted in a series of articles from the medical
staff of the manufacturer of the drug (4–6). In 480 trifluoperazine-treated
pregnant women, the incidence of liveborn infants with congenital malformations
was 1.1%, as compared with 8472 nontreated controls with an incidence of
1.5% (5). Two reports of phocomelia appeared in 1962–1963 and a case of a
congenital heart defect in 1969 (7–9): twins, both with phocomelia of all four
limbs (7); phocomelia of upper limbs (8); and complete transposition of great
vessels in the heart (9). In none of these cases is there a clear relationship



between use of the drug and the defect.
Extrapyramidal symptoms have been described in a newborn exposed to

trifluoperazine in utero, but the reaction was probably caused by
chlorpromazine (see Chlorpromazine) (10).

The Collaborative Perinatal Project monitored 50282 mother–child pairs, 42
of whom had 1st trimester exposure to trifluoperazine (11). No evidence was
found to suggest a relationship to malformations or an effect on perinatal
mortality rate, birth weight, or IQ scores at 4 years of age.

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 29 newborns had
been exposed to trifluoperazine during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (3.4%) major birth defect (one expected), a
cardiovascular malformation (0.5 expected), was observed.

Attempted maternal suicide at 31 weeks’ gestation with trifluoperazine and
misoprostol resulting in fetal death has been described (12). The adverse fetal
outcome was attributed to tetanic uterine contractions caused by misoprostol
(see Misoprostol).

Reviewers have concluded that phenothiazines are not teratogenic (13,14).

BREASTFEEDING SUMMARY
No reports describing the use of trifluoperazine during lactation have been
located. The molecular weight (about 408 for the free base) is low enough that
passage into milk should be expected. The American Academy of Pediatrics
classifies trifluoperazine as a drug for which the effect on nursing infants is
unknown but may be of concern (15).
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TRIFLUPROMAZINE

[Withdrawn from the market. See 9th edition.]



TRIHEXYPHENIDYL
Parasympatholytic (Anticholinergic)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The absence of animal reproduction data and the very limited human
pregnancy experience prevents an assessment of the embryo–fetal risk.
However, in general, anticholinergics are considered low risk in pregnancy.

FETAL RISK SUMMARY
Trihexyphenidyl is an anticholinergic agent used in the treatment of
parkinsonism. In a large prospective study, 2323 patients were exposed to this
class of drugs during the 1st trimester, 9 of whom took trihexyphenidyl (1). A
possible association was found between the total group and minor
malformations.

BREASTFEEDING SUMMARY
No reports describing the use of trihexyphenidyl during human lactation have
been located.
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[Withdrawn from the market. See 9th edition.]



TRIMETHADIONE

[Withdrawn from the market. See 9th edition.]
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TRIMETHOBENZAMIDE
Antiemetic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The animal reproduction data and the limited human pregnancy experience
suggest that the embryo–fetal risk with this drug is low.

FETAL RISK SUMMARY
Trimethobenzamide is an antiemetic agent. Reproduction studies have been
conducted in rats and rabbits and revealed no evidence of teratogenicity (1). An
increased incidence of resorptions and stillborn pups was noted in rats (at 20
and 100 mg/kg) and an increased number of resorptions in rabbits (at 100
mg/kg), but these adverse effects occurred in only one or two dams in both
species (1).

It is not known if trimethobenzamide crosses the human placenta. The
molecular weight (about 389 for the free base) suggests that exposure of the
embryo–fetus should be expected.

Trimethobenzamide has been used in pregnancy to treat nausea and vomiting
(2,3). No adverse effects in the fetuses were observed. In a third study, 193
patients were treated with trimethobenzamide in the 1st trimester (4). The
incidences of severe congenital defects at 1 month, 1 year, and 5 years were
2.6%, 2.6%, and 5.8%, respectively. The 5.8% incidence was increased
compared with nontreated controls (3.2%) (p <0.05), but other factors,
including the use of other antiemetics in some patients, may have contributed to
the results. The authors concluded that the risk of congenital malformations
with trimethobenzamide was low.

BREASTFEEDING SUMMARY
No reports describing the use of trimethobenzamide during lactation have been
located. The molecular weight (about 389 for the free base) is low enough that



excretion into breast milk should be expected. The effect of this exposure on a
nursing infant is unknown.
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TRIMETHOPRIM
Anti-infective
PREGNANCY RECOMMENDATION: Human and Animal Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Trimethoprim is a dihydrofolate reductase inhibitor that is teratogenic in
animals and humans. Defects that have been associated with trimethoprim
include cardiovascular defects and neural tube defects (NTDs), and
possibly oral clefts. Folic acid supplementation, at least 0.4 mg/day,
started before conception or concurrently with trimethoprim may reduce the
risk of these congenital defects.

FETAL RISK SUMMARY
Trimethoprim is available as a single agent and in combination with various
sulfonamides (see Sulfonamides). Because trimethoprim is a folate antagonist,
caution has been advocated for its use in pregnancy (1–3). Published case
reports and placebo-controlled trials involving several hundred patients, during
all phases of gestation, have failed to demonstrate an increase in fetal
abnormalities (4–13). However, other reports (14–20) and the unpublished data
cited below are suggestive that trimethoprim use during the 1st trimester may
result in structural defects. Maternal supplementation with multivitamins that
contain folic acid may reduce this risk (16).

Trimethoprim (200 mg/kg) given to pregnant rats resulted in cleft palates
(21). The no-effect dose was 192 mg/kg. When trimethoprim (88 mg/kg) was
combined with sulfamethoxazole (355 mg/kg), cleft palates were observed in
one of nine litters. In two other rat studies, however, no teratogenic effects
were seen at a combined dose of 128 and 512 mg/kg, respectively. In some
studies with pregnant rabbits, a trimethoprim dose 6 times the human
therapeutic dose was associated with resorptions, fetal death, and
malformations (21).

Trimethoprim (molecular weight about 290) crosses the placenta, producing
similar levels in fetal and maternal serum and in amniotic fluid (22–25). Using an



in vitro perfused human cotyledon, both trimethoprim and sulfamethoxazole
were shown to cross the placenta (25). After 1 hour in a closed system at
maternal trimethoprim concentrations of 7.2 and 1.0 mcg/mL, concentrations on
the fetal side were 1.4 (19%) and 0.08 mcg/mL (8%), respectively. Under
similar conditions, maternal sulfamethoxazole levels of 29.6, 112.6, and 127.7
mcg/mL produced fetal levels of 5.1 (17%), 9.6 (9%), and 14.8 mcg/mL (12%).
(Note: The mean steady state serum levels following 160 mg/800 mg
trimethoprim–sulfamethoxazole orally twice daily are 1.72 and 68 mcg/mL,
respectively [21].)

A 27-year-old woman consumed a low-calorie (Nutra System) diet 10 months
before conception through the 4th gestational week (14). Her pregnancy was
complicated by otitis, treated with a combination of trimethoprim–
sulfamethoxazole for 10 days beginning in the 3rd week, and the onset of
hyperemesis gravidarum at 5–6 weeks’ gestation that lasted until the 8th
month. Dimenhydrinate was taken intermittently as an antiemetic from the 7th
week through the 8th month. She gave birth at 38 weeks’ gestation to a 3225-g
female infant with a lobar holoprosencephaly. The malformations included a
median cleft lip and palate, a flat nose without nostrils, hypoplasia of the optic
discs, and a single ventricle and midline fused thalami. The infant developed
progressive hydrocephalus, myoclonic jerks, intractable seizures, and muscle
tone that changed from hypotonic to hypertonic at 2 months of age. Although
the critical period for development of holoprosencephaly was thought to be
during the period of gastrulation (i.e., the 3rd week of pregnancy), the cause of
the defects was unknown (14).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 2296 newborns
had been exposed to the combination of trimethoprim–sulfamethoxazole during
the 1st trimester (F. Rosa, personal communication, FDA, 1993). A total of 126
(5.5%) major birth defects were observed (98 expected). This incidence is
suggestive of an association between the drug combination and congenital
defects. Specific data were available for 6 defect categories, including
(observed/expected) 37/23 cardiovascular defects, 3/4 oral clefts, 1/1 spina
bifida, 7/7 polydactyly, 3/4 limb reduction defects, and 7/5 hypospadias. Only
the cardiovascular defects are suggestive of an association among the six
specific malformations, but other factors such as the mother’s disease,
concurrent drug use, and chance may be involved.

A 2000 case report described the adverse pregnancy outcomes, including
NTDs, of two pregnant women with HIV infection who were treated with the



anti-infective combination, trimethoprim–sulfamethoxazole, for prophylaxis
against Pneumocystsis carinii, concurrently with antiretroviral agents (15). In
the first case, a 32-year-old woman with a 3-year history of HIV and recent
diagnosis of acquired immunodeficiency syndrome was treated before and
throughout gestation with the anti-infective combination plus zidovudine and
zalcitabine. Folic acid, 10 mg/day, was added after the diagnosis of pregnancy
(gestational age not specified). At term, a female infant without HIV infection
was delivered by cesarean section, but she had a bony mass in the lumbar
spine (identified by ultrasound at 32 weeks’ gestation). A diagnostic evaluation
revealed that the second lumbar vertebra consisted of hemivertebrae and
projected posteriorly into the spinal canal. A malformed and displaced first
lumbar vertebra was also noted. Surgery was planned to correct the defect.
The second case involved a 31-year-old woman who presented at 15 weeks’
gestation. She was receiving trimethoprim–sulfamethoxazole, didanosine,
stavudine, nevirapine, and vitamin B supplements (specific vitamins and dosage
not given) that had been started before conception. A fetal ultrasound at 19
weeks’ gestation revealed spina bifida and ventriculomegaly. The patient
elected to terminate her pregnancy. The fetus did not have HIV infection.
Defects observed at autopsy included ventriculomegaly, an Arnold-Chiari
malformation, sacral spina bifida, and a lumbo-sacral meningomyelocele. The
authors attributed the NTDs in both cases to the antifolate activity of
trimethoprim (15).

The effects of exposure (at any time during the 2nd or 3rd month after the
last menstrual period) to folic acid antagonists on embryo–fetal development
were evaluated in a large, multicenter, case–control surveillance study
published in 2000 (16). The report was based on data collected between 1976
and 1998 by the Slone Epidemiology Unit Birth Defects Study from 80 maternity
or tertiary care hospitals in Boston, Philadelphia, Toronto, and Iowa. Mothers
were interviewed within 6 months of delivery about their use of drugs during
pregnancy. Folic acid antagonists were categorized into two groups: group I—
dihydrofolate reductase inhibitors (aminopterin, methotrexate, sulfasalazine,
pyrimethamine, triamterene, and trimethoprim); group II—agents that affect
other enzymes in folate metabolism, impair the absorption of folate, or increase
the metabolic breakdown of folate (carbamazepine, phenytoin, primidone, and
phenobarbital). The case subjects were 3870 infants with cardiovascular
defects, 1962 with oral clefts, and 1100 with urinary tract malformations.
Infants with defects associated with a syndrome were excluded, as were
infants with coexisting NTDs (known to be reduced by maternal folic acid



supplementation). Too few infants with limb reduction defects were identified to
be analyzed. Controls (N = 8387) were infants with malformations other than
oral clefts and cardiovascular, urinary tract, and limb reduction defects and
NTDs, but included infants with chromosomal and genetic defects. The risk of
malformations in control infants would not have been reduced by vitamin
supplementation, and none of the controls used folic acid antagonists (16). For
group I cases, the relative risks (RRs) of cardiovascular defects and oral clefts
were 3.4 (95% confidence interval [CI] 1.8–6.4) and 2.6 (95% CI 1.1–6.1),
respectively. For group II cases, the RRs of cardiovascular and urinary tract
defects, and oral clefts were 2.2 (95% CI 1.4–3.5), 2.5 (95% CI 1.2–5.0), and
2.5 (95% CI 1.5–4.2), respectively. Maternal use of multivitamin supplements
with folic acid (typically 0.4 mg) reduced the risks in group I cases. For
cardiovascular defects, the RR and 95% CI without or with folic acid were 7.7
(2.8–21.7) and 1.5 (0.6–3.8), respectively. The same comparison for oral clefts
could not be completed because only three case infants were exposed to folic
acid during the second and third month. However, there were six (0.3%) cases
of oral clefts without folic acid and three (0.2%) with folic acid. In contrast, in
group II cases, folic acid did not reduce the risks of cardiovascular defects,
oral clefts, or urinary tract defects (16).

Additional data related to the above study appeared in a reply to
correspondence (17). Analysis for trimethoprim exposure resulted in an RR of
4.2 (95% CI 1.5–11.5) for cardiovascular defects based on 12 cases.
Additional analysis for oral clefts (three cases) and urinary tract defects (one
case) was not conducted because of the small number of exposures (17).

A 2001 case–control study, using the same database as in the above study,
compared data on 1242 infants with NTDs (spina bifida, anencephaly, and
encephalocele) with a control group of 6660 infants with congenital defects not
related to vitamin supplementation (18). Based on five exposed cases, the
adjusted odds ratio (OR) for trimethoprim was 4.8, 95% CI 1.5–16.1. For all
folic acid antagonists (carbamazepine, phenobarbital, phenytoin, primidone,
sulfasalazine, triamterene, and trimethoprim), based on 27 cases, the adjusted
OR was 2.9, 95% CI 1.7–4.6 (18).

A 2002 review, briefly citing the above two studies, stated that the results
were consistent with previous studies that folic acid supplementation early in
pregnancy reduces the risk of cardiac defects, oral clefts, and NTDs (19).
However, additional studies are needed to determine if early folic acid
supplementation would also reduce the risk of these anomalies from
trimethoprim (19).



A 2001 case–control study used the population-based dataset of the
Hungarian Case–Control Surveillance of Congenital Abnormalities, 1980–1996,
to examine the teratogenic risk of trimethoprim in combination with either
sulfamethoxazole or sulfamethazine (20). There were 22,865 case women who
had delivered an infant with congenital malformations and 38,151 controls who
had infants without malformations. In the cases and controls, 351 (1.5%) and
443 (1.2%) were treated with trimethoprim–sulfamethoxazole, respectively, in
the 2nd/3rd months of pregnancy. For trimethoprim–sulfamethazine, 45 (0.2%)
cases and 39 (0.1%) controls were treated, respectively, in the 2nd/3rd months
of pregnancy. Because both combinations contained trimethoprim, the drugs
were combined in the case–control pair analysis. Two congenital abnormalities
had higher use of drug treatments: cardiovascular anomalies (29 vs. 10;
adjusted OR 2.9, 95% CI 1.4–6.0) and multiple anomalies (mainly urinary tract
and cardiovascular) (9 vs. 1; adjusted OR 9.0, 95% CI 1.1–71.0). For NTDs,
analysis of trimethoprim–sulfamethoxazole in the 1st month revealed nine cases
(adjusted OR 4.3, 95% CI 2.1–8.6) and seven cases in the 2nd/3rd months
(adjusted OR 2.2, 95% CI 1.0–4.8) (20).

A case of Niikawa-Kuroki syndrome (i.e., Kabuki make-up syndrome) has
been described in a non-Japanese girl whose mother had a viral and bacterial
infection during the 2nd month of pregnancy (26). The bacterial infection was
treated with trimethoprim–sulfamethoxazole. The syndrome is characterized by
mental and growth restriction and craniofacial malformations (26). The cause of
the defects in this patient, as in all cases of this syndrome, was unknown.
Some have speculated, however, that the syndrome is caused by autosomal
dominant inheritance (27).

Sulfonamide–trimethoprim combinations have been shown to cause a drop in
the sperm count after 1 month of continuous treatment in males (28).
Decreases varied between 7% and 88%. The authors theorized that
trimethoprim deprived the spermatogenetic cells of active folate by inhibiting
dihydrofolate reductase.

No interaction between trimethoprim–sulfamethoxazole and oral
contraceptives was found in one study (29). Short courses of the anti-infective
combination are unlikely to affect contraceptive control.

BREASTFEEDING SUMMARY
Trimethoprim is excreted into breast milk in low concentrations. Following 160
mg twice daily for 5 days, milk concentrations varied between 1.2 and 2.4
mcg/mL (average 1.8 mcg/mL) with peak levels occurring at 2–3 hours (30). No



adverse effects were reported in the infants. Nearly identical results were found
in a study with 50 patients (31). Mean milk levels were 2.0 mcg/mL,
representing a milk:plasma ratio of 1.25. The authors concluded that these
levels represented a negligible risk to the suckling infant.

In a 1993 cohort study, diarrhea was reported in 32 (19.3%) nursing infants
of 166 breastfeeding mothers who were taking antibiotics (32). For the 12
women taking trimethoprim–sulfamethoxazole, no diarrhea was observed in the
infants but 2 (17%) had poor feeding, an effect that was considered minor
because it did not require medical attention (32).

The American Academy of Pediatrics classifies the combination of
trimethoprim–sulfamethoxazole as compatible with breastfeeding (33).
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TRIMIPRAMINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The animal data suggest low risk but, if the comparison to the human dose
had been based on BSA, the toxic dose would have been close to the
human dose. The human data are too limited to assess the risk to the
embryo–fetus. In general, though, most tricyclic antidepressants do not
have a known teratogenic effect in humans (1). In addition, of the tricyclic
antidepressants, nortriptyline and desipramine are preferred during
pregnancy because they have the least sedative action and maternal
adverse effects (1).

FETAL RISK SUMMARY
Trimipramine is a tricyclic antidepressant in the same class as amitriptyline,
clomipramine, doxepin, and imipramine. It is indicated for the relief of
symptoms of depression (2). Trimipramine has an elimination half-life of 9–11
hours and it is metabolized in the liver to an active metabolite (3).

Reproduction studies have been conducted in rats, rabbits, and mice. In rats
and rabbits, evidence of embryotoxicity and/or increased incidence of major
anomalies (type not specified) were observed at doses 20 times the human
dose (2). A single SC dose given to mice on day 9 of gestation resulted in
exencephaly and other defects of the central nervous system (4). In the
isolated rat uterus, trimipramine had greater antihistamine H2 activity than
cimetidine, amitriptyline, or imipramine (5).

It is not known if trimipramine or its active metabolite crosses the human
placenta. The molecular weight of the free base (about 294) and the long
elimination half-life suggest that both compounds will cross to the embryo–
fetus.

In a 1996 descriptive case series, the European Network of the Teratology



Information Services (ENTIS) prospectively examined the outcomes of 689
pregnancies exposed to antidepressants (6). Multiple drug therapy occurred in
about two-thirds of the mothers. There were nine exposures to trimipramine.
The outcomes of these pregnancies were eight normal newborns (including
three premature infants) and one normal infant with a neonatal disorder
(bilateral metatarsus varus [possibly positional]) (6).

BREASTFEEDING SUMMARY
No reports describing the use of trimipramine during human lactation have been
located. The molecular weight of the free base (about 294) and the long
elimination half-life (9–11 hours) suggest that both compounds will be excreted
into milk. The effect of this exposure on a nursing infant is unknown. However,
the American Academy of Pediatrics classifies other tricyclic antidepressants
as drugs whose effect on the nursing infant is unknown but may be of concern
(see Amitriptyline).
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TRIPROLIDINE
Antihistamine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with triprolidine suggests low risk. In
general, antihistamines are considered low risk in pregnancy. However,
exposure near birth of premature infants has been associated with an
increased risk of retrolental fibroplasia.

FETAL RISK SUMMARY
Triprolidine is an antihistamine in the same class as brompheniramine,
chlorpheniramine, and dexchlorpheniramine. The drug is used in a number of
proprietary decongestant–antihistamine mixtures.

It is not known if triprolidine crosses the human placenta. The molecular
weight (about 279 for the nonhydrated free base) suggests that exposure of
the embryo–fetus should be expected.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 16
of whom had 1st trimester exposure to triprolidine (1). From this small sample,
no evidence was found to suggest a relationship to large categories of major or
minor malformations or to individual malformations.

In a 1971 study, infants and mothers who had ingested antihistamines during
the 1st trimester actually had fewer abnormalities when compared with controls
(2). Triprolidine was the third most commonly used antihistamine.
The manufacturer claims that in more than 20 years of marketing the drug, no
reports of triprolidine teratogenicity have been received (M.F. Frosolono,
personal communication, Burroughs Wellcome, 1980). Their animal studies
have also been negative.

Two studies, one appearing in 1981 (3) and the second in 1985 (4),
described the 1st trimester drug exposures of 6837 and 6509 mothers,
respectively, treated by the Group Health Cooperative of Puget Sound and



whose pregnancies terminated in a live birth. Both studies covered 30-month
periods, 1977–1979 and 1980–1982, respectively. From the total of 13,346
mothers, 628 (4.7%) consumed during the 1st trimester (based on the filling of
a prescription) a proprietary product containing triprolidine and
pseudoephedrine (Actifed). Nine (1.4%) of the exposed infants had a major
congenital abnormality (type not specified). Spontaneous or induced abortions,
stillbirths, and many minor anomalies, such as clubfoot, syndactyly, polydactyly,
clinodactyly, minor ear defects, coronal or first-degree hypospadias, and
hernia, were excluded from the data.

In two surveillance studies of Michigan Medicaid recipients involving 333,440
completed pregnancies conducted between 1980 and 1983, and 1985 and
1992, 910 newborns had been exposed to triprolidine during the 1st trimester
(F. Rosa, personal communication, FDA, 1994). Of the 900 exposed newborns
identified in the 1980–1983 group, 65 (7.2%) had major birth defects (59
expected), 10 of which were cardiovascular defects (8 expected). No cases of
cleft lip and/or palate were observed. None of the 10 newborns included in the
1985–1992 data had congenital malformations.

BREASTFEEDING SUMMARY
Triprolidine is excreted into breast milk (5). Three mothers, who were nursing
healthy infants, were given an antihistamine–decongestant preparation
containing 2.5 mg of triprolidine and 60 mg of pseudoephedrine. The women
had been nursing their infants for 14 weeks, 14 weeks, and 18 months,
respectively. Triprolidine was found in the milk of all three subjects, with
milk:plasma ratios in one woman at 1, 3, and 12 hours of 0.5, 1.2, and 0.7,
respectively. Using AUCs in the other two women gave more reliable results of
0.56 and 0.50 (5). The authors calculated that a milk production of 1000 mL/24
hours would contain 0.001–0.004 mg of triprolidine base, or about 0.06%–0.2%
of the maternal dose. The American Academy of Pediatrics classifies
triprolidine as compatible with breastfeeding (6).
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TROSPIUM
Urinary Tract Agent (Antispasmodic)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of trospium in human pregnancy have been
located. The drug caused fetal death in two animal species but maternal
toxicity was also evident. There was no evidence of malformations or
developmental delays in surviving offspring. Although the absence of human
pregnancy experience prevents a full assessment of the embryo–fetal risk,
there is no evidence that other parasympatholytics (e.g., see Atropine), in
the absence of maternal toxicity, cause developmental toxicity. Until human
experience is available, the safest course is to avoid trospium in pregnancy.
However, if inadvertent exposure in pregnancy does occur, the embryo–
fetal risk is probably low.

FETAL RISK SUMMARY
Trospium, a quaternary ammonium compound, is an antispasmodic,
antimuscarinic agent indicated for the treatment of overactive bladder with
symptoms or urge urinary incontinence, urgency, and urinary frequency. The
drug has negligible affinity for nicotinic receptors compared with muscarinic
receptors. Trospium is in the same subclass as darifenacin, flavoxate,
oxybutynin, solifenacin, and tolterodine. A mean 9.6% of an oral dose is
absorbed under fasting conditions, but when ingested with a high fat meal, this
limited systemic bioavailability is reduced by 70%–80%. Protein binding in
serum ranges from 50% to 85% at therapeutic concentrations. The plasma
elimination half-life is about 20 hours (1).

Reproduction studies have been conducted in rats and rabbits. In rats, a
dose producing exposure about 10 times the human exposure (HE) caused
maternal toxicity and a decrease in fetal survival. However, no impaired fertility,



malformations, or developmental delays were observed. The no-effect levels
for maternal and fetal toxicity were approximately equivalent to the HE. Neither
malformations nor developmental delays were observed in pregnant rabbits.
The no-effect levels for maternal and fetal toxicity were 5–6 times the HE.
Trospium was not carcinogenic in long-term studies conducted in mice and rats
and was not mutagenic in various assays (1).

It is not known if trospium crosses the human placenta. The molecular weight
(about 428) and elimination half-life suggest that the drug will cross. However,
trospium is a water-soluble quaternary ammonium compound that is ionized at
physiologic pH. These characteristics should limit the amount of drug reaching
the embryo–fetal compartment.

BREASTFEEDING SUMMARY
No reports describing the use of trospium during human lactation have been
located. The molecular weight (about 428) and elimination half-life (about 20
hours) suggest that the drug will be excreted, especially into colostrum during
the first 2–3 days after birth. Trospium is a water-soluble quaternary
ammonium compound that is ionized at physiologic pH. This should limit the
amount of drug reaching mature milk. Although neonates are particularly
sensitive to anticholinergics, two other agents in this class (both tertiary amine
compounds) are classified by the American Academy of Pediatrics as
compatible with breastfeeding (see Atropine and Scopolamine). The effect of
exposure to trospium on a nursing infant is unknown, but the risk of toxicity is
probably low.
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ULIPRISTAL
Emergency Contraceptive
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ulipristal in human pregnancy have been
located. As an emergency contraceptive, the main action is delaying or
inhibiting ovulation (1–5). Animal studies suggest that pregnancy loss is a
risk, but the absence of human pregnancy experience prevents a more
complete assessment of this effect. The drug is contraindicated in
pregnancy.

FETAL RISK SUMMARY
Ulipristal is an oral selective progesterone receptor modulator with potent
antagonist/partial agonist properties that is used as an emergency
contraceptive. It is indicated for prevention of pregnancy within 120 hours (5
days) after unprotected intercourse or a known or suspected contraceptive
failure. The pharmacodynamic effects of ulipristal depend on the phase of the
menstrual cycle when it is administered. Administration in the mid-follicular
phase results in the inhibition of folliculogenesis and a reduction in estradiol
concentration. When given at the time of the luteinizing hormone peak, follicular
rupture is delayed by 5–9 days. Dosing in the early luteal phase does not
significantly delay endometrial maturation but does decrease endometrial
thickness, thereby interfering with implantation. Ulipristal is metabolized to its
active metabolite, monodemethyl-ulipristal. Ulipristal is highly bound (>94%) to
plasma proteins, including lipoproteins, α-1-acid glycoprotein, and albumin. The
terminal half-lives of ulipristal and monodemethyl-ulipristal are about 32 and 27
hours, respectively (1).



Reproduction studies have been conducted in rats, rabbits, and monkeys. In
rats and rabbits, doses during organogenesis at daily exposures that were 0.33
and 0.5 times, respectively, the human exposure based on BSA (HE-BSA)
resulted in embryo–fetal loss in all of the pregnant rats and in half of the
pregnant rabbits. No malformations were noted in the surviving fetuses.
Adverse effects were not observed in rat offspring when the dose was about
0.04 times the HE based on AUC during organogenesis through lactation. In
pregnant monkeys, daily doses for 4 days during the 1st trimester that were
about 4 times the HE-BSA caused pregnancy termination in two of five animals
(1).

Carcinogenicity studies have not been conducted with ulipristal. The drug was
not genotoxic in multiple assays. In rats, single doses at 2 times the HE-BSA
prevented ovulation in 50% of the animals. When given on postcoital days 4
or 5, single doses that were 4–12 times the HE-BSA prevented pregnancy in
80%–100% of the rats. Similar doses in rabbits on postcoital days 5 or 6
prevented pregnancy in 50% of the animals. Lower doses for 4 days in rats
and rabbits were also effective in preventing ovulation and pregnancy (1).

It is not known if ulipristal or its active metabolite crosses the human
placenta. The molecular weights (about 476 for ulipristal acetate; lower for the
active metabolite) and the long elimination half-lives of both agents suggest that
they will cross to the embryo–fetus, but the high plasma protein binding may
limit the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of ulipristal during human lactation have been
located. The molecular weights (about 476 for ulipristal acetate; lower for the
active metabolite) and the long elimination half-lives (32 and 27 hours) of the
parent drug and active metabolite suggest that both will be excreted into breast
milk, but the high plasma protein binding may limit the amount excreted. The
effect on a nursing infant from short-term exposure to a potent progesterone
antagonist/partial agonist is unknown. However, not breastfeeding is the best
course.
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UREA
Diuretic
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Urea is an osmotic diuretic that is used primarily to treat cerebral edema.
Topical formulations for skin disorders are also available. No reports of its
use in pregnancy following IV, oral, or topical administration have been
located. Urea, given by intra-amniotic injection, has been used for the
induction of abortion (1).

BREASTFEEDING SUMMARY
No reports describing the use of urea during human lactation have been
located.
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UROKINASE
Thrombolytic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The use of urokinase during pregnancy does not appear to represent a
major risk to the fetus. The drug is not fetotoxic or teratogenic in rodents.
However, only two human cases treated with this thrombolytic agent during
the 1st trimester (one at 14 weeks and the other at 3 months) have been
reported. It is not known whether the drug crosses the placenta to the
fetus, but placental tissue contains proteinase inhibitors that inactivate
urokinase (1,2). Placental separation and hemorrhage is a potential
complication and has been reported in one case.

FETAL RISK SUMMARY
Urokinase, 100,000 IU/kg intraperitoneal, was not teratogenic in rats or mice
(3). The manufacturer cites studies in which doses up to 1000 times the human
dose did not impair fertility or produce fetal harm in rats and mice (4). Six
reports of its use in human pregnancy have been located.

A woman at 28 weeks’ gestation was treated with urokinase, 4400 IU/kg for
10 minutes followed by 4400 IU/kg/hr for 12 hours, for pulmonary embolism (5).
Heparin therapy was then administered, first IV and then SC, for the remainder
of the pregnancy. A healthy term infant was delivered 2 months after initiation
of therapy (5).

A 1995 review briefly cited two reports of patients treated with urokinase,
apparently without fetal or neonatal complications, for thrombosed prosthetic
heart valves (6). A 36-year-old woman was treated at 14 and 32 weeks’
gestation and had an uncomplicated cesarean delivery at 34 weeks (6,7). The
other patient, a 32-year-old woman, was treated twice with different
thrombolytics: first at 3 months’ gestation with urokinase and second at 6



months’ gestation with streptokinase (6,8). Minor uterine hemorrhage because
of placental separation occurred at 3 months and a cesarean section was
performed at 7 months’ gestation. Maternal transfusion and surgical drainage
were required following the delivery.

A 27-year-old woman in premature labor developed a massive pulmonary
embolism at 31 weeks’ gestation (9). She was initially treated with a bolus
dose of urokinase (200,000 IU) and heparin. Dobutamine was also
administered to maintain a stable hemodynamic state. Because her condition
continued to deteriorate, she was treated with low-dose alteplase with eventual
successful resolution of the embolism. A healthy preterm 2100-g male infant
was delivered about 3 days after urokinase administration (9).

A 1994 report described a woman at 26 weeks’ gestation who suffered a
myocardial infarction (10). Following stabilization, she underwent cardiac
catheterization 9 days after the initial infarction, which revealed 90% occlusion
of the proximal right coronary artery and mild narrowing of other cardiac
arteries. A prolonged intracoronary infusion of urokinase, in preparation for a
planned angioplasty, failed to improve the right coronary occlusion, and
coronary stents were subsequently placed. A healthy female infant was
eventually delivered at 39 weeks (10).

The treatment of massive pulmonary embolism, diagnosed in a 20-year-old
woman at 21 weeks’ gestation, with urokinase and heparin was described in a
1995 case report (11). The patient markedly improved after receiving two
courses of urokinase, 4400 IU/kg for 10 minutes followed by 4400 IU/kg/hr
continuous infusion for 12 hours, approximately 6 hours apart, followed by
continuous heparin. No complications of therapy were observed in the fetus,
and she eventually delivered a healthy 3122-g male infant at term (11).

BREASTFEEDING SUMMARY
No reports describing the use of urokinase during lactation have been located.
Because of the nature of the indications for urokinase and its very short half-life
(≤20 minutes), the opportunities for its use during lactation and the potential
exposure of the nursing infant are minimal.

References
1. Holmberg L, Lecander I, Persson B, Åstedt B. An inhibitor from placenta specifically binds urokinase

and inhibits plasminogen activator released from ovarian carcinoma in tissue culture. Biochem Biophys
Acta 1978;544:128–37.

2. Walker JE, Gow L, Campbell DM, Ogston D. The inhibition by plasma of urokinase and tissue activator-
induced fibrinolysis in pregnancy and the puerperium. Thromb Haemost 1983;49:21–3.

3. Shepard TH. Catalog of Teratogenic Agents . 8th ed. Baltimore, MD: The Johns Hopkins University



Press, 1995:437–8.
4. Product information. Abbokinase. Abbott Laboratories, 2000.
5. Delclos GL, Davila F. Thrombolytic therapy for pulmonary embolism in pregnancy: a case report. Am J

Obstet Gynecol 1986;155:375–6.
6. Turrentine MA, Braems G, Ramirez MM. Use of thrombolytics for the treatment of thromboembolic

disease during pregnancy. Obstet Gynecol Survey 1995;50:534–41.
7. Jimenez M, Vergnes C, Brottier L, Dequeker JL, Billes MA, Lorient Roudaut MF, Choussat A, Boisseau

MR. Thrombose récidivante d’une prothèse valvulaire aortique chez une femme enceinte. Traitement
par urokinase. J Mal Vasc 1988;13:46–9.

8. Tissot H, Vergnes C, Rougier P, Bricaud H, Dallay D. Traitement fibrinolytique par urokinase et
streptokinase d’une thrombose récidivante sur double prothèse valvulaire aortique mitrale au cours de
la grossesse. J Gynecol Obstet Biol Reprod (Paris) 1991;20:1093–6.

9. Flossdorf TH, Breulmann M, Hopf HB. Successful treatment of massive pulmonary embolism with
recombinant tissue type plasminogen activator (rt-PA) in a pregnant woman with intact gravidity and
preterm labour. Intensive Care Med 1990;16:454–6.

10. Sanchez-Ramos L, Chami YG, Bass TA, DelValle GO, Adair CD. Myocardial infarction during
pregnancy: management with transluminal coronary angioplasty and metallic intracoronary stents. Am J
Obstet Gynecol 1994;171:1392–3.

11. Kramer WB, Belfort M, Saade GR, Surani S, Moise KJ Jr. Successful urokinase treatment of massive
pulmonary embolism in pregnancy. Obstet Gynecol 1995;86:660–2.



URSODIOL
Gastrointestinal Agent (Gallstone Solubilizing Agent)
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Ursodiol is effective in the treatment of intrahepatic cholestasis of
pregnancy and its use for this purpose appears to be low risk for the fetus.
Studies have shown a significant decrease in maternal morbidity and fetal
mortality. No explanation could be found for the case of stillbirth, but these
outcomes in untreated cholestasis have been reported.

FETAL RISK SUMMARY
Ursodiol (ursodeoxycholic acid) is a naturally occurring bile acid used orally to
dissolve gallstones. The drug has been used for the treatment of intrahepatic
cholestasis of pregnancy.

No fetal adverse effects were observed when ursodiol (up to 200 mg/kg/day)
was fed to pregnant rats (1). Embryotoxicity was observed in another rat
study, but this was less than with another closely related bile acid, chenodiol,
and no evidence of hepatotoxicity was observed at three dose levels (2).
Reproduction studies in rats with doses up to 22 times the recommended
maximum human dose based on BSA (RMHD) and in rabbits with doses up to 7
times the RMHD revealed no evidence of impaired fertility or fetal harm (3).

Ursodiol is absorbed from the small intestine and is extracted and conjugated
by the liver. Although 30%–50% of a dose may enter the systemic circulation,
continuous hepatic uptake keeps ursodiol blood levels low and uptake by
tissues other than the liver is considered nil (4). These factors combined with
tight binding to albumin probably indicate that placental passage to the fetus
does not occur.

During clinical trials, inadvertent exposure during the 1st trimester to
therapeutic doses of ursodiol in four women had no effect on their fetuses or
newborns (3). Several reports, summarized below, described the apparent



safe use of ursodiol in the latter portion of human pregnancy for the treatment
of intrahepatic cholestasis.

A brief 1991 report described the use of ursodiol in the treatment of late-
onset intrahepatic cholestasis during pregnancy (5). A 30-year-old primigravida
was given ursodiol 600 mg/day in two divided doses for 20 days starting at 34
weeks’ gestation. No signs of fetal distress were observed during treatment.
Labor was induced at 37 weeks’ gestation and a healthy 2670-g female infant
was delivered with Apgar scores of 9 and 10 at 1 and 5 minutes, respectively
(5).

A second report, published in 1992, briefly described the successful outcome
of eight pregnant women with intrahepatic cholestasis treated with ursodiol, 1
g/day for 3 weeks (6). The full report of this study was also published in 1992
(7). Treatment began after 25 weeks’ gestation in the eight women, five
receiving 1 g/day in divided dose for 20 consecutive days and the other three
receiving the same dose for two 20-day treatment courses, separated by a 14-
day drug-free interval (7). The mean dose was 14 mg/kg/day (range 12–17
mg/kg/day). All of the newborns had Apgar scores >7 at 1 and 5 minutes and
all were progressing normally at a 5-month follow-up (7).

A 1994 report described the use of ursodiol, 450 mg/day, in three
pregnancies (singleton, twin, and quintuplet) for intrahepatic cholestasis (8).
Ursodiol was started because of unsuccessful attempts to control the disease
with cholestyramine or ademetionine (S-adenosyl-L-methionine [SAMe]). The
singleton pregnancy was treated from 29 weeks’ gestation to delivery at 37
weeks’ gestation, the twin pregnancy from 27 to 33 weeks’ gestation, and the
woman with quintuplets from 21 weeks’ gestation to delivery at 30 weeks’
gestation. No adverse effects were observed in the eight newborns (8).

A significant reduction in the perinatal mortality and morbidity associated with
cholestasis of pregnancy following the use of ursodiol was described in a study
published in 1995 (9). Eight women with a history of 13 pregnancies affected
by the disease were referred to a specialty clinic before conception. Expectant
management had been used in 12 of the 13 pregnancies, with 11 experiencing
adverse outcomes: 8 stillbirths, 2 premature deliveries with 1 death in the
perinatal period, and 1 emergency cesarean section for fetal distress.
Subsequently, three of the women became pregnant again and each suffered a
recurrence of cholestasis. Therapy with ursodiol, 750 mg/day in two and 1000
mg/day in one, was initiated at 31, 33, and 37 weeks’ gestation, respectively.
The first patient had been pretreated with ademetionine from 16 to 31 weeks in
an unsuccessful attempt to prevent cholestasis. Each of the three women



showed rapid clinical improvement and resolution of abnormal liver tests
following initiation of ursodiol. Normal infants, who were doing well, were
delivered at 35, 35, and 38 weeks, respectively (9).

A double-blind, placebo-controlled trial in women with intrahepatic cholestasis
of pregnancy compared the effect of ursodiol treatment (N = 8) with placebo (N
= 8) (10). Significant decreases in the pruritus score and all liver biochemical
parameters occurred in the ursodiol group, but only the pruritus score and
alanine aminotransferase were significantly improved in controls. Moreover, the
gestational age at delivery in the treated group was 38 weeks compared with
34 weeks in controls (p <0.01), resulting in higher mean birth weights (2935 vs.
2025 g). Apgar scores were also higher in the treated group. Fetal distress
was observed in four of the control pregnancies (none in the study group) and
these were delivered by cesarean section. In the treated group, six of the eight
newborns were delivered vaginally. At a 5-month follow-up, all infants were
developing normally (10). A number of other reports have found that ursodiol is
safe and effective for the treatment of cholestasis of pregnancy (11–15).

A 2006 case report described a woman at 28 weeks’ gestation who
presented with intrahepatic cholestasis of pregnancy (16). She was initially
treated with cholestyramine and then changed to two separate courses of
ursodiol with resulting decreased transaminases and bile acids. Although the
patient’s course was followed closely, death of a 3400-g female fetus occurred
at 39 3/7 weeks. At autopsy, meconium was noted in the bronchioles and
alveoli, but no other abnormalities were found. The cause of the fetal death
was unknown (16).

BREASTFEEDING SUMMARY
No reports have been located that described the use of ursodiol during
lactation. Because only small amounts of ursodiol appear in the systemic
circulation, which are tightly bound to albumin, it is doubtful that clinically
significant amounts are excreted into breast milk.
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USTEKINUMAB
Immunologic Agent (Immunomodulator)
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No published reports describing the use of ustekinumab in human
pregnancy have been located. Thirteen pregnancies (protocol deviations)
were identified during clinical studies, but specific details of the outcomes
are very limited. Although the animal data suggest low risk, the limited
human pregnancy experience prevents a more complete assessment of the
embryo–fetal risk.

FETAL RISK SUMMARY
Ustekinumab is a human immunoglobulin GIk (IgG1k) monoclonal antibody
against the P40 subunit of the interleukin (IL)-12 and IL-23 cytokines. It is given
as an SC injection that is repeated at 4 weeks and then every 12 weeks. There
are no other agents in this subclass. Ustekinumab is indicated for the treatment
of patients with moderate to severe plaque psoriasis who are candidates for
phototherapy or systemic therapy. Although the metabolism has not been fully
characterized, the antibody is expected to be degraded into small peptides and
amino acids similar to endogenous IgG. The mean half-life is about 15–46
days, but ranges are very long (1).

Reproduction studies were conducted in pregnant monkeys with doses up to
45 times the human dose based on body weight (HD) given either SC twice
weekly or IV once weekly during organogenesis. No significant adverse
developmental effects were observed. In a separate study, monkeys were
given SC doses twice weekly up to 45 times the HD from the beginning of
organogenesis to day 33 after delivery. In dams, there were no treatment-
related effects on mortality, clinical signs, body weight, food consumption,
hematology, or serum biochemistry. There were two neonatal deaths: one at



22.5 times the HD and one at 45 times the HD. No drug-related abnormalities
were observed in the offspring from birth through 6 months of age in clinical
signs, body weight, hematology, serum biochemistry, functional development
before and after weaning, morphologic and immunologic development, and
gross and histopathologic examinations (1).

Studies evaluating the carcinogenic or mutagenic potential of ustekinumab
have not been conducted. However, in mice, inhibition of IL-12/IL-23p40
increased the risk of malignancy, but the relevance of these findings for
malignancy risk in humans is unknown. The antibody did not cause toxicity or
affect fertility parameters in male monkeys. An analogous antibody did not
cause toxicity or affect fertility parameters in female mice that were given SC
doses of the agent twice weekly beginning 15 days before cohabitation and
continuing through gestational day 7 (1).

It is not known if ustekinumab crosses the human placenta before term. The
molecular weight (range 148,079–149,690) is high, but IgG crosses the
placenta late in pregnancy (see Immune Globulin Intravenous). Placental
transfer of IgG was a function of dose, as well as gestational age. Moreover,
the long half-life will place the protein at the maternal–fetal interface for
prolonged periods. In unpublished data, ustekinumab crossed the placenta at
the time of cesarean section (2).

During clinical studies, 30 pregnancies occurred (protocol deviations), 13
involved exposures in pregnant women and 17 were the result of paternal
exposure (2). The drug was discontinued at the time of pregnancy diagnosis in
all women. The outcome of the 13 cases were 2 live births with no defect or
other adverse effect, 1 spontaneous abortion (SAB), 5 elective abortions
(EABs) (all within 12 weeks of pregnancy), 3 ongoing pregnancies, and 2
unknown outcomes. The SAB occurred at 12 weeks’ in a 42-year-old woman.
No information was available on the presence or absence of fetal abnormalities
in the EABs (2).

BREASTFEEDING SUMMARY
No reports describing the use of ustekinumab during human lactation have been
located. The molecular weight (range 148,079–149,690) is high, but
immunoglobulins and other large proteins are excreted into colostrum during the
first 48 hours after birth. Moreover, the long half-life (15–46 days) will assure
that the antibody is in the maternal plasma for long periods. In addition,
ustekinumab is excreted into the milk of lactating monkeys (1). These data
suggest that the antibody will be excreted into breast milk. The effect of this



exposure on a nursing infant is unknown, but there may be an increased risk of
infections and malignancies.
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V

VACCINE, ADENOVIRUS TYPE 4 AND TYPE 7,
LIVE
Vaccine
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No apparent embryo or fetal harm was observed in four pregnancies
inadvertently exposed to the vaccine. However, because naturally occurring
infections with adenoviruses have been associated with fetal harm, the
vaccine is contraindicated in pregnancy. Animal reproduction studies have
not been conducted. If a pregnant woman receives the vaccine or becomes
pregnant within 6 weeks following vaccination, clinicians are encouraged to
report the exposure to the Adenovirus Pregnancy Registry by calling 1-866-
790-4549 (1).

FETAL RISK SUMMARY
Adenovirus Type 4 and Type 7 vaccine, live, consists of nonattenuated,
selected strains of human adenovirus Type 4 and human adenovirus Type 7.
The vaccine is given as a single oral dose of two enteric coated tablets, one
containing adenovirus Type 4 and the other adenovirus Type 7. The tablets are
designed to pass intact through the stomach and release the live virus in the
intestine. The vaccine is indicated for active immunization for the prevention of
febrile acute respiratory disease caused by the two types of virus and is
approved for use in military populations 17 through 50 years of age. Virus
shedding in the stool following vaccination occurs over 28 days (1).

Animal studies for effects on reproduction and fertility have not been



conducted, nor have studies for carcinogenicity or mutagenicity (1).
The manufacturer reported the pregnancy outcomes of four women enrolled

in clinical trials who were given the vaccine. In three cases, the subjects were
estimated to have conceived 2–13 days before vaccination, whereas the fourth
subject conceived about 21 weeks after vaccination. In all four cases, healthy
infants were born at estimated gestational ages of 36–40 weeks (1).

The effects of fetal infection with adenovirus were described in two case
reports (2,3). In the first case, a 26-year-old woman presented at 29 weeks’
gestation with a 1-week history of pedal and facial edema and polyhydramnios
(2). Two weeks earlier, the woman had an upper respiratory tract infection
characterized by low grade fever, conjunctivitis, rhinorrhea, and general
malaise. At presentation, the fetal heart rate was 140–200 beats/minute. An
ultrasound examination revealed fetal anasarca, massive ascites, scalp and
skin edema, and pericardial and pleural effusions secondary to myocarditis
presenting as nonimmune hydrops fetalis. A 2670-g female infant was born at
34 weeks’ with an Apgar scores of 4 and 8 at 1 and 5 minutes, respectively.
The infant had poor respiratory function and low heart rate that improved with
treatment, scattered facial and truncal petechiae, periorbital edema, prominent
right ventricular impulse without murmur, and hepatomegaly. An infection with
adenovirus type 2 was diagnosed by polymerase chain reaction (PCR). The
infant was discharged home at 2 weeks of age and was doing well 8 months
later (2). The second case involved a 25-year-old woman with twins at 20
weeks’ gestation (3). An ultrasound screen had noted hydrops fetalis in twin B.
The mother had experienced upper airway congestion, myalgias, and malaise
beginning 2 weeks before the screen. PCR analysis of the amniotic fluid
revealed adenovirus (type not specified) in twin B but not in twin A.
Polyhydramnios developed in twin B at 24 weeks’. Intrauterine fetal death of
both twins occurred at 26 weeks’. Twin A weighed 615 g and twin B weighed
1685 g. No congenital anomalies were noted at autopsy (3).

BREASTFEEDING SUMMARY
No reports describing the exposure to the vaccine during lactation have been
located. The live, nonattenuated viruses are shed in the stool over 28 days. The
potential for febrile respiratory disease in a nursing infant from exposure is
unknown. Nevertheless, the safest course is to avoid the vaccine during
breastfeeding and for at least 28 days after vaccination.
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VACCINE, ANTHRAX
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although animal reproduction studies with anthrax vaccine adsorbed (AVA)
have not been conducted, there appears to be no plausible biological
mechanism for adverse pregnancy effects. Because of the absence of
human pregnancy experience, however, the use of AVA during gestation is
not recommended. The human reproduction data, limited to vaccination
before conception, do not appear to suggest a risk from vaccination to
either a woman’s subsequent fertility or a subsequent pregnancy outcome.
However, the published study cited below lacked sufficient power to detect
adverse birth outcomes (1). Until more data are available, the
recommendation made by the CDC in 2000 and 2008 (2,3) that “pregnant
women should be vaccinated against anthrax only if the potential benefits
outweigh the potential risks to the fetus” is still relevant.

FETAL RISK SUMMARY
Anthrax vaccine adsorbed is prepared from a cell-free, noninfectious filtrate of
Bacillus anthracis that contains a mix of cellular products adsorbed to aluminum
hydroxide (2). This vaccine has replaced a previously available alum-
precipitated vaccine. An avirulent, nonencapsulated strain (V770-NP10R) of B.
anthracis is used in the production of the vaccine, which contains no dead or
live bacteria (1,2). The cellular products in the vaccine include, in unknown
amounts, three proteins known as protective antigen (PA), lethal factor (LF),
and edema factor (EF). Live B. anthracis forms combinations of these proteins
resulting in two exotoxins known as lethal toxin (PA and LF) and edema toxin
(PA and EF). The recommended vaccination schedule is 0.5 mL at 0, 2, and 4
weeks; three booster vaccinations at 6, 12, and 18 months; and then an annual
booster injection (2).

Reproduction studies with anthrax vaccine have not been conducted in



animals (4). However, no plausible biological mechanism for an adverse effect
on an embryo or fetus has been proposed (1).

The placental transfer of the three proteins contained in the vaccine has not
been studied. Because of the very high molecular weight, simple diffusion does
not appear to be possible for transfer.

Only one study has been located that examined the effects of anthrax
vaccine, administered before conception, on pregnancy outcome (1). Women,
aged 17–44 years, assigned to two U.S. Army installations formed the study
population. During the study period from January 1999 to March 2000, 3136
women received at least one dose of the vaccine (most received two or three
doses), whereas 962 women were not vaccinated. Departure from the study
sites was the most common reason for not receiving the vaccine. The only
acceptable medical indications to defer or refuse the vaccine were pregnancy
or immunity-compromising disease. There were 385 pregnancies after at least
one dose of the vaccine. The annualized pregnancy rates in those vaccinated
and not vaccinated were 159.5 and 160.0 per 1000 person-years, respectively.
These rates were nearly identical to the pregnancy rates before the study.
Compared with unvaccinated women, vaccinated women were 1.2 times as
likely to give birth (95% confidence interval [CI] 0.8–1.8). Adjustment for marital
status, race, and age did not change the odds ratio (OR). A total of 327 births
(vaccinated and unvaccinated) were available for outcome analysis. Low birth
weight (<2500 g) occurred in 11 cases (3.4%). After adjustment, the OR for
vaccination and low birth weight was 1.3, 95% CI 0.2–6.4. Congenital
malformations (specific details not provided) were observed in 15 cases, but no
unusual patterns or clusters were noted. Only one malformation (polydactyly of
the fingers) had multiple occurrences (three cases: two vaccinated, one
unvaccinated). After adjustment, the OR for vaccination and structural
anomalies was 0.7, 95% CI 0.2–2.3. The adjusted OR for vaccination and any
adverse birth outcome was 0.9, 95% CI 0.4–2.4 (1).

BREASTFEEDING SUMMARY
No reports describing the use of anthrax vaccine in lactating women have been
located. Because of the nature of anthrax vaccine, the potential for adverse
effects in a nursing infant appear to be nil. The CDC states that there is no
evidence to suggest a risk to the mother or nursing infant, and the
administration of the vaccine during breastfeeding is not medically
contraindicated (2,3).
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VACCINE, BCG
Vaccine
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

BCG vaccine is a live, attenuated bacteria vaccine used to provide
immunity to tuberculosis (1). Animal reproduction studies have not been
conducted with the vaccine. The risk to the fetus from maternal vaccination
is unknown. Because it is a live preparation, the CDC recommends that it
not be used in pregnancy (2).

BREASTFEEDING SUMMARY
No reports describing the use of BCG vaccine in human lactation have been
located. However, there does not appear to be any risk to a nursing infant if the
mother receives the vaccine (2).
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VACCINE, CHOLERA
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Cholera vaccine is a killed bacteria vaccine (1). Cholera during pregnancy
may result in significant morbidity and mortality to the mother and the fetus,
particularly during the 3rd trimester. The risk to the fetus from maternal
vaccination is unknown because there is no specific information on the
safety of the vaccine during pregnancy (2).

BREASTFEEDING SUMMARY
Maternal vaccination with cholera vaccine has increased specific IgA antibody
titers in breast milk (3). In a second study, cholera vaccine (whole cell plus
toxoid) was administered to six lactating mothers, resulting in a significant rise
in milk anticholera toxin IgA titers in five of the patients (4). Milk from three of
these five mothers also had a significant increase in anti-cholera toxin IgG
titers.
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VACCINE, ESCHERICHIA COLI
Vaccine
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Escherichia coli (E. coli) vaccine is a nonpathogenic strain of bacteria used
experimentally as a vaccine. Two reports of its use (strains O111 and 083)
in pregnant women in labor or waiting for the onset of labor have been
located (1,2). The vaccines were given to these patients in an attempt to
produce antimicrobial activity in their colostrum. No adverse effects in the
newborns were noted.

BREASTFEEDING SUMMARY
Escherichia coli (E. coli strains O111 and 083) vaccines were given to mothers
in labor or waiting for the onset of labor (1,2). Antibodies against E. coli were
found in the colostrum of 7 of 47 (strain 0111) and 3 of 3 (strain 083) treated
mothers but in only 1 of 101 controls. No adverse effects were noted in the
nursing infants.
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VACCINE, GROUP B STREPTOCOCCAL
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Group B Streptococcus (GBS) capsular polysaccharides (CPS) vaccine
has been used in pregnancy in an attempt to prevent infection in the
newborn (1). The vaccine is considered safe in pregnancy.

FETAL RISK SUMMARY
Forty women at a mean gestational age of 31 weeks (range 26–36 weeks)
were administered a single 50-mcg dose of type III CPS of GBS (1). No
adverse effects were observed in the 40 newborns. The overall response rate
to the vaccine, which is not commercially available, was 63%. Of the 25 infants
born to mothers who had responded to the vaccine, at 1 and 3 months of age,
80% and 64%, respectively, continued to have protective levels of antibody (1).
Although the vaccine is considered safe (2), as are other bacterial vaccines (3),
the clinical effectiveness of the vaccine has not been determined and its use
remains controversial (4–7).

In an attempt to improve on the immunogenic response in adults, researchers
designed a GBS type III CPS–tetanus toxoid conjugate vaccine (8). Although
administered to nonpregnant women, vaccination with the CPS–protein
conjugate preparation resulted in enhanced immunogenicity compared with
uncoupled vaccine. Although the results are encouraging, it is not known at the
present time whether this vaccine will produce a similar response in pregnant
women or whether it will prevent perinatal infection.

BREASTFEEDING SUMMARY
Although there are no reports describing the use of Group B streptococcal
vaccine during lactation, the agent should represent no risk to a nursing infant.
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VACCINE, HAEMOPHILUS B CONJUGATE
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Commercially available Haemophilus b conjugate vaccine is a combination
of the capsular polysaccharides or oligosaccharides purified from
Haemophilus influenzae type b bound with various proteins including tetanus
toxoid, diphtheria toxoid, meningococcal protein, or diphtheria CRM197 (1).
The human pregnancy experience is very limited, but the vaccine is
probably compatible in pregnancy.

FETAL RISK SUMMARY
Two reports (2,3) and a review (4) have described the maternal immunization
with the capsular polysaccharide vaccine of H. influenzae type b during the 3rd
trimester of pregnancy to achieve passive immunity in the fetus and newborn.
No adverse effects were observed in the newborns.

BREASTFEEDING SUMMARY
Women who were vaccinated with Haemophilus b conjugate vaccine at 34–36
weeks’ gestation had significantly higher antibody titers (>20 times) in their
colostrum than either nonimmunized women or those who were vaccinated
before pregnancy (5). Breast milk antibody titers were also significantly higher
(>20 times) than the comparison groups at 3 and 6 months after delivery.
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VACCINE, HEPATITIS A
Vaccine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Hepatitis A virus vaccine inactivated is a noninfectious vaccine (1,2). No
reports describing the use of the vaccine in pregnant humans have been
located, but based on similar vaccines, the risk to the fetus from maternal
vaccination appears to be minimal.

FETAL RISK SUMMARY
Animal reproduction studies have not been conducted with the vaccine.

The CDC considers the theoretical risk to the developing fetus to be low
(3,4). The CDC and others state that hepatitis A vaccine can be given to
pregnant women at high risk of exposure (3–5).

BREASTFEEDING SUMMARY
No data are available, but based on other inactivated viral vaccines, hepatitis A
vaccine does not appear to be contraindicated during nursing.
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VACCINE, HEPATITIS B
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Hepatitis B virus vaccine inactivated (recombinant) is a noninfectious
surface antigen (HBsAg) vaccine. Animal reproduction studies have not
been conducted with the vaccine. No risks to the fetus from maternal
vaccination have been reported (1,2).

FETAL RISK SUMMARY
One source recommends administration after the 1st trimester, because of a
theoretical risk of teratogenicity (3). However, the CDC states that there is no
apparent risk of fetal adverse effects (based on unpublished CDC data) and
that pregnancy is not a contraindication to vaccination in women (1,2).
Preexposure and postexposure prophylaxis is indicated in pregnant women at
high risk of infection (2,4) (see also Immune Globulin, Hepatitis B).

BREASTFEEDING SUMMARY
No data are available, but the vaccine can be used during lactation (1).
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VACCINE, HUMAN PAPILLOMAVIRUS BIVALENT
(TYPES 16 AND 18), RECOMBINANT
Vaccine
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Animal studies in one species found no evidence of reproductive or
developmental toxicity at doses based on body weight that were much
higher than those used in humans (1). The human experience supports the
lack of embryo–fetal toxicity from vaccination received around the time of
conception. Moreover, the vaccine is noninfectious and preservative free.
As of 2010, the CDC recommends avoiding the vaccine in pregnant women
(2). If the vaccine is given in pregnancy, health care professionals are
encouraged to call the toll-free number 877-311-8972 for information about
patient enrollment in the Organization of Teratology Information Specialists
(OTIS) study.

FETAL RISK SUMMARY
Human papillomavirus bivalent (HPV-B) is a noninfectious, recombinant, AS04-
adjuvanted vaccine that contains the major antigenic protein of the capsid of
HPV types 16 and 18. It contains no preservatives. HPV-B is indicated for the
prevention of the following diseases caused by oncogenic HPV types 16 and
18: cervical cancer, cervical intraepithelial neoplasia (CIN) grade 2 or worse
and adenocarcinoma in situ, and CIN grade 1. It is approved for use in females
10 through 25 years of age. It is administered as an IM injection (1).

Reproduction studies have been conducted in rats. Doses that were about 47
times the human dose based on body weight revealed no evidence of impaired
fertility or fetal harm. When given before conception and during organogenesis,
no adverse effects on mating, fertility, pregnancy, parturition, lactation, or
prenatal or postnatal development were observed. The vaccine did not cause



teratogenicity. The vaccine has not been evaluated for carcinogenic or
mutagenic potential (1).

In clinical studies, pregnancy was excluded before administration of each
dose of the vaccine and patients were instructed to avoid pregnancy until 2
months after the last vaccination (1). Before licensure, 7276 pregnancies were
reported among 3696 women who had received the vaccine and 3580 women
who had received the control dose (hepatitis A vaccine or placebo). The
pregnancy outcomes for the subjects and controls were similar in terms of
normal infants, spontaneous abortions (SABs), elective abortions, abnormal
infants other than congenital anomaly, and premature birth. There also were no
differences between the groups in the rate of congenital anomaly, stillbirth, and
ectopic pregnancy. In a sub-analysis, the pregnancy outcomes were examined
in 761 women (396 subjects and 365 controls) who had their last menstrual
period within 30 days before, or 45 days after a vaccine dose. The same
outcomes noted above were again similar, but more SABs had occurred in
subjects (13.6% vs. 9.6%). It was not known if the increased numbers of SABs
was a vaccine-related effect (1).

A 2010 study examined the possible association of HPV-B vaccine with SABs
(3). Women who received three doses of the vaccine (N = 13,075) were
compared with controls given hepatitis A vaccine (N = 13,055). The estimated
rate of SABs in the two groups was 11.5% and 10.2%, respectively. In
secondary descriptive analyses of pregnancies that began within 3 months of
the latest vaccination, the SAB rates were 14.7% and 9.1%. The authors
concluded that there was no evidence for an association between HPV-B and
SAB (3).

BREASTFEEDING SUMMARY
It is not known if anti-HPV-16 and anti-HPV-18 antibodies are excreted into
breast milk (1). If they are, the effect on a nursing infant is unknown. However,
based on the human experience with the quadrivalent vaccine, the bivalent
vaccine is probably compatible with breastfeeding.
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VACCINE, HUMAN PAPILLOMAVIRUS
QUADRIVALENT, RECOMBINANT
Vaccine
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Animal studies in one species found no evidence of reproductive or
developmental toxicity at doses, based on body weight, that were much
higher than those used in humans. The human pregnancy experience
supports the lack of toxicity for the embryo and/or fetus. Moreover, the
vaccine is noninfectious and preservative- and antibiotic-free. If the vaccine
is given in pregnancy, health care professionals are encouraged to call the
toll-free number 877-311-8972 for information about patient enrollment in
the Organization of Teratology Information Specialists (OTIS) study.

FETAL RISK SUMMARY
Human papillomavirus (HPV) quadrivalent vaccine is prepared by recombinant
technology to contain virus-like particles of the major capsid protein of HPV
types 6, 11, 16, and 18. It is administered as an IM injection. The vaccine is not
infectious and does not contain preservatives or antibiotics. HPV vaccine is
indicated in girls and women 9–26 years of age for prevention of the following
diseases caused by HPV: cervical cancer, genital warts (condyloma
acuminata), cervical adenocarcinoma in situ, and intraepithelial neoplasia of the
cervix (grades 1, 2 and 3), vulva (grades 2 and 3), and vagina (grades 2 and 3)
(1).

Reproduction studies have been conducted in rats. In pregnant rats, doses
up to 300 times the human dose revealed no effects on fertility, pregnancy,
parturition, lactation, or embryo or fetal pre- or postweaning development. No
vaccine-related structural malformations were observed. In addition, there were
no effects on the development, behavior, reproductive performance, or fertility
of the offspring (1).



In the third annual report from the Merck Pregnancy Registry covering the
period June 2006–May 2009, there were 1636 prospective reported
pregnancies, but 396 were lost to follow-up and 132 outcomes were pending.
Of the remaining 1108 pregnancies, there were 968 live births (974 newborns
includes 1 surviving twin), 64 spontaneous abortions (SABs), 65 elective
abortions (EABs), 10 fetal deaths (1 of twins), and 2 ectopic pregnancies (2).
The reasons for the EABs were usually unknown, but one termination involved a
fetus with anencephaly and a hypoplastic heart defect. Of the 974 newborns,
926 (95%) were normal, 21 had major defects, 26 had minor defects, and
there was 1 early neonatal death of an infant born at about 30 weeks with
intrauterine growth restriction (mother had antiphospholipid syndrome and was
homozygous for methylene-tetra-hydro-folate reductase mutation). The
prevalence of major structural anomalies recognized at birth was 2.4 cases per
100 live births. Among 261 retrospective (reported after the outcome was
known) cases, there were 12 major defects. The Registry stated that the
limited number of reports with known outcomes prevented any definite
conclusions about the potential effects of exposure to the vaccine in pregnancy.
However, the rates of SABs and major defects, and the fact that the anomalies
were varied, suggested that the outcomes were related to the background risk
rather than to the vaccine (2).

A 2009 study reported the pregnancy and infant outcomes during phase III
clinical trials with quadrivalent HPV vaccine (Note: The Registry data presented
above updates the number of exposures) (3). Women aged 15–45 years
received the vaccine or placebo on day 1 and months 2 and 6. If a pregnancy
test immediately before a dose was positive they were excluded from further
doses. During the study, the number of pregnancies with known outcomes in
the vaccinated and placebo groups was 1796 and 1824, respectively. There
were no significant differences in the proportion of pregnancies resulting in live
births, fetal loss, or spontaneous abortion. Congenital anomalies were noted in
40 and 30 neonates, respectively (ns). The anomalies were diverse and
consistent with those commonly seen in the general population (3). Two
comments on this study were published in 2009 and 2010 (4,5). Because the
vaccine and placebo groups did not represent comparable randomized
populations, and because some pregnancies were still ongoing, the author
recommended that avoiding the vaccine in pregnancy or near the time of
conception was still warranted (5).

The American College of Obstetricians and Gynecologists recommends
avoiding HPV vaccine in pregnancy. If a woman becomes pregnant before



completion of the three-dose schedule, completion of the series should be
delayed until the pregnancy is completed (6). As of 2010, the CDC also
recommends avoiding the vaccine in pregnant women (7).

BREASTFEEDING SUMMARY
It is not known if the HPV antigens or the antibodies induced by the vaccine are
excreted into human breast milk. Five hundred nursing mothers were given the
vaccine during clinical trials, compared with 495 women who received a
placebo vaccine. The number of nursing infants experiencing a serious adverse
experience was higher in the mothers receiving the vaccine than in those
receiving a placebo, 4.2% (N = 21) vs. 2.0% (N = 10), respectively. However,
none of the adverse experiences were judged to be related to the vaccine. In
clinical studies, more nursing infants with acute respiratory illnesses were found
in the group of mothers who had received the vaccine within 30 days (N = 6),
than in the control group (N = 2) (1,2).

The American College of Obstetricians and Gynecologists states that the
vaccine can be given to lactating women because it is safe for the mother and
the nursing infant (6). Until further studies demonstrate otherwise, the use of
HPV vaccine can be classified as compatible with breastfeeding.
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VACCINE, INFLUENZA
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Influenza vaccine is an inactivated virus vaccine (1). The vaccine is
considered safe during all stages of pregnancy (2–7). However, the
intranasal vaccine spray contains a live, attenuated virus and should not be
used in pregnancy (1). Animal reproduction studies have not been
conducted with the vaccine. If influenza vaccine is used in pregnancy, health
care professionals are encouraged to call the toll-free number 877-311-
8972 for information about patient enrollment in the Organization of
Teratology Information Specialists (OTIS) study.

FETAL RISK SUMMARY
Neonatal passive immunization of short duration has been documented in some
studies (4). The American College of Obstetricians and Gynecologists
recommends that the vaccine be given to women who will be pregnant during
the flu season (October–mid May) and to those at high risk for pulmonary
complications regardless of trimester (1).

The CDC recommends the inactivated vaccine for women who will be
pregnant during the influenza season (5). In addition, pregnant women who
have medical conditions that increase their risk for complications from influenza
should receive the vaccine (5).

A 2005 study used an electronic database to identify 252 pregnant women
who had received influenza vaccine between 1998 and 2003 (8). Vaccination
occurred at a mean gestational age of 26.1 weeks (range 4–39 weeks). There
were no serious adverse events within 42 days of vaccination. Compared with
controls who were not vaccinated, there were no differences between the
groups in terms of pregnancy outcomes and infant medical conditions from birth
to 6 months of age (8).



BREASTFEEDING SUMMARY
Maternal vaccination is compatible with breastfeeding and presents no risk to
the nursing infant (5).
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VACCINE, INFLUENZA A (H1N1)
Vaccine
PREGNANCY RECOMMENDATION: Compatible (Inactivated Vaccine) No
Human Data—Probably Compatible (Live Virus Vaccine and Adjuvanted
Vaccine)
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Because the H1N1 vaccines were released late in 2009, there are no
reports describing their use in pregnancy. However, pregnant women are a
priority population to receive the inactivated H1N1 vaccine because they
are at high risk for morbidity and mortality. There is no evidence that
influenza virus types A and B vaccines caused embryo or fetal harm (see
Vaccine, Influenza). There is, however, a possible increased rate of
spontaneous abortions from disease caused by these viruses (1).
Inactivated virus vaccines are preferred over vaccines containing live
viruses. The American College of Obstetricians and Gynecologists
classifies live virus vaccines as usually contraindicated (1). The potential for
developmental toxicity from the adjuvants, added to one of the H1N1
vaccines to enhance the immune response to the antigen (i.e., the virus), is
not known. In rats, however, developmental toxicity was observed in two
studies with AS03-adjuvanted H5N1 antigen. Neither of the vaccines
available in the United States contains an adjuvant. If H1N1 vaccine is used
in pregnancy, health care professionals are encouraged to call the toll-free
number 877-311-8972 for information about patient enrollment in the
Organization of Teratology Information Specialists (OTIS) study.

FETAL RISK SUMMARY
Three vaccines, two with inactivated virus and one with live virus, are available
to prevent infection with novel influenza A (H1N1) (previously known as swine
flu). The vaccines are indicated for the active immunization against influenza
disease caused by pandemic (H1N1) 2009 virus (2–4). Influenza A (H1N1)
2009 monovalent vaccine, given by IM injection, is an inactivated vaccine



indicated for persons 6 months of age and older (2). Influenza A (H1N1) 2009
monovalent vaccine live, given intranasally, is indicated for individuals 2–49
years of age (3). Arepanrix H1N1 inactivated virus vaccine, available in Canada,
is indicated in an officially declared pandemic situation (4). The adjuvants in
Arepanrix are DL-α-tocopherol, squalene, and polysorbate 80.

Animal reproduction studies with H1N1 vaccines have not been conducted
(2–4). Neither have studies been conducted for carcinogenesis, mutagenesis,
or impairment of fertility. Two reproductive studies in rats with AS03-adjuvanted
H5N1 antigen (doses not specified) have been conducted to evaluate the
embryo–fetal and postnatal toxicity up to the end of the lactation period (4).
The findings in the two studies were an increased incidence of postimplantation
loss, fetal malformations (markedly medially thickened/kinked ribs and bent
scapula), dilated ureter, and delayed neurobehavioral maturation. However, the
significance of the outcomes was uncertain because not all findings were
observed in both studies (4).

BREASTFEEDING SUMMARY
Because the H1N1 vaccines were released late in 2009, there are no reports
describing their use during breastfeeding. Nevertheless, maternal vaccination
with any of these vaccines is compatible with breastfeeding and presents no
risk to a nursing infant.
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VACCINE, LYME DISEASE
Vaccine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The occurrence of Lyme disease during pregnancy presents a serious but
apparently small risk to the fetus. The greatest fetal risk may be in cases
where the mother does not receive appropriate antibiotic treatment. The
data to support this conclusion are limited and controversial. Because there
have been no reports on the use of Lyme disease vaccine during gestation,
the fetal risk from the vaccine is unknown. However, because Lyme
disease itself may cause fetal harm and the vaccine is noninfectious,
vaccination of women of childbearing age who are at risk for acquiring the
disease may be the safest course. Although the direct risk to a fetus
appears to be low, the Advisory Committee on Immunization Practices
recommends that pregnant women not receive the vaccine because its
safety during pregnancy has not been established (1).

FETAL RISK SUMMARY
Lyme disease vaccine (recombinant OspA) contains an outer surface protein of
Borrelia burgdorferi sensu stricto (lipoprotein OspA) that is noninfectious (1,2).
The recombinant OspA protein is expressed in Escherichia coli and then
purified. Only the LYMErix vaccine is licensed for use in the United States (1).
The vaccine (30 mcg/0.5 mL) is administered IM on a three-dose schedule of
0, 1, and 12 months.

Lyme disease is a tickborne infection caused by the spirochete B.
burgdorferi, with an incubation period from infection to onset of rash (erythema
migrans) of 7–14 days (range 3–30 days). The disease is characterized by
rash, fever, malaise, fatigue, headache, myalgia, and arthralgia. Without
adequate antibiotic treatment, chronic disease of the nervous system,



musculoskeletal system, or the heart may occur (1).
No cases describing the use of Lyme disease vaccine in pregnancy have

been located. Moreover, animal reproductive tests have not been conducted
with the vaccine.

A 1985 case report described a woman who developed Lyme disease during
the 1st trimester of pregnancy (3). She received no antibiotic therapy for her
disease. She delivered a 3000-g male infant at an estimated 35 weeks’
gestation who developed respiratory distress shortly after birth. Studies
revealed a dilated, poorly contractile left ventricle, aortic valvular stenosis,
patent ductus arteriosus, and coarctation of the aorta. The infant died at age
39 hours. Cardiovascular malformations found at autopsy were tubular
hypoplasia of the ascending aorta and aortic arch, marked endocardial
fibroelastosis, and a persistent left superior vena cava draining into the
coronary sinus. No signs of infection, such as inflammation, necrosis, or
granuloma formation, were found in the heart or other organs, but a few
spirochetes similar to the Lyme disease spirochete were found in the spleen,
renal tubules, and bone marrow. Evaluation of the mother was consistent with
Lyme disease, and she was successfully treated with tetracycline therapy (3).

A second case of fetal death associated with Lyme disease was published in
1987 (4). A 24-year-old woman with an apparent onset of infection (annular
erythematous patch noted near her left knee followed by pain and swelling in
the knee) near the time of conception delivered a 2500-g stillborn infant at
term. Serologic studies of maternal blood were positive for B. burgdorferi in
two of three samples. At autopsy, the only malformation found was an
atrioventricular canal ventricular septal defect. Spirochetes immunologically
consistent with B. burgdorferi were recovered from the fetal liver, myocardium,
adrenal gland, and subarachnoid space of the midbrain. The authors concluded
that the fetus had died near term of overwhelming spirochetosis (4).

The outcomes of 19 pregnancies of women with documented Lyme disease
were described in 1986 (5). Eight of the pregnancies were followed
prospectively, and 11 were identified retrospectively. Among the 17 women
with erythema chronicum migrans (ECM), 8 had the onset of disease in the 1st
trimester, 7 in the 2nd trimester, and 2 in the 3rd trimester. The onset of
infection could not be determined in the remaining two, but one developed facial
palsy in the 1st trimester and the other developed arthritis in the 3rd trimester.
Normal outcomes occurred in 14 pregnancies, 7 with onset of illness in the 1st
trimester, 4 in the 2nd trimester, 2 in the 3rd trimester, and 1 with unknown
time of onset. Five of the women (three in 1st trimester; one in 2nd trimester;



one in 3rd trimester) did not receive antibiotic therapy, but all delivered
apparently normal infants, although two had transient problems. One of these,
a 2100-g infant delivered prematurely, developed hyperbilirubinemia at 4 days
of age but has had otherwise normal development through 9 years of age.
Another, delivered 7 days after onset of maternal ECM and meningitis, had
hyperbilirubinemia and a generalized, petechial, vesicular rash at 5 days of age.
Viral and bacterial blood and skin cultures were negative; tests for B.
burgdorferi were not available at that time. The rash faded within 1 week during
treatment with penicillin. The remaining three pregnancies had abnormal
outcomes as described below (time of onset of maternal illness shown in
parentheses):

(1st trimester) intrauterine fetal death at 16 weeks’; no congenital
abnormalities; no inflammation noted in fetal tissues; culture and indirect
immunofluorescence assay of placenta and fetal tissues were negative

(2nd trimester) syndactyly (type 1) of second and third toes
(2nd trimester) full-term, healthy male infant at birth, developed cortical

blindness and developmental delay at 8 months of age; diagnostic studies
were negative; no serum antibodies to B. burgdorferi found at 1 year of
age; mother had a previous child with trisomy 18

None of the five adverse outcomes described above can be directly attributed
to maternal Lyme disease (5). At least one is known to be a fairly common
genetic defect (i.e., syndactyly), and two were minor, transient adverse effects.
Moreover, no cardiovascular anomalies were observed, but because only eight
cases with ECM occurred in the 1st trimester, the power of this study to detect
such defects is limited (5).

Two reports from the same group of investigators, one published in 1993 and
the other in 1995, examined the effects of maternal exposure to Lyme disease
and pregnancy outcome (6,7). A total of 2014 women were enrolled in the first
study at their first prenatal visit (6). Of these, 11 were seropositive for Lyme
disease, but information on the presence of congenital malformations was
available for only 10 of their infants. Among these 10 newborns, 1 infant had a
major defect (multiple major anomalies with VATER association [vertebral
defects, imperforate anus, tracheoesophageal fistula, and radial and renal
dysplasia]). Two other infants had minor malformations: metatarsus adductus
and stomach reflux. Other outcome data included no spontaneous abortions
and a mean birth weight of 3650 g. None of these outcomes differed
significantly from the group without Lyme disease exposure (i.e., with no



significant titer and negative clinical history) (6).
In the second study, no difference in the incidence of total congenital

malformations (odds ratio [OR] 0.87; 95% confidence interval [CI] 0.70–1.06)
was observed in the infants of mothers in an endemic hospital cohort (N =
2504) compared with the infants of mothers in a control hospital (N = 2507) (7).
The total number represented 81% of all eligible infants. However, the rate of
cardiac malformations (most commonly ventricular septal defect [VSD]) was
significantly higher in the endemic cohort (OR 2.40; 95% CI 1.25–4.59).
Although the incidence of total minor malformations was no different between
the groups, three minor defects (hemangiomas, polydactyly, and hydrocele)
were significantly higher (p <0.05) in the control group. Only the difference in
polydactyly could be explained by demographic variations. Comparisons of
mean birth weights between the cohorts found no significant differences (7).

In the endemic cohort, 22 of the mothers had Lyme disease before
pregnancy (7). Among their 23 offspring (1 set of twins), there were 2 major
malformations: multiple heart defects (infant died), and hydrocele and
laryngomalacia. Six mothers contracted the disease during pregnancy and one
of their infants had a major defect (hypospadias). Three infants with major
malformations (VSD, vesicoureteral block with reflux, and hypospadias) and
five with minor defects (inguinal hernia, laryngomalacia, hemangioma, genu
varum, and metatarsus adductus) were observed in the mothers (N = 67) who
had reported a tick bite during pregnancy. Of the 20 infants born from mothers
who had immunoglobulin G anti-B. burgdorferi antibodies in their cord blood (all
infants were tested), 1 had a minor defect (cryptorchidism). Within the endemic
cohort, there were no differences between those who had possible exposure to
Lyme disease or who had positive cord serology compared with those who
were not exposed and had negative serology in terms of mean birth weight or
the rate of major or minor abnormalities (7).

A 1999 retrospective case–control study compared 796 children with a
diagnosis of congenital cardiac anomaly with 704 children from the same region
without cardiac defects (8). Records of all of the children were obtained from a
medical center in a suburban area where Lyme disease is endemic. All had
been born in the study area. No statistical differences in the frequencies of
maternal conditions and exposures between the two groups were found for
cigarette smoking, alcohol use, conception while using contraceptives, the use
of fertility drugs, the use of electric blankets or heated waterbeds, vaginal
bleeding during pregnancy, occupational exposure to video display terminals,
asthma, upper respiratory tract infections, or thyroid disorders. More study



mothers had high blood pressure (6.7% vs. 3.5%, p = 0.007), whereas more
controls had occupational exposure to x-ray films or anesthesia (6.1% vs.
9.1%, p = 0.03). There were no statistical differences between the groups in
Lyme disease during pregnancy (or 3 months, 1 year, or at anytime before
conception) or in those who had received a tick bite during pregnancy (or 3
months, 1 year, or at anytime before conception). The authors concluded that
there was no increased risk of congenital heart defects when maternal Lyme
disease was contacted before or during pregnancy. However, their study could
not exclude a risk to a fetus from undiagnosed and untreated Lyme disease (8).

Although there is concern that maternal Lyme disease may infect the fetus as
do other spirochetal infections (e.g., syphilis) (5,9), the risk for this, based on
the above studies, appears to be low. In addition, a survey published in 1994
found no cases of clinically significant nervous system disease attributable to
transplacentally acquired Lyme disease that had been recognized among
pediatric neurologists in regions of the United States in which Lyme disease
was endemic (10). The regions surveyed included all or portions of Connecticut,
Massachusetts, Minnesota, New Jersey, New York, Rhode Island , and
Wisconsin. Some adult neurologists were also contacted in Connecticut. One
pediatric neurologist was following three children with “congenital Lyme
disease,” but none of the mothers of these children met the CDC’s diagnostic
criteria for Lyme disease (10). The authors concluded that either congenital
neuroborreliosis was not occurring or that the incidence was extremely low in
endemic areas (10).

BREASTFEEDING SUMMARY
No reports describing the use of Lyme disease vaccine during lactation have
been located. DNA of the spirochete B. burgdorferi has been detected in the
breast milk of two women by polymerase chain reaction (PCR) (11). Breast
milk samples from three healthy controls were nonreactive. Both women with
reactive samples had Lyme disease as characterized by the presence of
erythema migrans, and both had PCR-positive urine samples. One of the
nursing infants was hospitalized at 6 months of age because of fever and
vomiting. The cause of the symptoms was undetermined, but they resolved
spontaneously after a few days. The urine of the infant and mother were tested
1 year later, and both were nonreactive.
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VACCINE, MEASLES
Vaccine
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Measles (rubeola) vaccine is a live, attenuated virus vaccine (1,2). It should
not be given in pregnancy. Animal reproduction studies have not been
conducted with the vaccine.

FETAL RISK SUMMARY
Measles occurring during pregnancy may result in significant maternal
morbidity, an increased abortion rate, stillbirth, prematurity, and congenital
malformations (1). Although a fetal risk from the vaccine has not been
confirmed, the vaccine should not be used during pregnancy because fetal
infection with the attenuated viruses may occur (1–3). The manufacturer lists
pregnancy as a contraindication to its use and states that pregnancy should be
avoided for 3 months following vaccination (1). A shorter interval is
recommended by the CDC (4). They recommend that women avoid becoming
pregnant for 28 days after vaccination, but no cases of congenital
malformations attributable to measles vaccine virus have been reported (4).

BREASTFEEDING SUMMARY
No reports describing the use of measles vaccine during lactation have been
located. However, the vaccine is probably compatible with breastfeeding.
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VACCINE, MENINGOCOCCAL
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The risk to the fetus from vaccination during pregnancy is unknown. The
CDC recommends that if it is given during pregnancy, the woman should
consult her health care provider or the vaccine manufacturer, because
there are no data available on the safety of the vaccine during pregnancy
(1). In one study, vaccination resulted in transfer of maternal antibodies to
the fetus, but the transfer was irregular and was not dependent on
maternal titer or the period in pregnancy when vaccination occurred (2). If
meningococcal vaccine is given in pregnancy, health care professionals are
encouraged to call the toll-free number 877-311-8972 for information about
patient enrollment in the Organization of Teratology Information Specialists
(OTIS) study.

FETAL RISK SUMMARY
Meningococcal vaccine is available in two formulations: meningococcal
polysaccharide vaccine, groups A, C, Y, and W-135 combined (Menomune—
A/C/Y/W-135), a freeze-dried product requiring reconstitution; and
meningococcal (groups A, C, Y, and W-135) polysaccharide diphtheria toxoid
conjugate vaccine (Menactra), a fluid product ready for administration. Either
formulation is a killed bacteria (cell wall) vaccine (3,4).

Animal reproduction studies have not been conducted with Menomune (3).
Reproduction studies have been conducted in mice with Menactra (4). A dose
900 times the human dose (based on body weight) had no effect on fertility,
maternal health, embryo–fetal survival, or postnatal development (4). One of
the 234 fetal skeletons examined had a cleft palate compared with none in the
control group. This was the only skeletal and organ anomaly observed and was
not thought to be related to the vaccine.



A 1998 study evaluated the pregnancy outcomes of 34 women who received
meningococcal vaccine during pregnancy (5). The trimesters of exposures were
4 (11.8%) in the 1st, 17 (50.0%) in the 2nd, and 13 (38.2%) in the 3rd. There
were 34 singleton deliveries with a mean follow-up of the offspring of 13.2
months (range 1–24 months). Excluding one congenital malformation, there was
no increase in the observed unusual birth events compared with the expected
rates. In fact, there were significantly fewer cases of newborn cardiac murmurs
and physiologic jaundice in offspring of vaccinated mothers. One birth defect
observed in an infant of a mother vaccinated at 33 weeks’ gestation was
consistent with the oromandibular limb hypogenesis spectrum (Charlie M
syndrome) (expected frequency <0.00002%). This pattern of defects would
probably have occurred very early in gestation. The cause of Charlie M
syndrome is unknown; it has not yet been identified as a genetic defect and it
has not been associated with teratogens. All of the infants had normal growth
and development in the follow-up period (5).

A 1994 review stated that the use of the vaccine during pregnancy is
controversial (6). However, in a 1996 study, 75 mothers received
meningococcal vaccine in the last trimester of pregnancy (7). No adverse
effects in the newborns attributable to the vaccine were observed.

BREASTFEEDING SUMMARY
No reports describing the administration of meningococcal vaccine during
human lactation have been located.
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VACCINE, MUMPS
Vaccine
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Mumps vaccine is a live attenuated virus vaccine (1,2). It should not be
given in pregnancy. Animal reproduction studies have not been conducted
with the vaccine.

FETAL RISK SUMMARY
Mumps occurring during pregnancy may result in an increased rate of 1st
trimester spontaneous abortion (2). Although a fetal risk from the vaccine has
not been confirmed, the vaccine should not be used during pregnancy because
fetal infection with the attenuated viruses may occur (1–3). The manufacturer
(2). In addition, the manufacturer recommends avoiding pregnancy for 3 months
following vaccination (2). A shorter interval is recommended by the CDC (4),
which recommends that women who receive the mumps vaccine should avoid
becoming pregnant for 28 days. However, no cases of congenital
malformations attributable to infection with mumps vaccine virus have been
reported and having been vaccinated with the vaccine should not be a reason to
terminate a pregnancy (5).

BREASTFEEDING SUMMARY
No reports describing the administration of mumps vaccine during human
lactation have been located.
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VACCINE, PERTUSSIS (ACELLULAR)
Vaccine/Toxoid
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although no reports describing the use of tetanus toxoid/reduced diphtheria
toxoid/acellular pertussis vaccine adsorbed (Tdap) or diphtheria/tetanus
toxoids/acellular pertussis vaccine adsorbed (DTaP) in human pregnancy
have been located, one report did describe the inadvertent administration
of acellular pertussis vaccine without toxoids in early gestation.
Diphtheria/tetanus toxoids are recommended in pregnancy under certain
conditions (see Diphtheria/Tetanus Toxoids [Adult]) and whole cell pertussis
vaccine (no longer available) has been used in late pregnancy. Studies in
which Tdap is given in the 2nd and 3rd trimesters have been proposed to
determine if higher titers of pertussis antibodies can be obtained in the
newborn (1–4). Currently, if tetanus or diphtheria protection is needed
during pregnancy, the CDC and the American College of Obstetricians and
Gynecologists (ACOG) recommend that Tdap be considered in the 2nd or
3rd trimesters, or earlier if protection is needed urgently (5–7). Tdap
should only be given once during a lifetime.

Pertussis antibodies are known to cross the placenta and could
potentially provide infants greater protection until they reach the age for
active immunization. The American Academy of Pediatrics has
recommended that pregnant adolescents should be given the same
consideration for immunization as nonpregnant adolescents, and that the
vaccine should be given before 36 weeks’ gestation (4). However, the CDC
concluded that it was not clear if the increased titers of pertussis antibodies
would be adequate to protect the infant from pertussis, nor was it known if
the increased titers would interfere with later active immunization of the
infant (6). If Tdap is used in pregnancy, health care professionals are
encouraged to call the toll-free number 877-311-8972 for information about
patient enrollment in the Organization of Teratology Information Specialists



(OTIS) Pertussis Vaccines study.

FETAL RISK SUMMARY
Acellular pertussis vaccine is available in five formulations: Tdap (for
adolescents/adults) (Adacel, Boostrix); and DTaP (for infants/children)
(Daptacel, Infanrix, Tripedia). Pertussis vaccine is a combination, noninfectious
product containing the two toxoids and inactivated pertussis vaccine (8–12)
(see also Tetanus/Diphtheria Toxoids [Adult]). Compared with DTaP, Tdap has
reduced diphtheria toxoid. All five of the vaccines are given as an IM injection.
The acellular vaccine replaced the whole cell vaccine in 1997 (13). In addition
to the two toxoids, the vaccines contain three pertussis antigens (inactivated
pertussis toxin [PT], formaldehyde-treated filamentous hemagglutinin [FHA],
and pertactin) adsorbed onto aluminum hydroxide. The pertussis antigens are
isolated from Bordetella pertussis, the cause of whopping cough. The
adolescent/adult formulations are indicated for active booster immunization to
prevent tetanus, diphtheria, and pertussis as a single dose in persons 10–18
years of age (Boostrix) and 11–64 years of age (Adacel) (8,9). The
infant/children products are indicated for the active immunization of infants and
children 6 weeks to 7 years of age (before the seventh birthday) (10–12). The
information presented here applies to all of the formulations.

Reproduction studies have been conducted in rats and rabbits. DTaP
(Infanrix) was given IM to rats prior to gestation and Tdap (Boostrix) was
administered IM during organogenesis (days 6, 8, and 11) and later in
pregnancy (day 15) (8). Each dose of Boostrix was about 45 times the human
dose based on body weight (HD). No adverse effects were observed on
pregnancy, lactation, or embryo–fetal or preweaning development, and there
was no evidence of teratogenic effects. Studies have not been conducted for
carcinogenicity, mutagenicity, or effects on fertility (8).

In rabbits, Adacel was administered IM twice before conception, during
organogenesis (day 6), and later in pregnancy (day 29). Each dose was 17
times the HD. No adverse effects were observed on pregnancy, parturition,
lactation, embryo–fetal or preweaning development, and there was no evidence
of teratogenic effects (9).

A 1986 review on the epidemiology of pertussis cited a 1943 reference in
which pertussis vaccine was given to 29 women during the sixth and seventh
month of pregnancy (14). High protective antibody titers were found in mothers
and their newborns. Because of the date, the product used was probably the



whole cell pertussis vaccine (14).
A 2003 article reviewed the current prevalence of pertussis in the United

States including its morbidity and mortality in different age groups (13). The
author also discussed a 1990 serologic study conducted in her institution in
which the placental transfer of maternal antibodies to pertussis was evaluated
(the mothers had not received a pertussis vaccine during pregnancy) (15).
Antibodies to PT in cord sera were 2.9 times higher than those in maternal
sera, suggesting active transport to the embryo–fetus. In contrast, cord sera
titers of antibodies to FHA and agglutinin did not differ significantly from
maternal sera. Because cord blood concentrations of anti-pertussis
immunoglobulin G (IgG) were nearly comparable to maternal titers, the author
concluded that maternal immunization would be effective in providing infants
with protection until they reached the age for active immunization (13).

A 1999 study evaluated the safety and efficacy of an acellular pertussis
vaccine, which did not contain diphtheria or tetanus toxoids, in healthy men and
women 18 years of age or older (16). Although pregnant women were
excluded, 2 of the 200 female subjects conceived. The first woman conceived
about 8 days after immunization. A spontaneous abortion occurred on
gestational day 34. The second woman became pregnant within 0–4 weeks of
immunization. She underwent an elective abortion at about 1 month of
gestation. The investigators concluded that neither outcome was related to the
vaccine (16).

BREASTFEEDING SUMMARY
No reports describing the administration of any of the four formulations of
pertussis vaccine during human lactation have been located. Tdap should
present no risk to a nursing infant because antibodies to pertussis, tetanus, and
diphtheria should be present in both the mother and the infant. Moreover, DTaP
is indicated for infants and children 6 weeks through 6 years of age (before
seventh birthday). The CDC and ACOG recommend Tdap in breastfeeding
women who have not received the vaccine previously or 2 years or more have
elapsed since the most recent Td administration (5,6).
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VACCINE, PLAGUE
Vaccine
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Plague vaccine is a killed bacteria vaccine (1). No risk to the fetus from
vaccination during pregnancy has been reported. Animal reproduction
studies have not been conducted with the vaccine.

BREASTFEEDING SUMMARY
No reports describing the administration of plague vaccine during human
lactation have been located.
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VACCINE, PNEUMOCOCCAL POLYVALENT
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The risk to the fetus from pneumococcal polysaccharide vaccine during the
1st trimester of pregnancy is unknown (1–3). However, the Advisory
Committee on Immunization Practices (ACIP) states that there are no
reports of adverse consequences in newborns whose mothers were
inadvertently vaccinated during pregnancy (3,4).

FETAL RISK SUMMARY
Pneumococcal vaccine polyvalent is a killed bacteria vaccine that contains a
mixture of purified capsular polysaccharides from 23 types of Streptococcus
pneumoniae (1,2). Animal reproduction studies have not been conducted with
the vaccine (1,2). A 1991 review stated that maternal antibodies induced by
pneumococcal polyvalent vaccine cross the placenta and may offer significant
protection to the newborn (5).

A study conducted in Bangladesh and published in 1995 described the
administration of pneumococcal polyvalent vaccine to healthy women at 30–34
weeks’ gestation (6). Meningococcal vaccine was administered to a control
group. The immunologic response of the infants resulting from the maternal
immunization was monitored from birth to 5 months of age. The results
indicated that sufficient amounts of specific immunoglobulin G serum antibody
passed to the fetus to provide passive immunity to invasive pneumococcal
infection in early infancy. The authors concluded that, in geographic regions
where such infections are a serious public health problem, maternal
immunization would be a safe and inexpensive method to reduce the incidence
of the disease, if subsequent studies did not show that passive immunity of the
infants interfered with active immunization later in life (6).

In a 1996 study, pneumococcal polyvalent vaccine was administered in the



3rd trimester in an attempt to protect against pneumococcal disease in the
infant during the first few months of life (7). The degree and duration of
protection was uncertain because the pneumococcal antibodies in the infants
disappeared rapidly. A 1998 reference noted that large studies are needed to
determine if maternal administration of the vaccine can decrease infant
mortality and morbidity (8). Because of the high cost of vaccinations with newly
developed conjugate vaccines, one author thought that vaccination of pregnant
women with the polysaccharide vaccine might be the most practical method for
preventing pneumococcal sepsis in young infants in developing countries (9).

BREASTFEEDING SUMMARY
In a study conducted in Bangladesh (described above), marked increases of
specific immunoglobulin A (IgA) antibody titers were measured in the colostrum
of mothers who had received pneumococcal polyvalent vaccine at 30–34
weeks’ gestation (6). Antibody titers remained higher than controls up to 5
months after delivery.
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VACCINE, POLIOVIRUS INACTIVATED
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Poliovirus vaccine inactivated (Salk vaccine, IPV) is an inactivated virus
vaccine administered by injection (1). Animal reproductions studies have not
been conducted with the vaccine. Although fetal damage may occur when
the mother contracts the disease during pregnancy, the risk to the embryo–
fetus from the vaccine appears to be low if at all.

FETAL RISK SUMMARY
No adverse effects attributable to the use of the inactivated vaccine have been
reported (1,2). The CDC recommends use of the vaccine during pregnancy only
if an increased risk of exposure exists (2). If immediate protection against
poliomyelitis is needed, the Advisory Committee on Immunization Practices
(ACIP) states that the IVP may be used in accordance with the recommended
schedules for adults (see reference for specific details) (2).

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
6774 of whom had 1st trimester exposure to the vaccine (3, p. 315). Congenital
malformations were observed in 461 (standardized relative risk [SRR] 1.03). In
general, no associations (SRR >1.5) were found (3, p. 318). Specific
malformations with SRR >1.5 were: craniosynostosis, 6 (SRR 2.1); atrial septal
defect, 6 (SRR 4.0); cleft lip with or without cleft palate, 9 (SRR 1.6);
omphalocele, 5 (SRR 2.4); and any malignant tumors, 7 (SRR 3.3) (3, pp. 473–
4). For use anytime in pregnancy, 18,219 mother–child pairs were exposed (3,
p. 436). A total of 374 newborns had anomalies (SRR 1.08). Specific
malformations with SRR >1.5 were: hypoplasia of limb or part thereof, 24
(SRR 1.6); malformations of thoracic wall, 9 (SRR 2.4); anomalies of the teeth,
8 (SRR 2.0); corneal opacity, 5 (SRR 3.5); and CNS tumors, 7 (SRR 17.9) (3,
pp. 486–7). The authors of this study cautioned that these data cannot be



interpreted without independent confirmation from other studies and that any
positive or negative association may have occurred by chance (3).

BREASTFEEDING SUMMARY
No reports describing the administration of poliovirus inactivated vaccine during
human lactation have been located (see also Vaccine, Poliovirus Live).
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VACCINE, POLIOVIRUS LIVE
Vaccine
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Poliovirus vaccine live (Sabin vaccine; OPV; TOPV) is a live, trivalent (types
1, 2, and 3) attenuated virus strain vaccine administered orally. Animal
reproductions studies have not been conducted with the vaccine. Although
fetal damage may occur when the mother contracts the disease during
pregnancy, the risk to the embryo–fetus from the vaccine appears to be
low if at all. (Withdrawn from the United States market.)

FETAL RISK SUMMARY
A brief 1990 report found no increase in spontaneous abortions or adverse
effect on the placenta or embryo following 1st trimester use of oral poliovirus
vaccine (1).

The Advisory Committee on Immunization Practices (ACIP) recommends use
of the vaccine during pregnancy only if an increased risk of exposure exists (2).
If immediate protection against poliomyelitis is needed, the ACIP states that
either the inactivated or the oral vaccine may be used in accordance with the
recommended schedules for adults (see reference for specific details) (2). The
inactivated vaccine, however, was preferred over the oral form because of a
lower risk of vaccine-associated paralysis.

The Collaborative Perinatal Project monitored 50,282 mother–child pairs,
1628 of whom had 1st trimester exposure to oral live poliovirus vaccine (3, p.
315). Congenital malformations were observed in 114 (standardized relative
risk [SRR] 1.11) of the newborns. Malformations identified with SRR >1.5 were
gastrointestinal (GI) defects (SRR 1.67) and Downs’ syndrome (SRR 1.60) (3,
p. 319). Specific malformations with SRR >1.5 were omphalocele, 3 (SRR
5.4); malrotation of the GI tract, 5 (SRR 7.9); and any benign tumors, 7 (SRR
1.8) (3, p. 474). For use anytime in pregnancy, 3059 mother–child pairs were
exposed (3, p. 436). In this group, there were 44 malformed children (SRR



0.81) with the following specific malformations having SRR >1.5: Hirschsprung’s
disease, 4 (SRR 8.8); any benign tumors, 12 (SRR 1.7); and pectus
excavatum, 8 (SRR 2.0) (3, p. 487). The authors of this study cautioned that
these data cannot be interpreted without independent confirmation from other
studies and that any positive or negative association may have occurred by
chance (3).

The death of a 3-month old male infant because of complications arising from
bilateral renal dysplasia affecting predominantly the glomeruli was thought
possibly to be caused by maternal vaccination with oral poliovirus vaccine
during the 1st or 2nd month of pregnancy (4). A causal relationship, however,
could not be established based on the pathologic findings.

A 19-year-old previously immune woman inadvertently received oral
poliovirus vaccine at 18 weeks’ gestation (5). For other reasons, she requested
termination of the pregnancy at 21 weeks’ gestation. Polio-like changes were
noted in the small-for-dates female fetus (crown–rump and foot length
compatible with 17.5–19 weeks’ gestation) consisting of damage to the anterior
horn cells of the cervical and thoracic spinal cord with more limited secondary
skeletal muscle degenerative changes in the arm (5). Poliovirus could not be
isolated from the placenta or fetal brain, lung, or liver. Specific fluorescent
antibody tests for poliovirus types 2 and 3 were positive in the dorsal spinal
cord but not at other sites.

In response to an outbreak of wild-type 3 poliovirus in Finland, a mass
vaccination program of adults was initiated with trivalent oral poliovirus vaccine
in 1985, with 94% receiving the vaccine during about a 1-month period (6).
Because Finland has compulsory notification of all congenital malformations
detected during the first year of life, a study was conducted to determine the
effect, if any, on the incidence of birth defects from the vaccine. In addition to
all defects, two indicator groups were chosen because of their high detection
and reporting rates: central nervous system defects and orofacial clefts. No
significant changes from the baseline prevalence were noted in the three
groups, but the data could not exclude an increase in less common types of
congenital defects (6).

A follow-up to the above report was published in 1993 that included all
structural malformations occurring during the 1st trimester (7). The outcomes of
approximately 9000 pregnancies were studied, divided nearly equally between
those occurring before, during, or after (i.e., one study and two reference
cohorts) the vaccination program. Women in the study group had been
vaccinated during the 1st trimester (defined as from conception through 15



weeks). A total of 209 cases (2.3%) were identified from liveborns, stillborns,
and known abortions. There was no difference in outcomes between the
cohorts (the study had a statistical power estimate to detect an increase
greater than 0.5%) (7).

The analysis of Finnish women receiving the oral poliovirus vaccine during
gestation was expanded to anytime during pregnancy in a 1994 report (8). The
outcomes of three study groups (about 3000 pregnant women vaccinated in
each of the three trimesters of pregnancy) were compared with two reference
cohorts (about 6000 pregnant women who delivered before the vaccination
program and about 6000 who conceived and delivered afterward). No
differences were found between the study and reference groups in terms of
intrauterine growth or in the prevalence of stillbirth, neonatal death, congenital
anomalies, premature birth, perinatal infection, and neurologic abnormalities
(8). The authors concluded that the vaccination of pregnant women with the
oral poliovirus vaccine, as conducted in Finland, appeared to be safe.

A 1993 report described the use of oral poliovirus vaccine in a nationwide
(Israel) vaccination campaign, including pregnant women, after the occurrence
of 15 cases of polio in the summer of 1988 (9). The investigators compared the
frequency of anomalies and premature births in their area in 1988 (controls)
with those in 1989 (exposed). In 1988, 15,021 live births occurred, with 204
malformed newborns (1.4%) and 999 (6.7%) premature infants. These
numbers did not differ statistically from those in 1989; 15,696, 243 (1.5%), and
1083 (6.9%), respectively. The authors concluded that oral poliovirus vaccine
was preferred to the inactivated vaccine if vaccination was required during
pregnancy (9).

In a follow-up of the Israel vaccination campaign, investigators measured the
presence of neutralizing antibodies to the three poliovirus types in the sera of
infants whose mothers had been vaccinated 2–7 weeks before delivery (10). In
newborns, higher levels of protecting antibodies were found for poliovirus types
1 and 2 than for type 3, indicating less placental transfer and a greater risk of
infection with poliovirus type 3.

BREASTFEEDING SUMMARY
Human milk contains poliovirus antibodies in direct relation to titers found in the
mother’s serum. When oral poliovirus vaccine (Sabin vaccine, OPV) is
administered to the breastfed infant in the immediate neonatal period, these
antibodies, which are highest in colostrum, may prevent infection and
development of subsequent immunity to wild poliovirus (11–22). To prevent



inhibition of the vaccine, breastfeeding should be withheld 6 hours before and
after administration of the vaccine, although some authors recommend shorter
times (17–21).

In the United States, the ACIP and the Committee on Infectious Diseases of
the American Academy of Pediatrics do not recommend vaccination before 6
weeks of age (3,23). At this age or older, the effect of the oral vaccine is not
inhibited by breastfeeding and no special instructions or planned feeding
schedules are required (3,23–27).
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VACCINE, RABIES (HUMAN)
Vaccine
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Rabies vaccine (human) is an inactivated virus vaccine (1). Animal
reproduction studies have not been conducted with the vaccine. Because
rabies is nearly 100% fatal if contracted, the vaccine should be given for
postexposure prophylaxis (1,2).

FETAL RISK SUMMARY
The CDC states that indications for prophylaxis are not altered by pregnancy
(1). Three reports described the use of rabies vaccine (human) during
pregnancy (3–5). Passive immunity was found in one newborn (titer >1:50) but
was lost by 1 year of age (3). No adverse effects from the vaccine were noted
in the newborn. The mother had not delivered at the time of the report in the
second case (4).

A 1990 brief report described the use of rabies vaccine in 16 pregnant
women, 15 using the human diploid cell vaccine and 1 receiving the purified
chick embryo cell product (5). In 15 cases, the stage of pregnancy was known:
nine 1st trimester, three 2nd trimester, and three 3rd trimester. Two women
had spontaneous abortions, but the causes were probably not vaccine related.
The remaining pregnancy outcomes were 12 full-term healthy newborns, 1
premature delivery at 36 weeks’ gestation, and 1 newborn with grand-mal
seizures on the 2nd day. In the latter case, no anti-rabies antibodies were
detectable in the infant’s serum, indicating that the condition was not vaccine
related (5).

In two reports, duck embryo-cultured vaccine was used during pregnancy
(6,7). In 1974, a report appeared describing the use of rabies vaccine (duck
embryo) in a woman in her 7th month of pregnancy (6). She was given a 21-



day treatment course of the vaccine. She subsequently delivered a healthy term
male infant who was developing normally at 9 months of age. The second case
was described in 1975 involving a woman exposed to rabies at 35 weeks’
gestation (7). She was treated with a 14-day course of vaccine (duck embryo)
followed by three booster injections. She gave birth at 39 weeks’ gestation to a
healthy male infant. Cord blood rabies neutralizing antibody titer was 1:30,
indicative of passive immunity, compared with a titer of 1:70 in maternal serum.
Titers in the infant fell to 1:5 at 3 weeks of age, then to <1:5 at 6 weeks.
Development was normal at 9 months of age (7).

A 1989 report from Thailand described the use of purified Vero cell rabies
vaccine for postexposure vaccination in 21 pregnant women (8). Equine rabies
immune globulin was also administered to 12 of the women with severe
exposures. One patient aborted 3 days after her first rabies vaccination, but
she had noted vaginal bleeding on the day of rabies exposure. No congenital
malformations were observed and none of the mothers or their infants
developed rabies after a 1-year follow-up (8).

In a subsequent prospective study, the above researchers administered the
purified Vero cell rabies vaccine (five-dose regimen) after exposure to 202
pregnant women (9). Some of these women also received a single dose of
rabies immune globulin (human or equine). Follow-up of 1 year or greater was
conducted in 190 patients; 12 patients were lost to follow-up following
postexposure treatment. No increase in maternal (spontaneous abortion,
hypertension, placenta previa, or gestational diabetes) or fetal (stillbirth, minor
birth defect, or low birth weight) complications was observed in comparison
with a control group of nonvaccinated, nonexposed women. The one minor
congenital defect observed in the treated group was a type of clubfoot (talipes
equinovalgus) (9).

BREASTFEEDING SUMMARY
No reports describing the administration of rabies (human) vaccine during
human lactation have been located.
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VACCINE, RUBELLA
Vaccine
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Although no defects attributable to rubella vaccine have been reported, the
CDC calculates the theoretical risk of congenital rubella syndrome (CRS)
following vaccination with the RA 27/3 vaccine to range from 0% to 1.6%,
or from 0% to 1.2%, if data from all rubella vaccines are included (1).
These risks are considerably lower than the ≥20% risk associated with wild
rubella virus infection during the 1st trimester (2). Because a theoretical
risk does exist, the use of the vaccine in pregnancy is contraindicated
(1–6). Moreover, both the manufacturer and the CDC recommend that
women should avoid becoming pregnant for 3 months after receiving the
vaccine (1,4). However, if vaccination does occur within 3 months (now 4
weeks [3]) of conception or during pregnancy, the actual risk, as stated
above, is considered to be negligible and, in itself, should not be an
indication to terminate the pregnancy (2,3,5–8).

FETAL RISK SUMMARY
Rubella (German measles) vaccine is a live, attenuated virus vaccine (4).
Animal reproduction studies have not been conducted with the vaccine.

Rubella occurring during pregnancy may result in the CRS. The greatest risk
period for viremia and congenital defects is 1 week before to 4 weeks after
conception (5). Moreover, rubella reinfection, most often presenting as a
subclinical infection that can be detected by a rise in antibody titers, may occur
in previously vaccinated patients and in those who are naturally immune (9,10).
The fetal risk of infection in these cases is low but has not yet been quantified.

The CDC defines CRS as any two complications from list A or one
complication from list A plus one from list B (5):

List A
Cataracts or congenital glaucoma



Congenital heart disease
Loss of hearing
Pigmentary retinopathy

List B
Purpura
Splenomegaly
Jaundice (onset within 24 hours of birth)
Microcephaly
Mental retardation
Meningoencephalitis
Radiolucent bone disease

Before April 1979, the CDC collected data on 538 women vaccinated within 3
months before or after conception with either the Cendehill or HPV-77 vaccines
(5). A total of 149 of these women were known to be susceptible at the time of
vaccination and the outcome of pregnancy was known for 143 (96%). No
evidence of CRS or other maternal or fetal complication was found in any of
these cases or in an additional 196 infants exposed during pregnancy. Eight
infants had serologic evidence of intrauterine infection after maternal
vaccination, but follow-up for 2–7 years revealed no problems attributable to
CRS (5).

Since January 1979, only RA 27/3 rubella vaccine has been available in the
United States. In the United States between January 1979 and December
1988, a total of 683 women vaccinated with RA 27/3 have been reported to the
CDC (2). The outcomes of these pregnancies were as follows:

Evidence of subclinical infection was found in 3 (2%) of the 154 liveborn
infants from susceptible mothers who were serologically evaluated (2).



However, no evidence of defects compatible with CRS was found in the total
sample of 212 liveborn infants. Two infants did have asymptomatic glandular
hypospadias, but both mothers had negative rubella-specific immunoglobulin M
(IgM) titers in the cord blood at birth (2). In a 1985 evaluation of earlier CDC
data, no defects compatible with CRS were found in any of the fetuses or
infants in whom the outcome was known (6). Examinations up to 29 months
after birth have revealed normal growth and development (2,6).

A 2000 report described six women who received rubella vaccine (live,
attenuated vaccine strain RA27/3) either in the pre- or periconceptional periods
(11). No evidence of fetal infection was observed in five of the women. In one
case, however, vertical transmission of the virus was documented that resulted
in persistent fetal infection. The 25-year-old woman, unaware of her pregnancy,
received the vaccine 3 weeks after conception. Virus isolation and polymerase
chain reaction (PCR) of amniotic fluid obtained by amniocentesis at 16 weeks’
gestation confirmed the vertical transmission. Multiple maternal and fetal
serologic and virologic testings were done throughout the pregnancy. Rising
IgG titers and persistent IgM levels were measured in the fetus. At 39 weeks’
gestation, a cord blood sample was positive for virus isolation and PCR.
Although a persistent rubella viral infection was documented, frequent
monitoring of the pregnancy revealed no pathologic findings or complications
and a healthy 3450-g male infant was delivered at 40 weeks’ gestation. Apgar
scores were 9, 9, and 10 at 1, 5, and 10 minutes, respectively. At 23 weeks of
age, IgM, PCR, and virus isolation in his peripheral blood were negative. His
growth and development have been normal up to 14 months of age (11).

BREASTFEEDING SUMMARY
The CDC recommends vaccination of susceptible women with rubella vaccine in
the immediate postpartum period (1). Many of these women will breastfeed
their newborns. Although two studies failed to find evidence of the attenuated
virus in milk, subsequent reports have demonstrated transfer (12–16).

In one case, the mother noted rash and adenopathy 12 days after
vaccination with the HPV-77 vaccine on the 1st postpartum day (14). Rubella
virus was isolated from her breast milk and from the infant’s throat (14). A
significant level of rubella-specific cell-mediated immunity was found in the
infant, but there was no detectable serologic response as measured by rubella
hemagglutination inhibition antibody titers (14). No adverse effects were noted
in the infant. In a second case report, a 13-day-old breastfed infant developed
rubella about 11 days after maternal vaccination with HPV-77 (17). It could not



be determined whether the infant was infected by virus transmission via the milk
(18,19). Nine (69%) of 13 lactating women given either HPV-77 or RA 27/3
vaccine in the immediate postpartum period shed virus in their milk (15). In
another report by these same researchers, 11 (69%) of 16 vaccinated women
shed rubella virus or virus antigen in their milk (16). No adverse effects or
symptoms of clinical disease were observed in the infants.
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VACCINE, SMALLPOX
Vaccine
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

The CDC classifies smallpox vaccine as contraindicated during pregnancy,
within 28 days of conception, and in persons who might have close contact
with pregnant women within 28 days of their vaccination (1,2). Other
sources also consider smallpox vaccine to be contraindicated during
pregnancy (3–6). However, the vaccine should be given to pregnant women
who have been exposed to smallpox or monkeypox (1,2,7). Because the
risk for fetal vaccinia is low, inadvertent exposure to the vaccine during or
before pregnancy should not be a reason for pregnancy termination (1).

FETAL RISK SUMMARY
Smallpox vaccine is a live, attenuated virus vaccine (3,4). Although smallpox
infection had a high mortality rate, the disease has been largely eradicated
from the world (3,5). Vaccination during pregnancy between 3 and 24 weeks
has resulted in fetal death (4,5). A 1974 reference reviewed the published
reports of smallpox vaccination during pregnancy and found 20 cases of fetal
vaccinia among more than 8500 maternal vaccinations (8). Of the 21 exposed
fetuses (1 set of twins), only 3 of the 10 liveborns survived. There was only
weak evidence, however, that vaccination during the 1st trimester increased
fetal wastage compared with that occurring later in gestation (8).

In a 2004 review that documented the rarity of fetal vaccinia, only about 50
cases were found of fetal infection after smallpox vaccination during pregnancy
or shortly before conception (9). Although the exact number of women given the
vaccine during pregnancy was unknown, the number is probably large because,
in past years, pregnant women were routinely vaccinated during outbreaks of
smallpox. The 50 cases were documented in women who had received the
vaccine at anytime in pregnancy, after primary vaccination and revaccination,
and in nonvaccinated women who had contact with vaccines. The authors



concluded that there was insufficient evidence to recommend prophylactic
treatment with vaccinia immune globulin if the woman was pregnant or shortly
before conception when she received the vaccine (9).

The CDC announced the establishment of the National Smallpox Vaccine in
Pregnancy Registry in 2003 (10). The Registry was established to monitor
pregnancy outcomes of women who had received the vaccine during
pregnancy, or who became pregnant or were in close contact with a vaccinee
within 28 days after vaccination. Health care providers and public health staff
were encouraged to report cases by calling 877-554-4625 or 404-639-8253
(10).

Two months after the above announcement, the CDC reported, for the period
of November 2001–April 2003, that 103 women had received the vaccine either
during pregnancy or within 4 weeks of conception (1). The exposures occurred
in military personnel, civilian health care and public health workers, and clinical
studies. In the civilian group, two women conceived within 1 week before
vaccination and four conceived within 28 days after vaccination. Two (timing of
vaccination not specified) of the six women had early spontaneous abortions
(1). Other pregnancy outcomes, other than these two, have apparently not yet
been reported.

BREASTFEEDING SUMMARY
No reports of nursing women receiving smallpox vaccine have been located. In
an unusual report, however, tertiary contact vaccinia transmission from a
mother to her nursing infant through direct skin-to-skin and skin-to-mucous
membrane contact was documented (11). The father, a soldier in the United
States Army, had received smallpox vaccination, but had reportedly taken
standard precautions to avoid spread to his family. Approximately 1–2 weeks
later, his wife developed vesicles on both areolas. About 2 weeks later, a
papule developed on the philtrum of the breastfeeding infant. Polymerase chain
reaction and culture for vaccinia of the mother and infant confirmed contact
vaccinia (11).

Because of the risk of contact vaccinia in a nursing infant, the CDC
recommends that breastfeeding mothers should not be routinely vaccinated
(11). However, based on the recommendations during pregnancy, if a nursing
woman is exposed to smallpox or monkeypox, she should receive the vaccine
but should probably stop breastfeeding.
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VACCINE, TC-83 VENEZUELAN EQUINE
ENCEPHALITIS
Vaccine
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

One case of human pregnancy exposure to TC-83 Venezuelan equine
encephalitis vaccine has been reported, but the adverse fetal outcome
combined with the animal data indicate that the vaccine should not be given
to pregnant women. In the United States, routine immunization is not
practiced, but some laboratory workers may require the vaccine because
of potential exposure to the virus in their work (1). Based on the available
data, pregnancy should be excluded before administration of the vaccine,
and the woman warned against conception in the immediate future (in the
case above, the woman was advised not to become pregnant for 1 month
after vaccination, but references confirming this as a safe interval for this
vaccine have not been located).

FETAL RISK SUMMARY
A live, attenuated strain of Venezuelan equine encephalitis (VEE) virus, TC-83,
is used as a vaccine (1). VEE, transmitted by mosquitoes, is primarily found in
South America and Central America, but cases have occurred in Texas ( 1).
Although many human cases of VEE are asymptomatic, some patients may
have severe symptoms, including confusion, seizures, and nuchal rigidity (1).

VEE was embryo- and fetotoxic and teratogenic in rats inoculated with the
virulent Guajira strain during the first 2 weeks of pregnancy (2). All embryos
died within 3–4 days with evidence of necrosis and hemorrhage. Inoculation
later in pregnancy resulted in similar outcomes, including infarcts of the
placenta.

Fetal rhesus monkeys were administered TC-83 VEE virus vaccine via the
intracerebral route at 100 days’ gestation and then were allowed to proceed to



term (159–161 days’ gestation) (3). All of the infected fetuses were born alive.
Some of the newborns were killed and examined within 24 hours of birth, others
at 1 month, and the remainder at 3 months. Malformations evident in all of the
offspring were microencephaly, hydrocephaly, and cataracts, and two-thirds
had porencephaly.

A 1977 brief accounting of the 1962 outbreak of VEE in Venezuela cited the
frequent abortion of women who were infected during the 1st trimester (4). In
addition, the infection of seven pregnant women, between the 13th and 36th
weeks of gestation, and the subsequent fatal fetal and newborn outcomes
were discussed (4). All of the fetuses and newborns had destruction of the fetal
cerebral cortex, the degree of which was determined by the interval between
infection and delivery. In one of the cases, the mother had severe encephalitis
at 13 weeks and eventually gave birth at 33 weeks’ gestation. Microcephaly,
microphthalmia, luxation of the hips, severe medulla hypoplasia, and the near
absence of neural tissue in the cranium were evident in the stillborn fetus (4).

The fatal outcome of a case in which a 21-year-old laboratory worker
became pregnant (against medical advice) after receiving the TC-83 vaccine
was described in a 1987 report (1). The mother’s VEE virus titers were 1:20 at
17 weeks’ gestation and 1:10, 3 months later. Maternal serum α-fetoprotein
and an ultrasound examination were normal at 17 weeks, but a lack of fetal
movement was noted at 26 weeks. One week later, a stillborn, hydropic female
fetus was delivered. Generalized edema, ascites, hydrothorax, and a large
multilobulated cystic hygroma were noted on examination. Mononuclear
infiltrate was found in the myocardium and pulmonary arterioles and an
inflammatory cell infiltrate was noted in the trachea, intestinal adventitia, brain,
uterus, and fallopian tubes (1). Marked autolysis of the brain had occurred.
Abnormalities in the placenta included calcifications, infarcts, petechiae, and
thrombosis in the decidua (1).

BREASTFEEDING SUMMARY
No reports describing the administration of TC-83 Venezuelan equine
encephalitis vaccine during human lactation have been located.
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VACCINE, TULAREMIA
Vaccine
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Tularemia vaccine is a live, attenuated bacteria vaccine (1,2). Because
tularemia is a severe disease, preexposure prophylaxis of indicated
persons should occur regardless of pregnancy (1).

FETAL RISK SUMMARY
Tularemia is a serious infectious disease occurring primarily in laboratory
personnel, rabbit handlers, and forest workers (1). The risk to the fetus from
the vaccine is unknown. One report described vaccination in a woman early in
the 1st trimester with transplacental passage of antibodies (2,3). No adverse
effects were observed in the term infant or at 1-year follow-up.

BREASTFEEDING SUMMARY
No reports describing the administration of tularemia vaccine during human
lactation have been located.
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VACCINE, TYPHOID
Vaccine
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Typhoid is a serious infectious disease with high morbidity and mortality.
The risk to the fetus from the vaccine is unknown (1).

FETAL RISK SUMMARY
Three typhoid vaccines are available: typhoid Vi polysaccharide vaccine that is
given IM (2); typhoid vaccine live attenuated oral Ty21a (3); and typhoid
vaccine of inactivated (killed) bacteria that is given SC (4). No animal
reproduction studies have been conducted with any of the vaccine types.

BREASTFEEDING SUMMARY
No reports describing the administration of typhoid vaccine during human
lactation have been located.
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VACCINE, VARICELLA VIRUS
Vaccine
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The risk of congenital varicella syndrome with natural (wild) varicella virus is
approximately 1%–2% during the first 20 weeks of gestation. Moreover,
there is significant risk for infectious morbidity and possible mortality in the
neonate and young child when maternal varicella infection occurs after the
1st trimester. The risk from the vaccine is thought to be much less,
because the virulence of the attenuated virus used in the vaccine is less
than that of the natural virus. Although varicella virus vaccine is
contraindicated immediately before and during pregnancy because of
unknown fetal effects, the potential for harmful fetal effects appears to be
very low as estimated below. No cases of varicella vaccine-induced fetal
harm have been identified to date. Because of this, the Advisory Committee
on Immunization Practices (ACIP) recommends that a decision to terminate
a pregnancy should not be based on whether the vaccine was given during
pregnancy (1). Health care professionals are encouraged to report patients
who receive the vaccine 3 months before or at any time during pregnancy
to the Varivax Pregnancy Registry by calling 800-986-8999.

FETAL RISK SUMMARY
Varicella virus vaccine is prepared from the Oka/Merck strain of live,
attenuated varicella-zoster virus (1,2). The vaccine became commercially
available in May 1995. Animal reproductive studies have not been conducted
with the vaccine.

The manufacturer considers vaccination of a woman within 3 months of
conception and during pregnancy to be contraindicated because the effects of
the vaccine on the fetus are unknown (2). Both the ACIP and the American
Academy of Pediatrics, however, recommend avoiding pregnancy for only 1
month following an immunization injection (1,3). Vaccination of a child is not



contraindicated if the child’s nonimmune mother or other nonimmune household
member is pregnant (1,3).

Many references have described the effects of natural (wild) varicella
infection during pregnancy on the fetus and newborn (3,4–39). Infection with
wild varicella-zoster virus during the first 20 weeks of pregnancy is associated
with a risk of congenital varicella syndrome (1,4–6). The syndrome is commonly
characterized by low birth weight. Other clinical features, not all of which may
be apparent in each case, are shown below (1,4–6):

Cutaneous: cicatricial skin lesions, denuded skin
Neurologic: microcephaly, cortical atrophy, myoclonic seizures, hypotonia,

hyporeflexia, encephalomyelitis, dorsal radiculitis, Horner’s syndrome,
bulbar dysphagia, deafness, mental retardation

Ophthalmic: microphthalmia, chorioretinitis, cataracts, nystagmus, anisocoria,
enophthalmos, hypoplasia of the optic discs, optic atrophy, squint

Skeletal: limb hypoplasia of bone and muscle (usually on same side as
scarring), hypoplasia of mandible, clavicle, scapula, ribs, fingers and toes,
club foot

Gastrointestinal: gastroesophageal reflux, duodenal stenosis, jejunal
dilatation, microcolon, atresia of sigmoid colon, malfunction of anal
sphincter

Genitourinary: neurogenic bladder

In addition, infection in the 2nd and 3rd trimesters (13 weeks’ gestation to term)
is associated with a risk of clinical varicella infection during the newborn period
or with clinical zoster during infancy and early childhood (1). Severe neonatal
varicella may occur in 17%–30% of newborns if the onset of maternal varicella
infection is 5 days before to 2 days after delivery. Although based on small
numbers, possibly affected by reporting bias and not reflective of modern
treatment models (data reported in 1974), the death rate in neonates whose
mothers had an onset of rash 0–4 days before delivery was 31% (1).

Data from five prospective studies indicate the risk of congenital varicella
syndrome during the 1st trimester was 1.0% (6 of 617 infants) (range 0%–
9.1%) (4,7–10). A higher risk, 2.0% (7 of 351 infants), was found if the
infection occurred during 13–20 weeks’ gestation (10). Based on these five
studies, the overall incidence of congenital varicella syndrome from maternal
infection during the first 20 weeks’ gestation was 1.3% (13 of 968).

In addition to children 12 months of age or older who have not had varicella,
the ACIP recommends vaccination for nonimmune adults because of the



severity of chickenpox in this population (1,3). Vaccination is contraindicated in
pregnancy because of the unknown effects of the vaccine on the fetus and
because of the known fetal adverse effects of the natural (wild) varicella-zoster
virus (1–3).

A 1996 report from the manufacturer’s pregnancy registry for Varivax
described seven pregnant women who had received the vaccine between June
1995 and late 1996 (40,41). The women, thought to be nonimmune, had been
exposed to varicella and were inadvertently given the vaccine instead of the
indicated varicella-zoster immune globulin (see also Immune Globulin, Varicella-
Zoster [Human]). Moreover, one of the women received 5 times the
recommended dose of the vaccine (40,41). None of the women had histories of
varicella infection, but their immune status prior to the vaccine was not
reported. Four of the seven women had a gestational age at vaccination of <20
weeks, and three had pregnancy durations in the range of >20 weeks to 31
weeks. Two women had delivered healthy children but the outcomes of the
other five pregnancies were pending at the time of this report.

The annual report from the Merck/CDC Pregnancy Registry covered the
period from March 17, 1995, through March 16, 2009 (42). These data, which
include the first seven pregnancy exposures discussed above, involved 1255
women vaccinated 3 months prior to or at any time during pregnancy and who
met the enrollment criteria, but does not include 33 women who had due dates
after March 16, 2009. The number of enrolled women included 1190
prospective cases (reported before the outcome was known) and 65
retrospective exposures (reported after the outcome was known). Among the
prospective cases, 399 were lost to follow-up, 52 had elective abortions
(EABs), and 2 pregnancies were pending. The outcomes for the remaining 737
pregnancies were 72 spontaneous abortions (SABs), 1 late fetal death (at
23 weeks, cause unknown), and 674 live births (includes 8 twins and 1 set of
triplets). There were 18 prospective reports and 8 retrospective reports of
major birth defects, but none had features consistent with congenital varicella
syndrome. Also, there were no birth defects consistent with congenital varicella
syndrome in the reports that ended with an SAB or EAB. There were 14 birth
defects reported in pregnancy outcomes ≥20 weeks from the last menstrual
period among 674 prospectively reported live births, a rate of 2.1%. These
results do not support a relationship between congenital varicella syndrome or
other birth defects and vaccine exposure during pregnancy. However, the
Registry does not have sufficient statistical power to rule out a very low risk
(42).



A 1997 report described a well-documented case of child-to-mother
transmission of varicella vaccine virus (43). A 12-month-old boy received
varicella vaccine and about 3 weeks later had approximately 30 generalized
lesions without fever or feeling ill. The lesions were thought to be mild varicella.
The 30-year-old mother had a serologic titer negative for varicella and a
negative urine pregnancy test at that time. Neither the mother nor her child had
any evidence (clinical or laboratory) of immunodeficiency. Sixteen days after
appearance of the lesions on her child, she developed a papulovesicular rash
diagnosed as varicella. A repeat urine pregnancy test was now positive with an
estimated gestational age of 5–6 weeks. Five days later, approximately 100
lesions were counted on the mother, who remained afebrile. On repeat test,
seroconversion was documented with a positive varicella titer. Virus was
isolated from three of the mother’s lesions and identified as Oka strain
varicella-zoster virus by polymerase chain reaction test, indicating that her
lesions resulted from the vaccine administered to her child. She had an elective
abortion during the 7th gestational week because of her concerns that the fetus
could acquire the congenital varicella syndrome or other malformations. No
varicella-zoster virus DNA was isolated from the fetal tissue. The authors, using
a transmission rate of 17% reported for vaccinees with leukemia, estimated the
risk of virus transmission from a healthy vaccinee with rash to a nonimmune
household member to be about 0.85% (43).

In an editorial comment on the above case, the child’s medical history before
vaccination was thought to be compatible with a significant allergic diathesis
(44). Moreover, at the time of the vaccination his eczema was being treated
with the topical corticosteroid, desonide 0.05% (45). A combination of factors,
including the number of postvaccination lesions on the child, the contribution of
the child’s eczema to viral expression, the immunosuppression produced by the
corticosteroid, the close contact of the mother to the child resulting from the
child’s age and the application of the topical corticosteroid, and her pregnancy,
were believed to account for the abundance of lesions on the mother. The
author estimated the maximum theoretical risk for congenital varicella syndrome
resulting from the transmission of varicella vaccine virus to a nonimmune
pregnant woman to be <1 in 10,000 (<0.01%). The actual risk, however, was
thought to be “exponentially lower,” possibly 0, because of the rarity of
documented viremia in children after vaccination and the absence of reported
embryopathy with attenuated varicella-zoster virus (44). Neither the author of
the editorial (44) nor another correspondent (45) thought that vaccination of a
child should be postponed if a nonimmune mother was pregnant or attempting



to conceive.

BREASTFEEDING SUMMARY
In a 1986 study, no viruses were cultured from the breast milk of two women
with varicella-zoster virus infections (46). One of the women had herpes zoster
dermatitis 6 months postpartum and was nursing. Direct lesion contact was
prevented, and she continued to breastfeed. In the other case, the woman
developed varicella pneumonia at 40 weeks’ gestation and her infant was
delivered by emergency cesarean section. The infant did not become infected
after prophylactic treatment with immune globulin varicella-zoster (human) and
parenteral acyclovir. Despite the mother’s serious postpartum condition, she
maintained lactation with a breast pump. Although a varicella virus culture of the
milk was negative, the milk was not given to her infant, nor was the infant
allowed to breastfeed (46).

A 2003 study reported that varicella DNA was not detected in 217
postvaccination samples of breast milk from 12 women who had received 2
doses of vaccine (47). Because there was no evidence of varicella vaccine
virus excretion into milk, the investigators concluded that there was no need to
delay vaccination in breastfeeding women (47).

Both the CDC and the American Academy of Pediatrics consider the
vaccination of a varicella-zoster virus-susceptible nursing mother to be
appropriate if the risk of exposure to the natural virus is high (1,3).
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VACCINE, YELLOW FEVER
Vaccine
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Yellow fever vaccine is a live, attenuated virus vaccine (1). Yellow fever is
a serious infectious disease with high morbidity and mortality. The risk to
the fetus from the vaccine is unknown (1,2). The CDC states that the
vaccine should not be used in pregnancy except if exposure to yellow fever
was unavoidable (2).

FETAL RISK SUMMARY
The Collaborative Perinatal Project monitored 50,282 mother–child pairs, 3 of
whom had 1st trimester exposure to yellow fever vaccine (3). There were no
birth defects.

A 1993 report described the use of yellow fever vaccine (vaccine strain 17D)
in 101 women at various stages of pregnancy during the 1986 outbreak of
yellow fever in Nigeria (4). The women received the vaccine during gestation
either because of an unknown pregnancy or because they feared acquiring the
disease. The vaccine was administered to 4 women in the 1st trimester, 8 in
the 2nd trimester, and 89 in the 3rd trimester, with the gestational ages ranging
from 6 to 38 weeks. Serum samples were obtained before and after
vaccination from the women as well as from 115 vaccinated, nonpregnant
controls. Measurements of immunoglobulin M (IgM) antibody and neutralizing
antibody in these samples revealed that the immune response of pregnant
women was significantly lower than that of controls. One woman, with
symptoms of acute yellow fever during the week before vaccination, suffered a
spontaneous abortion 8 weeks after vaccination. Although the cause of the
abortion was unknown, the investigators concluded that it was not caused by
the vaccine. No evidence was found for transplacental passage of the



attenuated virus. Nine of the mothers produced IgM antibody after vaccination,
but the antibody was not detected in their newborns. Neutralizing antibody
either crossed the placenta or was transferred via colostrum in 14 of 16
newborns delivered from mothers with this antibody. No adverse effects on
physical or mental development were observed in the offspring during a 3- to 4-
year follow-up period (4).

The first reported case of congenital infection following vaccination was
described in a study in which attenuated yellow fever vaccine, in response to a
threat of epidemic yellow fever, was administered to 400,000 people in
Trinidad (5). Pregnant women, all of whom received the vaccine during the 1st
trimester of pregnancies unrecognized at the time of vaccination, were
identified retrospectively. Serum samples were collected from 47 women and
41 term infants, including 35 mother–child pairs. Women who delivered
prematurely and those suffering spontaneous abortions were not sampled. One
of the 41 infants had IgM and elevated neutralizing antibodies to yellow fever,
indicating congenital infection. Natural exposure to the virus was thought to be
unlikely because virus transmission during that period was limited to forest
monkeys with no human cases reported. The infected 2920-g infant, the
product of a normal full-term pregnancy, appeared healthy on examination and
without observable effect on morphogenesis. However, because the
neurotropism of yellow fever virus for the developing nervous system has been
well documented (e.g., vaccine-induced encephalitis occurs almost exclusively
in infants and young children), the authors considered this case as further
evidence that the vaccine should be avoided during pregnancy (5).

A 1999 report from the European Network of Teratology Information
Services described the prospectively ascertained outcomes in 58 of 74
pregnancies exposed to yellow fever vaccine (6). Timing of exposure was
before the last menstrual period (LMP), in the 1st trimester, or in the 2nd
trimester in 3, 69, and 2, respectively. Sixteen of the cases did not have
complete follow-up data and were excluded from the analysis. The pregnancy
outcomes included 7 spontaneous abortions, 5 induced abortions, and 46 live
births. In the newborns, there were two major malformations: ureteral stenosis
and triphalangeal hallux. There were also three cases of minor anomalies:
bilateral pes varus, slight deviation of the nasal wall, and mild ventricular septal
defect. Vaccination in all of these five cases occurred early in gestation. The
rates of abortion and congenital malformations are within expected ranges. The
investigators also found 4 cases exposed in utero to yellow fever vaccine
among 23,925 cases of birth defects reported between 1980 and 1995 to the



France/Central-East Registry of Malformations. The defects in these cases
were (timing of exposure in parentheses) right ectromelia of upper limb (1st
trimester), a VATER (vertebral defects, anal atresia, tracheoesophageal fistula
with esophageal atresia, and radial and renal anomalies) association (2nd
trimester), stenosis of the aortic orificium (1st trimester), and hydrocephalus in
an infant stillborn near term (2nd trimester). Two other cases of spontaneous
abortion (respectively at 6 and 13 weeks after the LMP) were reported by a
French manufacturer to the investigators. The authors concluded that although
their sample was far too small to rule out a moderately increased risk of
adverse outcome, their data do not support such an association and could be
used to reassure pregnant women who have inadvertently received the vaccine
(6).

A 1994 review concluded that pregnant women should be vaccinated,
preferably after the 1st trimester, if exposure to a yellow fever epidemic is
unavoidable (7).

BREASTFEEDING SUMMARY
No reports describing the administration of yellow fever vaccine during human
lactation have been located.
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VALACYCLOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

For the management of herpes in pregnancy, either valacyclovir or
acyclovir are recommended for primary or first-episode infection (for 7–10
days), symptomatic recurrent episode (for 5 days), and daily suppression
(from 36 weeks’ gestation until delivery), but only acyclovir is
recommended for severe or disseminated disease (1). Although the
experience with valacyclovir in early pregnancy is limited, many studies
have reported the use of acyclovir during all stages of pregnancy (see also
Acyclovir). Based on the combined data, there is no evidence of a major
risk to the human fetus from valacyclovir or acyclovir. Long-term follow-up
of children exposed in utero to these agents is warranted.

FETAL RISK SUMMARY
Valacyclovir is biotransformed to acyclovir and L-valine by first-pass intestinal
and/or hepatic metabolism. The drug is active against herpes simplex virus
(HSV) types 1 and 2 and varicella-zoster virus. It is used in the treatment of
herpes zoster (shingles) and recurrent genital herpes simplex.

Reproduction studies were conducted in rats and rabbits during
organogenesis with doses producing concentrations 10 and 7 times human
plasma levels, respectively (2). No teratogenic effects were observed with
these doses.

The active metabolite, acyclovir, readily crosses the human placenta (see
Acyclovir). An abstract and study, both published in 1998, compared the
pharmacokinetics of valacyclovir and acyclovir in late pregnancy (3,4). Acyclovir
accumulated in the amniotic fluid but not in the fetus. The mean
maternal/umbilical vein plasma ratio at delivery was 1.7.

The Valacyclovir Pregnancy Registry listed 157 prospective reports of
women exposed to the oral antiviral drug during gestation covering the period



from January 1, 1995, through April 30, 1999 (5). Of the total, 47 (30%)
pregnancies were lost to follow-up. Among the 111 (1 set of twins) known
outcomes, 29 had earliest exposure in the 1st trimester and their outcomes
were 5 spontaneous abortions, 2 induced abortions, 1 infant with a birth defect
(talipes), and 21 infants (including the twins) without birth defects. When the
earliest exposure was in the 2nd trimester, 31 pregnancies were enrolled and
their outcomes were 2 stillbirths, 2 infants with birth defects (fingers and toes
fused—extensive webbing; small cleft in front gum), and 27 without birth
defects. In the remaining 51, the earliest exposure occurred in the 3rd
trimester, with 1 infant with a dermal sinus tract and 50 without birth defects
(5).

A total of 34 retrospective reports of valacyclovir exposure during pregnancy
were submitted to the Registry (5). Two of the exposures occurred during an
unspecified gestational time and both resulted in live births without defects. In
14 pregnancies, the earliest exposure occurred during the 1st trimester. The
outcomes of these pregnancies were three spontaneous losses, eight induced
abortions, and three infants without birth defects. For the pregnancies whose
earliest exposure was in the 2nd trimester (N = 4) or 3rd trimester (N = 14),
there was 1 birth defect (2nd trimester exposure) and 17 infants without
defects (5).

A 1999 case report described a woman at 20 weeks’ gestation who had a
generalized HSV infection that was treated with IV acyclovir for about 2 weeks
followed by valacyclovir for the remainder of the pregnancy (6). She delivered a
full-term, healthy female infant who was treated prophylactically with oral
acyclovir for 1 month. No abnormalities were detected during a neurologic
examination at 8 months of age (6).

A prospective, double-blind, placebo controlled trial was conducted to
estimate the efficacy of valacyclovir to reduce HSV infection at delivery (7).
Valacyclovir 500 mg twice daily (N = 170) or placebo (N = 168) was given from
36 weeks’ gestation until delivery. Compared with controls, valacyclovir
significantly reduced HSV shedding and need for cesarean section. There were
no differences between the groups in terms of delivery and neonatal outcomes
(7).

A 2009 review of genital herpes concluded that the benefits from the use of
acyclovir or valacyclovir for the treatment of the virus in pregnancy far
outweighed the potential fetal risks (8). Because there was no evidence to
suggest a risk of major defects with acyclovir, the reviewers also concluded
that the pro-drug valacyclovir, even though the pregnancy experience was



limited, could be viewed similarly.
A 2010 study used a population-based historical cohort of 837,795 liveborn

infants in Denmark to determine if there were associations between 1st
trimester exposure to acyclovir, valacyclovir, and famciclovir and major birth
defects (9). Subjects were excluded if they had chromosomal abnormalities,
genetic syndromes, birth defect syndromes, or congenital viral infections.
Among 1804 pregnancies exposed to one of the antivirals, there were 40
(2.2%) infants with a major birth defect compared with 19,920 (2.4%) among
those unexposed (adjusted prevalence odds ratio [POR] 0.89, 95% confidence
interval [CI] 0.65–1.22). In the valacyclovir group, 7 (3.1%) infants had a major
defect from the 229 with 1st trimester exposure (POR 1.21, 95% CI 0.56–
2.62). The prevalence of major defects with acyclovir and famciclovir were
2.0% (POR 0.82, 95% CI 0.57–1.17) and 3.8%, respectively, but only 26
pregnancies (1 infant with a defect) were exposed to famciclovir. The study
limited the evaluation to 13 major birth defect types by organ system. For any
antiviral drug, POR >1 were found for defects of the nervous system, eye,
abdominal wall, urinary tract, and a miscellaneous group of defects; none
reached statistical significance. The authors concluded that 1st trimester
exposure to valacyclovir and acyclovir was not associated with an increased
risk of major birth defects (9). The authors of an accompanying editorial
thought that the large number of exposures during organogenesis without an
overall increased risk of major defects was reassuring, especially for acyclovir.
However, more data were needed to examine the associations with individual
defects (10).

BREASTFEEDING SUMMARY
Valacyclovir is rapidly and nearly completely converted to acyclovir and the
amino acid, L-valine. Acyclovir is concentrated in human milk with milk:plasma
ratios in the range 3–4 (see Acyclovir).

In a 2002 study, five healthy postpartum women who were breastfeeding
were given valacyclovir (500 mg) twice daily for 7 days (11). Maternal serum
and milk samples were collected after the first dose, on day 5, and 24 hours
after the last dose. Infant urine samples were collected on day 5. All samples
were analyzed for acyclovir. The peak milk concentration occurred 4 hours
after the first dose (milk:serum ratio 3.4), whereas the peak serum level
occurred at 2 hours. At steady state, the milk:serum ratio was about 1.9. The
median infant urine acyclovir concentration was 0.74 mcg/mL. Twenty-four
hours after the last dose, the milk:serum ratio was 0.25. The estimated infant



dose (based on a consumption of 750 mL/day of milk by a 2.75-kg infant)
would be about 0.2% of the therapeutic dose for neonates (11).

Because acyclovir has been used to treat herpesvirus infections in the
neonate, and because of the lack of adverse effects in reported cases in which
acyclovir was used during breastfeeding, the American Academy of Pediatrics
classifies acyclovir as compatible with breastfeeding (see Acyclovir).
Valacyclovir also appears to be compatible with breastfeeding.
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VALERIAN
Herb
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

The very limited animal and human data do not allow a conclusion as to the
safety of valerian during pregnancy. Moreover, as a natural, unregulated
product, the concentration, contents, and presence of contaminants in
valerian preparations cannot be easily determined. Because of this
uncertainty and the potential for cytotoxicity in the fetus and hepatotoxicity
in the mother, the product should be avoided during pregnancy. Other
authors have arrived at the same conclusion (1,2). The risk to a fetus from
short-term or inadvertent use during any part of gestation, however, is
probably low, if it exists at all.

FETAL RISK SUMMARY
Valeriana officinalis, the plant most often used for medicinal purposes, is 1
species of approximately 200 of the genus Valeriana, an herbaceous perennial
that grows widely in the temperate regions of North America, Europe, and Asia
(4). A large number of preparations containing valerian are commercially
available (4). The herb is used as a sedative and hypnotic for anxiety,
restlessness, and sleep disturbances (1–5). Other pharmacologic claims that
have been made for valerian include antispasmodic, anticonvulsive,
antidepressant, and antihypertensive properties (2–4). The extracts and root oil
have also been used as flavorings for foods and beverages (3).

Although the specific agents responsible for the effects of valerian are
unknown, as is the mechanism of action, three classes of compounds have
been identified: a volatile oil that contains sesquiterpenes; nonglycosidic iridoid
esters (known as valepotriates); and alkaloids (3,4). Of these, the
valepotriates, found primarily in the roots, are most likely responsible for the



sedative action, but components from the other two classes probably contribute
as well (3,4). Because these compounds produce central nervous system
depression, they should not be used with other depressants, such as alcohol,
benzodiazepines, barbiturates, or opiates (1,2,5). Moreover, nonpregnant adult
human hepatotoxicity has been associated with short-term use (i.e., a few days
to several months) of herbal preparations containing valerian (6). Long-term
use in a male has also been associated with benzodiazepine-like withdrawal
symptoms resulting in cardiac complications and delirium (7).

Reproductive studies in animals with valerian have not shown antiovulation,
antifertilization, or embryotoxic effects (8). Further, the valepotriates exhibit low
toxicity in mice, producing no deaths in doses of up to 1600 mg/kg IP or
4600 mg/kg orally (3). Toxicity in mice was characterized by ataxia,
hypothermia, and increased muscle relaxation.

The cytotoxic activities of three valepotriate compounds, valtrate,
didrovaltrate, and baldrinal (a degradation product of valtrate), in cultured rat
hepatoma cells were described in a 1981 reference (9). Both valtrate and
didrovaltrate demonstrated much greater cytotoxic activity than did baldrinal,
with rapid and irreversible toxicity. In addition, the antitumor activity of
didrovaltrate was demonstrated in vivo on female mice KREBS II ascitic tumors
(9). Five surviving mice were then bred with normal male mice 50 days after
treatment with didrovaltrate. Each had a normal pregnancy and produced
normal offspring.

In a 1988 report, two cases of attempted suicide with valerian dry extract
plus other drugs were described (10). In one case, a woman at 10 weeks’
gestation ingested 2.5 g of valerian dry extract and 0.5 g of phenobarbital. An
apparently normal, 4350-g female infant was delivered at 42 weeks’ gestation.
Examination of the child (age not specified) indicated an IQ in the range of
111–120. In the second case, the mother ingested a combination of valerian
dry extract (3.0 g), phenobarbital (0.6 g), glutethimide (5.0 g), amobarbital
(5.0 g), and promethazine (0.3 g) at 20 weeks’ gestation. A mentally slow,
2650-g male infant was born at 36 weeks’ gestation. About 2 years later in her
next pregnancy, this woman again attempted suicide at 20 weeks’ gestation, by
ingesting glutethimide (3.75 g), amobarbital (3.75 g), and promethazine (0.23
g). She delivered another mentally slow, 2650-g male infant at 43 weeks’. The
infant also had a unilateral undescended testicle. Of interest, none of the
woman’s other 10 children is mentally slow.

Two additional cases of self-poisoning with valerian were described in 1987
by the same group responsible for the above report (11). In both cases



exposure occurred early in gestation, with ingestion of 5 and 2 g of valerian at 3
and 4 weeks of fetal development, respectively. No congenital abnormalities
were observed in the offspring.

BREASTFEEDING SUMMARY
No reports describing the use of valerian during lactation have been located.
For the reasons cited above, the use of this herbal product should be avoided
during breastfeeding.
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VALGANCICLOVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo–Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of valganciclovir in human pregnancy have
been located. For ganciclovir, human pregnancy experience has not shown
toxicity, but the number of cases is very limited. The animal data for
ganciclovir are suggestive of high embryo–fetal risk because carcinogenic,
mutagenic, teratogenic, and embryotoxic effects have been observed.
Primary cytomegalovirus (CMV) infections occurring in pregnancy have a
high risk of transplacental passage of the virus to the fetus. Some of the
embryos or fetuses exposed to the virus will be damaged and the
development of later toxicity in childhood is an additional concern. However,
the prevention of these in utero infections by ganciclovir has not been
proven (see Ganciclovir).

FETAL RISK SUMMARY
After oral administration, the prodrug valganciclovir is rapidly converted to
ganciclovir by intestinal and hepatic enzymes. The antiviral effect, therefore, is
identical to ganciclovir (see Ganciclovir). Valganciclovir is indicated for the
treatment of CMV retinitis in patients with AIDS. Plasma protein binding of
valganciclovir is not relevant because of its rapid metabolism to ganciclovir, but
binding of ganciclovir is very low (1%–2%). The elimination half-life of
ganciclovir after valganciclovir administration is about 4.1 hours, compared with
3.8 hours when IV ganciclovir is administered (1). Ganciclovir crosses the
human placenta (see Ganciclovir).

Reproduction studies in animals have been conducted with the active
metabolite ganciclovir (1) (see Ganciclovir).

BREASTFEEDING SUMMARY



No reports describing the use of valganciclovir during human lactation have
been located. Because the active metabolite, ganciclovir, has the potential to
cause serious toxicity in a nursing infant, mothers taking this drug should not
breastfeed. Further, breastfeeding is contraindicated if the mother is infected
with HIV.

Reference
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VALPROIC ACID
Anticonvulsant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Valproic acid and the salt form, sodium valproate, are human teratogens.
The absolute risk of producing a child with neural tube defects (NTDs)
when these agents are used between the 17th and 30th days after
fertilization is 1%–2%. A characteristic pattern of minor facial defects is
apparently also associated with valproic acid. Studies have suggested that
a distinct constellation of defects and fetal growth restriction may exist for
infants exposed in utero to the anticonvulsant. These defects involve the
head and face, digits, urogenital tract, and mental and physical growth. A
correlation between maternal dose and major and minor anomalies has
been reported. There also are reports of a significant association with
autism. Other problems, such as hyperbilirubinemia, hepatotoxicity, and
fetal or newborn distress, need additional investigation.

FETAL RISK SUMMARY
Valproic acid and its salt form, sodium valproate, are anticonvulsants used in
the treatment of seizure disorders. The drugs readily cross the placenta to the
fetus. At term, the range of cord blood:maternal serum ratios of total valproic
acid (protein bound and unbound) has been reported to be 0.52–4.6 (1–13).
Studies that are more recent have reported mean ratios of 1.4–2.4 (4,7,9–13).
In contrast, the mean cord blood:maternal serum ratio of free (unbound)
valproic acid was 0.82 (10). Two mechanisms have been proposed to account
for the accumulation of total valproic acid in the fetus: partial displacement of
the drug from maternal binding sites by increased free fatty acid concentrations
in maternal blood at the time of birth (10) and increased protein binding of
valproic acid in fetal serum (11). Increased unbound valproic acid in the
maternal serum may also be partially a result of decreased serum albumin (14).



Although one study measured a mean serum half-life for valproic acid in the
newborn of 28.3 hours (9), other studies have reported values of 43–47 hours,
approximately 4 times the adult value (2,4,8,10,13). In agreement with these
data, valproic acid has been shown to lack fetal hepatic enzyme induction
activity when used alone and will block the enzyme induction activity of
primidone when the two anticonvulsants are combined during pregnancy (15).

In published reports, doses of valproic acid in pregnancy have ranged from
300 to 3000 mg (1–3,8,12,16–28). Although a good correlation between serum
levels and seizure control is not always observed, most patients will respond
when levels are in the range of 50–100 mcg/mL (29). In early pregnancy, high
(i.e., >1000 mg) daily doses of valproic acid may produce maternal serum
concentrations that are >100 mcg/mL (8). However, as pregnancy progresses
and without dosage adjustment, valproic acid levels fall steadily so that in the
3rd trimester, maternal levels are often <50 mcg/mL (8). One study concluded
that the decreased serum concentrations were a result of increased hepatic
clearance and an increased apparent volume of distribution (8).

Fetal or newborn consequences resulting from the use of valproic acid and
sodium valproate during pregnancy have been reported to include major and
minor congenital abnormalities, intrauterine growth restriction,
hyperbilirubinemia, hepatotoxicity (which may be fatal), transient
hyperglycinemia, afibrinogenemia (one case), and fetal or neonatal withdrawal.

Before 1981, the maternal use of valproic acid was not thought to present a
risk to the fetus. A 1981 editorial recommended sodium valproate or
carbamazepine as anticonvulsants of choice in appropriate types of epilepsy for
women who may become pregnant (30). Although the drug was known to be a
potent animal teratogen (31), more potent than phenytoin and at least as potent
as trimethadione (32), only a single unconfirmed case of human teratogenicity
(in a fetus exposed to at least two other anticonvulsants) had been published
between 1969 and 1976 (33). (An editorial comment in that report noted that
subsequent investigation had failed to confirm the defect.) In other published
cases, both before and after 1980, healthy term infants resulted after in utero
exposure to valproic acid (1–3,12,19,27,28,32,34–38). Moreover, a committee
of the American Academy of Pediatrics stated in 1982 that the data for a
teratogenic potential in humans for valproic acid were inadequate and that
recommendations for or against its use in pregnancy could not be given (39).

The first confirmed report of an infant with congenital defects after valproic
acid exposure during pregnancy appeared in 1980 (16). The mother, who took
1000 mg of valproic acid daily throughout gestation, delivered a growth-



restricted infant with facial dysmorphism and heart and limb defects. The infant
died at 19 days of age. Since this initial report, a number of studies and case
reports have described newborns with malformations after in utero exposure to
either valproic acid monotherapy or combination therapy (4,17–26,36,40–60).

The most serious abnormalities observed with valproic acid (or sodium
valproate) exposure are defects in neural tube closure. The absolute risk of this
defect is approximately 1%–2%, about the same risk for a familial occurrence
of this anomaly (37,40,61,62). No cases of anencephaly have been associated
with valproic acid (21,62,63). Exposure to valproic acid between the 17th and
30th day after fertilization must occur before the drug can be considered a
cause of NTDs (64). Other predominant defects involve the heart, face, and
limbs. A characteristic pattern of minor facial abnormalities has been attributed
to valproic acid (61). Cardiac anomalies and cleft lip and palate occur with most
anticonvulsants and a causal relationship with valproic acid has not been
established (37,46). In addition, almost all types of congenital malformations
have been observed after treatment of epilepsy during pregnancy (see Janz
1982, Phenytoin). Consequently, the list below, although abstracting the cited
references, is not meant to be inclusive and, at times, reflects multiple
anticonvulsant therapy.

NEURAL TUBE DEFECTS
Defects in neural tube closure (includes entire spectrum from spina bifida
occulta to meningomyelocele) (17,19,21,22,24,26,40–42,44–46,53–58)

CARDIAC DEFECTS
Multiple (not specified) (21,24,26,37,42,44,51)
Levocardia (16)
Anomalies of great vessels (51)
Patent ductus arteriosus (4,26,48,50,52)
Valvular aortic stenosis (23,48)
Ventricular septal defect (4,20,48)
Tetralogy of Fallot (18,51)
Partial right bundle branch block (16)

FACIAL DEFECTS
Facial dysmorphism (4,26,42,46,50,53,59)
Small nose (16,20,24,26,50,53,59)



Small nose (16,20,24,26,50,53,59)
Depressed nasal bridge (18,20,26,50,59)
Epicanthal folds (4,26,50,53,59)
Protruding eyes (16)
Hypertelorism (4,26)
Low-set/rotated ears (4,16,24,26,50)
Micrognathia/retrognathia (16,23,26)
Depigmentation of eyelashes and brow (16,25)
Thin upper vermilion border (24,26,48,50,53)
Down-turned angles of mouth (50,59)
High forehead (24,26)
Bulging frontal eminences (16,20)
Strabismus (50)
Nystagmus (50)
Flat orbits (26)
Coarsened facies (20)
Cleft lip/palate (18,37,42,44,51)
Microstomia (24,26,48,50)
Esotropia (50)
Long upper lip (26,50,59)
Short palpebral fissure (26,48,50)
Agenesis of lacrimal ducts (51)

HEAD/NECK DEFECTS
Brachycephaly (24,26)
Hydrocephaly (19,21,42,46)
Short neck (20)
Abnormal or premature stenosis of metopic suture (24,26,50)
Microcephaly (4,21,24,38,50,64,65)
Wide anterior fontanelle (18)
Craniostenosis (26)
Aplasia cutis (60)

UROGENITAL DEFECTS
Bilateral duplication of caliceal collecting systems (25)
Bilateral undescended testes (23)
Nonspecified (26)



Hypospadias (21,23,26,46,50)
Bilateral renal hypoplasia (23)

SKELETAL/LIMB DEFECTS
Aplasia of radius (23,26)
Dislocated hip (16,26,35)
Hypoplastic thumb (20)
Hemifusion of second and third lumbar vertebrae (25)
Arachnodactyly (24,26)
Overlapping fingers/toes (24,26)
Broad or asymmetric chest (16,26)
Multiple (not specified) (24)
Rib defects (24,26)
Foot deformity (17,23,24,50)
Abnormal digits (23,26,37,42)
Shortened fingers and toes (4,20)
Abnormal sternum (16,26)
Scoliosis (25)
Clinodactyly of fingers (26)
Tracheomalacia (53)
Talipes equinovarus (53)
Reduced head circumference (85)

SKIN/MUSCLE DEFECTS
Accessory, wide-spaced, or inverted nipples (20,26)
Diastasis recti abdominis (4,25)
Syndactyly of toes (16,23,50)
Hyperconvex fingernails (24,26)
Hemangioma (4,25,26,50)
Sacral dimple (43)
Telangiectasia (4)
Cutis aplasia of scalp (50)
Weak abdominal walls (4)
Hirsutism (26)
Abnormal palmar creases (16,18,50)
Hypoplastic nails (4,18)
Umbilical hernias (4,26)



Linea alba hernia (47)
Inguinal hernia (4,26,50)
Omphalocele (59)

OTHER DEFECTS
Multiple defects (not specified) (24,51)
Duodenal atresia (25)
Withdrawal or irritation (4,50)
Mental retardation (4,20,50,51,53)
Single umbilical artery (50)

A 2010 study combined data from 8 published cohort studies (1565
pregnancies exposed to valproic acid monotherapy in the 1st trimester) to
identify 118 major malformations, 14 of which were significantly more common
in the offspring (66). Using these 14 malformations, they then conducted a
case–control study using data from the European Surveillance of Congenital
Anomalies (EUROCAT) antiepileptic study database that is derived from
population-based registries that contained data for 3.8 million births (1995–
2005) in 14 European countries. A total of 37,154 cases were compared with
39,472 controls without chromosomal abnormalities (group 1), and 11,763
controls with chromosomal abnormalities (group 2). First trimester exposure to
valproic acid monotherapy occurred in 122, 45, and 13, respectively, of the
cases and two control groups. As compared with no use of an anticonvulsant
during the 1st trimester (control group 1), significantly increased risks were
found for 6 of the 14 malformations under consideration (adjusted odds ratio
[OR], 95% confidence interval [CI]): spina bifida 12.7 (7.7–20.7); atrial septal
defect 2.5 (1.4–4.4); cleft palate 5.2 (2.8–9.9); hypospadias 4.8 (2.9–8.1);
polydactyly 2.2 (1.0–4.5); and craniosynostosis 6.8 (1.8–18.8). Except for
polydactyly, significant associations also were found for these malformations
when compared with the control group 2 (66).

Although a wide variety of minor anomalies, many of which are similar in
nature, occurs in infants of epileptic mothers, three groups of investigators have
concluded that the deformities associated with valproic acid are distinctly
different from those associated with other anticonvulsants and may constitute a
fetal valproate syndrome (FVS) (26,50,53). The combined features cited in the
three reports were (a) NTDs; (b) craniofacial: brachycephaly, high forehead,
epicanthal folds, strabismus, nystagmus, shallow orbits, flat nasal bridge, small
up-turned nose, hypertelorism, long upper lip, thin upper vermillion border,



microstomia, down-turned angles of mouth, low-set/rotated ears; (c) digits:
long, thin, partly overlapping fingers and toes, hyperconvex nails; (d) urogenital:
hypospadias (in about 50% of males); and (e) other: slow psychomotor
development, low birth weight. Normal psychomotor development has been
observed, however, in follow-up studies of children up to 4 years of age after in
utero exposure to either mono- or combination therapy with valproic acid
(3,34,65,67).

A 1995 review listed the facial features seen in the FVS as trigonocephaly,
tall forehead with bifrontal narrowing, epicanthic folds, medial deficiency of
eyebrows, flat nasal bridge, broad nasal root anteverted nares, shallow
philtrum, long upper lip with thin vermilion border, thick upper lip, and small,
downturned mouth (68). The most common major congenital defects observed
were NTDs, congenital heart disease, cleft lip and palate, genital anomalies,
and limb defects. Other, less common abnormalities were tracheomalacia,
abdominal wall defects, and strabismus. Dose-related withdrawal symptoms
(irritability, jitteriness, hypotonia, and seizures) were considered to be very
common, typically occurring 12–48 hours after birth (68).

A correlation between valproic acid dosage and the number of minor
anomalies in an infant has been proposed (26). Such a correlation has not been
observed with other anticonvulsants (26). The conclusion was based on the
high concentrations of valproic acid that occur in the 1st trimester after large
doses (i.e., 1500–2000 mg/day).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 26 newborns had
been exposed to valproic acid during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). Five (19.2%) major birth defects were observed
(one expected), one of which was a hypospadias. No anomalies were observed
in five other categories of defects (cardiovascular, oral clefts, spina bifida,
polydactyly, and limb reduction defects) for which specific data were available.
Hypospadias has been associated with 1st trimester valproic acid exposure
(see above).

A 2000 study, using data from the MADRE (MAlformation and DRug
Exposure) surveillance project, assessed the human teratogenicity of
anticonvulsants (69). Among 8005 malformed infants, the cases included infants
with a specific malformation, whereas controls were infants with other
anomalies. Of the total group, 299 were exposed in the 1st trimester to
anticonvulsants. Among these, exposure to monotherapy occurred in the
following: valproic acid (N = 80), phenobarbital (N = 65), mephobarbital (N =



10), carbamazepine (N = 46), phenytoin (N = 24), and other agents (N = 16).
Statistically significant associations (CI not overlapping 1 and p ≤0.05) were
found between valproic acid monotherapy and spina bifida (N = 12);
hypospadias (N = 10); porencephaly/multiple cerebral cysts and other specified
anomalies of brain (N = 2); microstomia, microcheilia, and other anomalies of
face (N = 2); coarctation of aorta (N = 2); and limb reduction defects (N = 5).
When all 1st trimester exposures (mono- and polytherapy) were evaluated,
significant associations were found between valproic acid and spina bifida (N
= 14), cardiac defects (N = 26), hypospadias (N = 14), porencephaly/multiple
cerebral cysts and other specific anomalies of brain (N = 2), limb reduction
defects (N = 5), and hypertelorism, localized skull defects (N = 2). Although the
study confirmed some previously known associations, several new associations
with anticonvulsants were discovered which require independent confirmation
(see also Carbamazepine, Mephobarbital, Phenobarbital, and Phenytoin) (69).

The risk of valproic acid–induced limb deficiencies was estimated in a 2000
study that used data from the Spanish Collaborative Study of Congenital
Malformations (ECEMC) collected between 1976 and 1997 (70). A total of
22,294 consecutive malformed infants (excluding genetic syndromes) were
compared with 21,937 control infants. A total of 57 malformed infants and 10
controls were exposed to valproic acid during the 1st trimester (OR 5.62, 95%
CI 2.78–11.71, p <0.0000001). Among the 57 infants, 21 (36.8%) had
congenital limb defects of different types (overlapping digits, talipes,
clinodactyly, arachnodactyly, hip dislocation, pre- and postaxial polydactyly,
and limb deficiencies). Five of the 21 cases, however, were thought to have
resulted from immobility (e.g., talipes equinovarus) caused by spina bifida.
After exclusion of these cases and their respective controls, the OR for
congenital limb defects was 3.95, 95% CI 1.24–13.94, p = 0.01. Three of the
malformed infants had limb deficiencies: hypoplasia of the left hand; unilateral
forearm defect and hypoplastic first metacarpal bone in the left hand; and short
hands with hypoplastic first metacarpal bone absent and hypoplastic phalanges
(this case also had retrognathia, facial asymmetry, hypospadias, telangiectatic
angioma in the skull, and hypotonia). The case–control analysis showed a risk
for limb deficiencies of OR 6.17, 95% CI 1.28–29.66, p = 0.023. In their
population, the prevalence at birth of limb deficiencies was 6.88 per 10,000 live
births. Based on this, the risk of limb deficiencies after exposure to valproic
acid in the 1st trimester was estimated to be about 0.42% (70).

A prospective study published in 1999 described the outcomes of 517
pregnancies of epileptic mothers identified at one Italian center from 1977 (71).



Excluding genetic and chromosomal defects, malformations were classified as
severe structural defects, mild structural defects, and deformations. Minor
anomalies were not considered. Spontaneous (N = 38) and early (N = 20)
voluntary abortions were excluded from the analysis, as were 7 pregnancies
that delivered at other hospitals. Of the remaining 452 outcomes, 427 were
exposed to anticonvulsants of which 313 involved monotherapy: valproate (N =
44), carbamazepine (N = 113), phenobarbital (N = 83), primidone (N = 35),
phenytoin (N = 31), clonazepam (N = 6), and other (N = 1). There were no
defects in the 25 pregnancies not exposed to anticonvulsants. Of the 42 (9.3%)
outcomes with malformations, 24 (5.3%) were severe, 10 (2.2%) were mild,
and 8 (1.8%) were deformities. There were eight malformations with valproic
acid monotherapy: six (13.6%) were severe (spina bifida, hydrocephalus,
pyloric stenosis, and cardiac defect), one (2.3%) was mild (inguinal hernia),
and one was a deformation (arthrogryposis). The investigators concluded that
the anticonvulsants were the primary risk factor for an increased incidence of
congenital malformations (see also Carbamazepine, Clonazepam,
Phenobarbital, Phenytoin, and Primidone) (71).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997. The final report was
published in July 2010 (72). The Registry is now closed. Among 181
prospectively enrolled pregnancies exposed to valproate and lamotrigine, with
or without other anticonvulsants, 169 were exposed in the 1st trimester
resulting in 140 live births, 17 birth defects, 2 fetal deaths, 6 spontaneous
abortions, and 4 elective abortions. There were 11 exposures in the 2nd/3rd
trimesters resulting in 9 live births, 1 birth defect, and 1 fetal death. One live
birth was exposed in an unspecified trimester (72).

A 1997 case report described autism diagnosed in a 5.5-year-old boy who
had typical clinical features of the FVS (73). The mother had taken valproic acid
(2000 mg/day) during the first 5 months of pregnancy for the treatment of dizzy
spells, possible absence seizures, and an abnormal electroencephalogram
(EEG). Although his gross motor milestones were normal, both his speech and
language development were delayed. Based on their review of the literature,
the authors concluded that a possible relationship between autism and FVS
existed (73).

A population-based study of all children born alive in Denmark during 1996–
2006 was published in 2013 (74). Of 655,615 children, 5437 had autism
spectrum disorder, including 2067 with childhood autism. The estimated
absolute risk was 1.53% (95% CI 1.47–1.58) for autism spectrum disorder and



0.48% (95% CI 0.46–0.51) for childhood autism. For the 508 children exposed
in utero to valproate, the absolute risk was 4.4% (95% CI 2.59–1.46) for
autism spectrum disorder (adjusted hazard ratio [AHR] 2.9) (95% CI 1.7–4.9),
whereas for childhood autism the absolute risk was 2.50% (95% CI 1.30–
4.81), AHR 5.2 (95% CI 2.7–10.0). When the analysis was restricted to the
6584 children born to mothers with epilepsy, the absolute risk of autism
spectrum disorder among 432 exposed to valproate was 4.15% (95% CI 2.20–
7.81), AHR 1.7 (95% CI 0.9–3.2) and for childhood autism 2.95% (95% CI
1.42–6.11), AHR 2.9 (95% CI 1.4–6.0) vs. the two outcomes for 6152 children
not exposed to valproate 2.44% (95% CI 1.88–3.16) and 1.02% (95% CI
0.70–1.49). The data indicated that in utero exposure to valproate was
associated with a significantly increased risk of autism spectrum disorder and
childhood autism even after adjusting for maternal epilepsy (74). Other studies
and reviews have reported the association between fetal valproate exposure
and autism (75–77).

The relationship between maternal anticonvulsant therapy, neonatal behavior,
and neurological function in children was reported in a 1996 study (78). Among
newborns exposed to maternal monotherapy, 18 were exposed to
phenobarbital (including primidone), 13 to phenytoin, and 8 to valproic acid.
Compared with controls, neonates exposed to phenobarbital had significantly
higher mean apathy and optimality scores. Phenytoin-exposed neonates also
had a significantly higher mean apathy score. However, the neonatal optimality
and apathy scores did not correlate with neurological outcome of the children at
6 years of age. In contrast, those exposed to valproic acid had optimality and
apathy scores statistically similar to controls but a significantly higher
hyperexcitability score. Moreover, the hyperexcitability score correlated with
minor and major neurological dysfunction at age 6 years (78).

A 2013 study reported dose-dependent associations with reduced cognitive
abilities across a range of domains at 6 years of age after fetal valproate
exposure (79). Analysis showed that IQ was significantly lower for valproate
(mean 97, 95% CI 94–101) than for carbamazepine (mean 105, 95% CI 102–
108; p = 0.0015), lamotrigine (mean 108, 95% CI 105–110; p = 0.0003), or
phenytoin (mean 108, 95% CI 104–112; p = 0.0006). Mean IQs were higher in
children whose mothers had taken folic acid (mean 108, 95% CI 106–111)
compared with children whose mothers had not taken the vitamin (mean 101,
95% CI 98–104; p = 0.0009) (79).

A valproate dose relationship with major fetal malformations has been
reported (80–82). In these studies, doses >1100 mg/day were associated with



a higher incidence of major defects. However, a 2013 review stated that daily
doses of ≥1000 mg, as well as polytherapy, were associated with a higher
teratogenic risk (77).

Intrauterine growth restriction (IUGR) or small-for-gestational-age infants
have been noted in several reports (4,16,19,23,24,47,48,50,65,84,85). Both
monotherapy and combination therapy with valproic acid were involved in these
cases. However, normal birth weights, heights, and head circumferences have
been reported with valproic acid monotherapy (25,50,53,65). Growth
impairment is a common problem with some anticonvulsant therapy (e.g., see
Phenytoin), but the relationship between this problem and valproic acid needs
further clarification.

A study published in 2009 examined the effect of AEDs on the head
circumference in newborns (85). Significant reductions in mean birth-weight-
adjusted mean head circumference (bw-adj-HC) was noted for monotherapy
with carbamazepine and valproic acid. No effect on bw-adj-HC was observed
with gabapentin, phenytoin, clonazepam, and lamotrigine. A significant increase
in the occurrence of microcephaly (bw-adj-HC smaller than 2 standard
deviations below the mean) was noted after any AED polytherapy but not after
any monotherapy, including carbamazepine and valproic acid. The potential
effects of these findings on child development warrant study (85).

A 1983 letter proposed that the mechanism for valproic acid–induced
teratogenicity involved zinc deficiency (84). From in utero studies, the authors
had previously shown that valproic acid readily binds zinc. Low zinc serum
levels potentiated the teratogenicity of certain drugs in animals and produced
adverse effects similar to valproic acid–induced human toxicity (84). Another
proposed mechanism, especially when valproic acid is combined with other
anticonvulsants, involves the inhibition of liver microsomal epoxide hydrolase,
the enzyme responsible for the biotransformation of reactive epoxide
metabolites (86). The inhibition of the detoxifying enzyme could result in
enhanced fetal exposure to reactive epoxide metabolites, such as
carbamazepine epoxide, by preventing its biotransformation to a trans-
dihydrodiol metabolite. Based on these findings, the authors recommended that
combination drug therapy with valproic acid be avoided during pregnancy (86).

Three reports have observed hyperbilirubinemia in nine newborns exposed in
utero to valproic acid monotherapy and in one infant exposed to combination
therapy (4,25,48). A causal relationship is uncertain because other studies have
not reported this problem.

Liver toxicity has been observed in three infants after in utero exposure to



valproic acid (47,48). In the first report, a growth-restricted female infant,
exposed to valproic acid and phenytoin, had a linea alba hernia noted at birth
but her liver function tests were normal (47). The mother breastfed the child for
the first several weeks. At 2.5 months of age, the infant presented with an
enlarged liver, slight icterus, vomiting, and failure to thrive. Liver function tests
indicated a cholestatic type of hyperbilirubinemia, and liver biopsy specimen
demonstrated fibrosis with ongoing necrosis of liver cells. Although they were
unable to determine which anticonvulsant caused the injury, the authors
concluded that valproic acid was the more likely offending agent. The second
report described two siblings born of a mother treated with valproic acid
monotherapy during two pregnancies (48). A male infant, exposed in utero to
300 mg/day, was normal at birth but died at age 5 months of liver failure.
Autopsy revealed liver atrophy, necrosis, and cholestasis. The female infant,
exposed in utero to 500 mg/day, died at age 6 weeks of liver failure. At birth,
the infant was noted to have defects characteristic of valproic acid exposure
(defects described in the list above), IUGR, hyperbilirubinemia, hypoglycemia,
hypocalcemia, and seizures. Liver atrophy and cholestasis were noted at
autopsy (48).

Undetectable fibrinogen levels resulting in fatal hemorrhage in a full-term 2-
day-old infant were attributed to in utero sodium valproate exposure (87). The
mother had taken daily doses of sodium valproate 600 mg, phenytoin 375 mg,
and lorazepam 1 mg throughout pregnancy. In a subsequent pregnancy, the
measurement of slightly decreased maternal fibrinogen levels in late gestation
caused the authors to discontinue the sodium valproate while continuing the
other two agents. Oral vitamin K was also administered to the mother and she
delivered a healthy infant without bleeding problems (87).

Transient hyperglycinemia has been observed in two newborns exposed in
utero to sodium valproate combination therapy (combined with phenytoin in one
and phenytoin, carbamazepine, and clonazepam in the other) (3). Similar
increases of glycine have been observed in epileptic adults treated with valproic
acid. No adverse effects in the newborns resulted from the amino acid
alteration (3).

Fetal distress during labor (late decelerations, silent or accelerated beat-to-
beat variations) was observed in 6 (43%) of 14 cases exposed to valproic acid
monotherapy (26). Two of the newborns with fetal distress plus two others had
low Apgar scores (0–3 after 1 minute or 0–6 after 5 minutes). Maternal doses
were 1500–1800 mg/day in three cases and 600 mg/day in one case. Low
Apgar scores were not observed in 12 infants whose mothers had been treated



with valproic acid combination therapy. Other studies and case reports have
not mentioned this complication. The fetal and newborn depression was thought
to have resulted from a threefold increase in the maternal serum of valproic
acid free fraction (26). A similar increase had been measured in an earlier
study (10).

No decreases in adrenocorticotropic hormone or cortisol levels were
measured in a mother or her newborn after the use of valproic acid 3000
mg/day during the last 3 months of pregnancy (28). The mother had received
combination anticonvulsant therapy during the first 6 months of gestation.

Valproic acid has been measured in the semen of two healthy males (88).
Following oral doses of 500 mg, semen levels ranged from 0.53 to 3.26
mcg/mL up to 39 hours after the dose. Simultaneous serum levels were 11–17
times those measured in the semen. No effect on sperm motility was
suggested based on animal experiments (88).

Because of the risk for NTDs, women exposed during the critical period of
gestation should consult their physician about prenatal testing (37,89,90).

BREASTFEEDING SUMMARY
Valproic acid and its salt, sodium valproate, are excreted into human milk in low
concentrations (1,2,4,5,8,10,12,91,92). Milk concentrations up to 15% of the
corresponding level in the mother’s serum have been measured. In two infants,
serum levels of valproate were 1.5% and 6.0% of maternal values (92).

Only one report of adverse effects in a nursing infant attributable to valproate
in breast milk has been located. Thrombocytopenia purpura, anemia, and
reticulocytosis were observed in a 3-month-old male breastfed infant whose
mother was taking sodium valproate (monotherapy; 1200 mg/day) for epilepsy
(93). The infant had a 2-week history of increasing petechiae and minor
hematoma on the lower part of the legs. The infant’s serum valproate level was
6.6 mcg/mL. Breastfeeding was discontinued for 5 days but had no effect on
the infant’s low platelet count. The mother continued to nurse for another 2
weeks and again stopped. Twelve days later, valproate was undetectable in
the infant’s serum and 7 days later (19 days after nursing was stopped), the
platelet count began to rise, reaching normal values sometime after 35 days. At
about this same time, the petechiae had resolved. The blood hemoglobin and
the reticulocytes normalized between 12 and 19 days after breastfeeding was
stopped (93).

In a 2010 study, 199 children who had been breastfed while their mothers
were taking a single antiepileptic drug (carbamazepine, lamotrigine, phenytoin,



or valproate) were evaluated at 3 years of age cognitive outcome (94). Mean
adjusted IQ scores for exposed children were 99 (95% CI 96–103), whereas
the mean adjusted IQ scores of nonbreastfed infants were 98 (95% CI 95–
101).

The American Academy of Pediatrics classifies valproic acid as compatible
with breastfeeding (95).
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VALRUBICIN
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible (Intact Bladder)
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible (Intact Bladder)

PREGNANCY SUMMARY

No reports describing the use of valrubicin in human pregnancy have been
located. The animal data suggest risk, but the drug was given IV on a daily
basis and neither systemic concentrations nor a no-observed-effect level
(NOEL) was reported. However, the systemic levels in the animals must
have been much higher than those seen in humans with intact urinary
bladders. Thus, these results are not relevant to the human exposure
unless perforation of the bladder has occurred. Although the lack of human
pregnancy experience prevents a more complete assessment of the
embryo–fetal risk, the drug should not be withheld, if indicated and the
bladder is intact, because of pregnancy.

FETAL RISK SUMMARY
Valrubicin, an anthracycline antibiotic, is a semisynthetic analog of doxorubicin.
It is in the same antineoplastic subclass of anthracyclines as daunorubicin,
doxorubicin, epirubicin, and idarubicin. Valrubicin is indicated for intravesical
therapy of BCG-refractory carcinoma in situ of the urinary bladder in patients
for whom immediate cystectomy would be associated with unacceptable
morbidity or mortality. The drug should not be given to patients with a
perforated bladder or if the bladder mucosa has been compromised. Only
nanogram quantities of valrubicin are absorbed into the systemic circulation,
and valrubicin metabolites have been measured in blood. If urinary bladder
perforation has occurred, much higher concentrations are absorbed which can
cause systemic hematologic toxicity (1).

Reproduction studies have been conducted in rats. Daily IV doses that were
one-sixth or one-third the recommended human intravesical dose based on BSA



caused fetal malformations. At the higher dose, numerous, severe alterations in
the fetal skull and skeleton were observed, as well as an increase in fetal
resorptions and a decrease in viable fetuses (1).

Studies for carcinogenicity and fertility have not been conducted. Valrubicin
does cause damage to DNA in vitro and was mutagenic and clastogenic in
assays (1).

It is not known if valrubicin crosses the human placenta. The molecular
weight (about 724) and high lipophilic property suggest that the drug, if it
reaches the systemic circulation, would cross to the embryo–fetus. However, in
the presence of an intact urinary bladder, only nanogram amounts appear in the
blood suggesting that such exposure would not be clinically significant.

BREASTFEEDING SUMMARY
No reports describing the use of valrubicin during human lactation have been
located. The molecular weight (about 724) and high lipophilic property suggest
that the drug, if it reaches the systemic circulation, will be excreted into breast
milk. However, in the presence of an intact urinary bladder, only nanogram
amounts appear in the blood and excretion of these amounts into milk probably
is not clinically significant.

Reference
1. Product information. Valstar. Endo Pharmaceuticals, 2009.



VALSARTAN
Antihypertensive
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 2nd and
3rd Trimesters
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

The antihypertensive mechanisms of action of valsartan and angiotensin-
converting enzyme (ACE) inhibitors are very close. That is, the former
selectively blocks the binding of angiotensin II to AT1 receptors, whereas
the latter prevents the formation of angiotensin II itself. Therefore, use of
this drug during the 2nd and 3rd trimesters may cause teratogenicity and
severe fetal and neonatal toxicity identical to that seen with ACE inhibitors
(e.g., see Captopril or Enalapril). Fetal toxic effects may include anuria,
oligohydramnios, fetal hypocalvaria, intrauterine growth restriction,
prematurity, and patent ductus arteriosus. Anuria-associated
anhydramnios/oligohydramnios may produce fetal limb contractures,
craniofacial deformation, and pulmonary hypoplasia. Severe anuria and
hypotension, resistant to both pressor agents and volume expansion, may
occur in the newborn following in utero exposure to valsartan. Newborn
renal function and blood pressure should be closely monitored.

FETAL RISK SUMMARY
Valsartan is a selective angiotensin II receptor blocker (ARB) that is used,
either alone or in combination with other antihypertensive agents, for the
treatment of hypertension. Valsartan blocks the vasoconstrictor and
aldosterone-secreting effects of angiotensin II by preventing angiotensin II from
binding to AT1 receptors (1).

Reproduction studies have been conducted in pregnant mice, rats, and
rabbits (1). No teratogenic effects were observed in these species at oral
doses up to 9, 18, and 0.5 times the maximum recommended human dose of
320 mg/day based on BSA (MRHD), respectively. The highest dose caused rat



maternal toxicity (reduction in body weight gain and food consumption). At this
dose, administration during organogenesis or late gestation and lactation
resulted in significant decreases in fetal weight, pup birth weight, and pup
survival rate, and slight delays in developmental milestones (1). In rabbits,
maternal toxic doses (0.25 and 0.5 times the MRHD) resulted in fetal
resorptions, litter loss, abortions, and low fetal body weight as well as maternal
mortality. The no-observed-adverse-effect doses in mice, rats, and rabbits
were 9, 6, and 0.1 times the MRHD, respectively (1). No adverse effects on
reproductive performance of male and female rats were noted at oral doses up
to 6 times the MRHD (1).

It is not known if valsartan crosses the human placenta to the fetus. The
molecular weight (about 436) is low enough that passage to the fetus should be
expected.

A 2001 case report described the pregnancy outcome of a 40-year-old
woman with well-controlled chronic hypertension and diet-controlled type 2
diabetes mellitus that was treated with valsartan (80 mg/day) and atenolol (75
mg/day) until presentation at 24 weeks’ gestation (2). Anhydramnios (amniotic
fluid index zero), most likely due to valsartan, was diagnosed by ultrasound, but
fetal growth was appropriate for gestational age. Valsartan was stopped and
atenolol was continued at the same dose. The amniotic fluid volume normalized
within 2 weeks. The blood pressure and the diabetes remained under adequate
control and there was no evidence of toxemia. Intrauterine fetal death was
diagnosed at 31 weeks’ gestation. At autopsy, very small, hypoplastic lungs
were found (weight 18 g/expected 44 g), as were heavy kidneys (31
g/expected 18 g). The placenta was below the 10th percentile for gestational
age (148 g/expected 311 g for gestational age at the 10th percentile). No other
anomalies were detected. The very small placenta was thought to be primarily
due to atenolol, but valsartan may have contributed to the condition. Death of
the female fetus probably resulted from chronic placental insufficiency induced
by the combination of valsartan and atenolol (2).

Three other case reports described the effects of valsartan on six pregnancy
outcomes (3–5). In a 2001 report, three women were taking valsartan (80
mg/day) for hypertension at the time of conception (3). The drug therapy was
stopped at 7, 10, and 18 weeks’ gestation, respectively. No congenital defects
or evidence of renal dysfunction were observed in the newborns delivered at
38, 38, and 32 weeks’, respectively. However, growth restriction attributed to
hypertension was observed in one infant (3). In the another 2001 case report,
two women (one with type 2 diabetes) were taking valsartan (80 mg/day in



one, dose not specified in the other) in combination with hydrochlorothiazide
during pregnancy (4). Anhydramnios was noted at 24 and 28 weeks’,
respectively. Although the anhydramnios resolved in both cases when valsartan
was discontinued, the pregnancies were terminated. Both fetuses had foot and
face deformities, hypoplastic skull bones with widely open sutures, and large
kidneys that were microscopically abnormal. Neither fetus had pulmonary
hypoplasia (4). In 2004, anhydramnios was observed in a woman at 20 weeks’
gestation (5). She had been taking valsartan for chronic hypertension. The drug
was stopped and complete recovery of the amniotic fluid was noted at 23.5
weeks’. A healthy 3050-g female infant was delivered at term and was
developing normally at 6 months of age.

In a 2003 report, the outcomes of 42 pregnancies exposed to ARBs were
described (6). The outcomes of 37 pregnancies (1 set of twins) exposed in the
1st trimester were 3 spontaneous abortions (drugs not specified), 4 elective
abortions (one for exencephaly; candesartan until 4 3/7 weeks, carbimazole,
hydrochlorothiazide, maternal obesity), 1 stillbirth (no anomalies; valsartan until
week 4, cigarette smoking, other antihypertensives), 1 minor malformation
(undescended testicles; therapy not specified), and 28 healthy newborns.
There was one major malformation (cleft palate, patent ductus arteriosus,
modest coarctation of the aorta, growth restriction; valsartan until week 13,
hydrochlorothiazide, metoprolol, cigarette smoking). Five cases involved late
exposure to ARBs and their outcomes involved one or more of the following:
oligohydramnios/anhydramnios, anuria, hypoplastic skull bones, limb
contractions, lung hypoplasia, and neonatal death (6).

A 2005 case report and review described a pregnancy complicated by
chronic hypertension that was treated with valsartan (80 mg/day),
hydrochlorothiazide (12.5 mg/day), prazosin (10 mg/day), and methyldopa (750
mg/day) (7). Anhydramnios was diagnosed at 24 weeks’ gestation and
ultrasound of the fetus revealed bilateral hyperechoic kidneys. Valsartan and
hydrochlorothiazide were stopped 1 week later. Amniotic fluid volume
normalized by 31 weeks’. A cesarean section at 38 weeks’ delivered a 3060-g
male infant with Apgar scores of 6 and 7 at 1 and 5 minutes, respectively. Mild
skull bone hypoplasia (wide cranial suture), limb deformation (mild varus of the
right foot), and abnormally large, hyperechogenic kidneys with decreased blood
perfusion were observed in the infant. The infant’s blood pressure was normal
and he first passed urine at 6 hours. At 30 months of age, the child has had
normal growth and development but mild chronic renal insufficiency (creatinine
1.1–1.4) (7).



In another 2005 case report, a 40-year-old woman took throughout
pregnancy four daily medications for chronic hypertension: valsartan (8 mg),
hydrochlorothiazide (0.15 mg), lecardinipine (20 mg) (a calcium channel
blocker), and clonidine (0.15 mg) (8). At 36 weeks’ gestation, oligohydramnios
was diagnosed and a 2680-g female infant was delivered vaginally. The infant
had a Potter’s syndrome facies, hypocalvaria, and limb deformities consisting
of bilateral talus valgus and fixed internal rotation of the right hand. Shortly after
birth, the infant developed respiratory distress, acute rental failure
(hyperechogenic kidneys with absent Cortico-medullary differentiation), and
severe hypotension. However, the infant survived and renal function was normal
at 8 months of age with substantial growth of the skull bones (8).

A 2007 review cited 64 published cases of pregnancies exposed to ARBs,
42.2% of which had unfavorable outcomes (9). The duration of ARB exposure
was longer in the cases with poor outcomes compared with those with good
outcomes, 26.3 ± 10.5 vs. 17.3 ± 11.6 weeks.

A 2012 review of the use of ACE inhibitors and ARBs in the 1st trimester
concluded that there may be an elevated teratogenic risk, but the risk appeared
to be related to other factors (10). The factors, that typically coexist with
hypertension in pregnancy, included diabetes, advanced maternal age, and
obesity.

BREASTFEEDING SUMMARY
No reports describing the use of valsartan during human lactation have been
located. The molecular weight (about 436) is low enough that excretion into
breast milk should be expected. The effect of this exposure on a nursing infant
is unknown. The American Academy of Pediatrics classifies ACE inhibitors, a
closely related group of antihypertensive agents, as compatible with
breastfeeding (see Captopril or Enalapril).

References
1. Product information. Diovan. Novartis Pharmaceuticals, 2001.
2. Briggs GG, Nageotte MP. Fatal fetal outcome with the combined use of valsartan and atenolol. Ann

Pharmacother 2001;35:859–61.
3. Chung NA, Lip GYH, Beevers M, Beevers DG. Angiotensin-II-receptor inhibitors in pregnancy. Lancet

2001;357:1620–1.
4. Martinovic J, Benachi A, Laurent N, Daikha-Dahmane F, Gubler MC. Fetal toxic effects and angiotensin-

II-receptor antagonists. Lancet 2001;358:241–2.
5. Berkane N, Carlier P, Verstraete L, Mathieu E, Heim N, Uzan S. Fetal toxicity of valsartan and possible

reversible adverse side effects. Birth Defects Res (Part A) 2004;70:547–9.
6. Schaefer C. Angiotensin II-receptor-antagonists: further evidence of fetotoxicity but not teratogenicity.

Birth Defects Res (Part A) 2003;67:591–4.
7. Bos-Thompson MA, Hillaire-Buys D, Muller F, Dechaud H, Mazurier E, Boulot P, Morin D. Fetal toxic



effects of angiotensin II receptor antagonists: case report and follow-up after birth. Ann Pharmacother
2005;39:157–61.

8. Vendemmia M, Garcia-Meric P, Rizzotti A, Boubred F, Lacroze V, Liprandi A, Simeoni U. Fetal and
neonatal consequences of antenatal exposure to type 1 angiotensin II receptor-antagonists. J Matern
Fetal Neonatal Med 2005;19:137–40.

9. Velazquez-Armenta EY, Han JY, Choi JS, Yang KM, Nava-Ocampo AA. Angiotensin II receptor blockers
in pregnancy: a case report and systematic review of the literature. Hypertens Pregnancy 2007;26:51–
66.

10. Polifka JE. Is there an embryopathy associated with first-trimester exposure to angiotensin-converting
enzyme inhibitors and angiotensin receptor antagonists? A critical review of the evidence. Birth Defects
Res (Part A) 2012;94:576–98.



VANCOMYCIN
Antibiotic
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Vancomycin is an antibiotic that is used for gram-positive bacteria when
either the organisms are resistant to less toxic anti-infectives (e.g.,
penicillins and cephalosporins) or the patient is sensitive to these agents.
No cases of congenital defects attributable to vancomycin have been
located. The manufacturer has received reports on the use of vancomycin
in pregnancy without adverse fetal effects (A.F. Crumley, personal
communication, Eli Lilly, 1983).

FETAL RISK SUMMARY
Reproduction studies in rats and rabbits at doses up to 1 and 1.1 times the
maximum recommended human dose based on BSA (MRHD), respectively,
have revealed no teratogenic effects. No effects on fetal weight or development
were seen with the same doses in rats or slightly lower doses in rabbits (0.74
times the MRHD) (1).

The pharmacokinetics of vancomycin in a woman at 26.5 weeks’ gestation
was described in a 1991 reference (2). Accumulation of the antibiotic,
administered as 1 g IV every 12 hours (15 mg/kg/dose), was demonstrated in
amniotic fluid (1.02 mcg/mL on day 1; 9.2 mcg/mL on day 13). At delivery at 28
weeks’ gestation, cord blood levels were 3.65 mcg/mL (6 hours after the
mother’s maximum serum concentration), 76% of the mother’s serum level. The
newborn’s serum level, 3.25 hours after birth, was 2.45 mcg/mL, indicating a
half-life in the infant of 10 hours (2).

In a 2007 report, 13 nonlaboring, noninfected women at term, scheduled for
cesarean section, were given a single 1-g IV dose of vancomycin (3). The full
1-g dose could be given to only six women, because four of five women given a
60-minute infusion and three of eight given a 90-minute infusion experienced a



reaction to the antibiotic (“red man syndrome”: pruritus, shortness of breath,
flushing, headache, and one case of hypotension). All seven infants had normal
Apgar scores and blood gasses. Scheduling complications also prevented
giving the vancomycin at the planned intervals before delivery. The actual time
intervals from the end of the infusion to maternal sample were 26–509 minutes,
and there was a strong correlation between cord and maternal concentrations.
Regardless of the interval, all 13 cord serum samples contained low amounts of
vancomycin (3–9.4 mcg/mL), but these amounts were considered to be above
the minimal inhibitory concentration for group B streptococcus (3).

Vancomycin was used for subacute bacterial endocarditis prophylaxis in a
penicillin-allergic woman at term with mitral valve prolapse (4). One hour before
vaginal delivery, a 1-g IV dose was given during 3 minutes (recommended
infusion time is 60 minutes [1,5]). Immediately after the dose, maternal blood
pressure fell from 130/74 to 80/40 mmHg and then recovered in 3 minutes.
Fetal bradycardia, 90 beats/minute, persisted for 4 minutes. No adverse
effects of the hypotension-induced fetal distress were observed in the newborn.
The Apgar scores were 9 and 10 at 1 and 5 minutes, respectively (4).

A 1989 report examined the effects of multiple-dose vancomycin on newborn
hearing and renal function (6). Ten pregnant, drug-dependent women were
treated with IV vancomycin (1 g every 12 hours for at least 1 week) for
suspected or documented infections caused by methicillin-resistant
Staphylococcus aureus. Of the 10 women, 4 also received concomitant
gentamicin. Two control groups, neither of which received antibiotics, were
formed: 10 infants from nondrug-dependent mothers (group 2), and 10 infants
from drug-dependent mothers (group 3). Auditory brainstem response testing
was conducted on the infants at birth and at 3 months of age, and blood urea
nitrogen and serum creatinine were measured at birth. The placental transfer of
vancomycin was measured in two patients with cord blood levels of 16.7 and
13.2 mcg/mL, 6 and 2.5 hours after infusion, respectively. At birth, abnormal
auditory brainstem responses were measured in a total of six infants: two
infants from the study group (neither exposed to gentamicin), three from control
group 2, and one from control group 3. The hearing defect in all six infants was
an absent wave V at 40 dB (the average behavioral threshold of adult listeners)
in one or both ears. Repeat testing at 3 months in five infants was normal,
indicating that the initial tests were falsely positive. In the sixth infant (in the
study group), the tests at 3 months again showed no response in either ear at
40 dB. This infant’s mother had received a 2-g vancomycin dose after initial
dosing had produced low serum levels (<20 mcg/mL) of the antibiotic. The



peak serum level obtained following the double dose was 65.7 mcg/mL, a
potentially toxic level if it was maintained. Following this, the mother was
treated with the same regimen as the other women. On further examination,
however, reduced compliance was discovered in both ears and the loss of
hearing was diagnosed as a conduction defect, rather than sensorineural. Tests
at 12 months, following improved compliance in both ears, were normal. Renal
function studies in all 30 infants were also normal, although this latter conclusion
has been challenged (7) and defended (8).

BREASTFEEDING SUMMARY
Vancomycin is excreted into breast milk. In one woman treated with IV
vancomycin (1 g every 12 hours for at least 1 week), a milk level 4 hours after
a dose was 12.7 mcg/mL (6). This value was nearly identical to the serum
trough concentration measured at 12 hours in the mother during pregnancy.
The effect on the nursing infant of vancomycin in milk is unknown. Vancomycin
i s poorly absorbed from the normal, intact gastrointestinal tract, and thus,
systemic absorption would not be expected (5). However, three potential
problems exist for the nursing infant: modification of bowel flora, direct effects
on the infant (e.g., allergic response or sensitization), and interference with the
interpretation of culture results if a fever workup is required.

References
1. Product information. Vancocin. Eli Lilly, 2000.
2. Bourget P, Fernandez H, Delouis C, Ribou F. Transplacental passage of vancomycin during the

second trimester of pregnancy. Obstet Gynecol 1991;78:908–11.
3. Laiprasert J, Klein K, Mueller BA, Pearlman MD. Transplacental passage of vancomycin in noninfected

term pregnant women. Obstet Gynecol 2007;109:1105–10.
4. Hill LM. Fetal distress secondary to vancomycin-induced maternal hypotension. Am J Obstet Gynecol

1985;153:74–5.
5. American Hospital Formulary Service. Drug Information 1997. Bethesda, MD: American Society of

Health-System Pharmacists, 1997:403–8.
6. Reyes MP, Ostrea EM Jr, Cabinian AE, Schmitt C, Rintelmann W. Vancomycin during pregnancy: does

it cause hearing loss or nephrotoxicity in the infant? Am J Obstet Gynecol 1989;161:977–81.
7. Gouyon JB, Petion AM. Toxicity of vancomycin during pregnancy. Am J Obstet Gynecol

1990;163:1375–6.
8. Reyes MP, Ostrea EM Jr. Toxicity of vancomycin during pregnancy. Reply. Am J Obstet Gynecol

1990;163:1376.



VANDETANIB
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Conraindicated

PREGNANCY SUMMARY

No reports describing the use of vandetanib in human pregnancy have been
located. In the only animal species studied, the drug was embryotoxic,
fetotoxic, and teratogenic at exposures close to or less than the human
exposure. However, the absence of human pregnancy experience prevents
a complete assessment of the embryo–fetal risk. Because of the risk of
fetal harm, the manufacturer recommends that women of reproductive
potential use effective contraception to prevent pregnancy during treatment
and for at least 4 months following the last dose.

FETAL RISK SUMMARY
Vandetanib is an oral inhibitor of tyrosine kinase. There are several other
agents in this subclass (see Appendix). It is indicated for the treatment of
symptomatic or progressive medullary thyroid cancer in patients with
unresectable locally advance or metastatic disease. Vandetanib is metabolized
to apparently inactive metabolites. The mean plasma protein binding to albumin
and α1-acid-glycoprotein is 93.7% and the median plasma half-life is 19 days
(1).

Reproduction studies have been conducted in rats. In rats before mating and
through the 1st week of pregnancy, exposures that were equal to or less than
the exposure expected from the recommended human dose of 300 mg/day
(HE) resulted in increases in preimplantation and postimplantation loss,
including embryo–fetal death, and a significant decrease in the number of live
embryos. Total litter loss occurred when the drug was given during
organogenesis until expected parturition. All doses (about 0.03–1.0 times the
maximum concentration [Cmax] in humans with cancer at the recommended
dose) given during organogenesis caused both malformations of heart vessels
and skeletal variations (delayed ossification of the skull, vertebrae, and



sternum) that indicated delayed fetal development. A no-effect level for
malformations was not identified in this study. In a separate study, doses
identical to those used above caused maternal toxicity and, when given during
gestation and/or lactation, resulted in decreased pup survival and/or reduced
postnatal pup growth (1).

Carcinogenicity studies have not been conducted. Various assays for
mutagenic and clastogenic effects were negative. Fertility in male rats was not
impaired but, in female rats, there was a slight decrease in the number of live
embryos. There also was a trend toward increased estrus cycle irregularity and
a decrease in the number of corpora lutea in the ovaries (1).

It is not known if vandetanib crosses the human placenta. The molecular
weight (about 475) and the long plasma half-life suggest that the drug will cross
to the embryo–fetus, but high plasma protein binding might lessen the
exposure.

BREASTFEEDING SUMMARY
No reports describing the use of vandetanib during human lactation have been
located. The molecular weight (about 475) and the long plasma half-life (19
days) suggest that the drug will be excreted into breast milk, but high plasma
protein binding (93.7%) might lessen the exposure. The effect of this exposure
on a nursing infant is unknown. However, the drug has caused serious toxicity in
adults, such as skin reactions and Stevens-Johnson syndrome, pneumonitis,
ischemic cerebrovascular events, and hemorrhage. The most common adverse
reactions (>20%) in adults were diarrhea, rash, acne, nausea, hypertension,
headache, fatigue, upper respiratory tract infections, decreased appetite, and
abdominal pain. If a woman receiving the drug chooses to breastfeed, her
infant should be closely monitored for these effects.
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VARENICLINE
Central Nervous System Agent (Smoking Deterrent)
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of varenicline in human pregnancy have been
located. The animal data suggest low risk, but the absence of human
pregnancy experience prevents a more complete assessment of embryo–
fetal risk. However, smoking is known to cause significant developmental
toxicity (as well as toxicity in the smoker) (see Cigarette Smoking). Thus,
the benefit to the woman and her pregnancy appears to outweigh the
unknown risk to the embryo and/or fetus. If nonpharmacologic methods to
stop smoking have failed, and the use of varenicline is indicated, it should
not be withheld because of pregnancy.

FETAL RISK SUMMARY
Varenicline is a partial agonist selective for α4β2 nicotinic acetylcholine receptor
subtypes. This binding is thought to prevent nicotine from binding to these
receptors. Varenicline is indicated as an aid in smoking cessation treatment.
Oral bioavailability is nearly complete and metabolism of a dose is about 8%.
Binding to plasma proteins also is low (≤20%), but the elimination half-life is
long (about 24 hours) (1).

Reproduction studies have been conducted in rats and rabbits. In these
species, no teratogenicity was observed with daily oral doses ≤36 and 50 times
the maximum recommended human daily exposure based on AUC at 1 mg
twice daily (MRHDE), respectively. However, in the offspring of pregnant rats
given the highest dose there was an increased incidence of auditory startle
response. In pregnant rabbits, the highest dose resulted in decreased fetal
weights. The no-effect dose in rabbits was 23 times the MRHDE (1).

In 2-year carcinogenicity studies, there was no evidence of carcinogenic



effects in mice given daily doses up to 47 times the MRHDE. In male rats, but
not females, tumors of the brown fat (hibernoma) were observed at daily doses
that were 23 and 67 times, respectively, the MRHDE. Various studies for
mutagenicity were negative. No effects on fertility were observed in male and
female rats given daily doses up to 67 and 36 times, respectively, the MRHDE.
However, a decrease in fertility was noted in the offspring of pregnant rats
given a daily dose that was 36 times, but not at 9 times, the MRHDE (1).

It is not known if varenicline crosses the human placenta. The molecular
weight (about 361), high oral bioavailability, low metabolism and plasma protein
binding, and the long elimination half-life suggest that the drug will pass to the
embryo and fetus.

BREASTFEEDING SUMMARY
No reports describing the use of varenicline during human lactation have been
located. The molecular weight (about 361), high oral bioavailability, low
metabolism (about 8%) and plasma protein binding (≤20%), and the long
elimination half-life (about 24 hours) suggest that the drug will be excreted into
breast milk. The effects of this exposure on a nursing infant are unknown.
However, smoking during breastfeeding is known to represent a significant risk
to the nursing infant, as well as to the mother. (See Cigarette Smoking.) Thus,
the benefit to the woman and her infant appears to outweigh the unknown risk
to the infant. If a woman uses this drug while breastfeeding, she should closely
monitor her infant for the adverse effects commonly observed in adults: nausea
and vomiting, sleep disturbance, constipation, and flatulence.

Reference
1. Product information. Chantix. Pfizer, 2007.



VASOPRESSIN
Pituitary Hormone
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

No reports linking the use of vasopressin with congenital defects have been
located. Vasopressin and the structurally related synthetic polypeptides
desmopressin and lypressin have been used during pregnancy to treat
diabetes insipidus, a rare disorder (1–11). Desmopressin has also been
used at delivery in three women for the management of von Willebrand’s
disease (12). No adverse effects on the newborns were reported.

FETAL RISK SUMMARY
A threefold increase of circulating levels of endogenous vasopressin has been
reported for women in the last trimester and in labor as compared with
nonpregnant women (13). Although infrequent, the induction of uterine activity in
the 3rd trimester has been reported after IM and intranasal vasopressin use
(14). The IV use of desmopressin, which is normally given intranasally, has also
been reported to cause uterine contractions (4).

Two investigators speculated that raised levels of vasopressin resulted from
hypoxemia and acidosis and could produce signs of fetal distress (bradycardia
and meconium staining) (15).

A 1995 reference described the use of desmopressin during pregnancy in 42
women with diabetes insipidus, 29 of whom received the drug throughout the
whole pregnancy (16). One patient, treated with vasopressin during the first 6
months and then changed to desmopressin, delivered an infant who had a
ventricular septal defect, a patent ductus arteriosus, and simian lines. The child
died at age 14 years because of hypophyseal disease. Three of the infants
exposed throughout gestation to desmopressin had birth weights close to or
outside of the 99% confidence interval (two low and one high). The authors
concluded that the use of desmopressin throughout pregnancy did not
constitute a major fetal risk (16).



Diabetes insipidus developed in a 14-year-old girl at 33 weeks’ gestation with
resulting oligohydramnios and an amniotic fluid index of 0 (17). She was treated
with intranasal desmopressin (10 mcg twice daily) with rapid resolution of the
oligohydramnios and eventual, spontaneous delivery of a healthy 2700-g male
infant at 38 weeks.

BREASTFEEDING SUMMARY
Patients receiving vasopressin, desmopressin, or lypressin for diabetes
insipidus have been reported to breastfeed without apparent problems in the
infant (1,2). Experimental work in lactating women suggests that suckling
almost doubles the maternal blood concentration of vasopressin (13).
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VECURONIUM
Autonomic (Skeletal Muscle Relaxant)
PREGNANCY RECOMMENDATION: Limited Human Data—No Relevant
Animal Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Vecuronium has been used as an adjunct to general anesthesia during
gamete intrafallopian transfer (GIFT) procedures and cesarean sections. It
has also been used in the 2nd and 3rd trimesters by direct IV and IM fetal
dosing to produce paralysis during various procedures. No adverse effects
attributable to vecuronium on pregnancy rates, the fetus, or the newborn
have been reported in these studies. Small amounts of vecuronium cross
the placenta, even though this transfer is inhibited by the drug’s low lipid
solubility and ionization at physiologic pH. Animal reproduction studies have
not been conducted with vecuronium, and no studies, animal or human,
have reported its use during organogenesis. Based on this lack of
information, the embryo risk from exposure to vecuronium during
organogenesis cannot be determined. Use in later times of gestation,
however, appears to carry little, if any, risk to the fetus or newborn.

FETAL RISK SUMMARY
The muscle relaxant vecuronium bromide is a nondepolarizing neuromuscular
blocking agent that acts by competing for cholinergic receptors at the motor
end plate (1). This quaternary ammonium compound belongs to the same
general subclass (aminosteroidal) of neuromuscular blockers as pancuronium,
pipecuronium, rapacuronium, and rocuronium (2). Vecuronium is indicated as an
adjunct to general anesthesia, to facilitate endotracheal intubation, and to
provide skeletal muscle relaxation during surgery or mechanical ventilation (1).
Reproduction studies of vecuronium in experimental animals have not been
located.

The pharmacokinetics of vecuronium in pregnancy was summarized in a 1998



review (3). At term, the elimination half-life of a 0.04 mg/kg dose was 36
minutes, approximately twice as long as atracurium but half the time of
pancuronium (3).

The molecular weight (about 638) suggests that vecuronium will cross the
placenta, but the ionization and low lipid solubility should limit the exposure of
the embryo and fetus. Small amounts of vecuronium do cross the human
placenta at term (4–8). In 20 women undergoing general anesthesia for
cesarean section, vecuronium (60–80 mcg/kg) was administered between 5
and 21 minutes before delivery (4). The venous cord:maternal ratio averaged
0.11. No neonatal adverse effect was noted as evidenced by normal 1- and 5-
minute Apgar scores (4). Others have reported an identical (0.11) umbilical
vein:maternal vein ratio (5,6). In these studies, the mean vecuronium-to-delivery
interval was 6–7 minutes. No adverse effects on the newborns were observed,
as noted by the Apgar scores at 1 and 5 minutes, and the Neurologic and
Adaptive Capacity Scores (NACS) determined at 15 minutes, 2, and 24 hours
after birth (6).

A 1990 report described the use of vecuronium in 21 patients who were
delivered at 36–41 weeks’ gestation by elective cesarean section (7). In one
group, 11 women received a 0.01 mg/kg IV priming dose, followed 4–6 minutes
later by a 0.1 mg/kg IV dose. The second group of 10 women received a single
IV dose of 0.2 mg/kg. The mean induction to delivery time intervals in the two
groups was 9 and 11 minutes, respectively. The mean umbilical (UV) and
maternal (MV) venous plasma concentrations of vecuronium in group 1 were 73
and 515 ng/mL, respectively, a UV/MV ratio of 0.14, whereas in group 2 the
values were 107 and 838 ng/mL, respectively, a ratio of 0.13. The mean birth
weights in the two groups were 3443 and 3405 g, respectively. The percentage
of newborns having Apgar scores <7 in groups 1 and 2 at 1 minute were 70%
and 50%, respectively, and at 5 minutes 100% and 90%, respectively. There
were no significant differences between the two groups in the 1- and 24-hour
NACS, or in individual tests of passive and active tone within the overall NACS
profile. However, the data suggested that vecuronium caused residual effects in
the infants (7). A number of other reports have discussed the safe use of
vecuronium during cesarean section (8–12).

In a 1999 report, investigators concluded that a more accurate estimation of
vecuronium placental transfer during cesarean section would be shown by the
ratio of umbilical vein (UV) to maternal artery (MA) concentrations (13).
Following an intubation dose of 0.11 mg/kg, the mean UV/MA ratio was 0.056
at an intubation-to-umbilical-cord clamping (I-D) interval of 280 seconds. As



expected, the ratio decreased as the I-D interval shortened.
Vecuronium (1–10 mg) has been used as an adjunct to general anesthesia in

GIFT procedures (14). No effect on the pregnancy rate following GIFT was
noted.

In a 1983 study, 19 newborns of mothers who had received vecuronium
before delivery by cesarean section were compared with 9 newborns whose
mothers had not received the agent (15). No significant difference in the Apgar
scores at 1 and 5 minutes were observed between the two groups. In addition,
vecuronium had no effect on maternal plasma cholinesterase activity (15).

A 1988 case study described the direct fetal administration of vecuronium
under ultrasound guidance for fetal magnetic resonance imaging at 33 weeks’
gestation of a brain defect (16). The dose used was 0.2 mg (0.1 mg/kg). A
3540-g male infant was delivered at 39 weeks’ with Apgar scores of 10 and 10
at 1 and 5 minutes, respectively. Examination at 9 days of age confirmed the
defect (16).

The successful anesthetic management of a woman at 32 weeks’ gestation
with dextrocardia, situs inversus, a double-outlet right ventricle, ventricular
septal defect, and severe pulmonary stenosis was described in a 1994 report
(17). No adverse effects attributable to vecuronium (0.1 mg/kg) were observed
in the growth-restricted (0.94 kg) infant, who was doing well at 2 weeks of age.
Vecuronium (10 mg) was used to assist mechanical ventilation in another case
involving a woman at 36 weeks’ gestation in labor who had developed severe
respiratory distress secondary to myocardial infarction related to cocaine use
(18). The mother also received fentanyl and midazolam. Four hours later, the
woman delivered a live female infant. Specific information on the infant’s
condition was not given.

A 1998 case report described respiratory muscle rigidity in a newborn that
was attributed to fentanyl (see Fentanyl) (19). In addition to other drugs, the
mother had received vecuronium (7 mg) at 31 weeks’ gestation.

Vecuronium was used to paralyze 14 fetuses during 17 intrauterine
intravascular exchange transfusions (20). The mean gestational age was 29.2
weeks (range 22–35 weeks) and the mean estimated fetal weight was 1610 g
(range 500–2500 g). The dose used (0.1 mg/kg) resulted in a mean onset of
paralysis of 97.6 seconds (range 45–150 seconds) with a mean duration, as
determined by maternal perception of fetal movements, of 122 minutes. The
duration of paralysis was not correlated with gestational age. No maternal or
fetal adverse effects were noted. All fetuses were delivered alive at a mean
35.8 weeks’ gestation (20). In another 1992 report, vecuronium (0.15 mg/kg IV



or IM) was used in nine intrauterine procedures involving five fetuses (21). The
authors noted that whereas vecuronium caused no fetal heart rate changes,
pancuronium caused increased fetal heart rates and decreased beat-to-beat
variability for 2.5 hours postdose.

Two pregnant women undergoing general anesthesia for cesarean section
developed difficulty with breathing after receiving IV priming doses of
vecuronium (10 and 13.7 mcg/kg) (22). Rapid sequence induction was initiated
and healthy infants with normal Apgar scores were delivered.

BREASTFEEDING SUMMARY
No reports describing the use of vecuronium during lactation have been located.
However, even if such use was reported, it is doubtful if clinically significant
amounts of vecuronium would be excreted into breast milk. The molecular
weight (about 638) is low enough, but the low lipid solubility and ionization at
physiologic pH would inhibit its excretion into milk. These factors suggest that
vecuronium represents no risk to a breastfeeding infant.
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VELAGLUCERASE ALFA
Endocrine/Metabolic Agent (Gaucher Disease)
PREGNANCY RECOMMENDATION: No Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports of human pregnancy exposure to velaglucerase alfa have been
located. Animal studies have not suggested risk. Limited information is
available on pregnancies complicated by type I Gaucher disease and
treated with similar enzyme-replacement therapies, alglucerase or
imiglucerase, and these data have not suggested fetal risk. Pregnancy may
exacerbate existing disease or result in new disease manifestations, but
the limited human data for alglucerase and imiglucerase suggest that
treatment during pregnancy may reduce risks for spontaneous abortion and
bleeding complications.

FETAL RISK SUMMARY
Velaglucerase alfa, an enzyme given by IV infusion, is used in the treatment of
patients with type I Gaucher disease. Velaglucerase alfa replaces the
endogenous enzyme β-glucocerebrosidase with a product produced by gene
activation technology in a human cell line. The enzyme has the same amino acid
sequence as the naturally occurring human enzyme. After infusion, the terminal
elimination half-life ranges between 5 and 12 minutes (1).

Developmental and reproductive toxicology studies have been conducted in
rats and rabbits at doses of 17 and 20 mg/kg, respectively. It is unclear how
these compare with recommended human doses but they appear to be
substantially higher than the maximum recommended human dose of 60 U/kg
on a mg/kg basis. No maternal or developmental treatment-related effects
were demonstrated in either species (1).

The carcinogenic and mutagenic potential of velaglucerase alfa has not been
studied. Reproductive toxicity studies in male and female rats revealed no



evidence of impaired fertility (1).
It is not known if velaglucerase alfa crosses the human placenta. The high

molecular weight (about 63,000) and the short terminal half-life suggest that
placental transfer may be limited.

Outcomes of exposed pregnancies treated with other similar enzyme
therapies, alglucerase or imiglucerase, have been summarized from surveys
gathered from international treatment centers, from reports in the literature,
and the manufacturer’s pharmacovigilance database (see Alglucerase and
Imiglucerase) (2,3).

BREASTFEEDING SUMMARY
No reports of velaglucerase alfa in human lactation have been located. The high
molecular weight (about 63,000) and the short terminal half-life suggest that
excretion into milk will be limited. Moreover, the glycoprotein probably is
destroyed in the digestive tract and even if small amounts are transferred into
breast milk, the enzyme is unlikely to reach the systemic circulation of a
breastfed infant.
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VEMURAFENIB
Antineoplastic (Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Only one report describing the use of vemurafenib in human pregnancy has
been located. The fetus had growth restriction, but the reduced growth had
began a week before treatment was started. Although the drug crossed
the placenta, the infant eventually did well. The animal data suggest low
risk, but the exposures were around the clinical exposure. Higher doses
may have not been possible because of maternal toxicity. Because of the
drug’s mechanism of action, the manufacturer states that it may cause fetal
harm (1). If the drug is used in pregnancy, the patient should be informed
of the potential risk to the fetus.

FETAL RISK SUMMARY
Vemurafenib is an inhibitor of some mutated forms of BRAF serine-threonine
kinase and other kinases that are given orally. It is indicated for the treatment
of patients with unresectable or metastatic melanoma with BRAFV600E mutation
as detected by an FDA-approved test. Metabolism is very limited. Following a
single oral dose, mean data from plasma samples analyzed over a 48-hour
period found that vemurafenib and its metabolites represented 95% and 5%,
respectively, of the components in plasma. Vemurafenib is highly (>99%) bound
to plasma albumin and α1-acid-glycoprotein. The median elimination half-life is
about 57 hours (range about 30–120 hours) (1).

Animal reproduction studies have been conducted in rats and rabbits. In
these species, no evidence of teratogenicity was observed at doses resulting in
exposures up to about 1.3 and 0.6 times, respectively, the human clinical
exposure based on AUC (HCE). Fetal levels of vemurafenib were 3%–5% of
the maternal levels (1).

The carcinogenic potential of vemurafenib has not been studied. However,
the drug increased the development of cutaneous squamous cell carcinomas in



patients in clinical trials. Various assays for genetic damage were negative.
Although vemurafenib-induced impairment of fertility in animals has not been
studied, no histopathological findings were observed in the reproductive organs
of male and female rats and dogs during repeat-dose toxicological studies (1).

Vemurafenib crosses the human placenta. In the report below, infant levels
were about 45% of the maternal concentration at birth. The molecular weight
(about 490), minimal metabolism, and long elimination half-life are consistent
with this report, but the high plasma protein binding might have limited the
exposure.

A 2013 case report described the use of vemurafenib in a pregnant woman
with malignant melanoma (2). After corticosteroids for fetal lung maturity, the
standard dose of 960 mg twice daily was started at 25 weeks’ gestation. The
patient rapidly responded to the treatment with a decrease in pain and new
metastasis disappeared. Fetal growth restriction (of the body, not the head)
that had started a week before initiation of vemurafenib continued and a
cesarean section was performed in the 30th week of gestation. Blood
concentrations of vemurafenib at birth in the mother, umbilical cord, and 1028-g
infant were 24.3, 10.9, and 10.9 mcg/mL, respectively. The infant had
uncomplicated stay in the neonatal ward and was eventually discharged home
in good condition. The mother died 3.5 months after initiation of vemurafenib
therapy (2).

BREASTFEEDING SUMMARY
No reports describing the use of vemurafenib during human lactation have been
located. The molecular weight (about 490), minimal metabolism, and long
elimination half-life suggest that the drug will be excreted into breast milk, but
the high plasma protein binding might limit the exposure. The effect of this
exposure on a nursing infant is unknown. The most common adverse reactions
in adults (≥30%) treated with the drug are arthralgia, rash, alopecia, fatigue,
photosensitivity reaction, nausea, pruritus, and skin papilloma (1). Moreover,
there was a 24% incidence of cutaneous squamous cell carcinoma in clinical
trials (1). Thus, there is potential risk to a nursing infant and, if the mother
requires the drug, the best course would be to not breastfeed.
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VENLAFAXINE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Neither the animal reproduction data nor the human pregnancy experience
suggests that venlafaxine is a major risk for structural anomalies. However,
venlafaxine, as well as selective serotonin reuptake inhibitors (SSRIs), have
been associated with developmental toxicity, including spontaneous
abortions (SABs), low birth weight, prematurity, neonatal serotonin
syndrome, neonatal behavioral syndrome (withdrawal including seizures),
possibly sustained abnormal neurobehavior beyond the neonatal period,
and respiratory distress. Persistent pulmonary hypertension of the newborn
(PPHN) is an additional potential risk, but confirmation is needed.

FETAL RISK SUMMARY
Venlafaxine is an antidepressant structurally unrelated to other available
antidepressants. It is in the same serotonin-norepinephrine reuptake inhibitors
(SNRIs) antidepressant subclass as desvenlafaxine, duloxetine, and
milnacipran. Venlafaxine is indicated for the treatment of major depressive
disorder. Venlafaxine is metabolized to an active metabolite, O-
desmethylvenlafaxine (ODV). Oral venlafaxine is well absorbed (at least 92%).
Plasma protein binding of venlafaxine and ODV are minimal (27% and 30%,
respectively), but the elimination half-lives are 5 and 11 hours, respectively (1).

Reproduction studies in rats and rabbits at doses ≤2.5 and 4 times the
maximum recommended human daily dose based on BSA (MRHD),
respectively, did not reveal teratogenicity (1). When rats were given the same
maximum dose during pregnancy through weaning, however, there was a
decrease in pup weight and an increased number of stillbirths and pup deaths
during the first 5 days of lactation. The no-effect dose for pup mortality was



0.25 times the MRHD (1).
Both venlafaxine and ODV cross the human placenta (2). In 11 women taking

a median 225 mg/day (range 150–300 mg/day), the cord blood concentrations
at birth of venlafaxine and ODV were 20 mcg/L (9–53 mcg/L) and 184 mcg/L
(123–348 mcg/L), respectively. These results are consistent with the molecular
weight of venlafaxine (about 314), the minimal protein binding, and the
moderately long elimination half-lives. The median cord:maternal ratio for the
parent drug and metabolite were 0.72 and 1.08, respectively (2).

A 1994 review of venlafaxine included citations of data from the clinical trials
of this drug involving its use during gestation in 10 women for periods ranging
from 10 to 60 days (3), apparently during the 1st trimester. No adverse effects
of the exposure were observed in four of the infants (information not provided
for the other six exposed pregnancies).

In a 2001 prospective controlled study, the pregnancy outcomes of 150
women exposed to venlafaxine were compared with those of 150 women
exposed to other SSRI antidepressants and 150 women exposed to
nonteratogenic agents (4). There were no significant differences in the
outcomes in the three groups in terms of SABs, elective abortions, gestational
age at birth, live births, birth weights, and major malformations. In the cases
exposed to venlafaxine, there were two infants with birth defects (hypospadias;
neural tube defect and clubfoot). In the control groups, there were three
defects in the other-SSRI group (ventricular septal defect; pyloric stenosis; and
absent corpus callosum) and one in the nonteratogen group (congenital heart
defect). The results suggested that venlafaxine does not increase the rates of
major congenital defects over that expected in a nonexposed population (4).

A 2010 review evaluated 15 prospective studies involving antidepressants
that had been published in 1975–2009 to determine if there was an association
between specific agents and SABs (5). Most of the studies involved tricyclic
antidepressants or SSRIs. After adjustment, only paroxetine (odds ratio [OR]
1.7, 95% confidence interval [CI] 1.3–2.3) and venlafaxine (OR 2.1, 95% CI
1.3–3.3) were significantly associated with the risk of SABs (5).

The use of venlafaxine late in the 3rd trimester may result in functional and
behavioral deficits in the newborn infant. The product information was changed
by the manufacturer in 2004 to reflect this potential developmental toxicity (1).
The observed toxicities include respiratory distress, cyanosis, apnea, seizures,
temperature instability, feeding difficulty, vomiting, hypoglycemia, hypotonia,
hypertonia, hyperreflexia, tremor, jitteriness, irritability, and constant crying.
The clinical features are consistent with either a direct toxic effect or drug



discontinuation syndrome and, occasionally, may resemble a serotonin
syndrome. The complications may require prolonged hospitalization, respiratory
support, and tube feeding (1).

Evidence for the neonatal behavioral syndrome that is associated with in
utero exposure to SSRIs and SNRIs (collectively called serotonin reuptake
inhibitors [SRIs]) in late pregnancy was reviewed in a 2005 reference (6). The
report followed a recent agreement by the FDA and manufacturers for a class
labeling change about the neonatal syndrome. Analysis of case reports, case
series, and cohort studies revealed that late exposure to SRIs carried an
overall risk ratio of 3.0 (95% confidence interval [CI] 2.0–4.4) for the syndrome
compared with early exposure. The case reports (N = 18) and case series (N =
131) involved 97 cases of paroxetine, 18 fluoxetine, 16 sertraline, 12
citalopram, 4 venlafaxine, and 2 fluvoxamine. Nine cohort studies were
analyzed. The typical neonatal syndrome consisted of central nervous system,
motor, respiratory, and gastrointestinal signs that were mild and usually
resolved within 2 weeks. Only 1 of 313 quantifiable cases involved a severe
syndrome consisting of seizures, dehydration, excessive weight loss,
hyperpyrexia, and intubation. There were no neonatal deaths attributable to the
syndrome (6).

A 30% incidence of SSRI-induced neonatal abstinence syndrome was found
in a 2006 cohort study (7). Sixty neonates with prolonged in utero exposure to
SSRIs were compared with nonexposed controls. The agents used were
paroxetine (62%), fluoxetine (20%), citalopram (13%), venlafaxine (3%), and
sertraline (2%). Assessment was conducted by the Finnegan score. Ten of the
infants had mild and eight had severe symptoms of the syndrome. The
maximum mean score in infants with severe symptoms occurred within 2 days
of birth, but some occurred as long as 4 days after birth. Because of the small
numbers, a dose–response analysis could only be conducted with paroxetine
(7) (see Paroxetine).

A 2004 report described the pregnancy outcomes of 11 women who had
taken venlafaxine (doses 75–225 mg/day) during the 1st trimester (8). One
patient also took venlafaxine for 3 weeks in the 2nd trimester, but none of the
women were exposed in the second half of pregnancy. The outcomes included
two induced abortions and nine healthy infants that were doing well at 12
months of age (8).

In a 2006 case, a 2-day-old infant, exposed throughout pregnancy to
venlafaxine (375 mg/day), exhibited signs and symptoms of lethargy, jitteriness,
rapid breathing, poor suck, and dehydration. The symptoms in the breastfed



infant slowly resolved over 1 week (9).
Another 2006 report described seizures in two infants after in utero exposure

to venlafaxine (10). The first newborn, exposed to 150 mg/day, was delivered
at 37 weeks’ with Apgar scores of 1 and 6 at 1 and 5 minutes, respectively. At
30 minutes, the otherwise normal but depressed infant exhibited lip smacking
and extensor limb posturing associated with bradycardia and hypertension. The
generalized hypertonia and hyperreflexia was treated with phenobarbital for 2
weeks. The infant started breastfeeding on the day after birth. At 1 year of
age, her growth and neurodevelopment were normal. The second infant was
born at 39 weeks’ with an Apgar score of 9 at 5 minutes. The mother was
taking venlafaxine 225 mg/day. Breastfeeding was started but the infant had
bilious vomiting and, at 24 hours of age, developed multifocal myoclonic
seizures involving all limbs. He was treated with phenobarbital for 5 days. The
child was doing well at 1 year of age (10).

A 2007 retrospective cohort study examined the effects of exposure to
SSRIs or venlafaxine in the 3rd trimester on 21 premature and 55 term
newborns (11). The randomly selected unexposed control group consisted of
90 neonates of mothers not taking antidepressants, psychotropic agents, or
benzodiazepines at the time of delivery. There were significantly more
premature infants among the subjects (27.6%) than among controls (8.9%), but
the groups were not matched. The antidepressants, number of subjects, and
daily doses in the exposed group were paroxetine (46; 5–40 mg), fluoxetine
(10; 10–40 mg), venlafaxine (9; 74–150 mg), citalopram (6; 10–30 mg),
sertraline (3; 125–150 mg), and fluvoxamine (2; 50–150 mg). The behavioral
signs that were significantly increased in exposed compared with nonexposed
infants were: CNS—abnormal movements, shaking, spasms, agitation,
hypotonia, hypertonia, irritability, and insomnia; respiratory system—indrawing,
apnea/bradycardia, and tachypnea; and other—vomiting, tachycardia, and
jaundice. In exposed infants, CNS (63.2%) and respiratory system (40.8%)
signs were most common, appearing during the first day of life and lasting for a
median duration of 3 days. All of the exposed premature infants exhibited
behavioral signs compared with 69.1% of exposed term infants. The duration of
hospitalization was significantly longer in exposed premature compared with
nonexposed premature infants, 14.5 days vs. 3.7 days, respectively. In 75% of
the term and premature infants, the signs resolved within 3 and 5 days,
respectively. There were six infants in each group with congenital
malformations, but the drugs involved were not specified (11).

A 2007 review conducted a literature search to determine the risk of major



congenital malformations after 1st trimester exposure to SSRIs and SNRIs
(12). Fifteen controlled studies were analyzed. The data were adequate to
suggest that citalopram, fluoxetine, sertraline, and venlafaxine were not
associated with an increased risk of congenital defects. In contrast, the
analysis did suggest an increased risk with paroxetine. The data were
inadequate to determine the risk for the other SSRIs and SNRIs (12).

A case–control study, published in 2006, found that exposure to SSRIs in late
pregnancy was associated with PPHN (13) (see Paroxetine or other SSRIs).
Although exposure to venlafaxine (number of exposures not specified) was
correctly classified as a non-SSRI antidepressant, the action of venlafaxine is
similar enough to the SSRIs that it might cause the same effect (see
references 1 and 6).

Using data from the Swedish Medical Birth Registry, 732 women who had
used SNRIs or noradrenergic reuptake inhibitors during gestation were
identified (14). Venlafaxine was the only antidepressant used in 501
pregnancies (505 infants), whereas 12 other pregnancies (12 infants) were
exposed to a combination of venlafaxine plus another antidepressant
(mianserin, mirtazapine, or reboxetine). Although there was no increased risk of
structural anomalies, the rate of preterm births was significantly increased (OR
1.6, CI 1.19–2.15). Compared with exposure to SSRIs during gestation, a
similar pattern of neonatal symptoms was observed that included respiratory
problems, low Apgar scores, hypoglycemia, and neonatal convulsions. The
authors concluded that the symptoms in neonates exposed to SNRIs closely
resemble those observed in infants exposed to SSRIs (14).

A 2009 prospective observational study examined the neonatal effects of
venlafaxine (N = 11) and SSRIs (N = 27) in pregnancy (2). The neurobehavior
of the exposed neonates (N = 38) was compared with a nonexposed, matched
control group (N = 18) in six areas: habituation, social-interactive, motor, range,
regulation, autonomic. Exposed cases had significantly lower scores (p <0.05)
than controls in habituation, social-interactive, motor, and autonomic functions.
However, when the cases were divided into SSRI and venlafaxine groups, only
motor (maturity, pull-to-sit, and activity level) and autonomic (tremors and
startles) functions were significantly lower than controls. There were no
significant differences in neurobehavior between the two antidepressant groups
(2).

A prospective cohort study evaluated a large group of pregnancies exposed
to antidepressants in the 1st trimester to determine if there was an association
with major malformations (15). The patient population came from the Motherisk



database and involved 928 cases that met their criteria. The 928 matched (for
age, smoking, and alcohol use) controls were pregnancies not exposed to
antidepressants or known teratogens. In addition to the 154 venlafaxine cases,
the other cases were 113 bupropion, 184 citalopram, 21 escitalopram, 61
fluoxetine, 52 fluvoxamine, 68 mirtazapine, 39 nefazodone, 148 paroxetine, 61
sertraline, and 17 trazodone. In the antidepressant group, there were 24
(2.5%) major defects compared with 25 (2.6%) in controls (OR 0.9, 95% CI
0.5–1.61). There were two major anomalies in the venlafaxine group:
hypospadias and a club foot. There were no major defects in the pregnancies
exposed to bupropion, escitalopram, or trazodone (15).

BREASTFEEDING SUMMARY
Venlafaxine is excreted into breast milk. A 1998 study measured the excretion
of venlafaxine and its active metabolite ODV in the milk of three breastfeeding
women (16). The three mothers, started on the antidepressant after delivery,
had been taking a stable dose (3.04–8.18 mg/kg/day) for 0.23–5 months. The
ages of the infants were 0.37–6 months. The mean milk:plasma (M:P) ratio (in
two cases based on AUC and in one on a single point) for the parent drug was
4.14 (range 3.26–5.18), whereas it was 3.06 (range 2.93–3.19) for ODV. The
mean infant doses for venlafaxine and ODV were 3.49% and 4.08% of the
mother’s weight-adjusted dose, respectively. Venlafaxine was not detected in
infant’s plasma, but the median infant ODV plasma concentration was
100 mcg/L (range 23–225 mcg/L). The mean total infant dose was 7.57%
(range 4.74%–9.23%). No adverse effects in the suckling infants were noted.
Because of the relatively high infant dose in comparison with other
antidepressants, it was recommended that close observation of the infant for
short-term adverse effects (e.g., agitation, insomnia, poor feeding, or failure to
thrive) was required (16).

A brief 2001 report described two postpartum women who were taking
venlafaxine and exclusively breastfeeding their infants (17). One mother had
started the drug (75 mg/day) at delivery, whereas the other had taken the
antidepressant throughout pregnancy (150 mg/day). At 3–4 weeks of age,
maternal and infant samples were drawn 2–3 hours after a dose. The
concentrations of parent drug and ODV in the two women were 31 and 148
ng/mL and 38 and 230 ng/mL, respectively. Parent drug was not detected in
the infants, but ODV levels were 16 and 21 ng/mL, respectively. No adverse
effects were observed in the infants (17).

A 2004 study was conducted in 25 women (nursing 26 infants) to quantify the



concentration of the SSRI or SNRI in their breast milk (18). The
antidepressants taken by the women were citalopram (nine), paroxetine (six),
sertraline (six), fluoxetine (one), and venlafaxine (three). The maternal mean
dose of venlafaxine was 131 mg/day (75–225 mg/day). The mean milk
concentration was 2314 nmol/L (1012–3203 nmol/L), resulting in a theoretical
maximum infant dose that was 5.2% of the mother’s weight-adjusted dose.
Venlafaxine was detected in the serum of one infant, but the metabolite was
detected in the serum of three infants (mean infant serum level 91 nmol/L,
range 31–128 nmol/L [sum of parent drug plus metabolite]). There was no
evidence of adverse effects in the breastfeeding infants (18).

A 2002 study determined the milk:plasma ratios (M:P) based on AUC and
infant doses of venlafaxine and its metabolite desvenlafaxine in six mothers
(mean age 34.5 years and weight 84.3 kg) and their seven nursing infants
(mean age 7.0 months and weight 7.3 kg) (19). The median venlafaxine dose
was 244 mg/day. The mean M:P ratios for the drug and its metabolite were 2.5
(range 2.0–3.2) and 2.7 (range 2.3–3.2), whereas the mean maximum milk
concentrations were 1161 and 796 mcg/L. Using an estimated milk production
rate of 150 mL/kg/day, the mean infant exposure expressed as a percentage of
the weight-adjusted maternal dose was 3.2% (95% confidence interval [CI]
1.7%–4.7%) for venlafaxine and 3.2% (95% CI 1.9%–4.9%) for
desvenlafaxine. Venlafaxine was detected in the plasma of one infant
(5 mcg/L), whereas desvenlafaxine was detected in four infants (range 3–
38 mcg/L). All of the infants were healthy (19).

In a 2009 report, 13 women taking venlafaxine (mean dose 194.3 mg/day)
and their nursing infants (mean age about 21 weeks) were studied (20). The
highest venlafaxine and desvenlafaxine concentrations in milk occurred 8 hours
after maternal ingestion. For combined venlafaxine plus desvenlafaxine, the
mean M:P ratio was 2.75, and the theoretical infant dose was 0.208
mg/kg/day. The relative infant dose as a percentage of the mother’s weight-
adjusted dose was 8.1%. The theoretical and relative infant doses for
desvenlafaxine were 1.97 and 2.24 times higher than those for venlafaxine. No
adverse effects were observed or reported in the infants (20).

Maternal plasma concentrations of desvenlafaxine and venlafaxine determine
the amount of drug excreted into milk. In this regard, a 2009 study appears to
have important implications for choosing which agent to use in a lactating
woman (21). The study evaluated the effect of cytochrome P450 2D6 extensive
metabolizer (EM) or poor metabolizer (PM) status on the pharmacokinetics of
single doses of venlafaxine extended release and desvenlafaxine in healthy



adults. The maximum plasma concentrations and AUC of desvenlafaxine were
statistically similar in the two groups. In contrast, venlafaxine concentrations
and AUC were significantly higher in the PM phenotype compared with the EM
phenotype, whereas the desvenlafaxine concentrations and AUC were
significantly lower in the PM group (21).

The long-term effects on neurobehavior and cognitive development from
exposure to SNRIs and SSRIs during a period of rapid CNS development have
not been adequately studied. The American Academy of Pediatrics classifies
other antidepressants as drugs for which the effect on nursing infants is
unknown but may be of concern (22).
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VERAPAMIL
Calcium Channel Blocker
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Verapamil is a calcium channel inhibitor used as an antiarrhythmic agent.
The use of this drug in any stage of pregnancy appears to be low risk.

FETAL RISK SUMMARY
Reproductive studies in rats and rabbits at oral doses up to 60 mg/kg/day (6
times the human oral dose) and 15 mg/kg/day (1.5 times the human oral dose)
found no evidence of teratogenicity (1). In rats, however, this dose was
embryocidal, and it restricted fetal growth and development, probably because
of maternal toxicity (1).

Placental passage of verapamil has been demonstrated in two of six patients
given 80 mg orally at term (2). Cord levels were 15.4 and 24.5 ng/mL (17%
and 26% of maternal serum) in two newborns delivered at 49 and 109 minutes
after verapamil administration, respectively. Verapamil could not be detected in
the cord blood of four infants delivered 173–564 minutes after the dose. IV
verapamil was administered to patients in labor at a rate of 2 mcg/kg/minute for
60–110 minutes (3). The serum concentrations of the infants averaged 8.5
ng/mL (44% of maternal serum).

A 33-week fetus with a tachycardia of 240–280 beats/minute was treated in
utero for 6 weeks with β-acetyldigoxin and verapamil (80 mg 3 times daily) (2).
The fetal heart rate returned to normal 5 days after initiation of therapy, but the
authors could not determine whether verapamil had produced the beneficial
effect. At birth, no signs of cardiac hypertrophy or disturbances in repolarization
were observed. Several other reports have described successful in utero
treatment of supraventricular tachycardia with verapamil in combination with
other agents (4–6). In one case, indirect therapy via the mother with verapamil,
digoxin, and procainamide failed to control the fetal arrhythmia and direct fetal



digitalization was required (7). In another case, verapamil (120 mg 3 times
daily) and digoxin were used successfully to control a fetal supraventricular
tachycardia at 32 weeks’ gestation (8). At 36 weeks’ gestation, after 4 weeks
of therapy, ultrasound examination showed complete resolution of both the
hydropic changes and polyhydramnios, but the fetus died within 2 days. No
autopsy was permitted. The authors speculated that the drug combination may
have caused complete heart block (8). Maternal supraventricular tachycardia
occurring in the 3rd trimester has been treated with a single 5-mg IV dose of
verapamil (9). Other than the single case of fetal death in which the cause is
not certain, no adverse fetal or newborn effects attributable to verapamil have
been noted in the above reports.

Verapamil was used to lower blood pressure in a woman in labor with severe
gestational hypertension (10). A 15-mg dose was given by rapid IV injection
followed by an infusion of 185 mg during 6 hours. Fetal heart rate increased
from 60 to 110 beats/minute, and a normal infant was delivered without signs
or symptoms of toxicity. Tocolysis with verapamil, either alone or in combination
with β-mimetics, has also been described (11–13).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, 76 newborns had
been exposed to verapamil during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). One (1.3%) major birth defect was observed
(three expected), a cardiovascular defect. These data do not support an
association between the drug and congenital defects.

A 1995 case report described the pregnancy outcome of a woman treated
with two doses of IV verapamil for supraventricular tachycardia at about 30 and
32 weeks’ gestation (14). The remainder of the pregnancy was uneventful and
an apparently normal infant was delivered (birth details not provided). At 5 days
of age, an echocardiogram revealed obstructive biventricular hypertrophic
cardiomyopathy. The cause of the defect could not be determined, but it was
noted that congenital hypertrophic cardiomyopathy in rat offspring had been
associated with high doses of verapamil during gestation (14).

A brief 1993 study reported three women treated for bipolar disorder with
verapamil through most of their pregnancies (15). Normal pregnancy outcomes
were observed in the women.

A prospective, multicenter cohort study of 78 women (81 outcomes; 3 sets of
twins) who had 1st trimester exposure to calcium channel blockers, including
41% to verapamil, was reported in 1996 (16). Compared with controls, no
increase in the risk of major congenital malformations was found. Moreover, the



manufacturer has reports of patients treated with verapamil during the 1st
trimester without production of fetal problems (M.S. Anderson, personal
communication, GD Searle & Co., 1981). However, hypotension (systolic and
diastolic) has been observed in patients after rapid IV bolus (17), and reduced
uterine blood flow with fetal hypoxia is a potential risk.

BREASTFEEDING SUMMARY
Verapamil is excreted into breast milk (18–20). A daily dose of 240 mg
produced milk levels that were approximately 23% of maternal serum (18).
Serum levels in the infant were 2.1 ng/mL but could not be detected (<1 ng/mL)
38 hours after treatment was stopped. No effects of this exposure were
observed in the infant (18). In a second lactating woman, verapamil 80 mg 4
times daily was started 9 days after delivery for recurrent supraventricular
tachycardia (19). The infant was not given the mother’s milk. Five days later,
verapamil milk levels ranged from about 100 to 300 ng/mL, much higher than
expected (19).

A mother was treated with 80 mg 3 times daily for 4 weeks before serum
and milk samples were obtained for analysis (20). Steady-state concentrations
of verapamil and the metabolite, norverapamil, in milk were 25.8 and 8.8
ng/mL, respectively. These values were 60% and 16% of the concentrations in
plasma. The investigators estimated that the breastfed child received less than
0.01% of the mother’s dose. Neither verapamil nor the metabolite could be
detected in the plasma of the child (20).

The American Academy of Pediatrics classifies verapamil as compatible with
breastfeeding (21).
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VERTEPORFIN
Ophthalmic Phototherapy
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Although the animal reproduction data suggest low risk, the near absence
of human pregnancy experience prevents an assessment of the embryo–
fetal risk. The human pregnancy experience is limited to three cases.
Nevertheless, verteporfin is indicated for severe eye disease that might
cause blindness if not treated. Therefore, if a pregnant woman requires
verteporfin and she consents, treatment should not be withheld because of
her pregnancy. Avoiding the period of organogenesis should be considered.

FETAL RISK SUMMARY
Verteporfin is a light-activated drug used in photodynamic therapy that is given
by IV infusion. The drug then is activated in the eye with light from a nonthermal
diode laser. Once activated in the presence of oxygen, highly reactive, short-
lived singlet oxygen and reactive oxygen radicals are generated. Verteporfin is
indicated for the treatment of patients with predominantly classic subfoveal
choroidal neovascularization due to age-related macular degeneration,
pathologic myopia, or presumed ocular histoplasmosis. Verteporfin undergoes
limited metabolism by liver and plasma esterases. Excretion is by the fecal
route. The elimination half-life of verteporfin is about 5–6 hours (1).

Reproduction studies have been performed in rats and rabbits. In pregnant
rats during organogenesis, a dose resulting in exposures that were about 40
times the human exposure based on AUC (HE-AUC) caused an increased
incidence of anophthalmia/microphthalmia in fetuses. At 125 times the HE-AUC,
rat fetuses had an increased incidence of wavy ribs and
anophthalmia/microphthalmia. In pregnant rabbits, no teratogenic effects were
observed with doses that were not maternally toxic (1). Light activation was not



mentioned in any of the above studies.
Carcinogenicity studies have not been conducted with verteporfin.

Photodynamic therapy as a class has been reported to cause DNA damage
that might result in chromosomal aberrations and mutations. It is not known
how these effects translate into human risk (1). No effects on fertility were
observed in male and female rats with doses that were about ≤60 and ≤40
times the HE-AUC, respectively (1).

It is not known if verteporfin crosses the human placenta. The molecular
weight (about 719), limited metabolism, and the elimination half-life suggest that
exposure of the embryo–fetus will occur.

A 2004 case report described the administration of verteporfin to a 35-year-
old woman in the first week after conception of her first pregnancy (2). After
counseling, the woman continued her pregnancy and delivered a healthy 2750-g
female infant by cesarean section at 38 weeks’ gestation. Apgar scores were 9
and 10 at 1 and 5 minutes, respectively. The child was developing normally at
26 months of age (2).

A brief 2009 report described the use of verteporfin and bevacizumab in a
pregnant woman treated for choroidal neovascularization secondary to punctate
inner choroidopathy (3). She received photodynamic therapy with IV verteporfin
about 1–2 weeks postconception. At 3 months postconception, she underwent
intravitreal injection of 1.25 mg bevacizumab. The patient delivered a healthy
infant at term with no evidence of congenital anomalies at birth or at 3 months
of age (3).

In another 2009 report, a 45-year-old woman with choroidal
neovascularization and an unknown pregnancy received fluorescein angiography
at 9 weeks and verteporfin at 12 weeks (4). Pregnancy was diagnosed at
about 25 weeks. At about 37 weeks, she gave birth spontaneously to a healthy
2410-g female infant without congenital anomalies and with Apgar scores of 9
and 10. The normal infant was doing well at 16 months of age (4).

BREASTFEEDING SUMMARY
Verteporfin and its diacid metabolite are excreted into human breast milk (1).
After a 6 mg/m2 infusion, milk concentrations of the drug were 66% of the
corresponding plasma concentration. Verteporfin was undetectable in milk after
12 hours, but the metabolite was measured in milk up to at least 48 hours (1).
The excretion into milk is consistent with the molecular weight (about 719),
limited metabolism, and elimination half-life (5–6 hours). The effect of this
exposure on a nursing infant is unknown, but adverse effects affecting many



organ systems are common in adults treated with IV infusions of the drug.
Withholding breastfeeding for about 48 hours should lessen the exposure and
potential risk of toxicity in the infant.
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VIDARABINE
Antiviral (Ophthalmic)
PREGNANCY RECOMMENDATION: Limited Human Data—Probably
Compatible
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Vidarabine is only available as an ophthalmic ointment. Systemic
concentrations do not occur after swallowing lacrimal secretions because
the drug is rapidly deaminated in the gastrointestinal tract.

FETAL RISK SUMMARY
Vidarabine is a potent teratogen in mice, rats, and rabbits after topical and IM
administration (1,2). Daily instillations of a 10% solution into the vaginas of
pregnant rats in late gestation had no effect on the offspring (2).

Vidarabine was used for disseminated herpes simplex in one woman at about
28 weeks’ gestation (3,4). Spontaneous rupture of the membranes occurred 48
hours after initiation of therapy, and a premature infant was delivered. The
infant died on the 13th day of life of complications of prematurity. In a second
case, a woman at 32 weeks’ gestation with herpes simplex type II encephalitis
was treated with vidarabine (10 mg/kg/day) and acyclovir (5). A female infant
with culture-documented herpes neonatorum was delivered by cesarean
section 13 days later. The infant responded to further treatment with acyclovir
and is alive and well at 2 months of age, but the mother died 2 days after
delivery.

Vidarabine, 10 mg/kg/day (800 mg/day), was administered to a woman at 26
weeks’ gestation with varicella pneumonitis (6). Peak and trough levels of the
agent were 12.8 and 2.7 mcg/mL, respectively. She delivered a healthy female
infant at 38 weeks’ gestation that is developing normally at 12 months of age.
In a similar case, another woman with varicella pneumonitis at 27 weeks’
gestation was treated with vidarabine (6). Except for a delay in speech at age
3 years that responded to special education, the child has done well and was



considered normal at 5 years of age.

BREASTFEEDING SUMMARY
No reports involving the use of vidarabine in lactating women have been
located. The drug is only available as an ophthalmic ointment. Systemic
concentrations do not occur after swallowing lacrimal secretions because the
drug is rapidly deaminated in the gastrointestinal tract.
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VIGABATRIN
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

The human pregnancy experience with vigabatrin is limited. Although
adverse outcomes have been described, the drug was always combined
with first-generation antiepileptic drugs known to cause structural
anomalies and other forms of developmental toxicity. The contribution of
vigabatrin to this toxicity has not been determined. Because the drug can
cause vision loss that may be permanent in a high percentage of patients, it
should be reserved for resistant cases. Vision abnormalities were not found
in six children exposed in utero who were examined for this toxicity. If a
woman becomes pregnant while receiving vigabatrin or is given the drug
during pregnancy, she should be informed of the risks of developmental
toxicity. Moreover, based on an animal study, women taking the drug
during pregnancy should be supplemented with folic acid, as is done with
other anticonvulsants.

FETAL RISK SUMMARY
Vigabatrin is an oral anticonvulsant indicated as adjunctive therapy for adult
patients with refractory complex partial seizures who have inadequately
responded to several alternative treatments and for whom the potential benefits
outweigh the risk of vision loss. The drug is a racemate consisting of two
enantiomers, one active and one inactive. The drug is hydrophilic, is not
significantly metabolized, and does not bind to plasma proteins. The half-life is
about 7.5 hours (1).

Reproduction studies have been conducted in rats, rabbits, and mice. In rats
given the drug throughout organogenesis, the no-effect dose for embryo–fetal
toxicity was about 0.2 times the maximum recommended human dose of 3



g/day based on BSA (MRHD). Higher doses resulted in decreased fetal body
weights and increased incidences of fetal anatomic variations. When given from
the latter part of pregnancy through weaning, doses that were about ≥0.2 times
the MRHD produced long-term neurohistopathologic (hippocampal vacuolation)
and neurobehavioral (convulsions) abnormalities in the offspring. A no-effect
dose for developmental neurotoxicity was not determined. In rabbits during
organogenesis, doses greater than the no-effect dose of about 0.5 times the
MRHD were associated with an increased incidence of malformations (oral
clefts) and embryo–fetal death (1).

In a study that administered a single intraperitoneal (IP) dose to mice during
organogenesis, an increase in malformations (including cleft palate) was
observed. Another study gave the drug during the early postnatal period (4–65
days) to young rats which produced neurobehavioral (convulsions, neuromotor
impairment, learning deficits) and neurohistopathological (brain vacuolation,
decreased myelination, retinal dysplasia) abnormalities. The early postnatal
period in rats is thought to correspond to late pregnancy in humans in terms of
brain development. The no-effect dose for developmental neurotoxicity in
juvenile rats was associated with plasma exposures (AUC) <1/30th of those
measured in pediatric patients receiving an oral dose of 50 mg/kg (1).

In a 2001 study, mice were given a single IP dose during organogenesis and
amino acid concentrations were measured (2). Compared with controls,
methionine concentration was most severely affected in the mother, placenta,
and fetus. The authors speculated that methionine deficiency could be a
possible teratogenic mechanism (2).

A 2010 study in mice examined the effect of vigabatrin on pregnancy
outcomes and maternal plasma folate and vitamin B12 concentrations (3). Mice
were given a single dose of 450 mg/kg in late gestation. Within 12 hours,
maternal levels of the two vitamins were markedly reduced. Fetuses were
examined 1–3 days after the dose and found to have a significant incidence of
fetal death, abortion, intrauterine growth restriction (IUGR), and skeletal
hypoplasia. When mice were given folic acid before vigabatrin, no abortions
occurred and the fetuses had better body weight and a lower rate of IUGR.
Because the above vigabatrin dose was maternal toxic, the study was repeated
with a nonmaternal toxic dose of 350 mg/kg. This dose also caused significant
fetal loss and IUGR (3).

Studies for carcinogenesis and mutagenesis were negative. No effects on
fertility were observed in male and female rats (1).

Four properties of vigabatrin suggest that it crosses the human placenta, but



one suggests that the transfer will be limited. The properties suggesting
placental passage are the low molecular weight (about 129), low metabolism,
nonbinding by plasma proteins, and moderately long half-life, but the hydrophilic
property will inhibit transfer. A 1992 study with human isolated perfused
placenta found that the maternal to fetal transfer was low (4). The low transfer
was confirmed in a 1998 study in two patients (5). The umbilical vein:maternal
plasma concentration ratio was less than 1 for the active enantiomer.

A 1994 report described the outcome of 13 pregnancies treated with
anticonvulsants, 1 of which received vigabatrin (3500 mg/day) and
carbamazepine (800 mg/day) (also listed as oxcarbazepine 1500 mg/day in a
table) (6). The newborn male infant had coronal hypospadias, broad depressed
nasal bridge, telecanthus, high-arched palate, prominent ear shelves and lobes,
upward slanting but apparently small palpebral fissures, diastasis musculus
recti abdominis, slightly deep palmar flexion creases, bilateral clinodactyly of
fourth toes, and apparently wide internipple distance. The contribution of
vigabatrin to any of the defects was unknown. However, in her first pregnancy,
the mother had taken carbamazepine and also gave birth to an infant with
hypospadias (6).

A 1996 review listed the number of pregnancies, from postmarketing
experience, exposed to vigabatrin as >80 (7). The outcomes of these
pregnancies, excluding five elective abortions, were spontaneous abortions
(SABs) (10%), normal (72%), and abnormal (18%) (specific details not
provided). All of the exposures involved polytherapy, and there was no pattern
among the malformations (7).

A 1998 noninterventional observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (8). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of
the aborted fetuses were examined. Vigabatrin was taken during the 1st
trimester in 76 pregnancies. The outcomes of these pregnancies included 18
SABs, 11 elective abortions (EABs), and 45 normal newborns (8 premature).
Congenital anomalies were observed in two full-term infants: bowed tibiae,
increased tone (also exposed to valproate, carbamazepine, and clobazam);
occipital plagiocephaly, premature fusion of lambdoid suture, and clicky hips



(also exposed to phenytoin and folic acid) (8). The study lacked the sensitivity
to identify minor anomalies and late-appearing major defects may have been
missed due to the timing of the questionnaires.

Bilateral anophthalmia, situs viscerum inversus, levo-isomerism, single
ventricle, infundibular stenosis, agenesis of corpus callosum, enlargement of the
third ventricle, and bilateral clubfoot in a male infant exposed to vigabatrin was
reported in a 1997 abstract (9). The nulliparous 23-year-old woman had severe
mental retardation. She took (daily dose) vigabatrin (1000 mg), carbamazepine
(800 mg), and dexamethasone (0.75 mg) throughout gestation. The birth weight
was 2360 g, length 44 cm, and the karyotype was normal (46,XY). The cause
of the defects was unknown, but a genetic defect or multifactorial inheritance
could not be excluded (9).

A brief 2003 report described the pregnancy outcome of a 32-year-old
woman with a history of epilepsy and a combined liver and renal transplant for
primary hyperoxaluria Type 1 (10). She took (daily dose) prednisolone (5 mg),
vigabatrin (1000 mg), sodium valproate (2000 mg), and folic acid (5 mg)
throughout pregnancy. At 20 weeks’ gestation, an ultrasound of the fetus
revealed a two-vessel cord and talipes. Labetalol was added at 22 weeks’
gestation for hypertension. Because of fetal growth restriction and worsening
preeclampsia, a 1280-g female infant was delivered by cesarean section at
34 weeks’ gestation. Apgar scores were 5, 6, and 9 at 1, 5, and 10 minutes,
respectively. In addition to bilateral talipes, the infant had mild dysmorphic
features suggestive of valproate embryopathy (details not provided). At 5
weeks corrected age, poor visual fixation was suspected and a cerebral
ultrasound revealed mild ventricular dilatation, but her development was normal
at 5.5 months corrected age. The authors speculated that the delayed visual
maturation may have been due to vigabatrin (10).

Because vigabatrin-induced visual field defect is an important safety issue
with the drug, a 2005 report examined two children who had been exposed
during pregnancy (11). In the first case, the mother had taken vigabatrin 1
g/day and carbamazepine until 22 weeks’ gestation, at which time the
vigabatrin was slowly tapered (total dose during pregnancy 190 g). Examination
at 7.75 years of age revealed retrognathia, irregular placement of teeth in the
lower jaw, and large prominent ears. However, the boy’s visual and ophthalmic
examinations were normal. In the second case, the mother had received
carbamazepine and valproate until 16 weeks’ gestation at which time vigabatrin
was added because of resistant seizures (total dose during pregnancy 370 g).
The boy had a seizure at 4.67 years of age. At 5 years of age, his



psychomotor development was deemed to be slow and he was thought to have
mild mental retardation. At 6.83 years of age, multiple major and minor
malformations probably due to carbamazepine and valproate were apparent,
but no evidence of visual or eye abnormalities was found (11). In another study,
published in 2009, four children from three mothers, two of whom exhibited
vigabatrin-attributed visual field loss, had been exposed to vigabatrin in utero
(12). The children, ages ranging from about 7 to 16 years, had normal visual
fields and retinal nerve fiber layer thickness.

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997. The final report was
published in July 2010 (13). The Registry is now closed. Among 12
prospectively enrolled pregnancies exposed to vigabatrin and lamotrigine, with
or without other anticonvulsants, 11 were exposed in the 1st trimester resulting
in 10 live births without defects and 1 EAB. There was one exposure in the
2nd/3rd trimesters resulting in a live birth without defects (13).

BREASTFEEDING SUMMARY
Vigabatrin is excreted into breast milk (5). In two women, 7 days postpartum
and both taking vigabatrin (1000 mg twice daily), the predose M:P ratio was
<1. The ratio was also <1 in the one woman tested at 3 and 6 hours postdose.
The estimated daily maximum doses that a nursing infant would receive as a
percentage of the mother’s daily weight-adjusted dose was 1% for the active
enantiomer and 3.6% for the inactive enantiomer (5). These exposures, if
confirmed by other reports, appear to be clinically insignificant (14). However,
milk samples may have been obtained before the greatest amount of mature
milk production (about 14 days) had been reached.
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VILAZODONE
Antidepressant
PREGNANCY RECOMMENDATION: Human Data Suggest Risk in 3rd
Trimester
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of vilazodone, a selective serotonin reuptake
inhibitor (SSRI), in human pregnancy have been located. Although the
animal data suggest low risk, SSRI antidepressants have been associated
with developmental toxicities, including spontaneous abortions, low birth
weight, preterm delivery, neonatal serotonin syndrome, neonatal behavioral
syndrome (withdrawal), possible sustained abnormal neurobehavior beyond
the neonatal period, respiratory distress, and persistent pulmonary
hypertension of the newborn (PPHN). The risk:benefit ratio for using any
SSRI in pregnancy must be determined on a case-by-case basis.

FETAL RISK SUMMARY
In addition to its action as an SSRI antidepressant, vilazodone hydrochloride
also is a partial agonist at serotonergic 5-HT1A receptors. It is indicated for the
treatment of major depressive disorder. Vilazodone is in the same class of
SSRIs as citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and
sertraline. Vilazodone is extensively metabolized to inactive metabolites.
Plasma protein binding is about 96%–99% and the terminal half-life is about 25
hours (1).

Reproduction studies have been conducted in rats and rabbits. No
teratogenic effects were observed in either species at oral doses that were 48
and 17 times, respectively, the maximum recommended human dose of 40 mg
based on BSA (MRHD). However, at these doses, fetal body weight gain was
reduced and skeletal ossification was delayed in both rats and rabbits. These
effects were not observed at doses up to 10 and 4 times, respectively, the
MRHD. Some maternal toxicity (not otherwise specified) was noted in rats



given a dose that was 30 times the MRHD during organogenesis and
throughout pregnancy and lactation. Fetal effects observed at this dose
included decreased number of live pups and increased early postnatal pup
mortality. Among surviving pups there was decreased body weight, delayed
maturation, and decreased fertility in adulthood. These effects were not
observed at dose 6 times MRHD (1).

Two-year carcinogenicity studies have been conducted in mice and rats. In
mice, dose-related hepatocellular carcinomas were observed in males and
malignant mammary gland tumors in females. Elevated levels of prolactin also
were observed and are known to cause mammary tumors in rodents. No
carcinogenic effects were seen in male and female rats. Vilazodone was not
mutagenic in various assays. It was clastogenic in some assays but not in
others. Dose-related impairment of male fertility was observed in rats but there
was no effect on female fertility (1).

It is not known if vilazodone crosses the human placenta. The molecular
weight (about 478) and long terminal half-life suggest that the drug will cross to
the embryo–fetus. However, the high plasma protein binding may limit the
amount of transfer.

BREASTFEEDING SUMMARY
No reports describing the use of vilazodone during human lactation have been
located. The molecular weight (about 478) and long terminal half-life (about 25
hours) suggest that the drug will be excreted into breast milk. Although the high
plasma protein binding (96%–99%) may limit the amount excreted, vilazodone
is a weak base and because the pH of milk is usually lower than that of plasma,
milk concentrations may be higher than plasma levels due to “ion trapping.”

The effect of exposure to the drug in milk by a nursing infant is unknown.
However, excessive somnolence, decreased feeding, and weight loss have
been observed in infants exposed to another SSRI (see Citalopram). Thus,
nursing infants should be closely monitored for evidence of toxicity. The
American Academy of Pediatrics classifies other SSRI antidepressants as
drugs for which the effect on nursing infants is unknown but may be of concern
(e.g., see Fluoxetine).

A 2010 study using human and animal models found that drugs that disturb
serotonin balance such as SSRIs and serotonin norepinephrine reuptake
inhibitors (SNRIs) can impair lactation (2). The authors concluded that mothers
taking these drugs may need additional support to achieve breastfeeding goals.
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VINBLASTINE
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Vinblastine is an antimitotic antineoplastic agent. Although the drug is
embryocidal and teratogenic in laboratory animals (no details provided) (1),
the limited human data do not support a significant association with
developmental toxicity.

FETAL RISK SUMMARY
Vinblastine has been used in pregnancy, including the 1st trimester, without
producing malformations (2–10). However, two cases of malformed infants
have been reported following 1st trimester exposure to vinblastine (10,11). In
1974, a case of a 27-year-old woman with Hodgkin’s disease who was given
vinblastine, mechlorethamine, and procarbazine during the 1st trimester was
described (11). At 24 weeks’ gestation, she spontaneously aborted a male
fetus with oligodactyly of both feet with webbing of the third and fourth toes.
These defects were attributed to mechlorethamine therapy. A mother with
Hodgkin’s disease treated with vinblastine, vincristine, and procarbazine in the
1st trimester (3 weeks after the last menstrual period) delivered a 1900-g male
infant at about 37 weeks of gestation (12). The newborn developed fatal
respiratory distress syndrome. At autopsy, a small secundum atrial septal
defect was found.

Vinblastine in combination with other antineoplastic agents may produce
gonadal dysfunction in men and women (13–16). Alkylating agents are the most
frequent cause of this problem (15). Although total aspermia may result, return
of fertility has apparently been documented in at least two cases (16). Ovarian
function may return to normal with successful pregnancies possible, depending
on the patient’s age at the time of therapy and the total dose of chemotherapy
received (14,17). The long-term effects of combination chemotherapy on



menstrual and reproductive function were described in a 1988 report (18). Only
5 of 40 women treated for malignant ovarian germ cell tumors received
vinblastine. The results of this study are discussed in the monograph for
cyclophosphamide (see Cyclophosphamide).

In 436 long-term survivors treated with chemotherapy for gestational
trophoblastic tumors between 1958 and 1978, 11 (2.5%) received vinblastine
as part of their treatment regimens (19). Of the 11 women, 2 (18%) had at
least one live birth (mean and maximum vinblastine dose 20 mg), and 9 (82%)
did not try to conceive (mean dose 37 mg, maximum dose 80 mg). Additional
details, including congenital anomalies observed, are described in the
monograph for vincristine (see Vincristine).

Data from one review indicated that 40% of infants exposed to anticancer
drugs were of low birth weight (20). This finding was not related to the timing of
exposure. Long-term studies of growth and mental development in offspring
exposed to vinblastine during the 2nd trimester, the period of neuroblast
multiplication, have not been conducted (21). However, two children, exposed
throughout gestation, beginning with the 3rd to 4th week of gestation, were
normal at 2 and 5 years of age, respectively (10).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of vinblastine during lactation have been located.
Because of the potential for severe toxicity in a nursing infant, women who
require this agent should not breastfeed.
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VINCRISTINE
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Vincristine is an antimitotic antineoplastic agent. The drug is embryocidal
and teratogenic in mice, hamsters, and monkeys at doses that did not
cause maternal toxicity (1). The use of vincristine, always in combination
with other antineoplastics, has been described in at least 36 pregnancies (1
with twins), 9 during the 1st trimester (2–31). Developmental toxicity was
observed in some of these pregnancies, but the relationship to vincristine is
unknown. (See Rituximab for additional data.)

FETAL RISK SUMMARY
A mother with Hodgkin’s disease treated with vincristine, vinblastine, and
procarbazine in the 1st trimester (3 weeks after the last menstrual period)
delivered a 1900-g male infant at about 37 weeks’ gestation (10). Neonatal
death occurred because of respiratory distress syndrome. At autopsy, a small
secundum atrial septal defect was found. In a patient with Hodgkin’s disease
who was treated with vincristine, mechlorethamine, and procarbazine during the
1st trimester, the electively aborted fetus had malformed kidneys (markedly
reduced size and malpositioned) (16). Other adverse fetal outcomes observed
following vincristine use include a 1000-g male infant born with pancytopenia
who was exposed to six different antineoplastic agents in the 3rd trimester (2)
and transient severe bone marrow hypoplasia in another newborn that was
most likely caused by mercaptopurine (19). Intrauterine fetal death occurred in
a 1200-g female fetus 36 hours after maternal treatment with vincristine,
doxorubicin, and prednisone for diffuse, undifferentiated lymphoma of T-cell
origin at 31 weeks’ gestation (22). The fetus was macerated, but no other
abnormalities were observed at autopsy. In another case, a 34-year-old
woman with acute lymphoblastic leukemia was treated with multiple



antineoplastic agents from 22 weeks’ gestation until delivery of a healthy
female infant 18 weeks later (25). Vincristine was administered 4 times
between 22 and 25 weeks’ gestation. Chromosomal analysis of the newborn
revealed a normal karyotype (46,XX) but with gaps and a ring chromosome.
The clinical significance of these findings is unknown, but because these
abnormalities may persist for several years, the potential existed for an
increased risk of cancer, as well as for a risk of genetic damage in the next
generation (25).

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (31).
The first cycle of chemotherapy occurred at a mean gestational age of
26 weeks with delivery occurring at a mean 34.7 weeks. A total of 38 cycles
were administered during pregnancy with a median of two cycles per woman.
None of the women received radiation therapy during pregnancy. The
pregnancy outcomes included two spontaneous abortions (SABs) (both
exposed in the 1st trimester), one intrauterine death (exposed in the 2nd
trimester), and 17 live births, one of whom died at 8 days of age without
apparent cause. The 16 surviving children were developing normally at a mean
follow-up of 42.3 months (31). Vincristine (V), in combination with doxorubicin
(D), epirubicin (E), and/or methotrexate (M), was administered to two women
at a mean dose of 2 mg/m2. The outcomes were one SAB (VEM; exposed at
6 weeks’ gestation) and one surviving liveborn infant (exposed to VD in the 2nd
trimester) (31).

Data from one review indicated that 40% of the infants exposed to anticancer
drugs were of low birth weight (32). This finding was not related to the timing of
exposure. Long-term studies of growth and mental development in offspring
exposed to these drugs during the 2nd trimester, the period of neuroblast
multiplication, have not been conducted (33). However, individual infants have
been evaluated for periods ranging from a few weeks up to 7 years and all
have had normal growth and development (17–20,22–24,26,27,29).

Vincristine, in combination with other antineoplastic agents, may produce
gonadal dysfunction in men and women (34–41). Alkylating agents are the most
frequent cause of this problem (38). Ovarian and testicular function may return
to normal with successful pregnancies possible, depending on the patient’s age
at time of treatment and the total dose of chemotherapy received (34). In a
1989 case report, a woman with an immature teratoma of the ovary was
treated with conservative surgery and chemotherapy consisting of six courses
of vincristine, dactinomycin, and cyclophosphamide (42). She conceived 20



months after her last chemotherapy and eventually delivered a normal 3340-g
male infant. The long-term effects of combination chemotherapy on menstrual
and reproductive function have been described in a 1988 report (43). Of 40
women treated for malignant ovarian germ cell tumors, 29 received vincristine.
The results of this study are discussed in the monograph for cyclophosphamide
(see Cyclophosphamide).

In 436 long-term survivors treated with chemotherapy between 1958 and
1978 for gestational trophoblastic tumors, 132 (30%) received vincristine in
combination with other antineoplastic agents (44). The mean duration of
chemotherapy was 4 months with a mean interval from completion of therapy to
the first pregnancy of 2.7 years. Conception occurred within 1 year of therapy
completion in 45 women (antineoplastic agents used in these women were not
specified), resulting in 31 live births, 1 anencephalic stillbirth, 7 SABs, and 6
elective abortions. Of the 132 women treated with vincristine, 37 (28%) had at
least one live birth (numbers in parentheses refer to mean/maximum vincristine
dose in milligrams) (7.4/17.0), 8 (6%) had no live births (7.1/22.0), 4 (3%)
failed to conceive (7.3/18.0), and 83 (63%) did not try to conceive (11.3/46.0).
The average ages at the end of treatment in the four groups were 24.9, 24.4,
24.4, and 31.5 years, respectively. Congenital abnormalities noted in the total
group (368 conceptions) were two cases of anencephaly, and one case each
of spina bifida, tetralogy of Fallot, talipes equinovarus, collapsed lung, umbilical
hernia, desquamative fibrosing alveolitis, asymptomatic heart murmur, and
mental retardation. Another child had tachycardia but developed normally after
treatment. One case of sudden infant death syndrome occurred in a female
infant at 4 weeks of age. None of these outcomes differed statistically from
that expected in a normal population (44).

Occupational exposure of the mother to antineoplastic agents during
pregnancy may present a risk to the fetus. A position statement from the
National Study Commission on Cytotoxic Exposure and a research article
involving some antineoplastic agents are presented in the monograph for
cyclophosphamide (see Cyclophosphamide).

BREASTFEEDING SUMMARY
No reports describing the use of vincristine during lactation have been located.
Because of the potential for severe toxicity in a nursing infant, women who
require this agent should not breastfeed.
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VINORELBINE
Antineoplastic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Although the animal reproduction data suggest risk during organogenesis,
the human pregnancy experience with vinorelbine is limited to 10 cases, all
in the 2nd and 3rd trimesters. Transient anemia was observed in one infant
and another had mild leukopenia and thrombocytopenia, but other
antineoplastic agents were used in each case. The limited human data
prevent a more complete assessment of the embryo–fetal risk. Avoiding
the use of this agent in gestation, especially in the 1st trimester and/or
close to delivery, is reasonable. However, if the mother’s condition requires
this therapy and consent is given, vinorelbine should not be withheld
because of pregnancy.

FETAL RISK SUMMARY
Vinorelbine is a semisynthetic vinca alkaloid that is used in the treatment of
cancer. It is related to two other vinca alkaloids, vinblastine and vincristine.

Reproduction studies in mice at one-third the human dose (HD) and in rabbits
at one-fourth the HD have shown embryo and/or fetal toxicity (1). At maternal
nontoxic doses, intrauterine growth restriction and delayed ossification were
observed. Vinorelbine did not affect fertility when administered to rats at
weekly doses that were one-third the HD or alternate-day doses that were
one-seventh the HD before and during mating (1). The agent did reduce
spermatogenesis and prostate/seminal vesicle secretion in male rats given
biweekly doses about 1/15th and 1/4th the HD, respectively, for 13 or 26
weeks (1).

It is not known if vinorelbine crosses the placenta to the fetus. The molecular
weight (about 1079) suggests that placental transfer of the drug to the embryo
or fetus would be inhibited, but probably not prevented.



In a brief 1997 report, three pregnant women with breast cancer were
successfully treated with two or three courses of vinorelbine (20–30 mg/m2)
and fluorouracil (500–750 mg/m2) at 24, 28, and 29 weeks’ gestation,
respectively (2). Delivery occurred at 34, 41, and 37 weeks’ gestation,
respectively. One patient also required six courses of epidoxorubicin and
cyclophosphamide. Her infant developed transient anemia at 21 days of age
that resolved spontaneously. No adverse effects were observed in the other
two newborns. All three infants were developing normally at about 2–3 years of
age (2).

A 1999 report from France described the outcomes of pregnancies in 20
women with breast cancer who were treated with antineoplastic agents (3).
The first cycle of chemotherapy occurred at a mean gestational age of
26 weeks with delivery occurring at a mean 34.7 weeks. A total of 38 cycles
were administered during pregnancy with a median of two cycles per woman.
None of the women received radiation therapy during pregnancy. The
pregnancy outcomes included two spontaneous abortions (both exposed in the
1st trimester), one intrauterine death (exposed in the 2nd trimester), and 17 live
births, 1 of whom died at 8 days of age without apparent cause. The 16
surviving children were developing normally at a mean follow-up of
42.3 months. Vinorelbine, in combination with fluorouracil, was administered to
four women at a mean dose of 37 mg/m2 (range 20–50 mg/m2) during the 2nd
or 3rd trimesters. The outcomes were four surviving liveborn infants (3).

A 34-year-old woman with a history of breast cancer presented at 15 weeks’
gestation with metastases to the spine, pelvis, and hips (4). She refused all
antineoplastic therapy until about 19 weeks’. At that time, she was started on
vinorelbine (25 mg/m2) but her condition continued to deteriorate. Therapy was
changed to docetaxel (100 mg/m2) and methylprednisolone every 3 weeks.
After three cycles, a planned cesarean section at 32 weeks’ delivered a
normal, 1620-g female infant with Apgar scores of 8 and 9. The child was
developing normally at 20 months of age (4).

Rapidly progressing nonsmall-cell lung cancer was diagnosed in a 31-year-
old woman at 25 weeks’ gestation (5). One week later, she received
vinorelbine (25 mg/m2) and cisplatin (100 mg/m2), but because her condition
continued to worsen, a cesarean section was performed 4 days later to deliver
a healthy male infant with Apgar scores of 7 and 8 at 1 and 5 minutes,
respectively. Ten days after chemotherapy, a transient decrease in the infant’s
white blood cell and platelet counts was observed but both resolved 3 weeks
after birth (5).



A 26-year-old woman with breast cancer was treated with trastuzumab,
paclitaxel, fluorouracil, epirubicin, and cyclophosphamide, followed by a left
mastectomy and radiation therapy (6). Fourteen months later, in the 27th week
of pregnancy, multiple hepatic metastases were detected. She was treated
with trastuzumab (one dose of 4mg/kg, then 2 mg/kg every week) and
vinorelbine (25 mg/m2 weekly for 3 weeks followed by a week of rest) until 34
weeks’ gestation. Oligohydramnios occurred during therapy that was most
likely secondary to trastuzumab (see Trastuzumab). Because of decreased
fetal movement, labor was induced at 34 weeks’ gestation and a healthy 2.6-kg
male infant was delivered vaginally with Apgar scores of 9, 9, and 10. At 6
months of age, the infant was healthy and developing normally (6).

BREASTFEEDING SUMMARY
No reports describing the use of vinorelbine during lactation have been located.
Because of the potential for severe toxicity (e.g., bone marrow depression as
seen in adults) in a nursing infant, women who require this agent should not
breastfeed.
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VISMODEGIB
Antineoplastic (Miscellaneous)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of vismodegib in human pregnancy have
been located. In the one animal species studied, the drug caused embryo
and fetal death, as well as structural anomalies at systemic exposures that
were close to or below the predicted human exposure. The absence of
human pregnancy experience prevents a more complete assessment of the
embryo–fetal risk. In clinical trials in women of reproductive potential,
amenorrhea has been observed (1). The manufacturer recommends a
negative pregnancy test within 7 days before starting therapy and a highly
effective form of contraception before the first dose and for 7 months after
the last dose.

FETAL RISK SUMMARY
Vismodegib is an inhibitor of the Hedgehog pathway that is given orally. It is
indicated for the treatment of adults with metastatic basal cell carcinoma, or
with locally advance basal cell carcinoma that has recurred following surgery or
who are not candidates for surgery, and who are not candidates for radiation.
The drug undergoes limited metabolism with >98% of the total circulating drug-
related components being the parent drug. Plasma protein binding to albumin
and α1-acid-glycoprotein is high (>99%) and the elimination half-life is 4 days
(1).

Reproduction studies have been conducted in rats. In this species, oral
doses that resulted in exposures that were about ≥2 times the systemic
exposure at the recommended dose based on AUC (SERD) caused
preimplantation and postimplantation losses, which included early resorption of
100% of the fetuses. Exposures that were about 0.2 times the RD resulted in
malformations (including missing and/or fused digits, open perineum and



craniofacial anomalies) and retardations or variations (including dilated renal
pelvis, dilated ureter, and incompletely or unossified sternal elements, centra of
vertebrae, or proximal phalanges and claws).

Carcinogenicity studies have not been conducted. Vismodegib was not
mutagenic or clastogenic in multiple assays. Fertility impairment studies have
not been done. However, data from repeat-dose toxicology studies in rats and
dogs indicated that the drug may impair male and female reproductive function
and fertility (1).

It is not known if vismodegib crosses the human placenta. The molecular
weight (about 421) and long elimination half-life suggest that the drug will cross
to the embryo–fetus, but the high plasma protein binding might limit the
exposure.

BREASTFEEDING SUMMARY
No reports describing the use of vismodegib during human lactation have been
located. The molecular weight (about 421) and long elimination half-life (4 days)
suggest that the drug will be excreted into breast milk, but the high plasma
protein binding (>99%) might limit the exposure. The effect of the exposure on
a nursing infant is unknown. Some of the most common adverse reactions
(≥10%) in adults were muscle spasms, alopecia, diarrhea or constipation,
nausea, vomiting, weight loss, decreased appetite, and fatigue. If a woman
receiving the drug chooses to breastfeed, her infant should be closely
monitored for these effects.

Reference
1. Product information. Erivedge. Genentech USA, 2012.



VITAMIN A
Vitamin
PREGNANCY RECOMMENDATION: Compatible Contraindicated (Doses
above U.S. RDA)
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Excessive doses of preformed vitamin A are teratogenic, as may be
marked maternal deficiency. In addition, recent evidence has demonstrated
that severe maternal vitamin A deficiency may increase the risk of mother-
to-child HIV transmission and reduced infant growth during the first year. β-
Carotene, a vitamin A precursor, has not been associated with either
human or animal toxicity (see β-Carotene). Doses exceeding the
recommended daily allowance (RDA) (8000 IU/day) should be avoided by
women who are pregnant or who may become pregnant. Moreover, the
RDA established by the FDA should be considered the maximum dose (1).

FETAL RISK SUMMARY
Vitamin A (retinol; vitamin A 1) is a fat-soluble essential nutrient that occurs
naturally in various foods. Vitamin A is required for the maintenance of normal
epithelial tissue and for growth and bone development, vision, and
reproduction (2). Two different daily intake recommendations for pregnant
women in the United States have been made for vitamin A. The National
Academy of Sciences’ RDA for normal pregnant women, published in 1989, is
800 retinol equivalents/day (about 2700 IU per day of vitamin A) (2,3). The
FDA’s RDA (i.e., U.S. RDA) for pregnant women, a recommendation made in
1976, is 8000 IU/day (1,4). The U.S. RDA of 8000 IU/day should be considered
the maximum dose (1), although the difference between the two
recommendations is probably not clinically significant.

The teratogenicity of vitamin A in animals is well known. Both high levels and
deficiency of the vitamin have resulted in defects (5–13). In the past, various
authors have speculated on the teratogenic effect of the vitamin in humans
(5,14–16). A 1983 case report suggested that the vitamin A contained in a



multivitamin product may have caused a cleft palate in one infant; however, the
mother had a family history of cleft palate and had produced a previous infant
with a malformation (16). Another case report, this one published in 1987,
described an infant with multiple defects whose mother had consumed a vitamin
preparation containing 2000 IU/day of vitamin A (17). The authors thought the
phenotype of their patient was similar to the one observed with isotretinoin, but
they could not exclude other causes of the defect, including a phenocopy of the
isotretinoin syndrome (17). Therefore, in both cases, no definite association
between the defects and vitamin A can be established, and the possibility that
other causes were involved is high.

In response to the 1983 case report cited above, one investigator wrote in
1983 that there was no acceptable evidence of human vitamin A teratogenicity
and none at all with doses <10,000 IU/day (18). Since that time, however, two
synthetic isomers of vitamin A, isotretinoin and etretinate, have been shown to
be potent human teratogens (see Isotretinoin and Etretinate). In addition,
recent studies have revealed that high doses of preformed vitamin A are human
teratogens. These and the other reports are summarized below. Because of
the combined animal and human data for vitamin A, and because of the human
experience with isotretinoin and etretinate, large doses or severe deficiency of
vitamin A must be viewed as harmful to the human fetus.

Severe human vitamin A deficiency has been cited as the cause of three
malformed infants (19–21). In the first case, a mother with multiple vitamin
deficiencies produced a baby with congenital xerophthalmia and bilateral cleft
lip (19). The defects may have been caused by vitamin A deficiency because of
their similarity to anomalies seen in animals deprived of this nutrient. The
second report involved a malnourished pregnant woman with recent onset of
blindness whose symptoms were the result of vitamin A deficiency (20). The
mother gave birth to a premature male child with microcephaly and what
appeared to be anophthalmia. The final case described a blind, mentally slow
girl with bilateral microphthalmia, coloboma of the iris and choroid, and retinal
aplasia (21). During pregnancy, the mother was suspected of having vitamin A
deficiency manifested by night blindness.

In 1986, investigators from the FDA reviewed 18 cases of suspected vitamin
A-induced teratogenicity (22). Some of these cases had been reviewed in
previous communications by an FDA epidemiologist (23,24). Six of the cases
(25–30) had been published previously and 12 represented unpublished
reports. All of the cases, except one, involved long-term, high-dose (>25,000
IU/day) consumption continuing past conception. The exception involved a



woman who accidentally consumed 500,000 IU, as a single dose, during the
2nd month of pregnancy (29). Twelve of the infants had malformations similar
to those seen in animal and human retinoid syndromes (i.e., central nervous
system and cardiovascular anomalies, microtia, and clefts) (22). The defects
observed in the 18 infants were microtia (N = 4), craniofacial (N = 4), brain (N =
4), facial palsy (N = 1), micro/anophthalmia (N = 2), facial clefts (N = 4),
cardio-aortic (N = 2), limb reduction (N = 4), gastrointestinal atresia (N = 1),
and urinary (N = 4) (22).

The CDC reported in 1987 the results of an epidemiologic study conducted
by the New York State Department of Health from April 1983 through February
1984 (4). The mothers of 492 liveborn infants without congenital defects were
interviewed to obtain their drug histories. Vitamin A supplements were taken by
81.1% (399 of 492) of the women. Of this group, 0.6% (3 of 492) took ≥25,000
IU/day and 2.6% (13 of 492) consumed 15,000–24,999 IU/day. In an editorial
comment, the CDC noted that the excessive vitamin A consumption by some of
the women was a public health concern (4).

Results of an epidemiologic case–control study conducted in Spain between
1976 and 1987 were reported in preliminary form in 1988 (31) and as a full
report in 1990 (32). A total of 11,293 cases of malformed infants were
compared with 11,193 normal controls. Sixteen of the case mothers (1.4/1000)
used high doses of vitamin A either alone or in combination with other vitamins
during their pregnancies, compared with 14 (1.3/1000) of the controls, an odds
ratio (OR) of 1.1 (ns). Five of the case infants and 10 of the controls were
exposed to doses <40,000 IU/day (OR 0.5, p = 0.15). In contrast, 11 of the
case infants and 4 controls were exposed to ≥40,000 IU (OR 2.7, p = 0.06).
The risk of congenital anomalies, although not significant, appeared to be
related to gestational age because the highest risk in those pregnancies
exposed to ≥40,000 IU/day occurred during the first 2 months (32). The data
suggested a dose–effect relationship and provided support for earlier
statements that doses lower than 10,000 IU were not teratogenic (31,32).

Data from a case–control study were used to assess the effects of vitamin A
supplements (daily use for at least 7 days of vitamin A either alone or with
vitamin D, or of fish oils) and vitamin A-containing multivitamin supplements
(33). Cases were 2658 infants with malformations derived, at least in part,
from cranial neural crest cells (primarily craniofacial and cardiac anomalies).
Controls were 2609 infants with other malformations. Case mothers used
vitamin A supplements in 15, 14, and 10 pregnancies during lunar months 1, 2,
and 3, respectively, compared with 6 control mothers in each period (33).



Although not significant, the OR in each period was 2.5 (95% confidence
interval [CI] 1.0–6.2), 2.3 (95% CI 0.9–5.8), and 1.6 (95% CI 0.6–4.5),
respectively. The authors cautioned that their data should be considered
tentative because of the small numbers and lack of dosage and nutrition
information (33). Even a small increased risk was excluded for vitamin A-
containing multivitamins (33).

A congenital malformation of the left eye was attributed to excessive vitamin
A exposure during the 1st trimester in a 1991 report (34). The mother had
ingested a combination of liver and vitamin supplements that provided an
estimated 25,000 IU/day of vitamin A. The unusual eye defect consisted of an
“hourglass” cornea and iris with a reduplicated lens (34).

A brief 1992 correspondence cited the experience in the Hungarian Family
Planning Program with a prenatal vitamin preparation containing 6000 IU of
vitamin A (35). Evaluating their 1989 database, the authors found no
relationship, in comparison with a nonexposed control group, between the daily
intake of the multivitamin at least 1 month before conception through the 12th
week of gestation and any congenital malformation.

A study published in 1995 examined the effect of preformed vitamin A,
consumed from vitamin supplements and food, on pregnancy outcomes (36).
Vitamin A ingestion, from 3 months before through 12 weeks from the last
menstrual period, was determined for 22,748 women. Most of the women were
enrolled in the study between week 15 and week 20 of pregnancy. From the
total group, 339 babies met the criteria for congenital anomalies established by
the investigators. These criteria included malformations in four categories
(number of defects of each type shown): cranial-neural-crest defects
(craniofacial, central nervous system, and thymic N = 69; heart defects N =
52); neural tube defects (NTDs) (spina bifida, anencephaly, and encephalocele
N = 48); musculoskeletal (N = 58) and urogenital (N = 42) defects; and other
defects (gastrointestinal defects N = 24; agenesis or hypoplasia of the lungs,
single umbilical artery, anomalies of the spleen, and cystic hygroma N = 46)
(36). The 22,748 women were divided into four groups based on their total
(supplement plus food) daily intake of vitamin A: 0–5000 IU (N = 6410), 5001–
10,000 IU (N = 12,688), 10,001–15,000 IU (N = 3150), and ≥15,001 IU (N =
500). Analysis of this grouping revealed that the women who took ≥15,001
IU/day had a higher prevalence ratio for defects associated with cranial-neural-
crest tissue compared with those in the lowest group, 3.5 (95% CI 1.7–7.3). A
slightly higher ratio was found for musculoskeletal and urogenital defects, no
increase for neural tube defects or other defects, and for all birth defects



combined, a ratio of 2.2 (95% CI 1.3–3.8). Analysis of three groups (0–5000,
5001–10,000, and ≥10,001 IU) of vitamin A ingestion levels from food alone
was hampered by the small number of women and, although some increased
prevalence ratios were found in the highest groups, the small numbers made
the estimates imprecise. A third analysis was then conducted based on four
groups (0–5000, 5001–8000, 8001–10,000, and ≥10,001 IU) of vitamin A
ingestion levels from supplements. Compared with the lowest group, the
prevalence ratio for all birth defects in the highest group was 2.4 (95% CI 1.3–
4.4) and for defects involving the cranial-neural-crest tissue, the ratio was 4.8
(95% CI 2.2–10.5). Of interest, the mean vitamin A intake in the highest group
was 21,675 IU. Based on these data, the investigators concluded that following
in utero exposure to more than 10,000 IU of vitamin A from supplements, about
1 infant in 57 (1.75%) had a vitamin A-induced malformation (36).

In response to the above study, a note of caution was sounded by two
authors from the CDC (37). Citing results from previous studies, these authors
concluded that without more data, they could not recommend use of the dose–
response curve developed in the above study for advising pregnant women of
the specific risk of anomalies that might arise from the ingestion of excessive
vitamin A. Although they agreed that very large doses of vitamin A might be
teratogenic, the question of how large a dose remained (37). A number of
correspondences followed publication of the above study, all describing
perceived methodologic discrepancies that may have affected the conclusions
(38–42) with a reply by the authors supporting their findings (43).

Using case–control study data from California, a paper published in 1997
examined the relationship between maternal vitamin A ingestion and the risk of
NTDs in singleton liveborn infants and aborted fetuses (44). Although the
number of cases was small, only 16 exposed to ≥10,000 IU/day and 6 to
≥15,000 IU/day, the investigators did not find a relationship between these
levels of exposure and NTDs.

Referring to the question on the teratogenic level of vitamin A, a 1997
abstract reported the effects of increasing doses of the vitamin in the
cynomolgus monkey, a species that is a well-documented model for
isotretinoin-induced teratogenicity (45). Four groups of monkeys were
administered increasing doses of vitamin A (7500–80,000 IU/kg) in early
gestation (day 16–27). A dose-related increase in abortions and typical
congenital malformations was observed in the offspring. The NOAEL (no-
observed-adverse-effect level) was 7500 IU/kg, or 30,000 IU/day based on an
average 4-kg animal. A human NOAEL extrapolated from the monkey NOAEL



would correspond to >300,000 IU/day (45).
A brief 1995 report described the outcomes of 7 of 22 women who had

taken very large doses of vitamin A during pregnancy, 20 of whom had taken
the vitamin during the 1st trimester (46). The mean daily dose was 70,000 IU
(range 25,000–90,000 IU) for a mean of 44 days (range 7–180 days). None of
the offspring of the seven patients available at follow-up had congenital
malformations. Data on the other 15 women were not available (46).

Two abstracts published in 1996 examined the issue of vitamin A
supplementation in women enrolled in studies in Atlanta, Georgia, and in
California, both during the 1980s (47,48). In the first abstract, no increase in
the incidence of all congenital defects or those classified as involving cranial-
neural-crest-derived was found for doses <8000 IU/day, or for those who took
both a multivitamin and a vitamin A supplement (47). In the other abstract,
subjects took amounts thought likely to exceed 10,000 IU/day and, again, no
association with the major anomalies derived from cranial-neural-crest cells
(cleft lip, cleft palate, and conotruncal heart defects) was discovered (48).

Using data collected between 1985 and 1987 in California and Illinois by the
National Institute of Child Health and Human Development Neural Tube Defects
Study, a case–control study published in 1997 examined whether
periconceptional vitamin A exposure was related to NTDs or other major
congenital malformations (49). Three study groups of offspring were formed
shortly after the pregnancy outcome was known (prenatally and postnatally):
those with NTDs (N = 548), those with other major malformations (N = 387),
and normal controls (N = 573). The latter two groups were matched to the
NTDs group. A subgroup, formed from those with other major malformations,
involved those with cranial-neural-crest malformations (N = 89), consisting
mainly of conotruncal defects of the heart and great vessels, including
ventricular septal defects, and defects of the ear and face (49). The vitamin A
(supplements and fortified cereals) exposure rates by group for those ingesting
a mean >8000 IU/day or >10,000 IU/day were: NTDs (3.3% and 2.0%), other
major malformations (3.6% and 1.6%), cranial-neural-crest malformations
(3.4% and 2.2%), and controls (4.5% and 2.1%), respectively. None of the
values were statistically significant, thus, no association between moderate
consumption of vitamin A and the defect groups was found (49).

Several investigators have studied maternal and fetal vitamin A levels during
various stages of gestation (5,50–61). Transport to the fetus is by passive
diffusion (61). Maternal vitamin A concentrations are slightly greater than those
found in either premature or term infants (50–52). In women with normal levels



of vitamin A, maternal and newborn levels were 270 and 220 ng/mL,
respectively (51). In 41 women not given supplements of vitamin A, a third of
whom had laboratory evidence of hypovitaminemia A, mean maternal levels
exceeded those in the newborn by almost a 2:1 ratio (51). In two reports,
maternal serum levels were dependent on the length of gestation with
concentrations decreasing during the 1st trimester, then increasing during the
remainder of pregnancy until about the 38th week when they began to
decrease again (5,53). A more recent study found no difference in serum levels
between 10 and 33 weeks’ gestation, even though amniotic fluid vitamin A
levels at 20 weeks onward were significantly greater than at 16–18 weeks
(54). Premature infants (36 weeks or less) have significantly lower serum
retinol and retinol-binding protein concentrations than do term neonates
(50,55–57).

Mild to moderate deficiency is common during pregnancy (51,58). A 1984
report concluded that vitamin A deficiency in poorly nourished mothers was one
of the features associated with an increased incidence of prematurity and
intrauterine growth restriction (50). An earlier study, however, found no
difference in vitamin A levels between low-birth-weight (<2500 g) and normal-
birth-weight (>2500 g) infants (52). Maternal vitamin A concentrations of the
low-birth-weight group were lower than those of normals, 211 vs. 273 ng/mL,
but not significantly. An investigation in premature infants revealed that infants
developing bronchopulmonary dysplasia had significantly lower serum retinol
levels as compared with infants who did not develop this disease (57).

Relatively high liver vitamin A stores were found in the fetuses of women
younger than 18 and older than 40 years of age, two groups that produce a
high incidence of fetal anomalies (5). Low fetal liver concentrations were
measured in 2 infants with hydrocephalus and high levels in 14 infants with
NTDs (5). In another report relating to NTDs, a high liver concentration
occurred in an anencephalic infant (59). Significantly, higher vitamin A amniotic
fluid concentrations were discovered in 12 pregnancies from which infants with
NTDs were delivered as compared with 94 normal pregnancies (60). However,
attempts to use this measurement as an indicator of anencephaly or other fetal
anomalies failed because the values for abnormal and normal fetuses
overlapped (54,60).

The effect of stopping oral contraceptives shortly before conception on
vitamin A levels has been studied (62). Because oral contraceptives had been
shown to increase serum levels of vitamin A, it was postulated that early
conception might involve a risk of teratogenicity. However, no difference was



found in early pregnancy vitamin A levels between users and nonusers. The
results of this study have been challenged based on the methods used to
measure vitamin A (63).

Vitamin A is known to affect the immune system (64). Three recent studies
(65–67) and an editorial (68) have described or commented on the effect that
maternal vitamin A deficiency has on the maternal–fetal transmission of HIV. In
each of the studies, a low maternal level of vitamin A was associated with HIV
transmission to the infant. In the one study conducted in the United States,
severe maternal vitamin A deficiency (<0.70 µmol/L) was associated with HIV
transmission with an adjusted OR of 5.05 (95% CI 1.20–21.24) (67). In a
related study, maternal vitamin A deficiency during pregnancy in women
infected with HIV was significantly related to growth failure (height and weight)
during the 1st year of life in their children, after adjustment for the effects of
body mass index, child gender, and child HIV status (69).

Although the minimum teratogenic dose has not yet been defined, doses of
25,000 IU/day or more, in the form of retinol or retinyl esters, should be
considered potentially teratogenic (1,3,22), but based on one study, smaller
doses than this may be teratogenic (36). One of the recommendations of the
Teratology Society, published in a 1987 position paper, states: “Women in their
reproductive years should be informed that the excessive use of vitamin A
shortly before and during pregnancy could be harmful to their babies” (1). The
Teratology Society also noted that the average balanced diet contains
approximately 7000–8000 IU of vitamin A from various sources, and this should
be considered prior to additional supplementation (1).

BREASTFEEDING SUMMARY
Vitamin A is a natural constituent of breast milk. Deficiency of this vitamin in
breastfed infants is rare (70). The RDA of vitamin A during lactation is
approximately 4000 IU (2). It is not known whether high maternal doses of
vitamin A represent a danger to the nursing infant or whether they reduce HIV
transmission via the milk.
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VITAMIN B12

Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Severe maternal vitamin B12 deficiency may result in megaloblastic anemia
with subsequent infertility and poor pregnancy outcome. Less severe
maternal deficiency apparently is common and does not pose a significant
risk to the mother or fetus. Ingestion of vitamin B12 during pregnancy up to
the recommended daily allowance (RDA) either via the diet or by
supplementation is recommended.

FETAL RISK SUMMARY
Vitamin B12 (cyanocobalamin), a water-soluble B-complex vitamin, is an
essential nutrient required for nucleoprotein and myelin synthesis, cell
reproduction, normal growth, and the maintenance of normal erythropoiesis (1).
The National Academy of Sciences’ RDA for vitamin B 12 in pregnancy is 2.2
mcg (1).

Vitamin B12 is actively transported to the fetus (2–6). This process is
responsible for the progressive decline of maternal levels that occurs during
pregnancy (6–14). Fetal demands for the vitamin have been estimated to be
approximately 0.3 mcg/day (0.2 nmol/day) (15). Similar to other B-complex
vitamins, higher concentrations of B12 are found in the fetus and newborn than
in the mother (5–9,16–24). At term, mean vitamin B12 levels in 174 mothers
were 115 pg/mL and in their newborns 500 pg/mL, a newborn:maternal ratio of
4.3 (16). Comparable values have been observed by others (5,7,21–23). Mean
levels in 51 Brazilian women, in their newborns, and in the intervillous space of
their placentas were approximately 340, 797, and 1074 pg/mL, respectively
(24). The newborn:maternal ratio in this report was 2.3. The high levels in the
placenta may indicate a mechanism by which the fetus can accumulate the
vitamin against a concentration gradient. This study also found a highly



significant correlation between vitamin B12 and folate concentrations. This is in
contrast to an earlier report that did not find such a correlation in women with
megaloblastic anemia (25).

Maternal deficiency of vitamin B12 is common during pregnancy
(16,17,26,27). Tobacco smoking reduces maternal levels of the vitamin even
further (28). Megaloblastic anemia may result when the deficiency is severe,
but it responds readily to therapy (29–32). On the other hand, tropical
macrocytic anemia during pregnancy responds erratically to vitamin B12 therapy
and is better treated with folic acid (32,33).

Megaloblastic (pernicious) anemia may be a cause of infertility (30,31,34).
One report described a mother with undiagnosed pernicious anemia who had
lost her 3rd, 9th, and 10th pregnancies (30). A healthy child resulted from her
11th pregnancy following treatment with vitamin B12. In another study, eight
infertile women with pernicious anemia were treated with vitamin B12 and seven
became pregnant within 1 year of therapy (31). One of three patients in still
another report may have had infertility associated with very low vitamin B12
levels (34).

Vitamin B12 deficiency was associated with prematurity (as defined by a birth
weight ≤2500 g) in a 1968 paper (9). However, many of the patients who
delivered prematurely had normal or elevated vitamin B12 levels. No correlation
between vitamin B12 deficiency and abruptio placentae was found in two
studies published in the 1960s (35,36). Two reports found a positive
association between low birth weight and low vitamin B12 levels (21,37). In both
instances, however, folate levels were also low and iron was deficient in one.
Others could not correlate low vitamin B12 concentrations with the weight at
delivery (11,26). Based on these reports, it is doubtful whether vitamin B12
deficiency is associated with any of the conditions.

In experimental animals, vitamin B12 deficiency is teratogenic (7,38).
Investigators studying the cause of neural tube defects measured very low
vitamin B12 levels in three of four mothers of anencephalic fetuses (39).
Additional evidence led them to conclude that the low vitamin B12 resulted in
depletion of maternal folic acid and involvement in the origin of the defects. In
contrast, two other reports have shown no relationship between low levels of
vitamin B12 and congenital malformations (9,19).

No reports linking high doses of vitamin B12 with maternal or fetal
complications have been located. Vitamin B12 administration at term has



produced maternal levels approaching 50,000 pg/mL with corresponding cord
blood levels of approximately 15,000 pg/mL (4,5). In fetal methylmalonic
acidemia, large doses of vitamin B12, 10 mg orally initially then changed to 5 mg
IM, were administered daily to a mother to treat the affected fetus (40). On this
dosage regimen, maternal levels rose as high as 18,000 pg/mL shortly after a
dose. This metabolic disorder is not always treatable with vitamin B12: one
study reported a newborn with the vitamin B12-unresponsive form of
methylmalonic acidemia (41).

BREASTFEEDING SUMMARY
Vitamin B12 is excreted into breast milk. In the first 48 hours after delivery,
mean colostrum levels were 2431 pg/mL and then fell rapidly to concentrations
comparable with those of normal serum (42). One group of investigators also
observed very high colostrum levels ranging from 6 to 17.5 times that of milk
(2). Milk:plasma ratios are approximately 1.0 during lactation (19). Reported
milk concentrations of vitamin B12 vary widely (43–46). Mothers supplemented
with daily doses of 1–200 mcg had milk levels increase from a level of 79 to a
level of 100 pg/mL (43). Milk concentrations were directly proportional to
dietary intake. In a study using 8-mcg/day supplements, mean milk levels of
1650 pg/mL at 1 week and 1100 pg/mL at 6 weeks were measured ( 44).
Corresponding levels in nonsupplemented mothers were significantly different at
1220 and 610 pg/mL, respectively. Other investigators also used 8-mcg/day
supplements and found significantly different levels compared with women not
receiving supplements: 910 vs. 700 pg/mL at 1 week and 790 vs. 550 pg/mL at
6 weeks (45). In contrast, others found no difference between supplemented
and nonsupplemented well-nourished women with 5–100 mcg/day (46). The
mean vitamin B12 concentration in these latter patients was 970 pg/mL. A 1983
English study measured vitamin B12 levels in pooled human milk obtained from
preterm (26 mothers: 29–34 weeks) and term (35 mothers: 39 weeks or
longer) patients (47). Milk from preterm mothers decreased from a level of 920
pg/mL (colostrum) to a level of 220 pg/mL (16–196 days), whereas milk from
term mothers decreased over the same period from a level of 490 to a level of
230 pg/mL.

Vitamin B12 deficiency in the lactating mother may cause severe
consequences in the nursing infant. Several reports have described
megaloblastic anemia in infants exclusively breastfed by vitamin B12-deficient
mothers (48–52). Many of these mothers were vegetarians whose diets



provided low amounts of the vitamin (49–52). The adequacy of vegetarian diets
in providing sufficient vitamin B12 has been debated (53–55). However, a recent
report measured only 1.4 mcg of vitamin B12 intake/day in lactovegetarians
(56). This amount is approximately 54% of the RDA for lactating women in the
United States (1). Moreover, a 1986 case of vitamin B12-induced anemia
supports the argument that the low vitamin B12 intake of some vegetarian diets
is inadequate to meet the total needs of a nursing infant for this vitamin (57).
The case involved a 7-month-old male infant, exclusively breastfed by a strict
vegetarian mother, who was diagnosed as suffering from macrocytic anemia.
The infant was lethargic, irritable, and failing to thrive. His vitamin B12 level was
less than 100 pg/mL (normal 180–960 pg/mL), but iron and folate levels were
both within normal limits. The anemia responded rapidly to administration of the
vitamin, and he was developing normally at 11 months of age (57).

The National Academy of Sciences’ RDA for vitamin B 12 during lactation is
2.6 mcg (1). If the diet of the lactating woman adequately supplies this amount,
maternal supplementation with vitamin B12 is not needed. Supplementation with
the RDA for vitamin B12 is recommended for those women with inadequate
nutritional intake. The American Academy of Pediatrics classifies vitamin B12 as
compatible with breastfeeding (58).
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VITAMIN C
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Mild to moderate vitamin C deficiency or excessive doses do not seem to
pose a major risk to the mother or fetus. Because vitamin C is required for
good maternal and fetal health and an increased demand for the vitamin
occurs during pregnancy, intake up to the recommended daily allowance
(RDA) is recommended.

FETAL RISK SUMMARY
Vitamin C (ascorbic acid) is a water-soluble essential nutrient required for
collagen formation, tissue repair, and numerous metabolic processes including
the conversion of folic acid to folinic acid and iron metabolism (1). The National
Academy of Sciences’ RDA for vitamin C in pregnancy is 70 mg (1).

Vitamin C is actively transported to the fetus (2–5). When maternal serum
levels are high, placental transfer changes to simple diffusion (5). During
gestation, maternal serum vitamin C progressively declines (6,7). As a
consequence of this process, newborn serum vitamin C (9–22 mcg/mL) is
approximately 2–4 times that of the mother (4–10 mcg/mL) (4–19).

Maternal deficiency of vitamin C without clinical symptoms is common during
pregnancy (18–20). Most studies have found no association between this
deficiency and maternal or fetal complications, including congenital
malformations (11,12,21–24). When low vitamin C levels were found in women
or fetuses with complications, it was a consequence of the condition and not a
cause. However, a 1971 retrospective study of 1369 mothers found that
deficiency of vitamin C may have a teratogenic effect, although the authors
advised caution in the interpretation of their results (25). In a later investigation,
low 1st trimester white blood cell vitamin C levels were discovered in six
mothers giving birth to infants with neural tube defects (26). Folic acid, vitamin
B12, and riboflavin were also low in serum or red blood cells. The low folic acid



and vitamin B12 levels were thought to be involved in the etiology of the defects
(see also Folic Acid, Vitamin B12, and Riboflavin).

A 1965 report suggested that high daily doses of vitamin C during pregnancy
might have produced a “conditioned” scurvy in two infants (27). The mothers
had apparent daily intakes of vitamin C in the 400-mg range throughout
pregnancy, but both of their offspring had infantile scurvy. To study this
condition, laboratory animals were given various doses of vitamin C throughout
gestation. Of the 10 offspring exposed to the highest doses, 2 developed
symptoms and histologic changes compatible with scurvy (27). The
investigators concluded that the high in utero exposure may have induced
ascorbic acid dependency. More recent reports of this condition have not been
located; thus, the clinical significance is unknown.

Only one report has been found that potentially relates high doses of vitamin
C with fetal anomalies. This was in a brief 1976 case report describing an
anencephalic fetus delivered from a woman treated with high doses of vitamin
C and other water-soluble vitamins and nutrients for psychiatric reasons (28).
The relationship between the defect and the vitamins is unknown. In another
study, no evidence of adverse effects was found with doses up to 2000 mg/day
(29).

BREASTFEEDING SUMMARY
Vitamin C (ascorbic acid) is excreted into breast milk. Reported concentrations
in milk vary from 24 to 158 mcg/mL (30–38). In lactating women with low
nutritional status, milk vitamin C is directly proportional to intake (31,32).
Supplementation with 4–200 mg/day of vitamin C produced milk levels of 24–61
mcg/mL (31). Similarly, in another group of women with poor vitamin C intake,
supplementation with 34–103 mg/day resulted in levels of 34–55 mcg/mL (32).
In contrast, studies in well-nourished women consuming the RDA or more of
vitamin C in their diets indicate that ingestion of greater amounts does not
significantly increase levels of the vitamin in their milk (33–34). Even
consumption of total vitamin C exceeding 1000 mg/day, 10 times the RDA, did
not significantly increase milk concentrations or vitamin C intake of the infants
(36). However, maternal urinary excretion of the vitamin did increase
significantly. These studies indicate that vitamin C excretion into milk is
regulated to prevent exceeding a saturation level (36).

Storage of human milk in the freezer for up to 3 months did not affect vitamin
C concentrations of milk obtained from preterm mothers but resulted in a
significant decrease in vitamin C concentrations in milk from term mothers (39).



Both types of milk, however, maintained sufficient vitamin C to meet the RDA
for infants.

The RDA for vitamin C during lactation is 95 mg (1). Well-nourished lactating
women consuming the RDA of vitamin C in their diets normally excrete sufficient
vitamin C in their milk to reach a saturation level and additional supplementation
is not required. Maternal supplementation up to the RDA is needed only in
those women with poor nutritional status.
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VITAMIN D
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Vitamin D analogs are a group of fat-soluble nutrients essential for human
life with antirachitic and hypercalcemic activity (1). The National Academy
of Sciences’ recommended dietary allowance (RDA) for normal pregnant
women in the United States is 400 IU (1). However, based on evidence that
vitamin D deficiency is very common in pregnancy, a much higher dose is
required to prevent and treat the deficiency. Although the required
pregnancy dose is still under investigation, it may be in the range of 1000–
2000 IU of vitamin D3/day or 50,000 IU of vitamin D2 every 2 weeks (see
reference 37).

FETAL RISK SUMMARY
The two natural biologically active forms of vitamin D are 1,25-
dihydroxyergocalciferol and calcitriol (1,25-dihydroxyvitamin D3) (1). A third
active compound, 25-hydroxydihydrotachysterol, is produced in the liver from
the synthetic vitamin D analog, dihydrotachysterol.

Ergosterol (provitamin D2) and 7-dehydrocholesterol (provitamin D3) are
activated by ultraviolet light to form ergocalciferol (vitamin D2) and
cholecalciferol (vitamin D3), respectively. These, in turn, are converted in the
liver to 25-hydroxyergocalciferol and calcifediol (25-hydroxyvitamin D3), the
major transport forms of vitamin D in the body. Activation of the transport
compounds by enzymes in the kidneys results in the two natural active forms of
vitamin D.

The commercially available forms of vitamin D are ergocalciferol,
cholecalciferol, calcifediol, calcitriol, and dihydrotachysterol. Although differing
in potency, all of these products have the same result in the mother and fetus.
Thus, only the term vitamin D, unless otherwise noted, will be used in this



monograph.
High doses of vitamin D are known to be teratogenic in experimental animals,

but direct evidence for this is lacking in humans. Because of its action to raise
calcium levels, vitamin D has been suspected in the pathogenesis of the
supravalvular aortic stenosis syndrome, which is often associated with
idiopathic hypercalcemia of infancy (2–4). The full features of this rare condition
are characteristic elfin facies, mental and growth restriction, strabismus,
enamel defects, craniosynostosis, supravalvular aortic and pulmonary stenosis,
inguinal hernia, cryptorchidism in males, and early development of secondary
sexual characteristics in females (2). Excessive intake or retention of vitamin D
during pregnancy by mothers of infants who develop supravalvular aortic
stenosis (SAS) syndrome has not been consistently found (2,3,5). However, it
is now known that SAS syndrome is a feature of a severe genetic affliction,
Williams syndrome, and is not caused by vitamin D (see reference 36).

Very high levels of vitamin D have been used to treat maternal
hypoparathyroidism during pregnancy (6–9). In two studies, 15 mothers were
treated with doses averaging 107,000 IU/day throughout their pregnancies to
maintain maternal calcium levels within the normal range (6,7). All of the 27
children were normal at birth and during follow-up examinations ranging up to
16 years. Calcitriol, in doses ≤3 mcg/day, was used to treat another mother
with hypoparathyroidism (8). The high dose was required in the latter half of
pregnancy to prevent hypocalcemia. The infant had no apparent adverse
effects from this exposure. In a similar case, a mother received 100,000 IU/day
throughout gestation, resulting in a healthy, term infant (9). In contrast, a 1965
case report described a woman who received 600,000 IU of vitamin D and
40,000 IU of vitamin A daily for 1 month early in pregnancy (10). The resulting
infant had a defect of the urogenital system, but this was probably caused by
ingestion of excessive vitamin A (see Vitamin A).

Vitamin D deficiency can be induced by decreased dietary intake or lack of
exposure to sunlight. The conversion of provitamin D3 to vitamin D3 is catalyzed
by ultraviolet light striking the skin (1). Severe deficiency during pregnancy,
resulting in maternal osteomalacia, leads to significant morbidity in the mother
and fetus (11–21). Pitkin (22), in a 1985 article, reviewed the relationship
between vitamin D and calcium metabolism in pregnancy.

The peak incidence of vitamin D deficiency occurs in the winter and early
spring when exposure to sunlight is at a minimum. Certain ethnic groups, such
as Asians, seem to be at greater risk for developing this deficiency because of
their dietary and sun exposure habits (11–21). In the pregnant woman,



osteomalacia may cause, among other effects, decreased weight gain and
pelvic deformities that prevent normal vaginal delivery (11,12). For the fetus,
vitamin D deficiency has been associated with the following:

Reduced fetal growth (11,12)
Neonatal hypocalcemia without convulsions (12–14,20)
Neonatal hypocalcemia with convulsions (tetany) (15–17)
Neonatal rickets (18,19)
Defective tooth enamel (21,23)

Long-term use of heparin may induce osteopenia by inhibiting renal activation of
calcifediol to the active form of vitamin D3 (calcitriol or 1,25-dihydroxyvitamin
D3) (22). The decreased levels of calcitriol prevent calcium uptake by bone and
result in osteopenia (see reference 23 for detailed review of calcium
metabolism in pregnancy). One investigator suggests that these patients may
benefit from treatment with supplemental calcitriol (22).

Numerous investigators have measured vitamin D levels in the mother during
pregnancy and in the newborn (24–34). Although not universal, most studies
have found a significant correlation between maternal serum and cord blood
levels (24–28). In one study, a close association between both of the transport
vitamin D forms in maternal and cord serum was discovered (29). No significant
correlation could be demonstrated, however, between the two biologically
active forms in maternal and cord blood.

Using a perfused human placenta, a 1984 report confirmed that calcifediol
and calcitriol were transferred from the mother to the fetus, although at a very
slow rate (35). Binding to vitamin D3-binding protein was a major rate-limiting
factor, especially for calcifediol, the transport form of vitamin D3. The
researchers concluded that placental metabolism of calcifediol was not a major
source of fetal calcitriol (35).

Maternal levels of vitamin D at term are usually higher than those in the
newborn because the fetus has no need for intestinal calcium absorption
(24–30). Maternal levels are elevated in early pregnancy and continue to
increase throughout pregnancy (32). During the winter months a weak
correlation may exist between maternal vitamin D intake and serum levels, with
exposure to ultraviolet light the main determinant of maternal concentrations
(33,34). A Norwegian study, however, was able to increase maternal
concentrations of active vitamin D significantly during all seasons with daily
supplementation of 400 IU (29).

A 2004 review discussed vitamin D requirements during pregnancy and



lactation (36). The daily recommended dose of 200–400 IU was based on
erroneous data and was thought to be too low, especially for persons with
darkly pigmented skin. Although the appropriate dose in pregnancy and
lactation as a function of latitude and race is unknown, the authors thought that
daily doses exceeding 1000 IU vitamin D, such as 2000–10,000 IU, were
required to overcome vitamin D deficiency and/or to maintain normal blood
concentrations of vitamin D. They also cited published evidence showing that
the cause of supravalvular aortic stenosis syndrome was actually a severe
genetic disorder, Williams syndrome, and was not associated with high
concentrations of vitamin D (36).

In a 2007 review of vitamin D deficiency, the recommended doses of vitamin
D to prevent and maintain vitamin D concentrations to avoid deficiency in
pregnancy or lactation caused by fetal utilization, inadequate sun exposure, or
supplementation were vitamin D3: 1000–2000 IU/day, up to 4000 IU/day is safe
for 5 months; vitamin D2: 50,000 IU every 2 or 4 weeks (37). To treat
deficiency caused by the above three conditions, the recommended dose of
vitamin D2 was 50,000 IU every week for 8 weeks and, if the 25-hydroxyvitamin
D concentration was <30 ng/mL, repeated for another 8 weeks (37).

In a study reported in 2010, vitamin D levels were measured in 928 pregnant
women and 5173 nonpregnant women (38). The mean concentrations in the
two groups were 65 and 59 nmol/L (26 and 24 ng/mL), respectively, with a
prevalence of <75 nmol/L (<30 ng/mL) in 69% and 78%, respectively. Based
on recent evidence, the investigators considered 75 or 100 nmol/L (30 or 40
ng/mL) to be required for optimal health. The clinical implications from this
research were: (a) current recommendations for vitamin D supplementation of
200–400 IU/day are inadequate for many women and their infants; (b) vitamin
D supplementation should begin a few months before pregnancy; and (c)
further studies are required to determine the dose for vitamin D
supplementation (38).

A 2010 report noted that vitamin D deficiency was estimated to occur in up to
50% of pregnant women and, compared with other groups African American
women had a much higher risk (39). The authors described the effects of
vitamin D deficiency on the mother and newborn based on serum
concentrations of vitamin D. The maternal effects of severe deficiency (defined
as <10 ng/mL) were an increased risk of preeclampsia, calcium malabsorption,
bone loss, poor weight gain, myopathy, and higher parathyroid hormone levels,
whereas those in the newborn included small for gestational age, hypocalcemia
with possible seizures, heart failure, enamel defects, large fontanelle,



congenital rickets, and rickets of infancy if breastfed. For serum concentrations
(11–32 ng/mL) considered insufficient, the maternal effects were bone loss and
subclinical myopathy, whereas those in the newborn were hypocalcemia,
decreased bone mineral activity, and rickets if breastfed. There were no
maternal or newborn adverse effects if the vitamin D concentration was 32–100
ng/mL, but levels >100 ng/mL could cause maternal hypercalcemia and
increased urine calcium loss, and hypercalcemia in the newborn (39).

BREASTFEEDING SUMMARY
Vitamin D is excreted into breast milk in limited amounts (40). A direct
relationship exists between maternal serum levels of vitamin D and the
concentration in breast milk (41). Chronic maternal ingestion of large doses
may lead to greater than normal vitamin D activity in the milk and resulting
hypercalcemia in the infant (42). In the lactating woman who was not receiving
supplements, controversy exists about whether her milk contained sufficient
vitamin D to protect the infant from vitamin deficiency. Several studies had
supported the need for infant supplementation during breastfeeding
(12,40,43–45). Other investigators had concluded that supplementation is not
necessary if maternal vitamin D stores are adequate (28,46–48).

The National Academy of Sciences’ RDA for vitamin D in the lactating woman
is 400 IU (1). However, recent evidence suggests that vitamin D
supplementation of lactating women with much higher doses is necessary to
increase the nutritional vitamin D status of the mother and her breastfeeding
infant (36,37). This is especially true for darkly pigmented individuals and those
having limited exposure to ultraviolet light. Although the required dose has not
been adequately studied, doses identical to those described for pregnancy
(see Fetal Risk Summary section) have been suggested (37).

A study published in 1977 measured high levels of a vitamin D metabolite in
the aqueous phase of milk (49). Although two other studies supported these
findings, the conclusions were in direct opposition to previous measurements
and have been vigorously disputed (50,51). The argument that human milk is
low in vitamin D is supported by clinical reports of vitamin D deficiency-induced
rickets and decreased bone mineralization in breastfed infants (44,45,52–54).
Moreover, one investigation measured the vitamin D activity of human milk and
failed to find any evidence for significant activity of water-soluble vitamin D
metabolites (55). Vitamin D activity in the milk was 40–50 IU/L, with 90% of this
accounted for by the usual fat-soluble components.

The Committee on Nutrition, American Academy of Pediatrics, recommends



vitamin D supplements for breastfed infants if maternal vitamin D nutrition is
inadequate or if the infant lacks sufficient exposure to UV light (56). A second
committee of the American Academy of Pediatrics classifies vitamin D as
compatible with breastfeeding, but recommends monitoring the serum calcium
levels of the infant if the mother is receiving pharmacologic doses (57).
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VITAMIN E
Vitamin
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

Neither deficiency nor excess of vitamin E has been associated with
maternal or fetal complications during pregnancy. One study did find a
lower birth weight in infants of women taking high doses of vitamin E during
pregnancy, but the reduced weight was not thought to be clinically
significant and may have been due to other factors. However, in well-
nourished women, adequate vitamin E is consumed in the diet and
supplementation is not required. If dietary intake is poor, supplementation
up to the recommended daily allowance (RDA) for pregnancy is
recommended.

FETAL RISK SUMMARY
Vitamin E (tocopherols) is comprised of a group of fat-soluble vitamins that are
essential for human health, although their exact biologic function is unknown (1).
The National Academy of Sciences’ RDA for vitamin E in pregnancy is 10 mg
(1).

Vitamin E concentrations in mothers at term are approximately 4–5 times that
of the newborn (2–8). Levels in the mother rise throughout pregnancy (3).
Maternal blood vitamin E level usually ranges between 9 and 19 mcg/mL with
corresponding newborn levels varying from 2 to 6 mcg/mL (2–9).
Supplementation of the mother with 15–30 mg/day had no effect on either
maternal or newborn vitamin E concentrations at term (4). Use of 600 mg/day
in the last 2 months of pregnancy produced about a 50% rise in maternal serum
vitamin E (+8 mcg/mL) but a much smaller increase in the cord blood (+1
mcg/mL) (7). Although placental transfer is by passive diffusion, passage of
vitamin E to the fetus is dependent on plasma lipid concentrations (8–10). At
term, cord blood is low in β-lipoproteins, the major carriers of vitamin E, in
comparison with maternal blood; as a consequence, it is able to transport less



of the vitamin (8). Because vitamin E is transported in the plasma by these
lipids, recent investigations have focused on the ratio of vitamin E (in milligrams)
to total lipids (in grams) rather than on blood vitamin E concentrations alone (9).
Ratios above about 0.6–0.8 are considered normal depending on the author
cited and the age of the patients (9,11,12).

A 2005 prospective, observational study reported the pregnancy outcomes of
82 women who had taken high-dose vitamin E (≥400 IU/day) in the 1st
trimester and compared them with 130 matched controls exposed to agents not
known to cause embryo–fetal harm (13). The reason given by the women for
taking high doses was that large amounts of vitamins were part of a healthy
lifestyle, but none took large doses of vitamins A and D. The two groups were
enrolled in the study at a mean gestational age of 13.1 and 6.2 weeks’,
respectively. In the subject group, doses of 400, 800, or 1200 IU/day were
taken by 74, 7, and 1 women, respectively. The mean duration was 6 months
and 44 (54%) took a high dose throughout gestation. There were no
differences in the outcomes between the groups in terms of live births,
spontaneous abortions, elective abortions, stillbirths, gestational age at
delivery, prematurity, and malformations. The mean birth weight, however, was
lower in subjects than in controls, 3173 vs. 3417 g, respectively (p = 0.0015).
Because only two infants had a birth weight <2500 g, the difference was
thought to have a questionable clinical significance. Moreover, vigorous
exercise was thought to be part of a “healthy lifestyle” and it might also reduce
birth weight (13).

Vitamin E deficiency is relatively uncommon in pregnancy, occurring in less
than 10% of all patients (3,4,14). No maternal or fetal complications from
deficiency or excess of the vitamin have been identified. Doses far exceeding
the RDA have not proved to be harmful (7,15,16). Early studies used vitamin E
in conjunction with other therapy in attempts to prevent abortion and premature
labor, but no effect of the vitamin therapy was demonstrated (17,18).
Premature infants born with low vitamin E stores may develop hemolytic
anemia, edema, reticulocytosis, and thrombocytosis if not given adequate
vitamin E in the first months following birth (16,19,20). In two studies,
supplementation of mothers with 500–600 mg of vitamin E during the last 1–2
months of pregnancy did not produce values significantly different from controls
in the erythrocyte hemolysis test with hydrogen peroxide, a test used to
determine adequate levels of vitamin E (7,16).

BREASTFEEDING SUMMARY



Vitamin E is excreted into breast milk (11,12,21,22). Human milk is more than 5
times richer in vitamin E than cow’s milk and is more effective in maintaining
adequate serum vitamin E and vitamin E:total lipid ratio in infants up to 1 year
of age (11,22). A 1985 study measured 2.3 mcg/mL of the vitamin in mature
milk (21). Milk obtained from preterm mothers (gestational age 27–33 weeks)
was significantly higher (8.5 mcg/mL) during the first week and then decreased
progressively over the next 6 weeks to 3.7 mcg/mL (21). The authors
concluded that milk from preterm mothers plus multivitamin supplements would
provide adequate levels of vitamin E for very low-birth-weight infants (<1500 g
and appropriate for gestational age).

Japanese researchers examined the pattern of vitamin E analogs (α-, γ-, δ-,
and β-tocopherols) in plasma and red blood cells from breastfed and bottle-fed
infants (23). Several differences were noted, but the significance of these
findings to human health is unknown.

Vitamin E applied for 6 days to the nipples of breastfeeding women resulted
in a significant rise in infant serum levels of the vitamin (24). The study group,
composed of 10 women, applied the contents of one 400-IU vitamin E capsule
to both areolae and nipples after each nursing. Serum concentrations of the
vitamin rose from 4 to 17.5 mcg/mL and those in a similar group of untreated
controls rose from 3.4 to 12.2 mcg/mL. The difference between the two groups
was statistically significant (p <0.025). Although no adverse effects were
observed, the authors cautioned that the long-term effects were unknown.

The National Academy of Sciences’ RDA of vitamin E during lactation is 12
mg (1). Maternal supplementation is recommended only if the diet does not
provide sufficient vitamin E to meet the RDA.
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VITAMINS, MULTIPLE
Vitamins
PREGNANCY RECOMMENDATION: Compatible
BREASTFEEDING RECOMMENDATION: Compatible

PREGNANCY SUMMARY

The use of multivitamins up to the recommended daily allowance (RDA) for
pregnancy is recommended for the general good health of the mother and
the fetus. There is no strong evidence to suggest that vitamin
supplementation can prevent cleft lip and/or palate (CLP). However, a body
of evidence has accumulated that supplementation during the first few
weeks of gestation, especially with folic acid, may reduce the risk of neural
tube defects (NTDs) (see Folic Acid). The evidence appears particularly
strong for the prevention of NTD recurrences in England. Additional studies
will be needed to establish whether the protective effect includes only
certain types of patients. Until that time, it seems prudent to recommend
that folate-containing multivitamin preparations should be used immediately
before and during at least the first few months of pregnancy. Women who
have had gastric bypass surgery for obesity may be at increased risk for
delivering offspring with NTDs, and pregnancy counseling to ensure
adequate nutritional intake may be of benefit.

FETAL RISK SUMMARY
Vitamins are essential for human life. Preparations containing multiple vitamins
(multivitamins) are routinely given to pregnant women. A typical product will
contain the vitamins A, D, E, and C, plus the B-complex vitamins thiamine (B1),
riboflavin (B2), niacin (B3), pantothenic acid (B5), pyridoxine (B6), B12, and folic
acid. Miscellaneous substances that may be included are iron, calcium, and
other minerals. The practice of supplementation during pregnancy with
multivitamins varies from country to country but is common in the United States.
The National Academy of Sciences’ RDA for pregnant women, as of 1989, is
as follows (1):



Although essential for health, vitamin K is normally not included in multivitamin
preparations because it is adequately supplied from natural sources. The fat-
soluble vitamins, A, D, and E, may be toxic or teratogenic in high doses. The
water-soluble vitamins, C and the B-complex group, are generally considered
safe in amounts above the RDA, but there are exceptions. Deficiencies of
vitamins may also be teratogenic (see individual vitamin monographs for further
details).

The role of vitamins in the prevention of certain congenital defects continues
to be a major area of controversy. Two classes of anomalies, CLP and NTDs,
have been the focus of numerous investigations with multivitamins. An
investigation into a third class of anomalies, limb reduction defects, has also
appeared. The following sections will summarize the published work on these
topics.

Animal research in the 1930s and 1940s had shown that both deficiencies
and excesses of selected vitamins could result in fetal anomalies, but it was not
until two papers in 1958 (2,3) that attention was turned to humans. These
investigations examined the role of environmental factors, in particular the B-
complex vitamins, as agents for preventing the recurrence of CLP. In that same
year, a study was published that involved 87 women who had previously given
birth to infants with CLP (4). Although the series was too small to draw
statistical conclusions, 48 women given no vitamin supplements had 78
pregnancies, resulting in 4 infants with CLP. The treated group, composed of
39 women, received multivitamins plus injectable B-complex vitamins during the
1st trimester. This group had 59 pregnancies with none of the infants having
CLP. A similar study found a CLP incidence of 1.9% (3 of 156) in treated
pregnancies compared with 5.7% (22 of 383) in controls (5). The difference
was not statistically significant. However, other researchers, in a 1964 survey,
found no evidence that vitamins offered protection against CLP (6). Also in
1964, research was published involving 594 pregnant women who had
previously given birth to an infant with CLP (7). This work was further
expanded, and the total group involving 645 pregnancies was presented in a
1976 paper (8). Of the total group, 417 women were not given supplements
during pregnancy, and they gave birth to 20 infants (4.8%) with CLP. In the



treated group, 228 women were given B-complex vitamins plus vitamin C
before or during the 1st trimester. From this latter group, seven infants (3.1%)
with CLP resulted. Although suggestive of a positive effect, the difference
between the two groups was not significant. Another investigator found only
one instance of CLP in his group of 85 supplemented pregnancies (9). These
patients were given daily multivitamins plus 10 mg of folic acid. In 206
pregnancies in women not given supplements in which the infants or fetuses
were examined, 15 instances of CLP resulted. The difference between the two
groups was significant (p = 0.023). In contrast, one author suggested that the
vitamin A in the supplements caused a cleft palate in his patient (10). However,
the conclusion of this report has been disputed (11). Thus, the published
studies involving the role of multivitamins in the prevention of cleft lip and/or
palate are inconclusive. No decisive benefit (or risk) of multivitamin
supplementation has emerged from any of the studies.

The second part of the controversy surrounding multivitamins and the
prevention of congenital defects involves their role in preventing NTDs. (Three
excellent reviews on the pathophysiology and various other aspects of NTDs,
including discussions on the role that multivitamins might play in the cause and
prevention of these defects, have been recently published [12–14].) In a series
of articles from 1976 to 1983, British investigators examined the effect of
multivitamin supplements on a group of women who had previously given birth
to one or more children with NTDs (15–19). For the purpose of their study, they
defined NTDs to include anencephaly, encephalocele, cranial meningocele,
iniencephaly, myelocele, myelomeningocele, and meningocele but excluded
isolated hydrocephalus and spina bifida occulta (17). In their initial publication,
they found that, in six mothers who had given birth to infants with NTDs, there
were lower 1st trimester levels of serum folate, red blood cell folate, white
blood cell vitamin C, and riboflavin saturation index (15). The differences
between the case mothers and the controls were significant for red blood cell
folate (p <0.001) and white blood cell vitamin C (p <0.05). Serum vitamin A
levels were comparable with those of controls. Based on this experience, a
multicenter study was launched to compare mothers receiving full supplements
with control patients not receiving supplements (16–19). The supplemented
group received a multivitamin–iron–calcium preparation from 28 days before
conception to the date of the second missed menstrual period, which is after
the time of neural tube closure. The daily vitamin supplement provided:



Their findings, summarized in 1983, are shown below for the infants and
fetuses who were examined (19):

Although the numbers were suggestive of a protective effect offered by
multivitamins, at least three other explanations were offered by the
investigators (16):

1. A low-risk group had selected itself for supplementation.
2. The study group aborted more NTD fetuses than did controls.
3. Other factors were responsible for the reduction in NTDs.

A 1980 report found that women receiving well-balanced diets had a lower
incidence and recurrence rate of infants with NTDs than did women receiving
poor diets (20). Although multivitamin supplements were not studied, it was
assumed that those patients who consumed adequate diets also consumed
more vitamins from their food compared with those with poor diets. This study,
then, added credibility to the thesis that good nutrition can prevent some NTDs.
Other researchers, using Smithells’ protocol, observed that fully supplemented



mothers (N = 83) had no recurrences, whereas a nonsupplemented group (N =
141) had four recurrences of NTDs (21,22). Interestingly, a short report that
appeared 6 years before Smithells’ work found that both vitamins and iron were
consumed more by mothers who gave birth to infants with anencephalus and
spina bifida (23).

The above investigations have generated many discussions, criticisms, and
defenses (24–57). The primary criticism centered on the fact that the groups
were not randomly assigned but were self-selected for supplementation or no
supplementation. A follow-up study, in response to some of these objections,
was published in 1986 (58). This study examined six factors that may have
influenced the earlier results by increasing the risk of recurrence of NTDs: (a)
two or more previous NTDs, (b) residence in Northern Ireland, (c) spontaneous
abortions immediately before the studied pregnancy, (d) <12 months between
studied pregnancy and abortion, (e) social class, and (f) therapeutic abortion
immediately before the studied pregnancy. The relative risk was increased only
for the first four factors, and only in those cases with two or more previous
NTDs was the increase significant. In addition, none of the four factors would
have predicted more than a 4% increase in the recurrence rate in
nonsupplemented mothers compared with those supplemented. The results
indicated that none of these factors contributed significantly to the differential
risk between supplemented and nonsupplemented mothers, thus leading to the
conclusion that the difference in recurrence rates was caused by the
multivitamin (58).

Several recent studies examining the effect of multivitamins on NTDs have
been published. A case–control, population-based study evaluated the
association between periconceptional (3 months before and after conception)
multivitamin use and the occurrence of NTDs (59). The case group involved
either liveborn or stillborn infants with anencephaly or spina bifida born during
the years 1968–1980 in the Atlanta area. A total of 347 infants with NTDs were
eligible for enrollment and became the case group, whereas 2829 infants
without birth defects served as controls. Multivitamin usage and other factors
were ascertained by interview 2–16 years after the pregnancies. This long time
interval might have induced a recall problem into the study, even though the
authors did take steps to minimize any potential bias (59). A protective effect of
periconceptional multivitamin usage against having an infant with an NTD was
found in comparison with controls with an estimated relative risk for all NTDs of
0.41 (95% confidence interval [CI] 0.26–0.66); anencephaly 0.47 (95% CI
0.25–0.91); and spina bifida 0.37 (95% CI 0.19–0.70). The odds ratios for



whites, but not for other races, were statistically significant. Except for
anencephaly among whites (odds ratio [OR] 0.68, 95% CI 0.35–1.34), similar
results were obtained when infants with congenital defects other than NTDs
were used as controls. Although the results indicated that periconceptional use
of multivitamins did protect against NTDs, the authors could not determine
whether the effect was related to vitamins or to some unknown characteristic of
vitamin users (59). In commenting on this study, one investigator speculated
that if the lack of a statistical effect observed in black women was confirmed, it
may be related to a different genetic makeup of the population (60). In other
words, the gene(s) that cause NTDs are responsive to periconceptional
multivitamins only in whites (60).

Three brief letter communications examined the effects of gastric or intestinal
bypass surgery, performed for obesity, on the incidence of NTDs (61–63). The
first report appeared in 1986 and described three births with NTDs occurring in
Maine (61). During the interval 1980–1984, 261 gastric bypass procedures
were performed in Maine, but only 133 were in women under the age of 35.
One woman delivered an anencephalic fetus 2 years after her surgery. A
second suffered a spontaneous abortion at 16 weeks’ gestation, 6 years after
a gastrojejunostomy. Her serum α-fetoprotein level 10 days before the abortion
was 4.8 times the median. She became pregnant again 2 years later and
eventually delivered a stillborn infant in the 3rd trimester. The infant had a
midthoracic meningomyelocele, iniencephaly, absence of diaphragms, and
hypoplastic lungs. During this latter pregnancy, she had intermittent heavy
alcohol intake. In the third case, a woman, whose surgery had been done 7
years earlier, had an anencephalic fetus associated with a lumbar rachischisis
diagnosed at 6 months’ gestation. In response to this report, investigators in
Denmark and Sweden could find no cases of NTDs in 77 infants born after their
mothers had bypass operations for obesity (62). However, the procedures in
these cases involved intestinal bypass, not gastric. Low birth weight and growth
restriction were increased in 64 liveborn infants. Gastric bypass surgery is
known to place recipients at risk for nutritional deficiencies, especially for iron,
calcium, vitamin B12, and folate (61,63). In the third report, of a total of 908
women who underwent the procedure, 511 (56%) responded to a questionnaire
(63). Of these, 87 (17%) had been pregnant at least once after the surgery.
The 87 women had 73 pregnancies (more than 20 weeks’ gestation) before the
operation with no cases of NTDs. After the surgery, these women had 110
pregnancies with two cases of NTDs. This represented a 12 times increase in
the risk for NTDs compared with the general population (incidence 0.15%) (63).



A third case of an infant with an NTD born from a mother who had undergone
the operation was identified later, but the mother was not part of the original
group. In each of the three cases, the birth of the infant with an NTD had
occurred >4 years after the bypass surgery. Moreover, the three mothers had
not consumed vitamin supplements as prescribed by their physicians. Because
of these findings, the authors recommended pregnancy counseling for any
woman who has undergone this procedure and who then desires to become
pregnant (63).

In another brief reference, the final results of a British clinical trial were
presented in 1989 (64). Women who resided in the Yorkshire region were
enrolled in the study if (a) they had one or more previous NTD infants, (b) they
were not pregnant at the time of enrollment, and (c) they were considering
another pregnancy. Mothers were requested to take the vitamin formulation
described above for at least 4 weeks before conception and until they had
missed two menstrual periods (i.e., same as previously). The results of the
study included three reporting intervals: 1977–1980, 1981–1984, and 1985–
1987. The 148 fully supplemented mothers (those who took vitamins as
prescribed or missed taking vitamins on only 1 day) had 150 infants or fetuses,
only 1 (0.7%) of whom had an NTD. In contrast, 315 nonsupplemented mothers
had 320 infants or fetuses among which there were 18 (5.6%) cases of NTDs.
The difference between the groups was significant (p = 0.006). In addition, 37
partially supplemented (defined as mothers who took the prescribed vitamin for
a shorter period of time than the fully supplemented group) women had 37
pregnancies with no cases of NTDs. The investigators concluded that the
difference between the groups could not be attributed to declining NTD
recurrence rates or to selection bias. Summarizing these and previously
published results, only 1 NTD recurrence had been observed in 315 infants or
fetuses born to 274 fully supplemented mothers, and no recurrences had been
observed among 57 examined infants or fetuses born to 58 partially
supplemented women (64).

A 1989 study conducted in California and Illinois examined three groups of
patients to determine whether multivitamins had a protective effect against
NTDs (65). The groups were composed of women who had a conceptus with
an NTD (N = 571) and two control groups: those who had a stillbirth or other
defect (N = 546), and women who had delivered a normal child (N = 573). In
this study, NTDs included anencephaly, meningocele, myelomeningocele,
encephalocele, rachischisis, iniencephaly, and lipomeningocele. The
periconceptional use of multivitamins, both in terms of vitamin supplements only



and when combined with fortified cereals, was then evaluated for each of the
groups. The outcome of this study, after appropriate adjustment for potential
confounding factors, revealed an OR of 0.95 (95% CI 0.78–1.14) for NTD-
supplemented mothers (i.e., those who received the RDA of vitamins or more)
compared with nonsupplemented mothers of abnormal infants, and an OR of
1.00 (95% CI 0.83–1.20) when the NTD group was compared with
unsupplemented mothers of normal infants. Only slight differences from these
values occurred when the data were evaluated by considering vitamin
supplements only (no fortified cereals) or vitamin supplements of any amount
(i.e., less than the RDA). Similarly, examination of the data for an effect of
folate supplementation on the occurrence of NTDs did not change the results.
Thus, this study could not show that the use of either multivitamin or folate
supplements reduced the frequency of NTDs. However, the investigators
cautioned that their results could not exclude the possibility that vitamins might
be of benefit in a high-risk population. Several reasons were proposed by the
authors to explain why their results differed from those obtained in the Atlanta
study cited above: (a) recall bias, (b) a declining incidence of NTDs, (c)
geographic differences such that a subset of vitamin-preventable NTDs was in
the Atlanta region but not in the areas of the current study, and (d) the Atlanta
study did not consider the vitamins contained in fortified cereals (65). However,
others concluded that this study lead to a null result because: (a) the vitamin
consumption history was obtained after delivery, (b) the history was obtained
after the defect was identified, or (c) the study excluded those women taking
vitamins after they knew they were pregnant (66).

In contrast to the above report, a Boston study published in 1989 found a
significant effect of folic acid–containing multivitamins on the occurrence of
NTDs (66). The study population was comprised of 22,715 women for whom
complete information on vitamin consumption and pregnancy outcomes was
available. Women were interviewed at the time of a maternal serum α-
fetoprotein screen or an amniocentesis. Thus, in most cases, the interview was
conducted before the results of the tests were known to either the patient or
the interviewer. A total of 49 women had an NTD outcome (2.2/1000). Among
these, 3 cases occurred in 107 women with a history of previous NTDs
(28.0/1000), and 2 in 489 women with a family history of NTDs in someone
other than an offspring (4.1/1000). After excluding the 87 women whose family
history of NTDs was unknown, the incidence of NTDs in the remaining women
was 44 cases in 22,093 (2.0/1000). Among the 3157 women who did not use a
folic acid–containing multivitamin, 11 cases of NTD occurred, a prevalence of



3.5/1000. For those using the preparation during the first 6 weeks of
pregnancy, 10 cases occurred from a total of 10,713 women (prevalence
0.9/1000). The prevalence ratio estimate for these two groups was 0.27 (95%
CI 0.12–0.59). For mothers who used vitamins during the first 6 weeks that did
not contain folic acid, the prevalence was 3 cases in 926, a ratio of 3.2. The
ratio, when compared with that of nonusers, was 0.93 (95% CI 0.26–3.3).
When vitamin use was started in the 7th week of gestation, there were 25
cases of NTD from 7795 mothers using the folic acid–multivitamin supplements
(prevalence 3.2/1000; prevalence ratio 0.92) and no cases in the 66 women
who started consuming multivitamins without folate. This study, then, observed
a markedly reduced risk of NTDs when folic acid–containing multivitamin
preparations were consumed in the first 6 weeks of gestation.

An investigation into a third class of anomalies, limb reduction defects, was
opened by a report that multivitamins may have caused this malformation in an
otherwise healthy boy (52). The mother was taking the preparation because of
a previous birth of a child with an NTD. A retrospective analysis of Finnish
records, however, failed to show any association between 1st trimester use of
multivitamins and limb reduction defects (67).

BREASTFEEDING SUMMARY
Vitamins are naturally present in breast milk (see individual vitamins). The
recommended dietary allowance of vitamins and minerals during lactation (first
6 months) are as follows (1):
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VORICONAZOLE
Antifungal
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

No reports describing the use of voriconazole in human pregnancy have
been located. The animal data are suggestive for a risk of toxicity and
teratogenicity. However, inhibition of estrogen synthesis was observed in
rats. This effect also has been noted in rats treated with another triazole
agent, fluconazole. In those studies, the anti-estrogen action was thought
to be responsible for the observed cleft palate and bone abnormalities (see
Fluconazole). Whether this mechanism also applies to voriconazole is
unknown. Nevertheless, based only on the animal data, one review
concluded that voriconazole should be avoided in pregnancy (1). Although
there are currently no human data, the close relationship with fluconazole, a
suspected teratogen in high doses, is reason enough to avoid voriconazole
in the 1st trimester. If advertent exposure has occurred, the patient should
be advised of the potential but unknown risk to the embryo.

FETAL RISK SUMMARY
The antifungal drug voriconazole is indicated for the treatment of various
systemic fungal infections (2). It is a triazole antifungal in the same class as
fluconazole, itraconazole, posaconazole, and terconazole.

Reproduction studies have been conducted in rats and rabbits. In pregnant
rats, a dose 0.3 times the recommended human maintenance dose or higher
based on BSA (RHMD) was teratogenic (cleft palates, hydronephrosis, and
hydroureter). Toxic effects observed at this dose were reduced ossification of
sacral and caudal vertebrae, skull, and pubic and hyoid bones, super numerary
ribs, anomalies of the sternebrae, and dilatation of the ureter/renal pelvis.
Treatment later in gestation resulted in increased gestational length and



dystocia with a subsequent increase in perinatal pup mortality. Plasma estradiol
in pregnant rats was reduced at all dose levels. In pregnant rabbits, toxic
effects, noted at 6 times the RHMD, consisted of increased embryo mortality,
reduced fetal weight, and increased incidences of skeletal variations, cervical
ribs, and extra sternebrae ossification sites (2).

In 2-year studies, hepatocellular adenomas were observed in female rats at
an oral dose 1.6 times the RHMD, and hepatocellular carcinomas were seen in
male rats at oral doses 0.2 and 1.6 times the RHMD. In mice, hepatocellular
adenomas were observed in male and female mice and hepatocellular
carcinomas in male mice at oral doses that were 1.4 times the RHMD.
Voriconazole was clastogenic in an in vitro assay with human lymphocytes, but
was not genotoxic in four other assays (2).

It is not known if voriconazole crosses the placenta to the fetus. The
molecular weight (about 349) is low enough that exposure of the embryo and/or
fetus should be expected.

BREASTFEEDING SUMMARY
No reports describing the use of voriconazole during lactation have been
located. The molecular weight (about 349) suggests that the agent will be
excreted into breast milk. There is potential for toxicity in nursing infants,
especially during the neonatal period when hepatic function is immature.
Therefore, women taking this drug should not breastfeed.
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VORINOSTAT
Antineoplastic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of vorinostat in human pregnancy have been
located. The animal reproductive data suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. However, the drug probably crosses the placenta and
exposure of the embryo and/or fetus should be expected. In addition,
although there are no other agents in this antineoplastic subclass, there are
other histone deacetylase inhibitors (e.g., valproic acid [1]). If a pregnant
woman requires vorinostat, avoiding the 1st trimester and obtaining
informed consent are recommended. In case of an inadvertent pregnancy,
the woman should be advised of the potential risk for severe adverse
effects in the embryo and fetus.

FETAL RISK SUMMARY
Vorinostat is an oral histone deacetylase inhibitor that is indicated for the
treatment of cutaneous manifestations in patients with cutaneous T-cell
lymphoma who have progressive, persistent, or recurrent disease on or
following two systemic therapies. It is given as a daily oral dose. Vorinostat is
in the same antineoplastic subclass as romidepsin. The drug is extensively
metabolized to two inactive metabolites. Plasma protein binding (71%) is
moderate. The mean terminal elimination half-life of vorinostat and one
metabolite is about 2 hours, but the half-life of the other inactive metabolite is
about 11 hours (1).

Reproductive studies have been conducted in rats and rabbits. The highest
dose tested in rats, exposures about half the human exposure based on AUC
(HE), caused developmental toxicity consisting of decreased mean live fetal
weights; incomplete ossifications of the fetal skull, thoracic vertebra, and



sternebrae; and skeletal variations (cervical ribs, supernumerary ribs, vertebral
count, and sacral arch variations). The highest dose tested in rabbits, also
about half the HE, was associated with reductions in mean live fetal weight and
an increased incidence of incomplete ossification of the metacarpals. The no-
observed-effect level in rats and rabbits was <0.1 times the HE. However, a
dose-related increase in the incidence of gall bladder malformations was
observed in rabbits (1,2).

Studies for carcinogenicity have not been conducted with vorinostat, but the
drug was mutagenic and clastogenic in tests. No effects on reproductive
performance were noted in male rats given doses resulting in exposures up to
about 0.70 times the HE for 70 days before mating. Female rats were given
doses resulting in exposures up to about 0.70 times the HE for 14 days before
mating and through day 7 of gestation. Dose-related increases in corpora lutea,
peri-implantation losses, and incidences of dead fetuses and in resorptions
were observed at exposures that were ≥0.15, ≥0.36, and 0.70 times the HE,
respectively (1).

It is not known if vorinostat crosses the human placenta. The molecular
weight (about 264) and moderate plasma protein binding suggest that the drug
will cross the human placenta, but the short elimination half-life should decrease
the exposure.

BREASTFEEDING SUMMARY
No reports describing the use of vorinostat during human lactation have been
located. The molecular weight (about 264) and moderate plasma protein
binding (about 71%) suggest that the drug will be excreted into breast milk.
However, the short elimination half-life (about 2 hours) should decrease the
amount excreted. The potential effects on a nursing infant are unknown, but
toxicity is possible. In adults, the most common adverse effects were
gastrointestinal (diarrhea, nausea/vomiting, anorexia, weight decrease,
constipation), fatigue, chills, hematologic (thrombocytopenia, anemia), and
taste disorders (dysgeusia, dry mouth) (1).
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WARFARIN
Anticoagulant
See Coumarin Derivatives.
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YOHIMBINE
Herb/Sympatholytic/Impotence Agent
PREGNANCY RECOMMENDATION: No Human Data—No Relevant Animal
Data
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of yohimbine or yohimbe in human pregnancy
have been located. The one animal reproduction study located was not
relevant for the reasons cited. Yohimbe is available over the counter as a
herbal supplement and has been used as an aphrodisiac and for weight
loss and sexual dysfunction. Although it has no FDA-sanctioned indications,
yohimbine is available by prescription for male erectile dysfunction. It has
also been used for treatment of orthostatic hypotension.

FETAL RISK SUMMARY
Yohimbine is an extract of the bark of the Pausinystalia yohimbe tree and
chemically related to reserpine. The term “yohimbe” refers to the bark extract,
which is available in many health stores as a supplement, while “yohimbine”
refers to the pharmaceutical pure extract. Both yohimbine and yohimbe are
administered orally. Yohimbine is available only by prescription. Yohimbine and
yohimbe have been used as aphrodisiacs, for weight loss, and for sexual
dysfunction. The primary off-label indication for yohimbine is sexual dysfunction,
particularly for the treatment of male erectile dysfunction. This action may be
secondary to its blockage of α2-adrenergic receptors. A second off-label
indication is for orthostatic hypotension. Yohimbine is metabolized to apparently
inactive metabolites. Plasma protein binding is 82% and the elimination half-life



is about 36 minutes (1,2).
In a reproduction study with rats, a single IM injection (20 mg/kg) of

yohimbine on day 5 of gestation did not alter the course of pregnancy or affect
litter size (3). However, the dose was given before the period of organogenesis
(days 9–17 in rats) and thus missed the period of greatest vulnerability for
structural anomalies. Moreover, the dose was not compared with the human
dose based on BSA or AUC, so the results are not interpretable for estimating
human risk.

No studies on the carcinogenicity, mutagenicity, or effects on fertility of
yohimbine have been located. In male Swiss albino mice, oral doses of
yohimbe for 90 days resulted in significant increases in sperm abnormalities
and the weight of seminal vesicles, and a decrease in sperm motility and count.
A nonsignificant decrease in pre- and postimplants also was observed (4).

It is not known if yohimbine crosses the human placenta. The molecular
weight (about 355) suggests that exposure of the embryo–fetus will occur.
However, the very short elimination half-life should limit the amount crossing the
placenta.

BREASTFEEDING SUMMARY
No reports describing the use of yohimbine or yohimbe during human lactation
have been located. In rats, the sympatholytic (blockage of presynaptic α2-
adrenergic receptors) action of the herb was shown to increase prolactin levels
(5). This effect has not been studied in humans. Nevertheless, the relatively low
molecular weight (about 355) suggests that the herb will be excreted into
breast milk. Moreover, both formulations of the herb are basic and
accumulation in breast milk may occur. The effect of this exposure on a nursing
infant is unknown.

References
1. DerMarderosian A, Beutler JA, eds. Yohimbe. The Review of Natural Products. St. Louis, MO: Wolters

Kluwer Health, 2009.
2. Tam SW, Worcel M, Wyllie M. Yohimbine: a clinical review. Pharmacol Ther 2001;91:215–43.
3. Bovet-Nitti F, Bovet D. Action of some sympatholytic agents on pregnancy in the rat. Proc Soc Exp Biol

Med 1959;100:555–7.
4. Al-Majed AA, Al-Yahya AA, Al-Bekairi AM, Al-Shabanah OA, Qureshi S. Reproductive, cytological and

biochemical toxicity of yohimbe in male Swiss albino mice. Asian J Androl 2006;8:469–76.
5. Lien EL, Morrison A, Kassarich J, Sullivan D. Alpha-2-adrenergic control of prolactin.

Neuroendocrinology 1986;44:184–9.



Z

ZAFIRLUKAST
Respiratory Agent
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Zafirlukast is not teratogenic in animals, and the few adverse outcomes in
humans do not demonstrate a pattern that suggests a common cause.
However, the human data are limited. One source stated that zafirlukast
may be safe to use during pregnancy, but this conclusion was based solely
on animal studies (1). A 2000 position statement of the American College
of Obstetricians and Gynecologists (ACOG) and the American College of
Allergy, Asthma and Immunology (ACAAI) recommended that zafirlukast
could be considered in patients with recalcitrant asthma who had shown a
uniquely favorable response to the drug prior to becoming pregnant (2).

FETAL RISK SUMMARY
Zafirlukast is an oral selective peptide leukotriene receptor antagonist that is
indicated for the prophylaxis and chronic treatment of asthma. It is extensively
metabolized to inactive compounds that are primarily eliminated in the feces.
Plasma protein binding is >99%. The mean terminal half-life is about 10 hours,
but other studies have reported the plasma half-lives in the 8- to 16-hour range
(3).

Reproduction studies conducted in mice and rats with oral doses ≤160 and
410 times the maximum recommended human dose based on BSA (MRHD-
BSA), respectively, and in monkeys with doses resulting in exposures up to
about 20 times the MRHD based on AUC of the drug plus metabolites (MRHD-



AUC), did not observe any evidence of teratogenicity. The maximum doses in
rats and monkeys were maternally toxic, resulting in maternal deaths in some
cases (rats), fetal resorptions (rats), and spontaneous abortions (SABs)
(monkeys) (3).

Zafirlukast was carcinogenic (hepatocellular adenomas) in male mice at a
dose about 30 times the MRHD-BSA. Female mice at this dose had a greater
incidence of whole-body histocytic sarcomas. Male and female rats at an
exposure about 160 times the MRHD-AUC had an increased incidence of
urinary bladder transitional cell papillomas. The no-effect doses in mice and
rats were 10 times the MRHD-BSA and 140 times the MRHD-AUC,
respectively. Assays for mutagenic and clastogenic effects were negative. In
addition, no evidence of impaired fertility or reproduction was observed in male
and female rats with doses up to about 410 times the MRHD-BSA (3).

It is not known if zafirlukast crosses the human placenta. The molecular
weight (about 576) and long elimination half-life suggest that passage to the
embryo and fetus should be expected. However, the extensive metabolism and
protein binding should limit the exposure.

A 2007 report described the pregnancy outcomes of 96 women exposed to
leukotriene receptor antagonists (montelukast and zafirlukast) (4). The women
were enrolled in the Organization of Teratology Information Specialists (OTIS)
Asthma Medications in Pregnancy study. Two comparison groups were formed
consisting of 122 pregnant women who exclusively took short-acting β2-
sympathomimetics or 346 pregnant women without asthma (control group).
Among the 96 subjects, 72 took montelukast, 22 took zafirlukast, and 2 took
both drugs. Most subjects (89.6%) were exposed in the 1st trimester and 50%
were exposed throughout gestation. There were no differences among the
three groups in terms of preterm delivery, Apgar scores at 1 and 5 minutes,
birth weight and height ≤10th percentile, or ponderal index <2.2. The adjusted
mean birth weight in subject infants was significantly lower than that in infants
from controls without asthma (3384 vs. 3529 g) (p <0.05). There were no
significant differences in pregnancy loss (SABs, ectopic pregnancies, and
stillbirths), gestational diabetes, preeclampsia, and maternal weight gain. There
were significantly (p <0.05) more birth defects in subjects (5.95%) compared
with the control group (0.3%), but the prevalence in the control group was
abnormally low. There was no significant difference in the prevalence of defects
between subjects and those treated with β2-agonists (3.9%). No birth defects
were reported in stillbirths, SABs, or elective abortions. Birth defects in liveborn
infants of subjects (specific exposure not given) were Sturge–Weber sequence,



congenital hip dislocation, bilateral club foot, neurofibromatosis type 1 (an
autosomal-dominant inheritance pattern); and imperforate anus. The causes of
the other four defects are either unknown or multifactorial, but no specific
pattern of defects is evident (4).

BREASTFEEDING SUMMARY
The manufacturer reports that zafirlukast is excreted into breast milk (3). In
healthy women taking 40 mg orally twice daily, the average steady-state
concentration of zafirlukast in milk was 50 ng/mL compared with 255 ng/mL in
the plasma (milk:plasma ratio 0.2). The effects in a nursing infant from
exposure to the drug in milk are unknown. The manufacturer recommends
against breastfeeding because of the potential for tumorigenicity noted in mice
and rats, as well as the enhanced sensitivity to the adverse effects of the drug
in neonatal rats and dogs (3).
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ZALEPLON
Hypnotic
PREGNANCY RECOMMENDATION: Human Data Suggest Low Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of zaleplon in human pregnancy have been
located. The agent does compare favorably to other hypnotic
benzodiazepine receptor agonists due to its rapid onset (15 minutes), short
elimination half-life, and the absence of active metabolites (1). The drug is
not an animal teratogen and the risk of human teratogenicity is probably
low. However, information from studies in one of the animal species
suggests that long-term use could potentially result in human embryo–fetal
toxicity. Therefore, the use of zaleplon in pregnancy should be restricted to
occasional, short-term treatment (e.g., 7–10 days).

FETAL RISK SUMMARY
The oral hypnotic, zaleplon, is chemically unrelated to benzodiazepines,
barbiturates, and other known hypnotic agents, but it is a benzodiazepine
receptor agonist. It is indicated for the short-term (e.g., 7–10 days) treatment
of insomnia. Zaleplon undergoes substantial presystemic metabolism that
significantly reduces its absolute bioavailability. Nearly all of zaleplon is
metabolized to inactive metabolites. Plasma protein binding is moderate (about
60%) and the terminal-phase elimination half-life is short (about 1 hour).
Zaleplon has an abuse potential similar to benzodiazepines and
benzodiazepine-like hypnotics (2).

Reproduction studies have been conducted in rats and rabbits. No evidence
of teratogenicity was observed in rats treated throughout organogenesis with
doses up to about 49 times the maximum recommended human dose of 20 mg
based on BSA (MRHD). At the maximum dose, pre- and postnatal growth was
decreased in rat offspring, but this dose was also maternally toxic (clinical signs
and reduced body weight). Fertility and reproductive performance in female



rats was also impaired at the maximum dose. The no-effect dose during
organogenesis for reduced growth in offspring was 5 times the MRHD.
However, treatment of pregnant rats in late gestation and during lactation, with
a dose that did not cause maternal toxicity (about 3.4 times the MRHD or
greater), did result in an increased incidence of stillbirth and postnatal death, as
well as decreased growth and physical development. The toxicity was thought
to have resulted from both in utero and lactational exposure to the drug. For
exposure in late gestation and during lactation, the no-effect dose was about
half the MRHD. In rabbits, no evidence of teratogenicity or embryo/fetal toxicity
was observed at doses up to 48 times the MRHD given throughout
organogenesis (2).

It is not known if zaleplon crosses the human placenta. The molecular weight
(about 305) is low enough, but the short elimination half-life will limit the amount
of drug available at the maternal:fetal interface.

In a study published in 2011, data from the Swedish Medical Birth Registry,
covering the period 1995–2007, identified 1318 women who gave birth to 1341
infants and who reported the use of a hypnotic benzodiazepine receptor agonist
at the first prenatal visit (3). The three most commonly reported agents and the
number of exposed infants were zopiclone (N = 692) (not available in USA),
zolpidem (N = 603), and zaleplon (N = 32). The reference group during the
study period was 1,106,001 women who gave birth to 1,125,734 infants. The
rate of congenital malformations was similar in the exposed and nonexposed
groups, 4.3% (N = 58) and 4.7% (N = 52,773), adjusted odds ratio (aOR)
0.89, 95% confidence interval (CI) 0.68–1.16. One mother who had two infants
with probably unrelated malformations (cleft lip and hypospadias) had used
zopiclone in both pregnancies. For relatively severe defects, there were 42
exposed infants (3.1%) compared with 36,321 nonexposed infants (3.2%),
aOR 0.95, 95% CI 0.0.69–1.30. The authors concluded that use of these
agents did not appear to increase the risk of malformations (3).

BREASTFEEDING SUMMARY
Small amounts of zaleplon are excreted into breast milk (2,4). In a study by the
manufacturer, the peak drug concentrations in milk occurred about 1 hour after
a 10-mg dose. The mean plasma elimination half-life in five lactating women
(mean weight 65.1 kg) was about 1 hour, similar to nonlactating women (2,4).
The average milk:plasma ratio was 0.5 (4). The investigators estimated the
maximum infant exposure during a feeding at peak milk concentrations to be in
the range of 1.28–1.66 mcg (4). As the women did not breastfeed during the



study, the effects of this exposure on a nursing infant are unknown. For a 65.1-
kg woman nursing a 4-kg infant, the maximum estimated infant dose, as a
percentage of the mother’s dose, is 0.27%. It is doubtful if this amount from a
10-mg dose would have a clinically significant effect on a nursing infant. In
addition, within 5 hours of a dose, about 97% of the drug will be eliminated
from the maternal plasma and milk.
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ZANAMIVIR
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit
>>Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

Reports describing the use of zanamivir during five human pregnancies
have been located. Although the animal data suggest low risk, the near
absence of human pregnancy experience prevents an assessment of the
risk to the embryo–fetus. Nevertheless, if the drug is indicated in a
pregnant woman, the maternal benefit outweighs the unknown embryo–
fetal risk.

FETAL RISK SUMMARY
Zanamivir is formulated as a powder to be administered by oral inhalation. The
agent is thought to act by inhibiting influenza virus neuraminidase with the
possibility of alteration of virus particle aggregation and release. Zanamivir is
indicated for the treatment of uncomplicated acute illness due to influenza A
and B virus in patients who have been symptomatic for no more than 2 days. It
is also indicated for prophylaxis of influenza in patients aged 5 years and older.
The systemic bioavailability of the drug is approximately 4%–17%, plasma
protein binding is <10%, and it is excreted unchanged (no metabolites have
been detected) in the urine with a serum elimination half-life of 2.5–5.1 hours
(1). In April, 2009, the FDA issued an Emergency Use Authorization to allow
zanamivir to be used to treat and prevent influenza in children under 1 year of
age, and to provide alternate dosing recommendations for children older than 1
year (2).

Reproduction studies with IV or SC zanamivir have been conducted in rats
and rabbits. In pregnant rats, the highest IV daily doses administered produced
exposures that were >300 times the human exposure from the clinical dose
based on AUC (HE). Drug administration, during gestational days 6–15 or



during gestational day 16 until litter day 21–23, revealed no evidence of
malformations, embryotoxicity, or maternal toxicity. In a different strain of rats
administered SC zanamivir 3 times daily during gestational days 7–17, the
highest SC dose produced exposures that were >1000 times the HE. In this
study, minor skeletal alterations and variations were observed in the exposed
offspring, but the incidence of these effects was within the background rates
for the strain studied. In pregnant rabbits, IV doses (identical to the rat doses,
but relationship to human dose not specified) administered during gestational
days 7–19 revealed no evidence of malformations, embryotoxicity, or maternal
toxicity (1).

Zanamivir was not carcinogenic in 2-year studies in mice and rats, was not
mutagenic in multiple assays, and did not impair fertility or mating in male and
female rats (1).

It is not known if zanamivir crosses the human placenta. The molecular
weight (about 332), combined with the lack of metabolism and plasma protein
binding, and the moderately long elimination half-life, suggest that the drug will
cross to the embryo–fetus. However, the low systemic bioavailability after oral
inhalation should limit the amount of drug available for crossing at the
maternal:fetal interface.

A 1999 review on the safety of zanamivir briefly described three pregnancies
inadvertently exposed during clinical trials (3). The pregnancy outcomes were
one spontaneous abortion, one elective abortion, and one healthy baby born 2
weeks early. These results were similar to four pregnancies exposed to
placebo in the same clinical trials. A 2009 review concluded that unvaccinated
women who come in contact with the H1N1 virus should receive prophylactic
antiviral therapy and, although the pregnancy data are limited, it was reassuring
(4). Another 2009 review mentioned a woman in Japan who had taken
zanamivir at 4 weeks’ gestation and gave birth to a healthy baby at term (no
other details provided) (5).

A 2010 case report from Thailand described the fatal outcome of a
pregnancy treated with nebulized zanamivir (6). The 25-year-old woman at 26
weeks’ gestation presented with influenza A (H1N1) pneumonia. Treatment with
oral oseltamivir, nebulized zanamivir, and IV dexamethasone was started. The
patient was ventilated but the ventilator constantly malfunctioned, eventually
leading to the patient’s death. The problem was traced to filter blockade
caused by the lactose in the double doses of zanamivir (20 mg) commonly used
in Thailand at the time (6).



BREASTFEEDING SUMMARY
No reports describing the use of zanamivir during human lactation have been
located, but two 2009 reviews consider the drug to be compatible with
breastfeeding (4,5). The molecular weight (about 332), moderately long
elimination half-life, and the lack of metabolism and plasma protein binding
suggest that the drug will be excreted into breast milk. However, the low
systemic bioavailability after oral inhalation should limit the amount of drug
excreted into breast milk. The effect, if any, of this exposure on a nursing infant
is unknown, but the risk of harm appears to be low.
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ZICONOTIDE
Analgesic
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of ziconotide in human pregnancy have been
located. Ziconotide is indicated for long-term intrathecal (IT) therapy and,
as such, any exposure would occur throughout gestation. However,
clinically significant amounts do not appear to reach the plasma during
continuous IT infusions. The small amounts that are in the systemic
circulation are metabolized in organ tissues to peptide fragments and free
amino acids. Moreover, animal reproduction studies in two species suggest
that the risk to the human embryo or fetus is low. Although the absence of
human pregnancy experience prevents a more complete assessment, the
risk to the embryo–fetus appears to be low. If a woman requires IT
therapy with ziconotide, the benefit to her appears to far outweigh the
unknown risk to her developing baby.

FETAL RISK SUMMARY
Ziconotide, a 25-amino-acid polypeptide, is a synthetic equivalent of a naturally
occurring conopeptide found in the piscivorous marine snail, Conus magus. The
hydrophilic peptide is given as an IT infusion for the management of severe
chronic pain in patients for whom IT therapy is warranted, and who are
intolerant of or refractory to other treatment, such as systemic analgesics,
adjunctive therapy, or IT morphine (1). The terminal half-life in the cerebrospinal
fluid (CSF) is about 4.5 hours (range 2.9–6.5 hours). About 50% of ziconotide
is bound to plasma proteins, but metabolism to peptide fragments and individual
free amino acids occurs in organs, such as the kidney, liver, lung, and muscle,
not in the CSF or blood. The biologic activity of the metabolic products has not
been determined. Although ziconotide should not be given IV, minimal amounts



of the drug (<1%) were recovered from the urine after an IV infusion (1).
During constant IT infusions at rates ranging from 0.1 to 7 mcg/hr, plasma

concentrations were below the level of detection (0.04 ng/mL) in slightly more
than half of the patients. More patients had detectable plasma concentrations
when higher doses were used (1).

Reproduction studies have been conducted in rats and rabbits. Ziconotide
caused embryo death in pregnant rats given continuous IV infusions about 700
times higher than the expected plasma exposure resulting from the maximum
recommended human daily IT dose of 0.8 mcg/hr (19.2 mcg/day) (MRHD). No
structural defects were observed in rats and rabbits given continuous IV
infusions during organogenesis that were up to about 26,000 and 940 times
higher, respectively, than the expected plasma exposure resulting from the
MRHD. Maternal toxicity (decreased body weight gain and food consumption)
was observed at all dose levels. In rats, maternal toxicity, at doses about
≥8900 times higher than the expected plasma exposure resulting from the
MRHD, resulted in reduced fetal weight and delayed ossification of the pubic
bones. The no-observed-adverse-effect level (NOAEL) for embryo–fetal
development in rats and rabbits was about 400 and 940 times higher,
respectively, than the expected plasma exposure from the MRHD.

In prenatal and postnatal studies in rats, continuous IV infusions up to about
3800 times higher than the expected plasma exposure resulting from the MRHD
had no effect on pup development or reproductive performance. Maternal
toxicity, as noted above, was observed at all dose levels.

It is not known if ziconotide crosses the human placenta. The molecular
weight (2639) and the very low plasma concentrations suggest that little, if any,
drug will reach the embryo or fetus.

BREASTFEEDING SUMMARY
No reports describing the use of ziconotide during human lactation have been
located. Ziconotide is a 25-amino-acid polypeptide with a molecular weight of
2639. Although excretion into milk is possible, only small, probably clinically
insignificant amounts of ziconotide appear in the plasma during IT infusions. It is
not known if the drug would be detectable in breast milk. The risk to a nursing
infant appears to be negligible.

Reference
1. Product information. Prialt. Elan Pharmaceuticals, 2005.



ZIDOVUDINE
Antiviral
PREGNANCY RECOMMENDATION: Compatible—Maternal Benefit >>
Embryo/Fetal Risk
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

Zidovudine (AZT) is effective for the reduction of maternal–fetal
transmission of HIV type 1 (HIV-1) infection with few, if any, adverse
effects in the newborns. However, neonatal anemia, a known toxic effect of
AZT, may occur and requires monitoring. Although yet unproven, AZT may
be effective in reducing the transmission of HIV-1 from semen, thereby
lessening the chance of infection in a woman who, when pregnant, could
transmit the virus to her offspring. The drug is not teratogenic in animals,
except at very high doses, and the experience in humans shows no pattern
of birth defects. Experimental evidence, however, indicates that AZT is
toxic to rodent embryos, preventing blastocyst development when
administered before implantation. In addition, evidence has also been
published that AZT may affect human trophoblast cell growth and function
in a dose-related manner. This cytotoxicity may have resulted in the
reduced fertility observed in nonhuman primates. Thus, impaired human
fertility is a concern if AZT is administered in high therapeutic doses during
early pregnancy. Additionally, there are unanswered questions relating to
the potential for long-term toxicity, such as mutagenesis, carcinogenesis,
liver disease, heart disease, and reproductive system effects. One study
cited, however, found no cancer in AZT-exposed children, some of whom
were followed up to 6 years of age. Mitochondrial dysfunction in offspring
exposed in utero to AZT and other nucleoside reverse transcriptase
inhibitors (NRTIs) has been reported. Moreover, evidence of dose-
dependent mitochondrial dysfunction was demonstrated in monkey fetuses
whose mothers were given a human-equivalent AZT dose. However, a
recent study did not find cardiac toxicity in a small sample of children
exposed to AZT during the perinatal period. The incidence and clinical
significance of mitochondrial dysfunction after in utero exposure to AZT is



therefore still unknown and requires further study. If indicated, the drug
should not be withheld because of pregnancy.

FETAL RISK SUMMARY
The thymidine analog zidovudine is an NRTI that is used for the treatment of
HIV infection. Other drugs in this class are abacavir, didanosine, lamivudine,
stavudine, and zalcitabine.

AZT was not teratogenic in pregnant rats or rabbits at oral doses up to 500
mg/kg/day (1). These doses resulted in peak plasma concentrations in rats 66–
226 times, and in rabbits 12–87 times, the mean steady-state peak human
plasma levels obtained with the recommended human dose (100 mg every 4
hours). At 150 or 450 mg/kg/day (rats) and 500 mg/kg/day (rabbits),
embryo/fetal toxicity was observed as evidenced by an increased incidence of
fetal resorptions (1). At a dose of 3000 mg/kg/day in rats (near the median
lethal dose), marked maternal toxicity and an increased incidence of fetal
malformations were observed (1). This dose produced peak plasma
concentrations 350 times the peak human plasma levels (1). In an in vitro study,
a dose-related reduction in blastocyst formation was noted in fertilized mouse
oocytes (1).

A 1991 study in rats compared the in vitro and in vivo toxicity of five virustatic
nucleoside analogs in whole-embryo cultures and on the 10th day of gestation
(2). Among the agents tested (vidarabine, ganciclovir, zalcitabine, 2’3’-
dideoxyadenosine [ddA], and AZT), AZT had the lowest teratogenic potential.

In an investigation conducted by the manufacturer, a split-dose regimen of
300 mg/kg on gestational day 10 in rats had no adverse effect on the mothers
or offspring (3). The AZT concentration in the embryos was approximately one-
third of that in the mother, 21.1 vs. 62.6 mcg/g, respectively. However, another
study administered AZT to pregnant mice from days 1 to 13 of gestation and
observed dose-related fetal toxicity (decrease in the number of fetuses and
fetal growth) (4). Concomitant treatment with erythropoietin, vitamin E, or
interleukin-3 lessened the fetal toxicity. The adverse effects were thought most
likely to be caused by a direct toxic effect on fetal cells, although a partial
effect of maternal bone marrow depression could not be excluded.

Four studies have confirmed a direct dose-related toxic effect of AZT on
preimplantation mouse embryos (5–8). The doses tested ranged from 1 to 20
times the concentrations obtainable with therapeutic human doses. Using an in
vitro model, investigators demonstrated that exposure to AZT was highly



correlated with failure to develop to the blastocyst stage (5). Similar
developmental arrest, possibly caused by inhibition of DNA synthesis in
blastomeres, was observed in a second study of preimplantation mouse
embryos exposed in vitro to AZT (6). During the postimplantation portion of this
investigation, no adverse fetal effects were observed with doses up to 300
mg/kg/day through all or part of gestation. A third study demonstrated that,
when preimplantation mouse embryos were exposed to AZT either in vivo or in
vitro, development was unable to proceed beyond the blastocyst stage (7).
Exposure at the blastocyst and postblastocyst stages resulted in a lower
degree of retarded cell division, indicating that the critical period of toxicity in
mouse embryos is between ovulation and implantation. The comparative mouse
embryo cytotoxicity of four antiretroviral nucleosides (AZT, didanosine,
stavudine, and zalcitabine) was reported in a 1994 study (8). All of the agents
showed dose-related inhibition of blastocyst formation, but AZT was the most
toxic of the drugs. Cytotoxicity of the other agents was only evident at
concentrations equal to the highest obtainable after therapeutic human doses
(stavudine) or much higher (didanosine and zalcitabine).

AZT (1.5 mg/kg/dose every 4 hours) was administered via gastric catheter at
least 10 days before and throughout gestation to pigtailed macaques (9,10).
Mean plasma concentrations (AUC) of the drug were comparable to those
obtained in human studies. Twelve pregnancies were brought to term (six AZT,
six controls), but significantly more matings (17 vs. 9, p = 0.007) were required
to achieve pregnancy in the AZT-treated primates. A significant decrease in
maternal hemoglobin was observed in the AZT-treated animals, but no
differences in the mean hematocrit of the drug-exposed newborns or in fetal
growth were found in comparison with controls. Moreover, no adverse effects
were discovered in neurologic, perceptual, or motor development during a 9- to
10-month follow-up.

The authors of the above investigation speculated that the retarded macaque
fertility might have been related to AZT blockage of progesterone synthesis.
However, the following two studies on human trophoblast growth and function
indicate that inhibition of cell division before blastocyst formation, as
demonstrated in the previously described murine studies (5–8), must also be
considered (11,12). Human trophoblasts were isolated from 1st trimester and
term pregnancies and maintained in culture (11). Using relatively high drug
concentrations (20 µmol/L vs. recommended therapeutic concentrations of 3–5
µmol/L) for prolonged periods (2–11 days), no significant effects on trophoblast
function, as measured by human chorionic gonadotropin (hCG) secretion,



protein synthesis, and glucose consumption, were observed. In one of the five
term placentas, AZT exposure resulted in a significant decrease (20% of the
control value) in progesterone secretion, but the secretion rate (17.2 ng/hr/106

cells) was still much higher than the control values of the other placentas (3.26–
15.63 ng/hr/106 cells).

A 1999 study investigated the effects of a single 24-hour exposure of AZT or
didanosine (ddI) on human trophoblast cells using a human choriocarcinoma cell
line that exhibited many characteristics of the early placenta (12). Two drug
concentrations (7.6 mM or 0.076 mM) were studied for their effects on
trophoblast cell proliferation and hormone production (hCG, estradiol [E2], and
progesterone [P4]). The higher concentrations of AZT or ddI resulted in
significant decreases in cell numbers and growth rate (38% and 51% of control
values, respectively), but increased production of hCG, E2, and P4. The
decrease in trophoblast cell proliferation may have been the mechanism for the
increased incidence of rodent embryo loss observed with AZT (12). In contrast,
the lower concentrations of AZT and ddI did not cause changes in cell numbers,
producing only significant increases in E2 production. Because of these findings,
the researchers concluded that high therapeutic doses of either AZT or ddI
during early human gestation were potentially embryotoxic (12).

Adverse effects on neurobehavior development in mice offspring resulting
from a combination of AZT and lamivudine were described in a 2001 study
(13). Pregnant mice received both drugs from day 10 of gestation to delivery.
The effects on somatic and sensorimotor development were minor but more
marked in exposed offspring than when either drug was given alone (13). Both
development endpoints were delayed with respect to control animals. Further,
alterations of social behavior were observed in both sexes of exposed offspring
(13).

AZT crosses the placenta to the fetus, both in animals (14–16) and in
humans (1,17–27). Placental transfer of the drug is rapid and is by simple
diffusion (17–19). Seven pregnant HIV-seropositive women with gestational
lengths between 14 and 26 weeks were scheduled for therapeutic abortions
(20). The women were given AZT, 200 mg orally every 4 hours for five doses,
1–2.75 hours before pregnancy termination. Fetal blood concentrations of the
parent compound and its inactive glucuronide metabolite ranged from 100 to
287 ng/mL and from 346 to 963.5 ng/mL, respectively. In six patients (one
woman had blood levels below the level of detection), mean AZT
concentrations in the maternal blood, amniotic fluid, and fetal blood were 143,
168, and 205 ng/mL, respectively.



In a 1990 study, the pregnancy of an HIV-seropositive woman was
terminated at 13 weeks’ gestation (21). She had been taking AZT, 100 mg four
times daily, for 6 weeks, with her last dose consumed approximately 4 hours
before the abortion. Both AZT and the glucuronide metabolite were found in the
amniotic fluid and various fetal tissues. The lower limit of detection for the
assay was 0.01 µmol/L (0.01 nmol/g). The concentrations of the parent
compound and the metabolite in maternal plasma were 0.35 and 0.90 µmol/L,
respectively. In comparison, the fetal concentrations of AZT (corresponding
levels of the metabolite are shown in parentheses) were amniotic fluid, 0.31
µmol/L (1.16 µmol/L); liver, 0.14 nmol/g (0.16 nmol/g); muscle, 0.26 nmol/g
(0.50 nmol/g); and CNS, 0.01 nmol/g (0.05 nmol/g). The low levels of AZT in
the latter system probably indicate that transplacental passage of the drug, at
this dose, may be insufficient to treat HIV infection of the fetal CNS (21). The
significance of this result is increased by the finding that neurologic and
neuropsychologic morbidity in infants exposed to HIV in utero is high (21,28).

A 1989 report described the treatment of a 30-year-old HIV-seropositive
woman who was treated before and throughout gestation with AZT, 1200
mg/day (22). IV AZT, 0.12 mg/kg/hr, was infused 24 hours before labor
induction at 39 weeks’ gestation. An uncomplicated vaginal delivery occurred,
resulting in the birth of a normal male infant weighing 3110 g, with a height and
head circumference of 48.5 and 35 cm, respectively. The newborn’s renal and
hepatic functions were normal, and no other toxicity, such as anemia or
macrocytosis, was noted. At birth, concentrations of AZT in the maternal blood,
amniotic fluid, and cord blood were 0.28, 3.82, and 0.47 mcg/mL, respectively.
AZT concentrations in the infant’s blood at 6, 24, 36, and 48 hours were 0.46,
0.51, 0.44, and 0.27 mcg/mL, respectively, indicating that in the first 24 hours
elimination of the drug from the newborn was negligible (22). Levels of the
inactive metabolite were also determined concurrently; in each sample, the
metabolite concentration was higher than that of the parent compound. The
infant was doing well and growing normally at 6 months of age.

Two HIV-positive women at 18 and 21 weeks’ gestation were treated with
AZT (1000 mg/day) for 3 days before elective abortion (23). The final 200-mg
dose was consumed 2–3 hours before abortion. Both AZT and its metabolite
were found in the two women and in amniotic fluid and fetal blood, with
fetal:maternal ratios for AZT of 1.10 and 6.00, respectively, and for the
metabolite of 0.84 and 3.75, respectively.

Three experimental in vitro models using perfused human placentas to predict
the placental transfer of NRTIs (didanosine, stavudine, zalcitabine, and AZT)



were described in a 1999 publication (29). For each drug, the predicted
fetal:maternal plasma drug concentration ratios at steady state with each of the
three models were close to those actually observed in pregnant macaques.
Based on these results, the authors concluded that their models would
accurately predict the mechanism, relative rate, and extent of in vivo human
placental transfer of NRTIs (29).

The pharmacokinetics of AZT during human and nonhuman primate
pregnancies have been determined in a number of studies (24,26,27,30–33).
AZT was administered to seven HIV-positive women beginning at 28–35 weeks’
gestation with a 200-mg IV dose on day 1, followed by 200 mg orally 5 times a
day from day 2 until labor (24). The mean maternal plasma concentrations of
AZT and its inactive glucuronide metabolite at delivery were 0.29 and 0.87
mcg/mL, respectively. Similar amounts were measured in umbilical cord venous
blood, with mean concentrations of 0.28 and 1.01 mcg/mL, respectively,
suggesting that the fetuses and newborns were unable to metabolize AZT (24).
No significant drug-induced adverse effects were observed in the women or
their newborns and no congenital malformations were noted. Fetal growth was
normal in six and accelerated in one, and the slightly lower than normal
hemoglobin values were not considered clinically significant (24).

In pregnant macaques or humans, the pharmacokinetics of AZT were not
affected by pregnancy (macaques) (30), nor did AZT affect the transplacental
pharmacokinetics of didanosine (macaques) (31), lamivudine (humans) (32), or
stavudine (macaques) (33). Two other studies involving four women infected
with HIV measured peak AZT maternal serum levels and elimination half-lives
that were statistically similar to those of nonpregnant adults (26,27). However,
in three women, the AUC during pregnancy was significantly less than after
pregnancy (4.5 µmol/L vs. 6.8 µmol/L, p = 0.02), and the apparent total body
clearance was significantly greater (2.5 L/hr/kg vs. 1.7 L/hr/kg, p = 0.05) (26).
Moreover, the difference in the apparent volume of distribution during and after
pregnancy reached near significance (3.9 L/kg vs. 2.6 L/kg, p = 0.07) (26).

The effect of AZT on the transplacental passage of HIV is unknown. A 1990
review of AZT in pregnancy focused on the issue of whether the drug prevented
HIV passage to the fetus and concluded that available data were insufficient to
provide an answer to this question (22). However, a 1993 study observed that,
although AZT is transferred to the fetus relatively intact, the approximately 50%
retained by the placenta is extensively metabolized, with one of the metabolites
being zidovudine triphosphate, the product responsible for the antiviral activity
of the parent drug (34). The effect of this may be a reduction in the risk of HIV



transmission to the fetus (34).
Brief descriptions of the treatment and pregnancy outcome of 12 HIV-

seropositive women were provided in a 1991 abstract (35). AZT therapy was
started before conception in 4 women and between 21 and 34 weeks’ (mean
25 weeks) gestation in 8. The mean duration of therapy was 8 weeks (range
1–24 weeks). Three of the women who had conceived while taking AZT
underwent therapeutic abortions of grossly normal fetuses between 10 and 12
weeks’ gestation. Five women had delivered grossly normal infants with a mean
birth weight of 2900 g, and the infants of the remaining four women were
undelivered between 24 and 36 weeks. Three other abstracts that appeared in
1992 and 1993 described 46 pregnant women treated with AZT without
producing toxic effects or anomalies in their fetuses (36–38).

In a surveillance study of Michigan Medicaid recipients involving 229,101
completed pregnancies conducted between 1985 and 1992, two newborns had
been exposed to AZT during the 1st trimester (F. Rosa, personal
communication, FDA, 1993). No major birth defects were observed.

Data on 45 newborns (2 sets of twins) of 43 pregnant women, enrolled in
studies conducted by 17 institutions participating in AIDS Clinical Trial Units and
who had been treated with AZT, were described in 1992 ( 39). AZT dosage
ranged from 300 to 1200 mg/day, with 24 of the women taking the drug during
at least two trimesters. All the infants were born alive. No congenital
abnormalities were observed in 12 infants who had been exposed in utero to
AZT during the 1st trimester, although 1 newborn with elevated 17α-
hydroxyprogesterone levels had clitoral enlargement. Normal levels of the
hormone were measured in this infant at 4 months of age. Two term infants
were growth restricted, but 38 other singleton term infants had a mean birth
weight of 3287 g. Seven infants had hemoglobin values less than 13.5 g/dL;
three of these were delivered prematurely. The authors concluded that the few
cases of anemia and growth restriction might have been, at least partially,
caused by maternal AZT therapy (39). Another report involving 29 pregnant
patients treated with AZT at government-sponsored AIDS clinical trial centers
appeared in 1992, but no data on the outcome of these pregnancies were given
(40).

The outcomes of 104 pregnancies in which AZT was used were described in
a 1994 report (41). Sixteen of the pregnancies terminated during the 1st
trimester—eight spontaneous and eight elective abortions. Among the
remaining 88 cases, 8 infants had birth defects, 4 after 1st trimester exposure,
and 4 after exposure during the 2nd or 3rd trimesters. None of the defects



could be attributed to AZT exposure (41): multiple minor anomalies (low-set
ears, retrognathia, hirsutism, triangular face, blue sclera, prominent sacral
dimple)*; multiple minor anomalies (type not specified)*; extra digits on both
hands, hare lip (central), cleft palate; fetal alcohol syndrome; atrial septal
defect (asymptomatic) with pectus excavatum*; microcephaly, chorioretinitis
(Toxoplasma gondii infection); pectus excavatum*; and albinism with congenital
ptosis, growth restriction, and oligohydramnios (* indicates chromosomal
analysis normal) (41).

The Antiretroviral Pregnancy Registry reported, for the period January 1989
through July 2009, prospective data (reported before the outcomes were
known) involving 4702 live births that had been exposed during the 1st trimester
to one or more antiretroviral agents (42). Congenital defects were noted in 134,
a prevalence of 2.8% (95% confidence interval [CI] 2.4–3.4). In the 6100 live
births with earliest exposure in the 2nd/3rd trimesters, there were 153 infants
with defects (2.5%, 95% CI 2.1–2.9). The prevalence rates for the two periods
did not differ significantly. There were 288 infants with birth defects among
10,803 live births with exposure anytime during pregnancy (2.7%, 95% CI 2.4–
3.0). The prevalence rate did not differ significantly from the rate expected in a
nonexposed population. There were 9735 outcomes exposed to AZT (3167 in
the 1st trimester and 6568 in the 2nd/3rd trimesters) in combination with other
antiretroviral agents. There were 264 birth defects (97 in the 1st trimester and
167 in the 2nd/3rd trimesters). In reviewing the birth defects of prospective and
retrospective (pregnancies reported after the outcomes were known)
registered cases, the Registry concluded that, except for isolated cases of
NTDs with efavirenz exposure in retrospective reports, there was no other
pattern of anomalies (isolated or syndromic) (42). (See Lamivudine for required
statement.)

The failure of maternal AZT therapy to prevent the transmission of HIV-1
infection to one of the mother’s female twins was described in a 1990 report
(43). The woman was treated with AZT, 400 mg/day, from 18 weeks’ gestation
until delivery. A cesarean section was performed at 27 weeks’ gestation
because of premature labor that was not responsive to tocolytic therapy. Twin
A was diagnosed with culture-proven HIV-1 and cytomegalovirus infection. At
the time of the report, the child was 9 months old with limited sight, severe
failure to thrive, and encephalopathy. An HIV-1 culture in twin B was negative,
but analysis for HIV-1 antigens continued to be positive through 20 weeks of
age. A number of possible explanations were proposed by the authors
concerning the failure of AZT to protect twin A from infection. Included among



these were passage of the virus before the onset of treatment at 18 weeks’
gestation, intrauterine transfer of the virus via an amniocentesis performed at
14 weeks’ gestation, viral resistance to the drug, low fetal tissue drug levels,
maternal noncompliance (doubtful), and acquisition of the virus during birth (43).

A 1992 review on the treatment of HIV-infected pregnant women stated that
most obstetric experts offered AZT therapy in cases of AIDS, AIDS-related
complex, or when the CD4+ cell counts were below 200 cells/micro-L (44).
Although no fetal toxicity secondary to AZT had been reported, the author
recommended caution with 1st trimester use of the agent and noted the
potential for fetal bone marrow depression and resulting anemia.

A clinical trial, the subject of several reviews and editorials (45–51),
conducted from 1991 to 1993 and published in 1994, found that the risk of
maternal–infant transmission of HIV disease could be decreased by 67.5% by
treatment of pregnant women (who had mildly symptomatic HIV disease) with
AZT (52). The randomized, double-blind, placebo-controlled trial enrolled
untreated HIV-infected pregnant women, at 14–34 weeks’ gestation, which had
CD4+ T-lymphocyte counts above 200 cells/mm3 and no clinical indications for
antenatal antiretroviral therapy. The maternal AZT treatment regimen consisted
of antepartum oral therapy (100 mg orally five times daily) and intrapartum IV
dosing (2 mg/kg for 1 hour, then 1 mg/kg/hr until delivery). The newborns were
treated with oral AZT (2 mg/kg every 6 hours) for 6 weeks. A total of 477
women were enrolled, 409 of whom delivered 415 liveborn infants during the
study period. Among those with known HIV-infection status were 180 infants
from the AZT-treated group and 183 placebo-treated controls. The authors of
this study used statistical methods to predict the number of infants who would
be HIV-infected at 18 months of age, thus allowing a faster analysis of their
data. They estimated that the number of HIV-infected children would be 8.3%
(95% CI 3.9%–12.8%) in the AZT group and 25.5% (95% CI 18.4%–32.5%) in
the placebo group (52). This was a 67.5% (95% CI 40.7%–82.1%) reduction in
the risk of HIV transmission (p = 0.00006). No differences in growth,
prematurity, or the number and patterns of major or minor congenital
abnormalities were observed between the two groups. Thirty-three liveborn
infants had congenital defects, 17 of 206 (8.3%) in the treatment group and 16
of 209 (7.7%) in the nontreated controls. Cardiac malformations were observed
in 10 infants (5 in each group), CNS defects in 5 (3 in the AZT group, 2 in
controls), and 9 unspecified defects in each group. The total incidence of
congenital malformations is higher than expected in the general population, but
this probably reflects the population studied. The only drug-related adverse



effect observed in the newborns was a decrease in hemoglobin concentration in
those exposed to AZT in utero. The maximum difference in hemoglobin
concentration between the groups, 1 g/dL, occurred at 3 weeks of age, but by
12 weeks of age, the hemoglobin values were similar (52).

Although AZT appeared to be effective in reducing transmission of HIV-1 to
the fetus, some infants became infected despite treatment. Possible reasons
proposed for these failures included (a) virus transmission before treatment
began, (b) ineffective suppression of maternal viral replication, (c) poor
maternal compliance with the drug regimen, and (d) virus resistance to AZT
(52).

A series of studies and editorials appeared in 1998–2000 that evaluated or
discussed the effect of short courses of AZT on the perinatal transmission of
HIV in various populations (53–59). The most effective therapy, however,
involved starting treatment of the mother at 28 weeks’ gestation, with 6 weeks
of treatment in the infant (58,59).

A 2000 review described seven clinical trials that have been effective in
reducing perinatal transmission, five with AZT alone, one with AZT plus
lamivudine, and one with nevirapine (60). Six of the trials were in less-
developed countries. Prolonged use of AZT in the mother and infant was the
most effective for preventing vertical transmission of HIV, but also was the
most expensive. The combination of AZT and lamivudine, consisting of
antepartum, intrapartum, and postpartum maternal therapy with continued
therapy in the infant for 1 week, may have been as effective as prolonged AZT
(60).

A study published in 1999 evaluated the safety, efficacy, and perinatal
transmission rates of HIV in 30 pregnant women receiving various combinations
of antiretroviral agents (61). Many of the women were substance abusers. AZT
was used by 26 women in various combinations that included didanosine,
lamivudine, indinavir, nelfinavir, nevirapine, saquinavir, and delavirdine.
Antiretroviral therapy was initiated at a median of 14 weeks’ gestation (range
preconception to 32 weeks). Despite previous histories of extensive
antiretroviral experience and of vertical transmission of HIV, combination
therapy was effective in treating maternal disease and in preventing
transmission to the current newborns. The outcomes of the pregnancies
included one stillbirth, one case of microcephaly, and five infants with birth
weights <2500 g, two of which were premature (61).

In another 1999 study, the safety and efficacy of a short course of nevirapine
was compared with AZT for the prevention of perinatal transmission of HIV-1



(62). At the onset of labor, women were randomly assigned to receive either a
single dose of nevirapine (200 mg) plus a single dose (2 mg/kg) to their infants
within 72 hours of birth (N = 310) or AZT (600 mg then 300 mg every 3 hours
until delivery) plus 4 mg/kg twice daily for 7 days to their infants (N = 308).
Nearly all (98.8%) of the women breastfed their infants immediately after birth.
Up to age 14–16 weeks, significantly fewer infants in the nevirapine group were
HIV-1 infected, lowering the risk of infection or death, compared with AZT, by
48% (95% CI 24%–65%) (62). The prevalence of maternal and infant adverse
effects were similar in the two groups. In an accompanying study, the
nevirapine regimen was shown to be cost-effective in various seroprevalence
settings (63).

In an unusual case, a woman was exposed to HIV through self-insemination
with fresh semen obtained from a man with a high HIV ribonucleic acid viral
load (>750,000 copies/mL plasma) (64). Ten days later, she was started on a
prophylactic regimen of AZT (600 mg/day), lamivudine (300 mg/day), and
indinavir (2400 mg/day). Pregnancy was confirmed 14 days after insemination.
The indinavir dose was reduced to 1800 mg/day 4 weeks after the start of
therapy because of the development of renal calculi. All antiretroviral therapy
was stopped after 9 weeks because of negative tests for HIV. She gave birth
at 40 weeks’ gestation to a healthy 3490-g male infant, without evidence of HIV
disease, who was developing normally at 2 years of age (64).

A case of life-threatening anemia following in utero exposure to antiretroviral
agents was described in 1998 (65). A 30-year-old woman with HIV infection
was treated with AZT, didanosine, and trimethoprim/sulfamethoxazole (three
times weekly) during the 1st trimester. Vitamin supplementation was also given.
Because of an inadequate response, didanosine was discontinued and
lamivudine and zalcitabine were started in the 3rd trimester. Two weeks before
delivery, the HIV viral load was undetectable. At term, a pale, male infant was
delivered who developed respiratory distress shortly after birth. Examination
revealed a hyperactive precordium and hepatomegaly without evidence of
hydrops. The hematocrit was 11% with a reticulocyte count of zero. An
extensive work-up of the mother and infant failed to determine the cause of the
anemia. Bacterial and viral infections, including HIV, parvovirus B19,
cytomegalovirus, and others, were excluded. The infant received a transfusion
and was apparently doing well at 10 weeks of age. Because no other cause of
the anemia could be found, the authors attributed the condition to bone marrow
suppression, most likely to AZT. A contribution of the other agents to the
condition, however, could not be excluded (65).



A study of the inhibitory effects of AZT on hematopoiesis was published in
1996 (66). The researchers compared the effect of increasing concentrations
of AZT on hematopoietic progenitors from women of childbearing age (from
bone marrow aspirates), mid-trimester aborted fetuses (from bone marrow and
liver), and term newborns (from cord blood). The inhibitory effect of AZT was
more pronounced on fetal and neonatal erythroid progenitors than those from
the bone marrow of the women. AZT had no effect on granulocyte colony-
stimulating factor or erythropoietin. The authors concluded that neonatal anemia
after in utero exposure to AZT was due to reduced clonal maturation of
erythroid progenitors (66).

A 1999 report from France described the possible association of AZT and
lamivudine (NRTIs) use in pregnancy with mitochondrial dysfunction in the
offspring (67). Mitochondrial disease is relatively rare in France (estimated
prevalence is 1 in 5000–20,000 children). From an ongoing epidemiological
survey of 1754 mother–child pairs exposed to AZT and other agents during
pregnancy, however, eight children with possible mitochondrial dysfunction
were identified. None of the eight infants were infected with HIV, but all
received prophylaxis for up to 6 weeks after birth with the same antiretroviral
regimen as given during pregnancy. Four of the cases were exposed to AZT
alone and four to a combination of AZT and lamivudine. Two from the
combination group died at about 1 year of age. All eight cases had abnormally
low respiratory-chain enzyme activities. The authors concluded that their results
supported the hypothesis of a causative association between mitochondrial
respiratory-chain dysfunction and NRTIs. Moreover, the toxicity may have been
potentiated by a combination of these agents (67).

In a paper following the above study, investigators noted that NRTIs inhibit
DNA polymerase γ, the enzyme responsible for mitochondrial DNA replication
(68). They then hypothesized that this inhibition would induce depletion of
mitochondrial DNA and mitochondrial DNA-encoded mitochondrial enzymes,
thus resulting in mitochondrial dysfunction (69). Moreover, they stated that
support for their hypothesis was suggested by the closeness of the clinical
manifestations of inherited mitochondrial diseases with the adverse effects
attributed to NRTIs. These adverse effects included polyneuropathy, myopathy,
cardiomyopathy, pancreatitis, bone marrow suppression, and lactic acidosis.
They also postulated that this mechanism was involved in the development of a
lipodystrophy syndrome of peripheral fat wasting and central adiposity, a
condition that has been thought to be related to protease inhibitors (68).

A commentary on the above two studies concluded that the evidence for



NRTI-induced mitochondrial dysfunction was equivocal (69). First, the clinical
presentations in the infants were varied and not suggestive of a single cause;
indeed, three of the infants were symptom-free and one had Leigh’s syndrome,
a classic mitochondrial disease (69). Second, the clinical features, in some
cases, were not suggestive of mitochondrial dysfunction. Although three had
neurologic symptoms, none had raised levels of lactate in the cerebrospinal
fluid. Moreover, histologic or histochemical features of mitochondrial disease
were only found in two cases. Finally, low mitochondrial DNA, which would have
been a direct evidence of NRTI toxicity, was not found in the three cases in
which it was measured (69).

A case of combined transient mitochondrial and peroxisomal β-oxidation
dysfunction after exposure to NRTIs (AZT and lamivudine) combined with
protease inhibitors (ritonavir and saquinavir) throughout gestation was reported
in 2000 (70). A male infant was delivered at 38 weeks’ gestation. He received
postnatal prophylaxis with AZT and lamivudine for 4 weeks until the drugs were
discontinued because of anemia. Other adverse effects that were observed in
the infant (age at onset) were hypocalcemia (shortly after birth); group B
streptococcal sepsis, ventricular extrasystoles, prolonged metabolic acidosis,
and lactic acidemia (8 weeks); a mild elevation of long-chain fatty acids (9
weeks); and neutropenia (3 months). The metabolic acidosis required treatment
until 7 months of age, whereas the elevated plasma lactate resolved over
4 weeks. Cerebrospinal fluid lactate was not determined nor was a muscle
biopsy conducted. Both the neutropenia and the cardiac dysfunction had
resolved by 1 year of age. The elevated plasma fatty acid level was confirmed
in cultured fibroblasts, but other peroxisomal functions (plasmalogen
biosynthesis and catalase staining) were normal. Although mitochondrial
dysfunction has been linked to NRTI agents, the authors were unable to identify
the cause of the combined abnormalities in this case. The child was reported to
be healthy and developing normally at 26 months of age (70).

A study involving Erythrocebus patas monkeys exposed in utero to AZT was
thought to be relevant to the reports of mitochondrial dysfunction in humans
(71). Ten pregnant monkeys in the last half of gestation were given daily oral
doses of AZT (1.5 mg/kg/day [N = 3] or 6 mg/kg/day [N = 3]) or no AZT
(controls [N = 4]). The doses of AZT were 21% and 86% of the human dose,
respectively, based on body weight for a 70-kg pregnant woman. All fetuses
were delivered by cesarean section 24 hours after the last AZT dose and 3–5
days before term. No gross defects were evident in the heart left ventricle
tissue or skeletal muscle tissue from AZT-exposed or control fetuses.



Mitochondria observed by electron microscopy in the two tissue sites were
similar in the AZT low-dose and control groups. In contrast, numerous
abnormalities were observed in both heart and muscle tissue mitochondria from
fetuses exposed to the AZT high-dose group. Moreover, there were dose-
dependent alterations in oxidative phosphorylation enzyme assays, in the
specific activities of NADH dehydrogenase (complex I), succinate
dehydrogenase (complex II), and cytochrome-c oxidase (complex IV), and a
dose-dependent depletion of mitochondrial DNA levels. The data were
consistent with AZT-induced cardiac and skeletal muscle mitochondrial
myopathy (71).

Based on the findings of the above research, a prospective study of the left
ventricular structure and function of 382 noninfected (36 exposed to AZT) and
58 HIV-infected (12 exposed to AZT) infants born to HIV-infected women was
published in 2000 (72). The median length of in utero exposure to AZT was 103
days (105 days for those not infected and 68 days for those infected at birth).
Echocardiographic studies (mean left ventricular fractional shortening,
contractility, end-diastolic dimension, and left ventricular mass) were conducted
every 4–6 months during the first 14 months of life. All echocardiograms were
examined without knowledge of the child’s clinical status or medications. No
statistical differences were found among the four echocardiographic measures
in the four groups of children. The investigators identified at least four
limitations of their study, including a small sample size that was unable to
estimate the frequency of an uncommon toxic effect, the lack of an assessment
of a possible dose effect, the possibility that the sickest children were missed
because they were unable to attend follow-up visits, and the effects of other
drug therapy in the HIV-infected subgroup that could obscure the effects of
AZT. Nonetheless, they concluded that perinatal exposure to AZT was not
associated with acute or chronic abnormalities in left ventricular structure or
function (72).

A 2000 case report described the adverse pregnancy outcomes, including
NTDs, of two pregnant women with HIV infection who were treated with the
anti-infective combination trimethoprim/sulfamethoxazole for prophylaxis against
Pneumocystis carinii, concurrently with antiretroviral agents (73). Exposure to
AZT occurred in one of these cases. A 32-year-old woman with a 3-year
history of HIV and recent diagnosis of AIDS was treated before and throughout
gestation with the anti-infective combination plus AZT and zalcitabine. Folic acid
10 mg/day was added after the diagnosis of pregnancy (gestational age not
specified). At term, a female infant was delivered by cesarean section without



HIV infection, but with a bony mass in the lumbar spine (identified by ultrasound
at 32 weeks’ gestation). A diagnostic evaluation revealed that the second
lumbar vertebra consisted of hemivertebrae and projected posteriorly into the
spinal canal. A malformed and displaced first lumbar vertebra was also noted.
Surgery was planned to correct the defect. The authors attributed the NTDs in
both cases to the antifolate activity of trimethoprim (73).

The case of a 6-month-old male infant who was diagnosed with acute
lymphoblastic leukemia (ALL) was described in a 2000 case report (74). His
mother had been diagnosed with HIV infection during the 5th month of
gestation. She had been treated with oral AZT for the last 3 months of
pregnancy. The 3.5-kg infant had been delivered by cesarean section and
treated with AZT prophylaxis (2 mg/kg 4 times a day) for 6 weeks. All tests for
HIV in the infant were negative. He achieved complete remission after
chemotherapy for the ALL and was currently receiving the maintenance phase
of chemotherapy at age 16 months. The relationship between AZT exposure
and the ALL was unknown (74).

Because of the AZT-induced carcinogenicity observed in animal studies, a
1999 study evaluated the short-term risk for tumors in a total of 727 children
who had been exposed in utero (antepartum) and/or during the neonatal period
to HIV and AZT (75). The children were participants in one of two multicenter
clinical studies: Pediatric AIDS Clinical Trials Group (PACTG) 076/219 ( N =
115) or the Women and Infants Transmission Study (WITS) (N = 612). The
mean infant follow-up in the PACTG 076/219 group was 38.3 months
(366.9 person-years follow-up), whereas it was 14.5 months (743.7 person-
years follow-up) for WITS participants. The range for all children was 1 month
to 6 years. No tumors of any nature were reported in the children (relative risk
0, 95% CI 0–17.6) (75).

The long-term effects of in utero exposure to AZT were the subject of a
study published in 1999 (76). HIV-uninfected children (N = 234) born to 231
HIV-infected women enrolled in the PACTG 076 were evaluated under the
PACTG 219 protocol (122 exposed to AZT, 112 in the placebo group). The
main outcome measures included physical growth, immunologic parameters,
cognitive/developmental function, tumors, and mortality data. Children were
evaluated every 6 months up to 24 months, then yearly thereafter or as
clinically indicated. The median age at the time of last follow-up was 4.2 years
(range 3.2–5.6 years). There were no significant differences between those
exposed to AZT and those not exposed in terms of the sequential outcome
measurements. In addition, there were no deaths or malignancies. In the 137



(59%) children who had at least one ophthalmologic examination, 72 were in
the AZT group and 65 were in the placebo group. Although there was no
significant difference (p = 0.99) between the groups in abnormal ophthalmic
findings, astigmatism was noted in two (AZT group), ptosis in one (AZT group),
and epicanthal folds in one (placebo group). Two other AZT-exposed children
had ophthalmic abnormalities: (a) bilateral “thinned vessels; discs look slightly
pale” in one with normal vision; and (b) one with a fundus reported as “copper
beaten look” that was not thought to be related to metabolic disease. One
other asymptomatic, healthy 4-year-old child in the AZT group had a mild
cardiomyopathy on echocardiogram (76).

New York Medicaid data were used in a study published in 2000 to
determine if there was an association between prenatal AZT use and
congenital anomalies (77). The study cohort included 1932 liveborn infants
delivered from 1993 to 1996 to HIV-infected women in the state of New York,
29.5% of whom were exposed in utero to AZT. The prevalence of any anomaly
in the study cohort was 2.76 (95% CI 2.36–3.17) compared with the general
New York State population. When AZT-exposed outcomes were compared
with those not exposed, the adjusted odds ratios (aORs) for major congenital
malformations by trimester of first prescription were as follows: 1.20 (95% CI
0.58–2.51) (1st trimester), 1.47 (95% CI 0.85–2.55) (2nd trimester), and 1.84
(95% CI 1.04–3.25) (3rd trimester). There was an increased unadjusted OR
for CNS defects when compared with those not exposed to AZT (7.98 [95% CI
1.56–37.46]). However, this finding was based on only four such defects and
must be interpreted cautiously (77).

High semen levels of AZT have been reported (78). Six males with HIV
disease were treated with 200 mg of the antiviral agent orally every 4–6 hours.
AZT concentrations in semen 3.0–4.5 hours after a dose ranged from 1.68 to
6.43 µmol/L, representing semen:serum ratios of 1.3–20.4. The semen levels
were above the in vitro minimum inhibitory concentration for HIV-1. A 1994
study reported that AZT reversed the effects of HIV-1 disease progression on
semen quality, including ejaculate volume, sperm concentration and total count,
and the number of abnormal sperm forms (79). Moreover, AZT therapy
significantly reduced the semen white blood cell count, the principal HIV-1 host
cells in ejaculates of HIV-1-infected males. The researchers concluded that this
might explain why infected males treated with AZT have a reduced viral load in
their semen and a lower rate of sexual transmission (79).

Two reviews, one in 1996 and the other in 1997, concluded that all women
currently receiving antiretroviral therapy should continue to receive therapy



during pregnancy and that treatment of the mother with monotherapy should be
considered inadequate therapy (80,81). The same conclusion was reached in a
2003 review with the added admonishment that therapy must be continuous to
prevent emergence of resistant viral strains (82). In 2009, the updated U.S.
Department of Health and Human Services guidelines for the use of
antiretroviral agents in HIV-1-infected patients continued the recommendation
that therapy, with the exception of efavirenz, should be continued during
pregnancy (83). If indicated, AZT should not be withheld in pregnancy because
the expected benefit to the HIV-positive mother outweighs the unknown risk to
the fetus. Updated guidelines for the use of antiretroviral drugs to reduce
perinatal HIV-1 transmission also were released in 2010 (84). Women receiving
antiretroviral therapy during pregnancy should continue the therapy but,
regardless of the regimen, AZT administration is recommended during the
intrapartum period to prevent vertical transmission of HIV to the newborn (84).

BREASTFEEDING SUMMARY
Only one report describing the excretion of AZT in breast milk has been located
(85). Six HIV-seropositive women were given a single 200-mg dose of AZT,
and serum and breast milk samples were collected 1, 2, 4, and 6 hours later.
Peak serum and milk concentrations, ranging between 422.1 and 1019.3 ng/mL
and 472.1 and 1043.0 ng/mL, respectively, were measured at approximately
1–2 hours after the dose. The milk:serum ratio (based on AUC) ranged
between 1.11 and 1.78. The authors speculated that the milk concentrations
were sufficiently high to decrease the viral load in milk, thereby reducing the
potential for maternal–infant HIV transmission (85).

Breastfeeding is not recommended in women with HIV infection because
HIV-1 is transmitted in milk (80,81,83,86–88). Until 1999, no studies had been
published that examined the effect of any antiretroviral therapy on HIV-1
transmission in milk. In that year, a double-blind, placebo-controlled trial
investigated the effect of oral AZT in the postpartum period on the transmission
of HIV-1 to the breastfeeding infant (56). Infants (at 6 months of age) of
women who had received an oral AZT regimen of 300 mg twice daily until
labor, 600 mg at beginning of labor, then 300 mg twice daily for 7 days
postpartum, had a 38% reduction (relative efficacy 0.38, 95% CI 0.05–0.60; p
= 0.027) in vertical transmission of HIV-1 infection despite breastfeeding when
compared with controls. Furthermore, no excess of major adverse biological or
clinical events were observed in the AZT group compared with controls (56).
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ZILEUTON
Respiratory Agent
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports on the use of zileuton in human pregnancy have been found.
One source, based solely on animal data, recommends that the drug be
avoided during gestation (1).

FETAL RISK SUMMARY
Zileuton, a specific inhibitor of the enzyme (5-lipoxygenase) that catalyzes the
formation of leukotrienes (LTB4, LTC4, LTD4, and LTE4) from arachidonic acid,
is given orally for the prophylaxis and chronic treatment of asthma (2).

Reproduction studies have been conducted in rats and rabbits. No effects on
fertility were observed in male and female rats given oral doses approximately
8 and 18 times the systemic exposure (AUC) achieved at the maximum
recommended human daily oral dose (MRHD), respectively. However, at doses
≥9 times the MRHD-AUC, a reduction in fetal implants was observed. At ≥4
times the MRHD-AUC, increases in gestation length and the number of
stillbirths were noted. In addition, offspring of pregnant rats given 18 times the
MRHD-AUC had reduced body weight and increased skeletal variations. A
decrease in rat pup survival and growth occurred at this same dose in perinatal
and postnatal studies. In pregnant rabbits given oral doses equivalent to the
MRHD (based on BSA), 3 (2.5%) of 118 fetuses had cleft palates (2).

It is not known if zileuton crosses the human placenta to the fetus, but the
molecular weight (about 236) is low enough that transfer should be expected.
The drug and/or its metabolites cross the rat placenta (2).

BREASTFEEDING SUMMARY



No reports describing the use of zileuton during human lactation have been
located. The molecular weight (about 236) is low enough that passage into
human breast milk should be expected. The effects on a nursing infant from this
exposure are unknown.
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ZIPRASIDONE
Antipsychotic
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Two reports describing the use of ziprasidone in human pregnancy have
been located, one of which described an infant with a cleft palate. The
animal reproduction data suggests risk as all aspects of developmental
toxicity were observed. However, the limited human pregnancy experience
prevents a more complete assessment of embryo–fetal risk. Although none
of the antipsychotic class of agents has been proven to cause structural
anomalies, there is a concern for long-term neurobehavioral deficits.
Therefore, until human pregnancy data are available, the safest course is
to avoid ziprasidone in pregnancy. However, if a woman requires treatment
and informed consent is obtained, ziprasidone should not be withheld
because of pregnancy. If an inadvertent pregnancy does occur during
treatment, the woman should be advised of the unknown risks to her
embryo–fetus. If ziprasidone is used in pregnancy, healthcare professionals
are encouraged to call the toll-free number 800-670-6126 for information
about patient enrollment in the Motherisk study.

FETAL RISK SUMMARY
The atypical antipsychotic ziprasidone is a benzisoxazole derivative in the same
subclass of antipsychotic agents as iloperidone, paliperidone, and risperidone.
Ziprasidone is indicated for the treatment of schizophrenia, including acute
agitation in schizophrenic patients. It also is indicated for the treatment of acute
manic or mixed episodes associated with bipolar disorder. Elimination is mostly
by hepatic metabolism to inactive metabolites. After oral administration, the
mean terminal elimination half-life is about 7 hours, but a mean 2–5 hours after
a single IM dose. Plasma protein binding to albumin and α1-acid glycoprotein is



>99% (1).
Reproduction studies have been conducted in rats and rabbits. In rats, oral

doses that were 0.5–8 times the maximum recommended human dose of 200
mg/day based on BSA (MRHD) given during organogenesis or throughout
gestation caused embryo–fetal toxicity consisting of decreased fetal weights
and delayed skeletal ossification. There was no evidence of structural
anomalies. Doses that were 2 and 8 times the MRHD were maternally toxic.
The developmental no-effect dose for embryo–fetal toxicity was 0.2 times the
MRHD. When rats were treated throughout gestation and lactation with a dose
that was half the MRHD, there was an increase in the number of pups born
dead and decreased postnatal survival during the first 4 days of lactation.
Developmental delays and impaired neurobehavioral function were observed in
offspring with doses ≥0.2 times the MRHD. A no-effect dose for these effects
was not established (1).

In pregnant rabbits during organogenesis, a dose 3 times the MRHD was
associated with an increased incidence of ventricular septal defects, other
cardiovascular malformations, and kidney alterations. There was no maternal
toxicity at this dose. The developmental no-effect dose was equivalent to the
MRHD (1).

Two-year studies for carcinogenicity were conducted in rats and mice with
doses that were 0.1–0.6 and 1–5 times, respectively, the MRHD. In rats and
male mice, there was no evidence of an increased incidence of tumors.
However, in female mice, there were dose-related increases in the incidences
of pituitary gland adenoma and carcinoma, and mammary gland
adenocarcinoma at all doses tested. These effects have been observed in
rodents with other antipsychotic agents and were thought to be prolactin-
mediated. Ziprasidone was mutagenic in some tests (1).

In fertility tests with rats, doses that were 0.5–8 times the MRHD increased
the time to copulation. Fertility was decreased at 8 times the MRHD, but there
was no effect on fertility at 2 times the MRHD. The effect appeared to be
confined to female rats as fertility was not impaired in male rats given a dose
that was 8 times the MRHD and mated with untreated females. In addition,
there were no treatment-related effects in the testes in a study with male rats
at 10 times the MRHD for 6 months (1).

It is not known if ziprasidone crosses the human placenta. The molecular
weight of the free base (about 413) and the elimination half-life suggest that the
drug will cross to the embryo and/or fetus. However, the very high plasma
protein binding should limit the amount crossing to the embryo/fetus.



A 2009 case report described the pregnancy of a 26-year-old woman with
severe psychotic depression (2). She was treated with ziprasidone 40 mg/day
and citalopram 60 mg/day throughout pregnancy. At 39 weeks’ gestation, she
gave birth to a healthy, 2.64-kg male infant with Apgar scores of 8 and 9 at 1
and 5 minutes, respectively. No anomalies, drug-related adverse effects, or
withdrawal were observed in the infant who was doing well at 6 months of age
(2).

In a 2010 case report, a 33-year-old woman with paranoid schizophrenia
was treated throughout pregnancy with ziprasidone (daily doses of 120 mg
during first 3 months, then 80 mg for 2 months, then 40 mg until birth),
fluvoxamine and diazepam (doses not specified) (3). She gave birth at term to
a 3.070-kg female infant with a cleft palate. The infant’s karyotype was normal,
and the mother denied smoking, drinking coffee or alcohol, taking other drugs
during pregnancy (3).

BREASTFEEDING SUMMARY
A woman with schizophrenia who was breastfeeding her infant was started on
ziprasidone on postpartum day 9 (4). Breastfeeding was stopped because of
concerns of toxicity in the infant. Ziprasidone was not detected (limit of
quantification was 10 ng/mL) until day 10 of treatment. At that time, the milk
and maternal plasma concentrations were 11 and 170 ng/mL (milk:plasma ratio
0.06). The theoretical relative dose received by the infant per kg body weight
based on the weight-adjusted maternal dose was 1.2% (4).

In a 2009 case (see Fetal Risk Summary), a mother taking ziprasidone and
citalopram breastfed her full-term infant for 6 months. No adverse effects were
noted and the infant was deemed healthy by his pediatrician (2).

Consistent with the molecular weight of the free base (about 413) and the
elimination half-life (up to 7 hours), ziprasidone is excreted into breast milk but,
as suggested by the very high plasma protein binding (>99%), only low levels
were excreted. However, the absorption of ziprasidone in adults is increased
twofold in the presence of food (1).

Although no adverse effects were observed in one case, additional data are
needed before a better assessment of risk can be made. Moreover, because
treatment with ziprasidone will usually be long term, there is concern for
potential adverse effects involving the neurobehavior of an infant.

References
1. Product information. Geodon. Pfizer, 2007.
2. Werremeyer A. Ziprasidone and citalopram use in pregnancy and lactation in a woman with psychotic



depression. Am J Psychiatry 2009;166:1298.
3. Peitl MV, Petric D, Peitl V. Ziprasidone as a possible cause of cleft palate in a newborn. Psychiatr

Danub 2010;22:117–9.
4. Schlotterbeck P, Saur R, Hiemke C, Grunder G, Vehren T, Kircher T, Leube D. Low concentration of

ziprasidone in human milk: a case report. Int J Neuropsychopharmacol 2009;12:437–8.



ZIV-AFLIBERCEPT
Antineoplastic (Tyrosine Kinase Inhibitor)
PREGNANCY RECOMMENDATION: Contraindicated
BREASTFEEDING RECOMMENDATION: Contraindicated

PREGNANCY SUMMARY

No reports describing the use of ziv-aflibercept in human pregnancy have
been located. Animal reproduction data suggest risk, but the absence of
human pregnancy experience prevents a more complete assessment of
embryo–fetal risk. However, ziv-aflibercept is given in combination with two
other antineoplastics and the three agents potentially could cause embryo–
fetal harm. In addition, ziv-aflibercept has caused reversible impaired
fertility in male and female cynomolgus monkeys at systemic exposures
that were less than those obtained in humans. Taken in sum, the drug
should be considered contraindicated in pregnancy. Moreover, the
manufacturer recommends that females and males of reproductive
potential should use highly effective contraception during treatment and up
to a minimum of 3 months after the last dose (1).

FETAL RISK SUMMARY
Ziv-aflibercept, a dimeric glycoprotein, is a recombinant fusion protein that
binds to vascular endothelial growth factor-A (VEGF-A). It is indicated, in
combination with 5-fluorouracil, leuvovorin, and irinotecan, for patients with
metastatic colorectal cancer that is resistant to or has progressed following an
oxaliplatin-containing regimen (see also Fluorouracil, Irinotecan, and
Leuvovorin). The metabolism and plasma protein binding were not specified,
but the elimination half-life of free ziv-aflibercept was about 6 days (range 4–7
days) (1).

Reproduction studies have been conducted in rabbits. In this species, IV
doses that resulted in systemic exposures that were about ≥30% of the AUC in
patients at the recommended dose, given every 3 days during organogenesis
resulted in adverse embryo–fetal effects. These effects included increased
incidences of postimplantation losses and external (anasarca, umbilical hernia,



diaphragmatic hernia and gastroschisis, cleft palate, ectrodactyly, and atresia),
visceral (great vessels and arteries in the heart), and skeletal fetal anomalies
(fused vertebrae, sternebrae, and ribs; supernumerary arches and ribs, and
incomplete ossification). The incidence and severity of fetal anomalies
increased with increasing dose (1).

Studies for carcinogenicity and mutagenicity have not been conducted. In
sexually mature young cynomolgus monkeys given IV doses that were about
≥60% of the AUC in patients at the recommended dose every 2 weeks for 6
months, impaired reproductive function was noted at all doses tested. In
females, the drug inhibited ovarian function and follicular development as shown
by decreased ovary weight, amount of luteal tissue, and number of maturing
follicles; atrophy of uterine endometrium and myometrium, vaginal atrophy,
abrogation of progesterone peaks and menstrual bleeding. In males, alterations
in sperm morphology and decreased sperm motility were noted. All of these
effects were reversible within 18 weeks after cessation of therapy (1).

It is not known if free ziv-aflibercept crosses the human placenta. The
molecular weight (about 115,000) suggests that it will not cross, at least early
in gestation, but the elimination half-life is very long. Moreover, the drug did
cause embryo–fetal toxicity in rabbits during organogenesis.

BREASTFEEDING SUMMARY
No reports describing the use of ziv-aflibercept during human lactation have
been reported. The molecular weight (about 115,000) suggests that it will not
be excreted into mature milk, but it probably will be excreted during the
colostral period. However, the drug is given in combination with 5-fluorouracil,
leuvovorin, and irinotecan (see also these three agents) and the two
antineoplastic agents are probably excreted into breast milk. Consequently,
breastfeeding should be considered contraindicated if a woman is receiving this
combined therapy.

Reference
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ZOLEDRONIC ACID
Bisphosphonate
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest Moderate Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Potential
Toxicity

PREGNANCY SUMMARY

One report has described the use of zoledronic acid use in human
pregnancy. The animal data suggest risk, but the limited human pregnancy
experience prevents a complete assessment of the embryo–fetal risk. The
amount of zoledronic acid incorporated into bone and eventually released
back into the systemic circulation is directly related to the total dose and
duration of treatment. Because zoledronic acid probably crosses the
placenta, the use of the drug shortly before or during gestation could
expose the embryo and/or fetus to a potentially toxic agent. Thus,
administration before pregnancy may result in low-level, continuous
exposure throughout gestation. The use of zoledronic acid in women who
may become pregnant or during pregnancy is not recommended. However,
based on the animal and limited human data, inadvertent exposure during
early pregnancy does not appear to represent a major risk to the embryo–
fetus.

FETAL RISK SUMMARY
Zoledronic acid is given by IV infusion. It is indicated for the treatment of
hypercalcemia of malignancy. Other agents in this pharmacologic class are
alendronate, etidronate, ibandronate, pamidronate, risedronate, and
tiludronate. Only about 3% of an oral dose is absorbed into the systemic
circulation. Zoledronic acid is not metabolized, and plasma protein binding is
only 22%. The postinfusion half-life in the plasma is 1.87 hours, whereas the
terminal elimination half-life is 146 hours, correlating with the low concentrations
in the plasma observed up to 28 days postdose (1).

Reproduction studies have been conducted in rats and rabbits. In pregnant



rats, daily SC doses producing exposures 1.2, 2.4, and 4.8 times the human
systemic exposure after an IV dose of 4 mg based on AUC (HSE) were
associated with adverse fetal effects. At 1.2 times the HSE, fetal skeletal
variations were noted. Doses producing exposures 2.4 and 4.8 times the HSE
caused pre- and postimplantation losses; decreases in viable fetuses; and fetal
skeletal, visceral, and external malformations. The fetal skeletal effects
observed at 4.8 times the HSE were unossified or incompletely ossified bones;
thickened, curved, or shortened bones; wavy ribs, and shortened jaw. Other
adverse fetal effects observed in the high-dose group were reduced lens,
rudimentary cerebellum, reduction or absence of liver lobes, reduction or
absence of lung lobes, vessel dilation, cleft palate, and edema, but maternal
toxicity (reduced body weight and food consumption) also was observed (1).

In female rats given SC doses producing exposures ≥ 0.2 times the HSE for
15 days before mating and continuing through gestation, the number of
stillbirths was increased and survival of neonates was decreased. Higher
exposure (1.2 times the HSE) inhibited ovulation, resulting in a decrease in the
number of pregnant rats. Maternal toxicity (dystocia and periparturient
mortality) was observed at all exposures ≥ 0.7 times the HSE. This toxicity was
thought to be secondary to drug-induced inhibition of skeletal calcium
mobilization, resulting in hypocalcemia, a bisphosphonate class effect (1).

In pregnant rabbits, SC doses resulting in exposures ≤ 0.5 times the HSE did
not cause fetal harm. However, exposures >0.05 times the HSE were
associated with maternal mortality and abortion in all treatment groups. The
maternal toxicity may have been caused by drug-induced hypocalcemia (1).

Long-term carcinogenicity studies with oral zoledronic acid were positive in
male and female mice but not in rats. Various assays for mutagenicity were
negative (1).

It is not known if zoledronic acid crosses the human placenta. The molecular
weight (about 290 for the hydrated form), lack of metabolism, low plasma
protein binding, plasma half-life, and the prolonged terminal elimination half-life
all suggest that exposure of the embryo and/or fetus will occur. Moreover,
detectable amounts of the drug can be measured in plasma for up to 28 days
postdose (1).

A 33-year-old woman with metastatic breast cancer was treated with
zoledronic acid (two IV courses 28 days apart; dose not specified) and
tamoxifen in the 2nd and 3rd trimesters (2). She also received five cycles of 5-
fluorouracil, epirubicin, and cyclophosphamide before conception and during the
1st trimester, as well as radiotherapy at 17 weeks’ gestation. Her pregnancy



was diagnosed at 28 weeks. A cesarean section at 35 weeks’ delivered a
2070-g female infant with Apgar scores of 10 at 1 and 5 minutes, respectively.
All hematologic and biochemistry parameters were normal for age. The healthy
infant apparently was developing normally at 12 months of age (2).

A 2008 review described 51 cases of exposure to bisphosphonates before or
during pregnancy: alendronate (N = 32) pamidronate (N = 11), etidronate (N =
5), risedronate (N = 2), and zoledronic acid (N = 1) (3). They concluded that
although these drugs may affect bone modeling and development in the fetus,
no such toxicity has yet been reported.

BREASTFEEDING SUMMARY
No reports describing the use of zoledronic acid during human lactation have
been located. The molecular weight (about 290 for the hydrated form), lack of
metabolism, low plasma protein binding, plasma half-life, and the prolonged
terminal elimination half-life suggest that the drug will be excreted into breast
milk. Detectable amounts of the drug are measured in adult plasma for up to 28
days postdose (1). Although the low lipid solubility of zoledronic acid may limit
the amount present in milk, and maternal treatment may be compatible with
nursing, the best course is to not breastfeed until data are available.

References
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ZOLMITRIPTAN
Antimigraine
PREGNANCY RECOMMENDATION: No Human Data—Animal Data
Suggest Low Risk
BREASTFEEDING RECOMMENDATION: No Human Data—Probably
Compatible

PREGNANCY SUMMARY

No reports describing the use of zolmitriptan in human pregnancy have
been located. The animal data suggest low risk, but an assessment of the
actual risk cannot be determined until human pregnancy experience is
available. Although a 2008 review of triptans in pregnancy found no
evidence for teratogenicity, the data did suggest a possible increase in the
rate of preterm birth (1).

FETAL RISK SUMMARY
Zolmitriptan is an oral selective serotonin (5-hydroxytryptamine; 5HT) receptor
agonist that has high affinity for 5HT1B and 5HT1D receptors. The drug is
closely related to almotriptan, eletriptan, frovatriptan, naratriptan, rizatriptan,
and sumatriptan. It is indicated for the acute treatment of migraine with or
without aura in adults. Protein binding is low (about 25%). Zolmitriptan has a
several metabolites, one of which is 2–6 times more potent for the 5HT1B/1D
receptors than is the parent compound. The active metabolite contributes a
substantial portion of the pharmacologic effect because its concentrations are
about two-thirds that of zolmitriptan (2). The elimination half-life of zolmitriptan
is apparently unknown.

Reproduction studies have been conducted in rats and rabbits. In rats,
zolmitriptan was given during organogenesis at oral doses resulting in maternal
exposures ranging from 280 to 5000 times the exposure in humans receiving
the maximum recommended total daily dose of 10 mg (MRHD). A dose-related
increase in embryolethality was observed, which became statistically significant
at the high dose, but maternal toxicity (decreased weight gain during gestation)
was also noted. When pregnant rats were treated throughout gestation and



lactation, an increased incidence of hydronephrosis was seen in the offspring at
a dose 1100 times the MRHD. This dose was also maternally toxic. In pregnant
rabbits treated during organogenesis, an increased incidence of embryolethality
was observed at maternally toxic doses ≥11 times the MRHD. At 42 times the
MRHD, increased incidences of fetal malformations (fused sternebrae, rib
anomalies) and variations (blood vessels, rib ossification) were observed. The
no-effect dose was equivalent to the MRHD (2).

It is not known if zolmitriptan or its active metabolite crosses the human
placenta to the fetus. The molecular weight of the parent compound (about
287) and the minimal plasma protein binding suggest that the drug will cross to
the embryo–fetus.

BREASTFEEDING SUMMARY
No reports describing the use of zolmitriptan during human lactation have been
located. The molecular weight (about 287) and low plasma protein binding
(25%) suggest that the drug, and possibly its active metabolite, will be excreted
into breast milk. The effect of this exposure on a nursing infant is unknown.
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ZOLPIDEM
Hypnotic
PREGNANCY RECOMMENDATION: Human Data Suggest Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Probably
Compatible

PREGNANCY SUMMARY

Although no increased risk of congenital malformations has been observed,
two studies did find increased risks for preterm birth, low birth weights,
small for gestational age (SGA) infants, and cesarean birth. Although the
drug has addiction potential, withdrawal symptoms have not been reported
in exposed newborns.

FETAL RISK SUMMARY
Zolpidem is a nonbenzodiazepine hypnotic of the imidazopyridine class. In
subjects with normal liver function, a single 5-mg dose of zolpidem had a
relatively short elimination half-life (2.6 hours; range 1.4–4.5 hours) (1).

In reproductive studies in rats, no teratogenic effects were observed, but
dose-related toxicity was observed in the fetuses (delayed maturation as
characterized by incomplete ossification of the skull) at doses about 25 and
125 times the maximum human dose based on BSA (MHD) (1). The no-effect
dose was 5 times the MHD. In rabbits, increased postimplantation fetal loss
and incomplete ossification of the sternum in surviving fetuses were observed
at about 28 times the MHD, both possibly related to maternal toxicity
(decreased weight gain) (1). The no-effect dose in rabbits was 7 times the
MHD. No teratogenic effects of the drug were observed. Shepard (2) reviewed
a reproductive toxicity study in rats during organogenesis that found no
teratogenicity, but did observe a decrease in fetal weight at doses ranging from
5 to 125 mg/kg and an increase in wavy ribs at the highest dose.

The FDA had not received any reports of adverse fetal or newborn outcomes
from pregnancy exposures to zolpidem between its approval in December 1992
and 1996 (F. Rosa, personal communication, FDA, 1996).

Consistent with the molecular weight (about 765 for the tartrate salt),



zolpidem crosses the placenta, at least at term. A 2007 report described the
pregnancy outcome of a woman apparently addicted to zolpidem (3). The
woman experienced vaginal bleeding and abdominal pain, diagnosed as
placental abruption, at about 27 weeks’ gestation. She had been taking 10–15
zolpidem tablets/night (strength not specified). Within 24 hours of
hospitalization, the patient had withdrawal-like symptoms (nervousness and
anxiety) that were thought to be due to zolpidem withdrawal. She was
prescribed zolpidem 15 mg/night and was discharged home on hospital day 7.
Polyhydramnios was diagnosed at 35 weeks but had resolved by 37 weeks. At
38 weeks, she delivered vaginally a healthy 3.9-kg female infant with Apgar
scores of 8 and 9. No withdrawal signs were observed in the neonate or the
mother over a 48-hour interval until discharge. The cord blood concentration of
zolpidem was 41 ng/mL. In adults, the mean peak plasma levels after 5- and
10-mg doses are 29–113 ng/mL (mean 59 ng/mL) and 58–272 ng/mL (mean
121 ng/mL), respectively. Although the interval between the mother’s last dose
and delivery was not known, the interval from admission and the cord blood
sample was about 14.33 hours (3). No follow-up on the infant was reported.

A 2009 study evaluated the placental passage of zolpidem at term and infant
outcomes in 45 women with psychiatric illness who had taken the drug during
pregnancy compared with 45 matched pregnant women who had not (4).
Exposures to zolpidem occurred in 17 (38%) women in the 1st trimester, 25
(56%) in the 2nd trimester, and 35 (78%) in the 3rd trimester. The drug was
taken throughout pregnancy in 11 (24%). The mean dose was 8.8±3.9 mg/day
and the mean duration of exposure was 13.8±12.9 weeks. In comparisons
between those exposed and those not exposed, there were higher rates of
preterm birth (26.7% vs. 13.3%) and low birth weight (15.6% vs. 4.4%) in
those exposed, but the differences were not statistically significant. In six
subjects, the mean zolpidem concentrations in cord and maternal blood were
8.2 and 17.3. The mean cord:maternal ratio was 1.34. No major malformations
were noted in any of the infants of the 90 women (4).

A 1998 noninterventional, observational cohort study described the outcomes
of pregnancies in women who had been prescribed ≥1 of 34 newly marketed
drugs by general practitioners in England (5). Data were obtained by
questionnaires sent to the prescribing physicians 1 month after the expected or
possible date of delivery. In 831 (78%) of the pregnancies, a newly marketed
drug was thought to have been taken during the 1st trimester with birth defects
noted in 14 (2.5%) singleton births of the 557 newborns (10 sets of twins). In
addition, two birth defects were observed in aborted fetuses. However, few of



the aborted fetuses were examined. Zolpidem was taken during the 1st
trimester in 18 pregnancies. The outcomes of these pregnancies included 2
spontaneous abortions, 6 elective abortions, and 11 normal, term infants (1 set
of twins) (5).

A 2010 study from Taiwan compared the outcomes of 2497 women who had
used zolpidem during pregnancy with 12,485 randomly selected mothers who
had not received the drug (6). In four outcomes, the adjusted odds ratios
(aORs) were higher in exposed pregnancies: preterm birth (1.49, 95%
confidence interval [CI] 1.28–1.74; p <0.001), low birth weight (1.39, 95% CI
1.17–1.64; p <0.001), small for gestational age (1.34, 95% CI 1.20–1.49; p
<0.001), and cesarean section (1.74, 95% CI 1.59–1.90; p <0.001). Congenital
anomalies were observed in 12 (0.48%) infants exposed in utero compared
with 81 (0.65%) infants not exposed (0.70, 95% CI 0.38–1.28) (6).

In a study published in 2011, data from the Swedish Medical Birth Registry,
covering the period 1995–2007, identified 1318 women who gave birth to 1341
infants and who reported the use of a hypnotic benzodiazepine receptor agonist
at the first prenatal visit (7). The three most commonly reported agents and the
number of exposed infants were zopiclone (N = 692) (not available in USA),
zolpidem (N = 603), and zaleplon (N = 32). The reference group during the
study period was 1,106,001 women who gave birth to 1,125,734 infants. The
rate of congenital malformations was similar in the exposed and nonexposed
groups, 4.3% (N = 58) and 4.7% (N = 52,773), aOR 0.89, 95% CI 0.68–1.16.
One mother who had two infants with probably unrelated malformations (cleft
lip and hypospadias) had used zopiclone in both pregnancies. For relatively
severe defects, there were 42 exposed infants (3.1%) compared with 36,321
nonexposed infants (3.2%), aOR 0.95, 95% CI 0.0.69–1.30. The authors
concluded that use of these agents did not appear to increase the risk of
malformations (7).

BREASTFEEDING SUMMARY
Zolpidem is excreted into breast milk, but the effects, if any, on a nursing infant
have not been studied. In a 1989 report, five lactating women were
administered a single 20-mg dose 3–4 days after delivery of a full-term infant
(8). Breastfeeding was halted for 24 hours after drug administration. Milk and
serum samples were collected before and 1.5 (serum only), 3, 13, and 16
hours after the dose. The total amount of zolpidem in milk at 3 hours (both
breasts emptied with an electric breast pump and the milk pooled for each
woman) ranged from 0.76 to 3.88 mcg, representing 0.004%–0.019% of the



dose. The drug was not detected in milk (detection level 0.5 ng/mL) at the
other sampling times (8). The dose used in this study was twice the current
maximum recommended human hypnotic dose.

In healthy adult patients, zolpidem has a relatively short serum half-life (about
2.6 hours) and accumulation is not expected to occur. The small amount of drug
measured in milk after a dose that was twice the recommended human dose
probably indicates that few, if any, adverse effects would occur in a nursing
infant whose mother was consuming this hypnotic. In those instances in which
the mother is taking zolpidem, however, she should observe her nursing infant
for increased sedation, lethargy, and changes in feeding habits. Based on the
one study above, the American Academy of Pediatrics classifies zolpidem as
compatible with breastfeeding (9).
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ZONISAMIDE
Anticonvulsant
PREGNANCY RECOMMENDATION: Limited Human Data—Animal Data
Suggest High Risk
BREASTFEEDING RECOMMENDATION: Limited Human Data—Potential
Toxicity

PREGNANCY SUMMARY

Zonisamide is teratogenic in three animal species and embryolethal in a
fourth at doses or exposures very near or less than doses and systemic
concentrations used or obtained clinically. Human pregnancy experience is
limited. Two infants with congenital anomalies have been observed, but in
both cases, other anticonvulsants known to be human teratogens also were
used. If treatment with zonisamide in pregnancy is required, monotherapy
using the lowest effective dose is preferred, but because of its status as
adjunctive therapy, this may not be possible.

FETAL RISK SUMMARY
Zonisamide, a sulfonamide derivative, is indicated as adjunctive therapy in the
treatment of partial seizures. Its anticonvulsant mechanism of action is
unknown. The drug is bound extensively to erythrocytes with concentrations in
red blood cells eight times higher than in plasma. Approximately 40%–60% is
bound to plasma proteins, mainly albumin (1,2). After single oral doses, the
elimination half-lives from erythrocytes and from plasma are 105 and 50–68
hours, respectively (1,2). The plasma elimination half-life is decreased to about
25–35 hours if the patient is receiving concurrent treatment with hepatic
enzyme-inducing anticonvulsants (carbamazepine, phenytoin, phenobarbital, or
primidone) (2).

Reproduction studies with zonisamide have been conducted during
organogenesis in mice, rats, dogs, and cynomolgus monkeys. In pregnant
mice, doses approximately 1.5–6.0 times the maximum recommended human
dose of 400 mg/day based on BSA (MRHD-BSA) were associated with
increased rates of fetal malformations (skeletal and/or craniofacial defects). In



rats, increased frequencies of malformations (cardiovascular defects) and
variations (persistent cords of thymic tissue and decreased skeletal
ossification) were observed at all doses tested (0.5–5.0 times the MRHD-
BSA). Perinatal deaths resulted when a dose 1.4 times the MRHD-BSA was
given in the latter part of gestation up to weaning. The no-effect level for this
toxicity was 0.7 times the MRHD-BSA (1).

In pregnant dogs, doses that produced peak maternal plasma levels (25
mcg/mL) about 0.5 times the highest plasma levels measured in humans
receiving the maximum recommended human dose of 400 mg/day (MRHD-PL)
resulted in an increased incidence of fetal cardiovascular defects (ventricular
septal defects, cardiomegaly, and valvular and arterial anomalies). At doses
that produced plasma levels (44 mcg/mL) approximately equal to the MRHD-
PL, about 50% of the fetuses had cardiovascular malformations as well as
increased incidences of skeletal malformations. Fetal growth restriction and
increased rates of skeletal variations were observed with peak maternal dog
plasma levels produced by all doses tested (0.25–1.0 times the MRHD-PL).
When zonisamide was given to pregnant monkeys at doses approximately 0.1
times the MRHD-PL or higher, embryo–fetal deaths were observed. The cause
of the deaths was unknown, but the possibility that they were due to
malformations could not be excluded (1).

Zonisamide was not carcinogenic in mice and rats after 2 years of dietary
administration. The agent was mutagenic in one test but not mutagenic or
clastogenic in other tests (1).

No reports describing the placental crossing of zonisamide early in gestation
have been located. At term delivery of one newborn, the cord blood and
maternal blood concentrations were 14.4 and 15.7 mcg/mL (ratio 0.92),
respectively (3). A comparable amount of drug was found in a second full-term
newborn, but specific data were not given. Zonisamide probably also crosses
the placenta early in gestation because of its low molecular weight (about 212).
In addition, the long elimination half-life from red blood cells and plasma will
result in prolonged concentrations of the drug at the maternal blood:placenta
interface, thus increasing the opportunity for embryo/fetal exposure.

A 1996 report described the outcomes of 26 offspring whose mothers had
been treated with zonisamide during pregnancy (22 women; 25 pregnancies; 1
set of twins). The offspring were exposed to zonisamide either alone (4 cases)
or combined with other anticonvulsants (22 cases) (4). Doses ranged from 100
to 600 mg/day. There were 2 elective abortions and 24 liveborn infants (1 set
of twins). Two offspring (7.7%), both exposed to combination anticonvulsants,



had major malformations. Neither of the mothers experienced seizures during
pregnancy. The first case, electively terminated at 16 weeks’ gestation,
involved an anencephalic fetus (sex unknown) exposed to zonisamide (100
mg/day) and phenytoin (275 mg/day) throughout gestation. The second infant,
a 2022-g female, was delivered by cesarean section at 37 weeks’ gestation.
She had an atrial septal defect. Combination therapy throughout gestation
included zonisamide (200 mg/day), phenytoin (200 mg/day), and valproic acid
(400 mg/day) (4).

In a 2002 case report, two women took multiple anticonvulsants throughout
gestation and delivered apparently normal infants at about 40 weeks’ gestation
(3). One of the women took zonisamide (400 mg/day), carbamazepine (1000
mg/day) and clonazepam (1 mg/day), whereas the other took zonisamide (400
mg/day) and carbamazepine (800 mg/day). Both newborns had Apgar scores
at 1 and 5 minutes of 8 and 9, respectively. Birth weights were 3094 g and
3164 g, respectively (3).

The Lamotrigine Pregnancy Registry, an ongoing project conducted by the
manufacturer, was first published in January 1997. The final report was
published in July 2010 (5). The Registry is now closed. There were 12
prospectively enrolled pregnancies exposed to zonisamide and lamotrigine, with
or without other anticonvulsants in the 1st trimester, resulting in 12 live births
without birth defects (5).

The effect of zonisamide on folic acid levels and metabolism is unknown. A
2003 review recommended that to reduce the risk of birth defects from
anticonvulsants, women should start multivitamins with folic acid before
conception (6). Although the recommendation did not specify the amount of folic
acid, a recent study found that multivitamin supplements with folic acid (typically
0.4 mg) did not reduce the risk of congenital malformations from four first-
generation anticonvulsants (see Carbamazepine, Phenytoin, Phenobarbital, or
Primidone). Therefore, until further information is available, the best course is to
start folic acid supplementation before conception. Although a specific dosage
has not been recommended for patients receiving anticonvulsants, 4 mg/day
appears to be reasonable.

BREASTFEEDING SUMMARY
Zonisamide is excreted into breast milk. A woman took 300 mg/day (100 mg
three times daily) during pregnancy and continued the anticonvulsant while
breastfeeding (7). The cord plasma drug concentration at delivery was 6.72
mcg/mL, 2.5 hours after a dose. Milk and maternal plasma levels were



determined on postpartum days 3, 6, 14, and 30 (1.5–2.5 hours after a dose).
Milk concentrations ranged from 8.25 (day 3) to 10.5 mcg/mL (day 30),
whereas maternal plasma levels ranged from 9.52 (day 14) to 10.6 mcg/mL
(day 3). The milk:plasma (M:P) ratio consistently increased at each sampling.
The average milk:plasma ratio was 0.93 (range 0.81–1.03). No neonatal
behavior problems were observed (7).

In another report, two mothers receiving zonisamide (400 mg/day) and other
anticonvulsants (mother no. 1: carbamazepine and clonazepam; mother no. 2:
carbamazepine) throughout gestation as well as postpartum breastfed their
apparently normal infants (see above) (3). Zonisamide concentrations were
determined in the breast milk of mother no. 1. From delivery to postpartum day
9, the unbound maternal plasma zonisamide concentration ranged from 10.7 to
13.3 mcg/mL, whereas the total zonisamide level ranged from 17.5 to 25.2
mcg/mL. During the same interval, the drug concentrations in the watery portion
of the milk (i.e., whey) ranged from 8.9 to 10.9 mcg/mL. The breast milk
transfer rate was 41%–57%. The plasma zonisamide level in the infant on day
24 was 3.9 mcg/mL (15% of the mother’s level on postpartum day 9). No
adverse effects in either nursing infant were mentioned (3).

No adverse effects were noted in four nursing infants, but the milk
concentrations were high enough that clinically significant doses appear to have
been ingested. The relatively high plasma level found in one infant supports this
assessment. Therefore, if a woman under treatment with zonisamide chooses
to breastfeed, close clinical monitoring of her infant is recommended as well as
the measurement of infant plasma drug levels. The long-term effects on nursing
infants from this exposure are unknown but warrant investigation.
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[Withdrawn from the market. See 9th edition.]



APPENDIX
Classification of Drugs by Pharmacologic
Category

[See drug’s generic name in Index for location of drug in this Appendix.]

1. ANESTHETICS

A. Local
Benzocaine
Camphor
Lidocaine
Pramoxine
Ropivacaine
Tetracaine

B. General
Desflurane
Enflurane
Halothane
Isoflurane
Ketamine
Methohexital Sodium
Nitrous Oxide
Sevoflurane

2. ANTIDOTES
Acetylcysteine
Black Widow Spider Antivenin
Centruroides Immune (Scorpion) F(ab’)2 (Equine)
Deferasirox
Deferoxamine
Digoxin Immune FAB (Ovine)
Dimercaprol



Edetate Calcium Disodium
Flumazenil
Fomepizole
Glucagon
Glucarpidase
Lanthanum Carbonate
Pralidoxime
Sapropterin
Sevelamer
Succimer

3. ANTIHISTAMINES
Azelastine
Brompheniramine
Carbinoxamine
Cetirizine
Chlorcyclizine
Chlorpheniramine
Clemastine
Cyclizine
Cyproheptadine
Desloratadine
Dexbrompheniramine
Dexchlorpheniramine
Dimenhydrinate
Diphenhydramine
Doxylamine
Epinastine
Fexofenadine
Hydroxyzine
Levocetirizine
Loratadine
Meclizine
Olopatadine
Pheniramine
Phenyltoloxamine
Promethazine
Pyrilamine



Triprolidine

4. ANTI-INFECTIVES

A. Amebicide
Iodoquinol
Metronidazole
Paromomycin

B. Aminoglycosides
Amikacin
Gentamicin
Kanamycin
Neomycin
Paromomycin
Streptomycin
Tobramycin

C. Anthelmintics
Albendazole
Gentian Violet
Ivermectin
Mebendazole
Piperazine
Praziquantel
Pyrantel Pamoate

D. Antibiotics/Anti-infectives
Azithromycin
Aztreonam
Bacitracin
Benzyl Alcohol
Chloramphenicol
Chlorhexidine
Clarithromycin
Clavulanate Potassium
Clindamycin
Colistimethate



Daptomycin
Doripenem
Ertapenem
Erythromycin
Fidaxomicin
Fosfomycin
Furazolidone
Hexachlorophene
Imipenem-Cilastatin Sodium
Lincomycin
Linezolid
Mafenide
Meropenem
Metronidazole
Mupirocin
Nitrofurazone
Polymyxin B
Quinupristin/Dalfopristin
Retapamulin
Rifaximin
Sulbactam
Tazobactam
Telithromycin
Telavancin
Tinidazole
Trimethoprim
Vancomycin

E. Antifungals
i. Allylamines
Terbinafine
ii. Benzylamines
Butenafine
iii. Imidazoles
Butoconazole
Clotrimazole
Econazole
Ketoconazole



Miconazole
Oxiconazole
Sertaconazole
Sulconazole
Tioconazole
iv. Lipopeptides
Anidulafungin
Caspofungin
Micafungin
v. Polyenes
Amphotericin B
Nystatin
vi. Pyrimidines
Flucytosine
vii. Triazoles
Fluconazole
Itraconazole
Posaconazole
Terconazole
Voriconazole
viii. Miscellaneous
Ciclopirox
Griseofulvin
Naftifine

F. Antimalarials
Chloroquine
Dapsone
Hydroxychloroquine
Mefloquine
Primaquine
Proguanil
Pyrimethamine
Quinacrine
Quinidine
Quinine

G. Antiprotozoal



Atovaquone
Metronidazole
Nitazoxanide
Pentamidine
Tinidazole

H. Antituberculosis
para-Aminosalicylic Acid
Bedaquiline
Capreomycin
Cycloserine
Ethambutol
Ethionamide
Isoniazid
Pyrazinamide
Rifabutin
Rifampin
Rifapentine

I. Antiretroviral Agents
i. Integrase Strand Transfer Inhibitor
Raltegravir
ii. Nucleoside Reverse Transcriptase Inhibitors
Abacavir
Adefovir
Didanosine
Emtricitabine
Lamivudine
Stavudine
Telbivudine
Tenofovir
Zidovudine
iii. Nonnucleoside Reverse Transcriptase Inhibitors
Delavirdine
Efavirenz
Etravirine
Nevirapine
Rilpivirine



iv. Protease Inhibitors
Amprenavir
Atazanavir
Darunavir
Fosamprenavir
Indinavir
Lopinavir
Nelfinavir
Ritonavir
Saquinavir
Tipranavir
v. Entry Inhibitors
Enfuvirtide
Maraviroc

J. Other Antivirals
Acyclovir
Adefovir
Amantadine
Boceprevir
Cidofovir
Entecavir
Famciclovir
Foscarnet
Ganciclovir
Idoxuridine
Oseltamivir
Penciclovir
Ribavirin
Rimantadine
Telaprevir
Valacyclovir
Valganciclovir
Vidarabine
Zanamivir

K. Cephalosporins
Cefaclor



Cefadroxil
Cefazolin
Cefdinir
Cefditoren
Cefepime
Cefixime
Cefotaxime
Cefotetan
Cefoxitin
Cefpodoxime
Cefprozil
Ceftaroline
Ceftazidime
Ceftibuten
Ceftizoxime
Ceftriaxone
Cefuroxime
Cephalexin

L. Iodine
Iodine
Povidone-Iodine

M. Leprostatics
Clofazimine
Dapsone

N. Macrolides
Azithromycin
Clarithromycin
Erythromycin

O. Penicillins
Amoxicillin
Ampicillin
Carbenicillin
Dicloxacillin
Nafcillin



Oxacillin
Penicillin G
Penicillin G, Benzathine
Penicillin G, Procaine
Penicillin V
Piperacillin
Ticarcillin

P. Quinolones
Cinoxacin
Ciprofloxacin
Gemifloxacin
Levofloxacin
Lomefloxacin
Moxifloxacin
Nalidixic Acid
Norfloxacin
Ofloxacin

Q. Scabicide/Pediculicide
Benzyl Alcohol
Lindane
Permethrin
Pyrethrins with Piperonyl Butoxide

R. Sulfonamides
Sulfonamides

S.Tetracyclines
Chlortetracycline
Clomocycline
Demeclocycline
Doxycycline
Minocycline
Oxytetracycline
Tetracycline
Tigecycline



T. Trichomonacides
Metronidazole

U. Urinary Germicides
Cinoxacin
Methenamine
Methylene Blue
Nalidixic Acid
Nitrofurantoin

5. ANTILIPEMIC AGENTS

A. Bile Acid Sequestrants
Cholestyramine
Colesevelam
Colestipol

B. Fibric Acid Derivatives
Gemfibrozil
Fenofibrate

C. HMG–CoA Inhibitors (statins)
Atorvastatin
Fluvastatin
Lovastatin
Pitavastatin
Pravastatin
Rosuvastatin
Simvastatin

D. Thyroid
Dextrothyroxine

E. Vitamin
Niacin

F. Miscellaneous



Ezetimibe
Lomitapide

6. ANTINEOPLASTICS
Cytoprotectants
Amifostine
Dexrazoxane
Mesna

A. Alkylating Agents
Bendamustine
Busulfan
Carmustine
Chlorambucil
Cyclophosphamide
Dacarbazine
Ifosfamide
Mechlorethamine
Melphalan
Streptozocin

B. Anthracenedione
Mitoxantrone

C. Anthracycline Antibiotics
Daunorubicin
Doxorubicin
Epirubicin
Idarubicin
Valrubicin

D. Antiandrogen
Enzalutamide

E. Antibody-Drug Conjugate
Brentuximab Vedotin

F. Antibiotics



Bleomycin
Dactinomycin
Mitomycin

G. Antimetabolites
i. Folic Acid Antagonists
Methotrexate
Pemetrexed
Pralatrexate
ii. Purine Analogs
Cladribine
Clofarabine
Fludarabine phosphate
Mercaptopurine
Pentostatin
Thioguanine
iii. Pyrimidine Analogs
Capecitabine
Cytarabine
Floxuridine
Fluorouracil
Gemcitabine
iv. Agents That Reduce Uric Acid Levels
Allopurinol
Rasburicase

H. Antimitotics
i. Epothilones
Ixabepilone
ii. Taxoids
Cabazitaxel
Docetaxel
Paclitaxel
iii. Vinca Alkaloids
Vinblastine
Vincristine
Vinorelbine



I. Aromatase inhibitors
Letrozole

J. Biological Response Modifiers
Aldesleukin
Denileukin Diftitox

K. DNA Demethylation Agents
Azacitidine
Decitabine
Nelarabine

L. DNA Topoisomerase Inhibitors
Irinotecan
Topotecan

M. Enzymes
Asparaginase

N. Epipodophyllotoxins
Etoposide
Teniposide

O. Histone Deacetylase Inhibitors
Romidepsin
Vorinostat

P. Hormones
Abiraterone Acetate
Exemestane
Leuprolide
Tamoxifen

Q. Imidazotetrazine Derivatives
Temozolomide

R. Kinase Inhibitors
i. BRAF Inhibitor



Vemurafenib
ii. Janus Associated Kinase Inhibitor
Ruxolitinib
iii. mTOR Inhibitors
Everolimus
Temsirolimus
iv. Multikinase Inhibitors
Sorafenib
Regorafenib
v. Tyrosine Kinase Inhibitors
Axitinib
Bosutinib
Cabozantinib
Crizotinib
Dasatinib
Erlotinib
Gefitinib
Imatinib
Lapatinib
Nilotinib
Pazopanib
Ponatinib
Sunitinib
Vandetanib
Ziv-Aflibercept

S. Methylhydrazine Derivatives
Procarbazine

T. Monoclonal Antibodies
Alemtuzumab
Bevacizumab
Cetuximab
Ipilimumab
Ibritumomab Tiuxetan
Ofatumumab
Panitumumab
Pertuzumab



Rituximab
Trastuzumab

U. Nontaxane Microtubule Dynamic Inhibitor
Eribulin

V. Platinum Coordination Complex
Carboplatin
Cisplatin
Oxaliplatin

W. Protein Synthesis Inhibitor
Omacetaxine

X. Proteasome Inhibitor
Bortezomib
Carfilzomib

Y. Retinoids
Bexarotene
Tretinoin (Systemic)

Z. Substituted Ureas
Hydroxyurea

ZZ. Miscellaneous
Interferon Alfa
(includes Interferon Alfa -n3, -NL, -2a, and -2b)
Porfimer
Thiotepa
Trimetrexate
Vismodegib

7. ARTIFICIAL SWEETENERS
Aspartame
Cyclamate
Saccharin



8. AUTONOMICS

A. Parasympathomimetics (Cholinergics)
Bethanechol
Carbachol
Cevimeline
Echothiophate
Edrophonium
Neostigmine
Physostigmine
Pilocarpine
Pyridostigmine

B. Parasympatholytics (Anticholinergics)
Atropine
Belladonna
Benztropine
Clidinium
Dicyclomine
Glycopyrrolate
Homatropine
l-Hyoscyamine
Mepenzolate
Methscopolamine
Propantheline
Scopolamine
Trihexyphenidyl

C. Sympatholytics
Acebutolol
Atenolol
Betaxolol
Bisoprolol
Carteolol
Carvedilol
Dihydroergotamine
Doxazosin
Ergotamine



Esmolol
Guanethidine
Guanfacine
Labetalol
Metoprolol
Nadolol
Nebivolol
Penbutolol
Pindolol
Prazosin
Propranolol
Sotalol
Tamsulosin
Terazosin
Timolol

D. Sympathomimetics (Adrenergics)
Albuterol
Cocaine
Dobutamine
Dopamine
Ephedrine
Epinephrine
Isometheptene
Isoproterenol
Isoxsuprine
Midodrine
Norepinephrine
Oxymetazoline
Phenylephrine
Pseudoephedrine
Terbutaline

9. BISPHOSPHONATES
Alendronate
Etidronate
Ibandronate
Pamidronate



Risedronate
Tiludronate
Zoledronic Acid

10. CALCIUM RECEPTOR AGONIST
Cinacalcet

11. CARDIOVASCULAR DRUGS

A. Antihypertensives
i. Angiotensin Converting Enzyme Inhibitors
Benazepril
Captopril
Enalapril
Fosinopril
Lisinopril
Moexipril
Perindopril
Quinapril
Ramipril
Trandolapril
ii. Angiotensin II Receptor Antagonists
Azilsartan
Candesartan Cilexetil
Eprosartan
Irbesartan
Losartan
Olmesartan
Telmisartan
Valsartan
iii. Renin Inhibitor
Aliskiren
iv. Other Antihypertensives
Acebutolol
Atenolol
Betaxolol
Bisoprolol



Carteolol
Carvedilol
Clonidine
Diazoxide
Doxazosin
Epoprostenol
Esmolol
Fenoldopam
Guanabenz
Guanadrel
Guanethidine
Guanfacine
Hydralazine
Labetalol
Mepindolol
Methyldopa
Metoprolol
Metyrosine
Minoxidil
Nadolol
Nebivolol
Nitroprusside
Oxprenolol
Penbutolol
Phenoxybenzamine
Phentolamine
Pindolol
Prazosin
Propranolol
Reserpine
Terazosin
Sotalol
Timolol

B. Calcium Channel Blockers
Amlodipine
Clevidipine
Diltiazem



Felodipine
Isradipine
Nicardipine
Nifedipine
Nimodipine
Nisoldipine
Verapamil

C. Cardiac Drugs
Acetyldigitoxin
Adenosine
Amiodarone
Deslanoside
Digitalis
Digitoxin
Digoxin
Disopyramide
Dofetilide
Dronedarone
Flecainide
Ibutilide
Lanatoside C
Lidocaine
Mexiletine
Milrinone
Moricizine
Procainamide
Propafenone
Quinidine
Sotalol

D. Vasodilators
Ambrisentan
Amyl Nitrite
Bosentan
Epoprostenol
Erythrityl Tetranitrate
Hydralazine



Iloprost
Isosorbide Dinitrate
Isosorbide Mononitrate
Isoxsuprine
Minoxidil
Nesiritide
Nitroglycerin
Sildenafil

E. Sclerosing Agents
Polidocanol

F. Miscellaneous Antianginal Agents
Ranolazine

12. CENTRAL NERVOUS SYSTEM DRUGS

A. Analgesics and Antipyretics
Acetaminophen
Antipyrine
Ziconotide

B. Antialcoholic Agents
Acamprosate
Disulfiram

C. Antichorea
Tetrabenazine

D. Anticonvulsants
Bromides
Carbamazepine
Clobazam
Clonazepam
Clorazepate
Ethosuximide
Ethotoin
Ezogabine



Felbamate
Gabapentin
Gabapentin Enacarbil
Lacosamide
Lamotrigine
Levetiracetam
Magnesium Sulfate
Methsuximide
Oxcarbazepine
Perampanel
Phenobarbital
Phenytoin
Pregabalin
Primidone
Rufinamide
Tiagabine
Topiramate
Valproic Acid
Zonisamide

E. Antidepressants
i. Aminoketone
Bupropion
ii. Monoamine Oxidase Inhibitors
Isocarboxazid
Phenelzine
Tranylcypromine
iii. Phenylpiperazine
Nefazodone
iv. Selective Serotonin Reuptake Inhibitors
Citalopram
Escitalopram
Fluoxetine
Fluvoxamine
Paroxetine
Sertraline
Vilazodone
v. Serotonin and Norepinephrine Reuptake Inhibitors



Duloxetine
Desvenlafaxine
Milnacipran
Venlafaxine
vi. Tetracyclics
Maprotiline
Mirtazapine
vii. Tricyclics
Amitriptyline
Amoxapine
Clomipramine
Desipramine
Doxepin
Imipramine
Nortriptyline
Protriptyline
Trimipramine
viii. Triazolopyridine
Trazodone

F. Antimigraine Agents
Almotriptan
Dihydroergotamine
Eletriptan
Ergotamine
Frovatriptan
Naratriptan
Rizatriptan
Sumatriptan
Zolmitriptan

G. Antiparkinson Agents
Amantadine
Carbidopa
Entacapone
Levodopa
Pramipexole
Rasagiline



Ropinirole
Selegiline
Tolcapone

H. Antipsychotics
Typical Antipsychotics
i. Phenylbutylpiperadines
Butyrophenones
Droperidol
Haloperidol
Diphenylbutypiperadines
Pimozide
ii. Phenothiazines
Chlorpromazine
Fluphenazine
Perphenazine
Prochlorperazine
Thioridazine
Trifluoperazine
iii. Thioxanthenes
Thiothixene

Atypical Antipsychotics
i. Benzoisothiazol
Lurasidone
ii. Benzisoxazoles
Iloperidone
Paliperidone
Risperidone
Ziprasidone
iii. Dibenzapines
Asenapine
Clozapine
Loxapine
Olanzapine
Quetiapine
iv. Quinolinones
Aripiprazole



Miscellaneous Antipsychotics
Lithium

I. Central Analgesics
Clonidine

J. Cholinesterase Inhibitors
Donepezil
Galantamine
Rivastigmine

K. Hallucinogens
Lysergic Acid Diethylamide
Marijuana
Mescaline
Peyote
Phencyclidine
Salvia Divinorum

L. Narcotic Agonist Analgesics
Alfentanil
Codeine
Dihydrocodeine
Fentanyl
Heroin
Hydrocodone
Hydromorphone
Levorphanol
Meperidine
Methadone
Morphine
Oxycodone
Oxymorphone
Remifentanil
Sufentanil
Tapentadol
Tramadol



M. Narcotic Agonist–Antagonist Analgesics
Buprenorphine
Butorphanol
Nalbuphine
Pentazocine

N. Narcotic Antagonists
Methylnaltrexone
Naloxone
Naltrexone

O. Nonsteroidal Anti-inflammatory Drugs
Aspirin
Celecoxib
Diclofenac
Diflunisal
Etodolac
Fenoprofen
Flurbiprofen
Ibuprofen
Indomethacin
Ketoprofen
Ketorolac
Meclofenamate
Mefenamic Acid
Meloxicam
Nabumetone
Naproxen
Oxaprozin
Oxyphenbutazone
Piroxicam
Sulindac
Tolmetin

P. Physical Adjunct
Botulinum Toxin Type A

Q. Potassium Channel Blocker



Dalfampridine

R. Psychotherapeutics (Miscellaneous)
Atomoxetine
Sodium Oxybate

S. Sedatives and Hypnotics
Alprazolam
Amobarbital
Bromides
Buspirone
Butalbital
Chloral Hydrate
Chlordiazepoxide
Clorazepate
Dexmedetomidine
Diazepam
Dichloralphenazone
Estazolam
Eszopiclone
Ethanol
Ethchlorvynol
Etomidate
Flurazepam
Fospropofol
Lorazepam
Mephobarbital
Meprobamate
Methotrimeprazine
Midazolam
Oxazepam
Pentobarbital
Phenobarbital
Propofol
Quazepam
Ramelteon
Secobarbital
Temazepam



Triazolam
Zaleplon
Zolpidem

T. Skeletal Muscle Relaxants
Atracurium
Baclofen
Carisoprodol
Chlorzoxazone
Cyclobenzaprine
Dantrolene
Metaxalone
Methocarbamol
Orphenadrine
Pancuronium
Rocuronium
Succinylcholine
Tizanidine
Vecuronium

U. Smoking Deterrents
Bupropion
Clonidine
Nicotine Replacement Therapy
Nortriptyline
Varenicline

V. Stimulants and/or Anorexiants
Amphetamine
Armodafinil
Benzphetamine
Caffeine
Cigarette Smoking
Dexmethylphenidate
Dextroamphetamine
Diethylpropion
Doxapram
Ecstasy



Lisdexamfetamine
Lorcaserin
Methamphetamine
Methylphenidate
Modafinil
Phendimetrazine
Phentermine

W. Miscellaneous
Riluzole

13. CHELATING AGENTS
Deferoxamine
Deferasirox
Penicillamine
Succimer
Trientine

14. DERMATOLOGIC AGENTS
Acitretin
Adapalene
Anthralin
Azficel-T
Butenafine
Calcipotriene
Calcitriol
Collagenase Clostridium Histolyticum
Etretinate
Fluocinolone
Fluocinonide
Hydroquinone
Ingenol Mebutate
Isotretinoin
Kunecatechins
Methoxsalen
Spinosad
Tazarotene



Tretinoin (Topical)

15. DIAGNOSTIC AGENTS
Diatrizoate
Ethiodized Oil
Evans Blue
Fluorescein Sodium
Gadobenate Dimeglumine
Gadobutrol
Gadodiamide
Gadofosveset
Gadopentetate Dimeglumine
Gadoteridol
Gadoversetamide
Indigo Carmine
Iocetamic Acid
Iodipamide
Iodoxamate
Ioflupane I123

Iohexol
Iopamidol
Iopanoic Acid
Iothalamate
Ipodate
Methylene Blue
Technetium Tc-99m

16. DIETARY SUPPLEMENTS
Chondroitin
Glucosamine
Omega-3 Fatty Acid Supplements
Stevia

17. DIURETICS
Acetazolamide
Amiloride
Bendroflumethiazide



Benzthiazide
Bumetanide
Chlorothiazide
Chlorthalidone
Dehydroepiandrosterone
Dichlorphenamide
Ethacrynic Acid
Furosemide
Hydrochlorothiazide
Hydroflumethiazide
Indapamide
Isosorbide
Mannitol
Methazolamide
Methyclothiazide
Metolazone
Polythiazide
Spironolactone
Torsemide
Triamterene
Trichlormethiazide
Urea

18. ELECTROLYTES
Potassium Chloride
Potassium Citrate
Potassium Gluconate

19. ENDOCRINE/METABOLIC AGENTS

A. Adrenal
Beclomethasone
Betamethasone
Budesonide
Cortisone
Dexamethasone
Hydrocortisone



Prednisolone
Prednisone
Triamcinolone

B. Androgens
Danazol
Fluoxymesterone
Methyltestosterone
Testosterone

C. Antiadrenal
Aminoglutethimide

D. Antidiabetic Agents
i. Alpha-Glucosidase Inhibitors
Acarbose
Miglitol
ii. Amylin Analog
Pramlintide
iii. Biguanides
Metformin
iv. Dipeptidyl Peptidase-4 Inhibitors
Linagliptin
Saxagliptin
Sitagliptin
v. Glucagon-like Peptide 1 Receptor Agonists
Exenatide
Liraglutide
vi. Insulins
Insulin
Insulin Aspart
Insulin Detemir
Insulin Glargine
Insulin Glulisine
Insulin Lispro
vii. Meglitinides
Nateglinide
Repaglinide



viii. Sulfonylureas
Chlorpropamide
Glimepiride
Glipizide
Glyburide
Tolazamide
Tolbutamide
ix. Thiazolidinediones
Pioglitazone
Rosiglitazone

E. Antiestrogens
Tamoxifen

F. Antigout
i. Uricosurics
Allopurinol
Febuxostat
Pegloticase
Probenecid
ii. Miscellaneous
Colchicine

G. Antiprogestogen
Mifepristone

H. Antithyroid
Carbimazole
Methimazole
Propylthiouracil
Sodium Iodide 131I

I. Calcium Regulation Hormone
Calcitonin-Salmon

J. Emergency Contraceptive
Ulipristal



K. Enzymes
Agalsidase Alfa
Agalsidase Beta
Alglucosidase Alfa
Alpha-Galactosidase A
Galsulfase
Laronidase

L. Estrogens
Clomiphene
Diethylstilbestrol
Estradiol
Estrogens, Conjugated
Estrone
Ethinyl Estradiol
Mestranol
Oral Contraceptives

M. Gaucher Disease
Alglucerase
Imiglucerase
Miglustat
Taliglucerase Alfa
Velaglucerase Alfa

N. Growth Hormone Receptor Antagonist
Pegvisomant

O. Growth Hormone Releasing Factor
Tesamorelin

P. Hyperammonemia
Carglumic Acid

Q. Pineal Gland
Melatonin

R. Pituitary



Corticotropin/Cosyntropin
Desmopressin
Leuprolide
Somatostatin
Vasopressin

S. Progestogens
Ethynodiol
17 Alpha-Hydroxyprogesterone
Medroxyprogesterone
Norethindrone
Norgestrel
Oral Contraceptives

T. Prostaglandins
Carboprost
Dinoprostone

U. Selective Estrogen Receptor Modulator
Raloxifene

V. Somatostatin Analogs
Octreotide
Pasireotide

W. Thyroid Agents
Levothyroxine
Liothyronine
Liotrix
Thyroglobulin
Thyroid
Thyrotropin

X. Vasopressin Receptor Antagonists
Conivaptan
Tolvaptan

Y. Miscellaneous Agents



Bromocriptine
Cabergoline
Ivacaftor

20. GASTROINTESTINAL AGENTS

A. Antacids
Calcium Carbonate
Sodium Bicarbonate

B. Antidiarrheals
Alosetron
Bismuth Subsalicylate
Crofelemer
Diphenoxylate
Kaolin/Pectin
Loperamide
Opium

C. Antiemetics
Alosetron
Aprepitant
Cyclizine
Dimenhydrinate
Dolasetron
Doxylamine
Dronabinol
Droperidol
Granisetron
Meclizine
Metoclopramide
Nabilone
Ondansetron
Palonosetron
Prochlorperazine
Promethazine
Trimethobenzamide



D. Antiflatulents
Simethicone

E. Anti-inflammatory Bowel Disease Agents
Balsalazide
Infliximab
Mesalamine
Olsalazine
Sulfasalazine

F. Antisecretory Agents
i. H2-Receptor Antagonists
Cimetidine
Famotidine
Nizatidine
Ranitidine
ii. Proton Pump Inhibitors
Dexlansoprazole
Esomeprazole
Lansoprazole
Omeprazole
Pantoprazole
Rabeprazole
iii. Miscellaneous
Misoprostol
Sucralfate

G. Gallstone Solubilizing Agents
Chenodiol
Ursodiol

H. Glucagon-Like Peptide-2 Analog
Teduglutide

I. Laxatives/Purgatives
Bisacodyl
Casanthranol
Cascara Sagrada



Castor Oil
Docusate Calcium
Docusate Potassium
Docusate Sodium
Glycerin
Lactulose
Linaclotide
Lubiprostone
Magnesium Sulfate
Mineral Oil
Polyethylene Glycol (3350 & 4000)
Senna

J. Lipase Inhibitors
Orlistat

K. Peripheral Opioid Antagonist
Alvimopan

L. Stimulants
Dexpanthenol
Metoclopramide

21. HEMATOLOGIC AGENTS

A. Anticoagulants
Apixaban
Coumarin Derivatives
Dalteparin
Dabigatran Etexilate
Enoxaparin
Ethyl Biscoumacetate
Fondaparinux
Heparin
Nicoumalone
Phenindione
Phenprocoumon
Reviparin



Rivaroxaban
Warfarin

B. Antiheparin
Protamine

C. Antihemophilic
Factor XIII Concentrate (Human)

D. Antiplatelet
i. Aggregation Inhibitors
Cilostazol
Clopidogrel
Prasugrel
Ticagrelor
Ticlopidine
Treprostinil
ii. Glycoprotein IIb/IIIa Inhibitors
Abciximab
Eptifibatide
Tirofiban
iii. Miscellaneous
Anagrelide
Dipyridamole

E. Bradykinin Inhibitor
Icatibant

F. Hematopoietic
Darbepoetin Alfa
Eltrombopag
Epoetin Alfa
Filgrastim
Hemin
Oprelvekin
Pegfilgrastim
Peginesatide
Plerixafor



Romiplostim
Sargramostim

G. Hemorrheologic
Pentoxifylline

H. Hemostatics
Aminocaproic Acid
Aprotinin
Tranexamic Acid

I. Kallikrein Inhibitor
Ecallantide

J. Thrombin Inhibitor
Antithrombin III (Human)
Argatroban
Bivalirudin
Desirudin
Lepirudin

K. Thrombolytics
Alteplase
Drotrecogin Alfa (Activated)
Reteplase
Tenecteplase
Urokinase

22. HERBS
Arnica
Black Seed/Kalanji
Blue Cohosh
Chamomile
Echinacea
Evening Primrose Oil
Feverfew
Garlic
Ginger



Ginkgo Biloba
Ginseng
Kudzu
Nutmeg
Passion Flower
Peppermint
Pumpkin Seed
Raspberry Leaf
Safflower
Salvia Divinorum
St.John’s Wort
Valerian
Yohimbine

23. IMMUNOLOGIC AGENTS

A. Antihemolysis
Eculizumab

B. Antiosteoporosis
Denosumab

C. Antirheumatic Agents
Abatacept
Auranofin
Gold Sodium Thiomalate
Hydroxychloroquine
Infliximab
Leflunomide
Methotrexate
Sulfasalazine
Tofacitinib

D. Immunomodulators
Adalimumab
Anakinra
Belimumab
Canakinumab



Certolizumab Pegol
Etanercept
Fingolimod
Golimumab
Imiquimod
Infliximab
Interferon Alfa (includes Interferon Alfa-n3, -NL, -2a, and -2b)
Interferon Beta-1b
Interferon Gamma-1b
Lenalidomide
Natalizumab
Pimecrolimus
Rilonacept
Teriflunomide
Thalidomide
Tocilizumab
Ustekinumab

E. Immunosuppressants
Alefacept
Azathioprine
Basiliximab
Belatacept
Cyclosporine
Daclizumab
Efalizumab
Glatiramer
Muromonab-CD3
Mycophenolate
Rituximab
Sirolimus
Tacrolimus

24. IMPOTENCE AGENTS
Avanafil
Sildenafil
Yohimbine



25. KERATOLYTIC AGENTS
Podofilox
Podophyllum

26. KERATINOCYTE GROWTH FACTOR
Palifermin

27. NUTRIENTS/NUTRITIONAL SUPPLEMENTS
Calcium Carbonate
Hyperalimentation, Parenteral
Lipids
L-Lysine
Melatonin

28. OPHTHALMICS

A. Antihistamine
Alcaftadine
Bepotastine

B. Anti-infective
Besifloxacin
Gatifloxacin

C. Corticosteroid
Fluocinolone

D. Mast Cell Stabilizer
Lodoxamide

D. Nonsteroidal Anti-inflammatory
Bromfenac
Nepafenac

E. Phototherapy
Verteporfin



F. Prostaglandin Agonist
Bimatoprost
Latanoprost
Tafluprost
Travoprost

G. Selective Vascular Endothelial Growth Factor
Antagonist

Pegaptanib
Ranibizumab

H. Sympathomimetic (Adrenergic)
Naphazoline

I. Miscellaneous
Ocriplasmin

29. OXYTOCICS
Castor Oil
Methylergonovine Maleate
Misoprostol

30. RADIOPHARMACEUTICALS
Sodium Iodide 125I
Sodium Iodide 131I

31. RESPIRATORY DRUGS

A. Anti-inflammatory (Inhaled)
Cromolyn Sodium
Nedocromil Sodium

B. Antitussives
Codeine
Dextromethorphan
Hydrocodone



C. Bronchodilators
i. β2-Adrenergic Agents
Albuterol
Arformoterol
Formoterol
Indacaterol
Levalbuterol
Metaproterenol
Pirbuterol
Salmeterol
Terbutaline
ii. Other Sympathomimetics
Ephedrine
Epinephrine
Isoproterenol
iii. Xanthine Derivatives
Aminophylline
Dyphylline
Theophylline
iv. Anticholinergics
Aclidinium
Ipratropium
Tiotropium

D. Corticosteroids (Inhaled)
Beclomethasone
Budesonide
Ciclesonide
Flunisolide
Fluticasone
Mometasone
Triamcinolone

E. Expectorants
Ammonium Chloride
Guaifenesin
Iodinated Glycerol
Potassium Iodide



Sodium Iodide
Terpin Hydrate

F. Leukotriene Receptor Antagonists
Montelukast
Zafirlukast

G. Leukotriene Formation Inhibitor
Zileuton

H. Monoclonal Antibody
Omalizumab
Palivizumab

I. Mucolytic
Acetylcysteine
Dornase Alfa

J. Phosphodiesterase Inhibitor
Roflumilast

32. SERUMS AND TOXOIDS

A.Serums
Immune Globulin, Hepatitis B
Immune Globulin Intramuscular
Immune Globulin Intravenous
Immune Globulin, Rabies
Immune Globulin, Tetanus
Immune Globulin, Varicella Zoster (Human)

B. Toxoids
Tetanus/Diphtheria Toxoids (Adult)

33. TOXINS
Ciguatoxin



34. URINARY TRACT AGENTS

A. Analgesic
Pentosan
Phenazopyridine

B. Antispasmodics
Darifenacin
Fesoterodine
Flavoxate
Mirabegron
Oxybutynin
Solifenacin
Tolterodine
Trospium

C. Urinary Acidifier
Ammonium Chloride

D. Urinary Alkalinizers
Potassium Citrate

E. Urinary Germicides
(see Anti-infectives, Section T)

35. VACCINES
Adenovirus Type 4 and Type 7, Live
Anthrax
BCG
Cholera
Escherichia coli
Group B Streptococcal
Haemophilus b Conjugate
Hepatitis A
Hepatitis B
Human Papillomavirus Bivalent
Human Papillomavirus Quadrivalent



Influenza
Influenza A (H1N1)
Lyme Disease
Measles
Meningococcal
Mumps
Plague
Pneumococcal Polyvalent
Poliovirus Inactivated
Poliovirus Live
Rabies (Human)
Rubella
Smallpox
TC-83 Venezuelan Equine Encephalitis
Tetanus/Diphtheria Toxoids & Acellular Pertussis
Tularemia
Typhoid
Varicella Virus
Yellow Fever

36. VAGINAL SPERMICIDES
Nonoxynol-9/Octoxynol-9

37. VITAMINS
Acitretin
β-Carotene
Calcifediol
Calcitriol
Cholecalciferol
Dexpanthenol
Dihydrotachysterol
Ergocalciferol
Etretinate
Folic Acid
Isotretinoin
Leucovorin
Niacin



Niacinamide
Pantothenic Acid
Paricalcitol
Phytonadione
Pyridoxine
Riboflavin
Thiamine
Tretinoin (Systemic)
Vitamin A
Vitamin B12
Vitamin C
Vitamin D
Vitamin E
Vitamins, Multiple

38. MISCELLANEOUS
Electricity
Silicone Breast Implants
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Generic names are shown in bold with two sets of page numbers. The first set, also shown in bold, refers
to the page number in the text where the monograph is located. The second set, shown in parentheses,
refers to the page number in the Appendix where the drug is located by pharmacologic class. The trade
names and synonyms are shown with one set of page numbers. These refer to their location in the text.

A
A-200, see Pyrethrins with Piperonyl Butoxide, 1172
A-Acido, see Tretinoin, 1395
Abacavir, 1, (1524)
Abatacept, 2, (1531)
Abbocillin, see Penicillin G, 1080
Abbocillin-VK, see Penicillin V, 1082
Abboject, see Erythromycin, 491
Abbokinase, see Urokinase, 1414
Abboticin, see Erythromycin, 491
Abboticine, see Erythromycin, 491
Abciximab, 3, (1530)
AB Elixir, see Theophylline, 1350
Aberel, see Tretinoin, 1395
Aberela, see Tretinoin, 1395
Aberil, see Thiamine, 1352
Abicol, see Reserpine, 1207
Abilify, see Aripiprazole, 83
Abine, see Gemcitabine, 617
Abiraterone Acetate, 4, (1525)
Ablavar, see Gadofosveset, 607
Abopur, see Allopurinol, 40
Abstensyl, see Disulfiram, 420
Abstinyl, see Disulfiram, 420
Acalix, see Diltiazem, 410
Acamprosate, 5, (1527)
Acarbose, 6, (1529)
ACC, see Acetylcysteine, 13
ACC 200, see Acetylcysteine, 13
Accolate, see Zafirlukast, 1502
Accupaque, see Iohexol, 730
Accupril, see Quinapril, 1184
Accurbron, see Theophylline, 1350
Accutane, see Isotretinoin, 745
Acebutolol, 7, (1526)
Acecoline, see Acetylcholine, 13
Acemuc, see Acetylcysteine, 13
Acemucol, see Acetylcysteine, 13
Acenocoumarin, see Nicoumalone, 978
Acenocoumarol, see Nicoumalone, 978
Aceon, see Perindopril, 1091
Aceta, see Acetaminophen, 8



Acetaminophen, 8, (1527)
Acetazid, see Acetazolamide, 12
Acetazolamide, 12, (1529)
Acetexa, see Nortriptyline, 1006
Acetohexamide, 12
Acetophenazine, see 8th edition
Acetophenetidin, see Phenacetin, 1097
Acetopt, see Sulfonamides, 1297
Acetylcholine, see 9th edition
Acetylcysteine, 13, (1523), (1532)
Acetyldigitoxin, 15, (1526)
Acetylphenetidin, see Phenacetin, 1097
Acetylsalicylic Acid, see Aspirin, 92
Acetyst, see Acetylcysteine, 13
Achromycin, see Tetracycline, 1339
Acid A Vit, see Tretinoin, 1395
Acidocort, see Dexamethasone, 377
A-Cillin, see Ampicillin, 69
Aciphex, see Rabeprazole, 1190
Acitretin, 15, (1528), (1532)
Aclidinium bromide, 17
Acnavit, see Tretinoin, 1395
Acocillin, see Penicillin V, 1082
Acortan, see Corticotropin/Cosyntropin, 326
Acova, see Argatroban, 82
Acovil, see Pheniramine, 1100
Acoviletas, see Pheniramine, 1100
Acretin, see Tretinoin, 1395
Acriflex, see Chlorhexidine, 247
Actamin, see Acetaminophen, 8
Actemra, see Tocilizumab, 1372
ACTH, see Corticotropin/Cosyntropin, 326
Acthar, see Corticotropin/Cosyntropin, 326
Acticin, see Permethrin, 1093
Actidil, see Triprolidine, 1410
Actidilon, see Triprolidine, 1410
Actifral D3, see Cholecalciferol, 257
Actigall, see Ursodiol, 1415
Actilyse, see Alteplase, 45
Actimmune, see Interferon Gamma-1b, 726
Actinomycin D, see Dactinomycin, 348
Actinospectacin, see Spectinomycin, 1277
Actiplas, see Alteplase, 45
Activase, see Alteplase, 45
Actomol, see Dexamethasone, 377
Acton, see Corticotropin/Cosyntropin, 326
Actonel, see Risedronate, 1219
ActoPlus Met, see Pioglitazone & Metformin, 873
Actos, see Pioglitazone, 1124
Actyron, see Thyrotropin, 1357
Acyclovir, 18, (1524)
Acylanid, see Acetyldigitoxin, 15
Acylanide, see Acetyldigitoxin, 15
Adacel, see Vaccine, Pertussis (Acellular), 1431



Adalat, see Nifedipine, 978
Adalimumab, 22, (1531)
Adalate, see Nifedipine, 978
Adam, see Ecstasy, 449
Adapalene, 24, (1528)
Adapin, see Doxepin, 430
Adcetris, see Brentuximab Vedotin, 157
Adcortyl, see Triamcinolone, 1398
Adefovir, 25, (1524)
Adenine Arabinoside, see Vidarabine, 1472
Adenocard, see Adenosine, 26
Adenock, see Allopurinol, 40
Adenosine, 26, (1526)
Adermina, see Fluocinolone, 559
ADH, see Vasopressin, 1461
Adhaegon, see Dihydroergotamine, 409
Adiab, see Glyburide, 634
Adifax, see Dexfenfluramine, 380
Adipalit, see Piperazine, 1126
Adipex-P, see Phentermine, 1107
Adomal, see Diflunisal, 405
Adophen, see Phendimetrazine, 1099
Adrazine, see Sulfonamides, 1297
Adrenalin, see Epinephrine, 477
Adrenor, see Norepinephrine, 1001
Adria, see Doxorubicin, 431
Adriamycin, see Doxorubicin, 431
Adronat, see Alendronate, 35
Adsorbocarpine, see Pilocarpine, 1120
Adumbran, see Oxazepam, 1036
Advair, see Fluticasone & Salmeterol, 1242
Advanced Eye Relief, see Naphazoline, 955
Advicor, see Niacin & Lovastatin, 823
Aerflu, see Flunisolide, 557
Aerius, see Desloratadine, 374
Aerobid, see Flunisolide, 557
Aerolate, see Theophylline, 1350
Aerolid, see Flunisolide, 557
Aerolone, see Isoproterenol, 742
Aeromax, see Salmeterol, 1242
Aeromuc, see Acetylcysteine, 13
Aeroseb-Dex, see Dexamethasone, 377
Aerosporin, see Polymyxin B, 1133
AErrane, see Isoflurane, 737
Aethazolum, see Sulfonamides, 1297
Afatin, see Dextroamphetamine, 385
Afinitor, see Everolimus, 526
Afko-Lube, see Docusate Sodium, 423
Aflexa, see Glucosamine, 633
Afluon, see Azelastine, 115
Afos, see Fosfomycin, 595
Afrazine, see Oxymetazoline, 1041
African, see Hydroquinone, 668
Afrin, see Oxymetazoline, 1041



Afrinol, see Pseudoephedrine, 1168
Agalsidase Alfa, 28, (1529)
Agalsidase Beta, 28, (1529)
Agaroletten, see Bisacodyl, 145
Agenerase, see Amprenavir, 71
Aggrastat, see Tirofiban, 1369
Aggrenox, see Dipyridamole & Aspirin, 92
Agit, see Dihydroergotamine, 409
Agrastat, see Tirofiban, 1369
Agrylin, see Anagrelide, 73
A-Hydrocort, see Hydrocortisone, 661
Airol, see Tretinoin, 1395
Ajenuz, see Black Seed/Kalanji, 148
AK-Con, see Naphazoline, 955
AK-Fluor, see Fluorescein Sodium, 560
Akindex, see Dextromethorphan, 385
Akineton, see Biperiden, 145
Akotin, see Niacin, 973
Alagyl, see Clemastine, 290
Albacort, see Triamcinolone, 1398
Albamycin, see Novobiocin, 1007
Alatrofloxacin, see Trovafloxacin, 1412
Albenza, see Albendazole, 29
Albendazole, 29, (1523)
Albicort, see Triamcinolone, 1398
Albiotic, see Lincomycin, 801
Albucid, see Sulfonamides, 1297
Albulair, see Levalbuterol, 788
Albuterol, 30, (1526), (1531)
Alcaftadine, 33, (1531)
Alcohol, see Ethanol, 506
Alconefrin, see Phenylephrine, 1110
Alcover, see Sodium Oxybate, 1272
Aldactazide, see Spironolactone & Hydrochlorothiazide, 659
Aldactone, see Spironolactone, 1278
Aldactone-R, see Spironolactone, 1278
Aldara, see Imiquimod, 698
Aldecin, see Beclomethasone, 125
Aldesleukin, 33, (1525)
Aldomet, see Methyldopa, 894
Aldometil, see Methyldopa, 894
Aldurazyme, see Laronidase, 780
Alefacept, 34, (1531)
Alemtuzumab, 35, (1525)
Alendronate, 35, (1526)
Alendros, see Alendronate, 35
Alercrom, see Cromolyn Sodium, 332
Alergicap, see Diphenhydramine, 414
Alerlisin, see Cetirizine, 238
Alermine, see Chlorpheniramine, 252
Alermizol, see Astemizole, 97
Alesion, see Epinastine, 476
Aleudrin, see Isoproterenol, 742
Alexan, see Cytarabine, 343



Alfaferone, see Interferon Alfa, 723
Alfatrofin, see Corticotropin/Cosyntropin, 326
Alfenta, see Alfentanil, 37
Alfentanil, 37, (1528)
Alferon N (Interferon alfa-n3), see Interferon Alfa, 723
Alferos, see Azelastine, 115
Alfin, see Sildenafil, 1261
Algaphan, see Propoxyphene, 1162
Alglucosidase Alfa, 39, (1529)
Alglucerase, 38, (1529)
Algobid, see Diflunisal, 405
Algoverine, see Phenylbutazone, 1109
Aliskiren, 39, (1526)
Alimix, see Cisapride, 279
Alimta, see Pemetrexed, 1077
Alinia, see Nitazoxanide, 983
Alinol, see Allopurinol, 40
Alius, see Dimethothiazine, 413
Alivioderm, see Nitrofurazone, 986
Alkarau, see Reserpine, 1207
Alka-Seltzer, see Sodium Bicarbonate, 1270
Alka-Seltzer (Aspirin Buffered), see Aspirin, 92
Alkeran, see Melphalan, 860
Allegra, see Fexofenadine, 543
Allegro, see Fluticasone, 576
Allerbid, see Chlorpheniramine, 252
Allerest nasal, see Phenylephrine, 1110
Allerest 12 Hour Nasal, see Oxymetazoline, 1041
Allergefon, see Carbinoxamine, 205
Allergex, see Chlorpheniramine, 252
Allergisan, see Chlorpheniramine, 252
Allergodil, see Azelastine, 115
Allergon, see Pyrilamine, 1178
Allergron, see Nortriptyline, 1006
Allerhist, see Chlorpheniramine, 252
Allermine, see Chlorpheniramine, 252
Allertab, see Chlorpheniramine, 252
Allertoc, see Pyrilamine, 1178
All-Heal, see Valerian, 1447
Allium sartivum L., see Garlic, 614
Alloprin, see Allopurinol, 40
Allopur, see Allopurinol, 40
Allopurin, see Allopurinol, 40
Allopurinol, 40, (1525), (1529)
Alloremed, see Allopurinol, 40
Allozym, see Allopurinol, 40
Allural, see Allopurinol, 40
Allurit, see Allopurinol, 40
Allvoran, see Diclofenac, 395
Almarytm, see Flecainide, 548
Almocarpine, see Pilocarpine, 1120
Almopen, see Penicillin G Procaine, 1082
Almotriptan, 42, (1527)
Aloginan, see Clemastine, 290



Alomide, see Lodoxamide, 813
Alophen, see Phenolphthalein or Bisacodyl, 145
Aloral, see Allopurinol, 40
Alosetron, 43, (1530)
Aloxi, see Palonosetron, 1049
Alphaderm, see Urea, 1414
Alphalin, see Vitamin A, 1481
Alphamin, see Clemastine, 290
Alpha Galactosidase A, 44, (1529)
17 Alpha-Hydroxyprogesterone, see Hydroxyprogesterone, 671
Alphaprodine, see 8th edition
α-2-Interferon (Interferon Alfa-2b), see Interferon Alfa, 723
Alphodith, see Anthralin, 77
Alprazolam, 44, (1528)
Alreumat, see Ketoprofen, 759
Alreumum, see Ketoprofen, 759
Alrheumat, see Ketoprofen, 759
Alrheumun, see Ketoprofen, 759
Alrhumat, see Ketoprofen, 759
Alserin, see Reserpine, 1207
Alsylax, see Bisacodyl, 145
Altabax, see Retapamulin, 1208
Altace, see Ramipril, 1195
Altamisa, see Feverfew, 542
Alteplase, 45, (1531)
Altiazem, see Diltiazem, 410
Aludrin, see Isoproterenol, 742
Aluline, see Allopurinol, 40
Alupent, see Metaproterenol, 872
Aluprin (Aspirin Buffered), see Aspirin, 92
Alurate, see Aprobarbital, 81
Alusas, see Clemastine, 290
Alva-Tranquil, see Bromides, 159
Alveolex, see Acetylcysteine, 13
Alvesco, see Ciclesonide, 259
Alvimopan, 47, (1530)
Alyrane, see Enflurane, 467
Amantadine, 48, (1524), (1527)
Amaryl, see Glimepiride, 629
Amatine, see Midodrine, 915
Ambenonium, see 9th edition
Amber, see St. John’s Wort, 1282
Amber Touch-and-Heal, see St. John’s Wort, 1282
Ambien, see Zolpidem, 1519
Ambinon, see Thyrotropin, 1357
Ambodryl, see Bromodiphenhydramine, 161
Ambramycin, see Tetracycline, 1339
Ambrisentan, 49, (1527)
AMCA, see Tranexamic Acid, 1388
Amcacid, see Tranexamic Acid, 1388
trans-AMCHA, see Tranexamic Acid, 1388
Amchafibrin, see Tranexamic Acid, 1388
Amcill, see Ampicillin, 69
Amcort, see Triamcinolone, 1398



Amebamagma, see Tinidazole, 1364
Amerge, see Naratriptan, 958
American saffron, see Safflower, 1242
Amen, see Medroxyprogesterone, 850
American Cone Flower, see Echinacea, 445
American Mandrake, see Podophyllum, 1130
Amethopterin, see Methotrexate, 887
Ametycine, see Mitomycin, 931
Amevive, see Alefacept, 34
Amfetamine, see Amphetamine, 65
Amicar, see Aminocaproic Acid, 52
Amicel, see Econazole, 447
Amicrobin, see Norfloxacin, 1003
Amidate, see Etomidate, 519
Amidone, see Methadone, 876
Amifostine, 50, (1525)
Amikacin, 51, (1523)
Amikin, see Amikacin, 51
Amiloride, 51, (1529)
Amindan, see Sulfonamides, 1297
Aminocaproic Acid, 52, (1530)
Aminodyne, see Acetaminophen, 8
Aminoglutethimide, see 9th edition, (1529)
Aminojod, see Sodium Iodide, 1271
Aminomux, see Pamidronate, 1050
Aminophylline, 53, (1532)
Aminopterin, see 9th edition
5-Aminosalicylic Acid, see Mesalamine, 867
para-Aminosalicylic Acid, 53, (1524)
Aminoxidin, see Paromomycin, 1060
Amiodarone, 54, (1526)
Amipaque, see Metrizamide, 905
Amipramizide, see Amiloride, 51
Amitase, see Anthralin, 77
Amitiza, see Lubiprostone, 826
Amitriptyline, 58, (1527)
Amlodipine, 60, (1526)
Ammonium Bromide, see Bromides, 159
Ammonium Chloride, 61, (1532)
Amnestrogen, see Estrogens, Conjugated, 501
Amobarbital, 61, (1528)
Amosyt, see Dimenhydrinate, 411
Amotril, see Clofibrate, 296
Amoxapine, 62, (1527)
Amoxicillin, 63, (1524)
Amoxil, see Amoxicillin, 63
Amoxycillin, see Amoxicillin, 63
Amphaetex, see Dextroamphetamine, 385
Amphetamine, 65, (1528)
Ampho-Moronal, see Amphotericin B, 68
Amphotericin B, 68, (1523)
Ampicillin, 69, (1524)
Ampico, see Ampicillin, 69



Amplin, see Ampicillin, 69
Amplium, see Tinidazole, 1364
Amprenavir, 71, (1524)
Ampyra, see Dalfampridine, 349
Amrinone, 72
Amuno, see Indomethacin, 707
Amygdalin, see Laetrile, 767
Amyl Nitrite, 73, (1527)
Amylobarbitone, see Amobarbital, 61
Amytal, see Amobarbital, 61
Anabactyl, see Carbenicillin, 202
Anacid, see Indomethacin, 707
Anafranil, see Clomipramine, 298
Anagregal, see Ticlopidine, 1361
Anagrelide, 73, (1530)
Anakinra, 74, (1531)
Analgesine, see Antipyrine, 78
Analpram-HC Cream, see Hydrocortisone & Pramoxine, 1142
Ananda, see Metoclopramide, 900
Anaprox, see Naproxen, 955
Anascorp, see Centruroides (Scorpion) Immune F(ab’)2 (Equine), 235
Anaspaz, see l-Hyoscyamine, 677
Anatensol, see Fluphenazine, 572
Anaus, see Sildenafil, 1261
Anautine, see Dimenhydrinate, 411
Ancazine, see Piperazine, 1126
Ancef, see Cefazolin, 220
Anceron, see Beclomethasone, 125
Ancobon, see Flucytosine, 554
Ancotil, see Flucytosine, 554
Andriol, see Testosterone, 1335
Andro, see Testosterone, 1335
Androderm, see Testosterone, 1335
Android, see Methyltestosterone, 900
Andropatch, see Testosterone, 1335
Andropository, see Testosterone, 1335
Andros, see Sildenafil, 1261
Androtardyl, see Testosterone, 1335
Androxon, see Testosterone, 1335
Andrumin, see Dimenhydrinate, 411
Anectine, see Succinylcholine, 1288
Anelmin, see Mebendazole, 846
Anestacon, see Lidocaine, 798
Aneural, see Meprobamate, 863
Aneurine, see Thiamine, 1352
Aneurol, see Thiamine, 1352
Anexate, see Flumazenil, 556
Anfenax, see Diclofenac, 395
Anfozan, see Etidronate, 517
Angel dust, see Phencyclidine, 1097
Angibid, see Nitroglycerin, 986
Anginal, see Dipyridamole, 418
Anginine, see Nitroglycerin, 986
Angio-Conray, see Iothalamate, 732



Angioflebil, see Nicardipine, 974
Angiografin, see Diatrizoate, 388
Angiomax, see Bivalirudin, 147
Angionorm, see Dihydroergotamine, 409
Angiovist, see Diatrizoate, 388
Angised, see Nitroglycerin, 986
Angizem, see Diltiazem, 410
Ang-O-Span, see Nitroglycerin, 986
Anhistan, see Clemastine, 290
Anhydron, see Cyclothiazide, 342
Anidulafungin, 76, (1523)
Anileridine, see 9th edition
Anisindione, see 9th edition
Anisotropine, see 9th edition
Annolytin, see Amitriptyline, 58
Anoprolin, see Allopurinol, 40
Anorex, see Phendimetrazine, 1099
Anorexin, see Phenylpropanolamine, 1110
Ansaid, see Flurbiprofen, 575
Ansamicin, see Rifabutin, 1212
Ansatipine, see Rifabutin, 1212
Ansetipina, see Rifabutin, 1212
Ansial, see Buspirone, 170
Ansiced, see Buspirone, 170
Anspor, see Cephradine, 237
Antabus, see Disulfiram, 420
Antabuse, see Disulfiram, 420
Antadar, see Diflunisal, 405
Antagonate, see Chlorpheniramine, 252
Antalgesic (Aspirin Buffered), see Aspirin, 92
Antalon, see Pimozide, 1122
Antalvic, see Propoxyphene, 1162
Antasten, see Antazoline, 77
Antaxone, see Naltrexone, 953
Antazoline, see 9th edition
Antebor, see Sulfonamides, 1297
Antegan, see Cyproheptadine, 342
Antelmina, see Piperazine, 1126
Antepar, see Piperazine, 1126
Anthical, see Pyrilamine, 1178
Anthisan, see Pyrilamine, 1178
Anthra-Derm, see Anthralin, 77
Anthraforte, see Anthralin, 77
Anthralin, 77, (1528)
Anthranol, see Anthralin, 77
Anthrascalp, see Anthralin, 77
Antidiuretic Hormone, see Vasopressin, 1461
Antidote Anti-Digitale, see Digoxin Immune FAB (Ovine), 407
Antidrasi, see Dichlorphenamide, 394
Antietil, see Disulfiram, 420
Antigreg, see Ticlopidine, 1361
Antihydral, see Methenamine, 879
Antilirum, see Physostigmine, 1118
Antime, see Pentaerythritol Tetranitrate, 1083



Antiminth, see Pyrantel Pamoate, 1170
Antiox, see Mebendazole, 846
Anti-Plaque Chewing Gum, see Chlorhexidine, 247
Antipyrin, see Antipyrine, 78
Antipyrine, 78, (1527)
Antispasmodic Elixir, see Atropine & Scopolamine & Hyoscyamine &Phenobarbital & Ethanol, 506
Antistin, see Antazoline, 77
Antistina, see Antazoline, 77
Antistine, see Antazoline, 77
Antithrombin III (Human), 78, (1530)
Anti Itch, see Pramoxine, 1142
Antitiroide GW, see Methimazole, 880
Anti-Tuss, see Guaifenesin, 643
Antivermine, see Piperazine, 1126
Antivert, see Meclizine, 848
Antivitium, see Disulfiram, 420
Antizol, see Fomepizole, 590
Antora TD, see Pentaerythritol Tetranitrate, 1083
Antoril, see Gemcitabine, 617
Antrenyl, see Oxyphenonium, 1043
Antrocol Elixir, see Atropine & Phenobarbital & Ethanol, 506
Anugesic, see Pramoxine, 1142
Anuphen, see Acetaminophen, 8
Anvitoff, see Tranexamic Acid, 1388
Anzatax, see Paclitaxel, 1044
Anzemet, see Dolasetron, 425
Anzief, see Allopurinol, 40
Aotal, see Acamprosate, 5
AP, see Dicumarol, 398
APAP, see Acetaminophen, 8
Apacef, see Cefotetan, 224
Apatef, see Cefotetan, 224
APB, see Aprobarbital, 81
Apecitab, see Capecitabine, 191
Aphilan-R, see Buclizine, 162
Aphtiria, see Lindane, 802
Apidra, see Insulin Glulisine, 721
Apixaban, 79, (1530)
Aplactan, see Cinnarizine, 274
Aplaket, see Ticlopidine, 1361
Aplexal, see Cinnarizine, 274
Apodefil, see Sildenafil, 1261
Apo-Diclo, see Diclofenac, 395
Apomiterl, see Cinnarizine, 274
Aponal, see Doxepin, 430
Apo-Pen-VK, see Penicillin V, 1082
Apotamox, see Tamoxifen, 1311
Apotomin, see Cinnarizine, 274
Apo-Trimip, see Trimipramine, 1409
A-Poxide, see Chlordiazepoxide, 245
Apozepam, see Diazepam, 389
Appedrine, see Phenylpropanolamine, 1110
Appress, see Phenylpropanolamine, 1110
Aprelazine, see Hydralazine, 658



Aprepitant, 79, (1530)
Apresoline, see Hydralazine, 658
Apricot Vine, see Passion Flower, 1071
Aprinol, see Allopurinol, 40
Aprinox, see Bendroflumethiazide, 132
Aprinox-M, see Bendroflumethiazide, 132
Aprobarbital, see 8th edition
Aprobarbitone, see Aprobarbital, 81
Aprotinin, 81, (1530)
Apsatan, see Cinnarizine, 274
Apsin VK, see Penicillin V, 1082
Apsolox, see Oxprenolol, 1039
Aptivus, Tipranavir, 1368
Aptrol, see Phendimetrazine, 1099
Apulonga, see Allopurinol, 40
Apurin, see Allopurinol, 40
Apurol, see Allopurinol, 40
APV, see Amprenavir, 71
A-200 Pyrinate, see Pyrethrins with Piperonyl Butoxide, 1172
Aquacaine G, see Penicillin G, Procaine, 1082
Aquacare, see Urea, 1414
Aquachloral, see Chloral Hydrate, 242
Aquacillin, see Penicillin G Procaine, 1082
Aqua-Colchin, see Colchicine, 321
Aquadrate, see Urea, 1414
AquaMEPHYTON, see Phytonadione, 1118
Aquamox, see Quinethazone, 1186
Aquaphyllin, see Theophylline, 1350
Aquapres, see Benzthiazide, 133
Aqua-Scrip, see Benzthiazide, 133
Aquasol A, see Vitamin A, 1481
Aquasol E, see Vitamin E, 1492
Aqua-Sterogyl D3, see Cholecalciferol, 257
Aquatag, see Benzthiazide, 133
Aquatensen, see Methyclothiazide, 893
Aquazone, see Bumetanide, 164
Arabine, see Cytarabine, 343
Arabinoside, see Cytarabine, 343
Arabinosylcytosine, see Cytarabine, 343
Ara-C, see Cytarabine, 343
Aracytine, see Cytarabine, 343
Aralen, see Chloroquine, 248
Aramine, see Metaraminol, 872
Aranesp, see Darbepoetin Alfa, 358
Arañuel, see Black Seed/Kalanji, 148
Arasemide, see Furosemide, 600
Arava, see Leflunomide, 781
Arcalyst, see Rilonacept, 1216
Arcanafenac, see Diclofenac, 395
Arcapta, see Indacaterol, 703
Arcasin, see Penicillin V, 1082
Arcental, see Ketoprofen, 759
Arco-Cee, see Vitamin C, 1487
Arcosal, see Tolbutamide, 1375



Arcum-RS, see Reserpine, 1207
Arechin, see Chloroquine, 248
Aredia, see Pamidronate, 1050
Aredronet, see Pamidronate, 1050
Arepanrix H1N1 Vaccine (AS03-Adjuvanted), see Vaccine, Influenza A (H1N1), 1426
Arfonad, see Trimethaphan, 1406
Arformoterol, 81, (1531)
Argatroban, 82, (1531)
Arial, see Salmeterol, 1242
Aricept, see Donepezil, 426
Aricodil, see Dextromethorphan, 385
Aripiprazole, 83, (1527)
Aristamid, see Sulfonamides, 1297
Aristocort, see Triamcinolone, 1398
Aristocort A, see Triamcinolone, 1398
Aristocort Acetonide, see Triamcinolone, 1398
Aristospan, see Triamcinolone, 1398
Arixtra, see Fondaparinux, 591
Arlidin, see Nylidrin, 1008
Armodafinil, 85, (1528)
Arnica, 86, (1531)
Arnica flos, see Arnica, 86
Arnica flower, see Arnica, 86
Arpha Hustensirup, see Dextromethorphan, 385
Arranon, see Nelarabine, 965
Artane, see Trihexyphenidyl, 1405
Artate, see Cinnarizine, 274
Arteolol, see Carteolol, 213
Arteoptic, see Carteolol, 213
Arterenol, see Norepinephrine, 1001
Arthaxan, see Nabumetone, 947
Arthritis Pain Formula (Aspirin Buffered), see Aspirin, 92
Arthrolate (Sodium Thiosalicylate), see Aspirin, 92
Arthropan (Choline Salicylate), see Aspirin, 92
Articulose L.A., see Triamcinolone, 1398
Artosin, see Tolbutamide, 1375
Artrizin, see Phenylbutazone, 1109
Artrodol, see Diflunisal, 405
Artropan, see Phenylbutazone, 1109
Artrosilene, see Ketoprofen, 759
Arvo, see Travoprost, 1392
Arzerra, see Ofatumumab, 1011
ASA, see Aspirin, 92
5-ASA, see Mesalamine, 867
Asacol, see Mesalamine, 867
Asacolitin, see Mesalamine, 867
Asagran, see Aspirin, 92
Ascalix, see Piperazine, 1126
Asclera, see Polidocanol, 1131
Ascorbic Acid, see Vitamin C, 1487
Ascriptin (Aspirin Buffered), see Aspirin, 92
Ascriptin A/D (Aspirin Buffered), see Aspirin, 92
Asenapine, 87, (1527)
Asendin, see Amoxapine, 62



Aseptil Liquido, see Chlorhexidine, 247
Asiazole-TN, see Tinidazole, 1364
Asmaflu, see Flunisolide, 557
Asmalix, see Theophylline, 1350
Asmanex, see Mometasone, 936
Asmatec, see Formoterol, 592
Asmatil, see Fluticasone, 576
Asmo-Lavi, see Fluticasone, 576
Asmolin, see Epinephrine, 477
Asodocel, see Docetaxel, 422
Asomutan, see Mitomycin, 931
Asotecan, see Topotecan, 1383
Asparaginase, 88, (1525)
Aspartame, 89, (1526)
Asper-10, see Aspirin, 92
Asperbuf (Aspirin Buffered), see Aspirin, 92
Aspergum, see Aspirin, 92
Aspirin, 92, (1528)
Aspirin Buffered, see Aspirin, 92
Asproject (Sodium Thiosalicylate), see Aspirin, 92
Astelin, see Azelastine, 115
Astemizole, see 9th edition
AsthmaHaler, see Epinephrine, 477
Asthmalitan Depot-Tabletten, see Isoetharine, 737
AsthmaNefrin, see Epinephrine, 477
Asthmophyllin, see Theophylline, 1350
AT 10, see Dihydrotachysterol, 410
Atabrine, see Quinacrine, 1184
Atacand, see Candesartan Cilexetil, 189
Atarax, see Hydroxyzine, 675
Atarzine, see Promazine, 1159
Atazanavir, 97, (1524)
Atecen, see Dihydrotachysterol, 410
Atem, see Ipratropium, 734
Atenativ, see Antithrombin III (Human), 78
Atenolol, 98, (1526)
Atensine, see Diazepam, 389
Aterax, see Hydroxyzine, 675
Aterosol, see Clofibrate, 296
Atheromide, see Clofibrate, 296
Atheropront, see Clofibrate, 296
Athimbin HS, see Antithrombin III (Human), 78
Athrombin-K, see Warfarin, 1500
Ativan, see Lorazepam, 819
Atlansil, see Amiodarone, 54
Atmos, see Testosterone, 1335
ATnativ, see Antithrombin III (Human), 78
Atoactive, see Fluocinolone, 559
Atock, see Formoterol, 592
Atolone, see Triamcinolone, 1398
Atomoxetine, 103, (1528)
Atorvastatin, 104, (1525)
Atosil, see Promethazine, 1159
Atovaquone, 105, (1524)



Atracurium, 107, (1528)
Atripla, see Efavirenz & Emtricitabine & Tenofovir, 1327
Atromidin, see Clofibrate, 296
Atromid-S, see Clofibrate, 296
Atropine, 108, (1526)
Atrovent, see Ipratropium, 734
Attenuvax, see Vaccine, Measles, 1429
Aubagio, see Teriflunomide, 1333
Augmentin, see Amoxicillin and Clavulanate Potassium, 289
Auranofin, 109, (1531)
Aureolic Acid, see Plicamycin, 1130
Aureomycin, see Chlortetracycline, 256
Aureomycine, see Chlortetracycline, 256
Aurone, see Antipyrine, 78
Auropan, see Auranofin, 109
Aurothioglucose, see 9th edition
Ausobronc, see Mesna, 870
Austramycin, see Tetracycline, 1339
Austrastaph, see Cloxacillin, 307
Auxiloson, see Dexamethasone, 377
Auxinutril, see Pentaerythritol Tetranitrate, 1083
Auxisone, see Dexamethasone, 377
Avage, see Tazarotene, 1315
Avanafil, 110, (1531)
Avandamet, see Rosiglitazone & Metformin, 873
Avandaryl, see Rosiglitazone & Glimepiride, 629
Avandia, see Rosiglitazone, 1236
Avapro, see Irbesartan, 735
Avastin, see Bevacizumab, 142
Avelox, see Moxifloxacin, 940
Aventyl, see Nortriptyline, 1006
Aversan, see Disulfiram, 420
Avil, see Pheniramine, 1100
Aviletten, see Pheniramine, 1100
Avilettes, see Pheniramine, 1100
Aviomarine, see Dimenhydrinate, 411
A-vitaminsyre, see Tretinoin, 1395
Avitoin, see Tretinoin, 1395
Avlosulfon, see Dapsone, 354
Avocin, see Piperacillin, 1125
Avomine, see Promethazine, 1159
Axagon, see Esomeprazole, 497
Axiago, see Esomeprazole, 497
Axert, see Almotriptan, 42
Axid, see Nizatidine, 997
Axitinib, 111, (1525)
Axotide, see Fluticasone, 576
Ayercillin, see Penicillin G Procaine, 1082
Azacitidine, 112, (1525)
Azactam, see Aztreonam, 120
Azapen, see Methicillin, 880
Azaron, see Tripelennamine, 1410
Azatadine, see 9th edition
Azathioprine, 113, (1531)



Azelastine, 115, (1523)
Azene, see Clorazepate, 305
Azeptin, see Azelastine, 115
Azficel-T, 116, (1528)
Azidodeoxythymidine, see Zidovudine, 1506
Azidothymidine, see Zidovudine, 1506
Azilect, see Rasagiline, 1200
Azilsartan, 116, (1526)
Azionyl, see Clofibrate, 296
Azithromycin, 117, (1523), (1524)
Azmacort, see Triamcinolone, 1398
Azo-100, see Phenazopyridine, 1097
Azodine, see Phenazopyridine, 1097
Azolid, see Phenylbutazone, 1109
Azolinic Acid, see Cinoxacin, 274
Azomyr, see Desloratadine, 374
Azophenum, see Antipyrine, 78
Azo-Standard, see Phenazopyridine, 1097
Azovan Blue, see Evans Blue, 525
AZT, see Zidovudine, 1506
Aztreonam, 120, (1523)
Azubronchin, see Acetylcysteine, 13
Azucacaa, see Stevia, 1281
Azutrentat, see Pentoxifylline, 1089

B
Bacampicillin, see 9th edition
Baccidal, see Norfloxacin, 1003
Bachelor’s button, see Feverfew, 542
Baciguent, see Bacitracin, 121
Bacillus Calmette-Guerin Vaccine, see Vaccine, BCG, 1420
Bacitracin, 121, (1523)
Baclofen, 121, (1528)
Bactacin, see Nitrofurazone, 986
Bacticlens, see Chlorhexidine, 247
Bactidan, see Enoxacin, 471
Bactigras, see Chlorhexidine, 247
Bactocill, see Oxacillin, 1033
Bactoderm, see Mupirocin, 941
Bactrim, see Trimethoprim & Sulfamethoxazole, 1046
Bactroban, see Mupirocin, 941
Bagsvaerd Denmark, see Insulin Aspart, 717
Bai Guo Ye, see Ginkgo Biloba, 624
Baldrian, see Valerian, 1447
Baldrianwurzel, see Valerian, 1447
BAL in Oil, see Dimercaprol, 412
Balminil, see Guaifenesin, 643
Balminil D.M., see Dextromethorphan, 385
Balsalazide, 123, (1530)
Bamate, see Meprobamate, 863
Bandrobon, see Ibandronate, 680
Banistyl, see Dimethothiazine, 413



Bantenol, see Mebendazole, 846
Banthine, see Methantheline, 878
Banzel, see Rufinamide, 1239
Baraka, see Black Seed/Kalanji, 148
Barazan, see Norfloxacin, 1003
Barbopent, see Pentobarbital, 1087
Barcarate, see Phendimetrazine, 1099
Baraclude, see Entecavir, 474
Barotec, see Fenoterol, 539
Basiliximab, 124, (1531)
Basolest, see Carbimazole, 205
Bastard saffron, see Safflower, 1242
Bastiverit, see Glyburide, 634
Batrafen, see Ciclopirox, 260
Baxedin, see Chlorhexidine, 247
BayBee-1, see Thiamine, 1352
Baycol, see Cerivastatin, 237
Bayer Timed-Release, see Aspirin, 92
Baylocaine, see Lidocaine, 798
Bayrena, see Sulfonamides, 1297
BCG Vaccine, see Vaccine, BCG, 1420
Beano, see Alpha Galactosidase A, 44
Because, see Nonoxynol-9/Octoxynol-9, 999
Becenun, see Carmustine, 211
Bechilar, see Dextromethorphan, 385
Becilan, see Pyridoxine, 1174
Beclo-Asma, see Beclomethasone, 125
Beclomethasone, 125, (1529), (1532)
Beclovent, see Beclomethasone, 125
Beconase, see Beclomethasone, 125
Beconase Allergy, see Fluticasone, 576
Becotide, see Beclomethasone, 125
Bedaquiline, 126, (1524)
Bedoxine, see Pyridoxine, 1174
Beechdrops, see Blue Cohosh, 151
Beesix, see Pyridoxine, 1174
Beflavin, see Riboflavin, 1211
Beflavina, see Riboflavin, 1211
Beflavine, see Riboflavin, 1211
Bekunis, see Senna, 1252
Belatacept, 127, (1531)
Belfacillin, see Methicillin, 880
Belgium Valerian, see Valerian, 1447
Belimumab, 128, (1531)
Belivon, see Risperidone, 1220
Belladonna, 129, (1526)
Bellafoline, see Belladonna, 129
Bellamine, see Belladonna & Phenobarbital & Ergotamine, 486
Bellasthman, see Isoproterenol, 742
Beloc, see Metoprolol, 904
Bel-Phen-Ergot, see Belladonna & Phenobarbital & Ergotamine, 486
Belseren, see Clorazepate, 305
Belviq, see Lorcaserin, 820
Bemarr Fortisimo, see Thiamine, 1352



Benacen, see Probenecid, 1152
Benadon, see Pyridoxine, 1174
Benadryl, see Diphenhydramine, 414
Benahist, see Diphenhydramine, 414
Benanzyl, see Clemastine, 290
Benavit, see Thiamine, 1352
Benazepril, 129, (1526)
Benda, see Mebendazole, 846
Bendamustine, 131, (1525)
Bendectin, see Doxylamine, Pyridoxine, and Dicyclomine, 398
Bendrofluazide, see Bendroflumethiazide, 132
Bendosan, see Mebendazole, 846
Bendroflumethiazide, 132, (1529)
Bendylate, see Diphenhydramine, 414
Benecut, see Naftifine, 949
Benemid, see Probenecid, 1152
Benerva, see Thiamine, 1352
Beneurol 300, see Thiamine, 1352
Benfofen, see Diclofenac, 395
Benhexachlor, see Lindane, 802
Benhydramil, see Diphenhydramine, 414
Benibana, see Safflower, 1242
Benicar, see Olmesartan, 1017
Benisone, see Betamethasone, 137
Benlysta, see Belimumab, 128
Benn, see Probenecid, 1152
Benoject, see Diphenhydramine, 414
Benol, see Thiamine, 1352
Benozil, see Flurazepam, 573
Ben-P, see Penicillin G, Benzathine, 1081
Bentyl, see Dicyclomine, 398
Benylin, see Diphenhydramine, 414
Benylin DM, see Dextromethorphan, 385
Benylin Non-Drowsy for Dry Coughs, see Dextromethorphan, 385
Benzedrine, see Amphetamine, 65
Benzene Hexachloride Gamma, see Lindane, 802
Benzocaine, 132, (1523)
Benz-O-Sthetic, see Benzocaine, 132
Benzphetamine, 133, (1528)
Benzthiazide, 133, (1529)
Benztropine, 134, (1526)
Benzyl Alcohol, 134, (1523), (1524)
Benzylpenicillin, see Penicillin G, 1080
Bepadin, see Bepridil, 136
Bepanthon, see Dexpanthenol, 383
Bepantol, see Dexpanthenol, 383
Beplete, see Phenobarbital, 1101
Bepotastine, 135, (1531)
Bepreve, see Bepotastine, 135
Bepridil, see 9th edition
Bergwohlverleih, see Arnica, 86
Berivine, see Riboflavin, 1211
Berkfurin, see Nitrofurantoin, 984
Berkmycen, see Oxytetracycline, 1043



Berkomine, see Imipramine, 697
Berkozide, see Bendroflumethiazide, 132
Berofor Alpha 2 (Interferon Alfa-2c), see Interferon Alfa, 723
Beromycin, see Penicillin V, 1082
Besacolin, see Bethanechol, 142
Besan, see Pseudoephedrine, 1168
Besifloxacin, 136, (1531)
Besivance, see Besifloxacin, 136
Bespar, see Buspirone, 170
Beta-2, see Isoetharine, 737
Betabion, see Thiamine, 1352
Beta-Cardone, see Sotalol, 1275
Betacardone, see Sotalol, 1275
Beta-Carotene, 137, (1532)
Betades, see Sotalol, 1275
Betadine, see Povidone-Iodine, 728
Betalin S, see Thiamine, 1352
Betaloc, see Metoprolol, 904
Betamaze, see Sulbactam, 1293
Betamethasone, 137, (1529)
Betamican, see Salmeterol, 1242
Betamin, see Thiamine, 1352
Betamine, see Thiamine, 1352
Betanase, see Glyburide, 634
Betapace, see Sotalol, 1275
Betapen-VK, see Penicillin V, 1082
Betapressin, see Penbutolol, 1078
Betapressine, see Penbutolol, 1078
Betar, see Thiamine, 1352
Betaseron, see Interferon Beta-1b, 726
Beta-Sol, see Thiamine, 1352
Betasolon, see Betamethasone, 137
Betaxin, see Thiamine, 1352
Betaxolol, 141, (1526)
Bethanechol, 142, (1526)
Betim, see Timolol, 1363
Betnelan, see Betamethasone, 137
Betnovate, see Betamethasone, 137
Betoptic, see Betaxolol, 141
Betoptima, see Betaxolol, 141
Bevacizumab, 142, (1525)
Bevitine, see Thiamine, 1352
Bewon, see Thiamine, 1352
Bexarotene, 143, (1525)
Bexine, see Dextromethorphan, 385
Bexophene, see Propoxyphene, 1162
Bextra, see Valdecoxib, 1447
Biamine, see Thiamine, 1352
Biaxin, see Clarithromycin, 287
Bicillin, see Penicillin G Benzathine, 1081
Bicillin LA, see Penicillin G Benzathine, 1081
BiCNU, see Carmustine, 211
Bicozene, see Benzocaine, 132
Bidarikand, see Kudzu, 762



Bidramine, see Diphenhydramine, 414
Bidrolar, see Senna, 1252
Bifenabid, see Probucol, 1153
Bifort, see Sildenafil, 1261
Biligrafin, see Iodipamide, 728
Bilkaby, see Menadione, 860
Bilopaque, see Tyropanoate, 1412
Biloptin, see Ipodate, 733
Biltricide, see Praziquantel, 1144
Bimatoprost, 144, (1531)
Biocin, see Fosfomycin, 595
Biocoryl, see Procainamide, 1153
Biodermin, see Econazole, 447
Biofos, see Fosfomycin, 595
Bio Star, see Ginseng, 625
Biotecan, see Irinotecan, 736
Biotet, see Oxytetracycline, 1043
Biotirmone, see Dextrothyroxine, 387
Biperiden, see 9th edition
Bi-Profenid, see Ketoprofen, 759
Biquin, see Quinidine, 1186
Bi-Quinate, see Quinine, 1188
Bidien, see Budesonide, 162
BioGinkgo 27/7, see Ginkgo Biloba, 624
Bisacodyl, 145, (1530)
Bisacolax, see Bisacodyl, 145
Bisalax, see Bisacodyl, 145
Bisbermin, see Dimethothiazine, 413
Bisco-Zitron, see Bisacodyl, 145
Bishydroxycoumarin, see Dicumarol, 398
Bismatrol, see Bismuth Subsalicylate, 145
Bismuth Salicylate, see Bismuth Subsalicylate, 145
Bismuth Subsalicylate, 145, (1530)
Bisolapid, see Acetylcysteine, 13
Bisolbruis, see Acetylcysteine, 13
Bisolvon NAC, see Acetylcysteine, 13
Bisolvit, see Thiamine, 1352
Bisoprolol, 147, (1526)
Bivalirudin, 147, (1531)
Bivit-6, see Pyridoxine, 1174
Black Susans, see Echinacea, 445
Black Seed/Kalanji, 148, (1531)
Black cumin, see Black Seed/Kalanji, 148
Black caraway, see Black Seed/Kalanji, 148
Black Widow Spider Antivenin, 148, (1523)
Bleminol, see Allopurinol, 40
Blenoxane, see Bleomycin, 149
Bleomycin, 149, (1525)
Bleph-10, see Sulfonamides, 1297
Blocadren, see Timolol, 1363
Blocanol, see Timolol, 1363
Blocotin, see Penbutolol, 1078
Blueberry Root, see Blue Cohosh, 151
Blue Cohosh, 151, (1531)



Blue Cohosh Root Liquid, see Blue Cohosh, 151
Blue Ginseng, see Blue Cohosh, 151
BL-S640, see Cefatrizine, 200
Blysennid, see Senna, 1252
Bobbamycin, see Oxytetracycline, 1043
Boceprevir, 153, (1524)
Boil-Ease, see Benzocaine, 132
Bolutol, see Gemfibrozil, 618
Bom-Bon, see Phenolphthalein, 1105
Bonamine, see Meclizine, 848
Bondronat, see Ibandronate, 680
Bonine, see Meclizine, 848
Boniva, see Ibandronate, 680
Bonpac, see Dimethothiazine, 413
Bontril, see Phendimetrazine, 1099
Bonures, see Bumetanide, 164
Boostrix, see Vaccine, Pertussis (Acellular), 1431
Bortezomib, 153, (1525)
Bosentan, 154, (1527)
Bosulif, see Bosutinib, 155
Bosutinib, 155, (1525)
Botulinum A Toxin, see Botulinum Toxin Type A, 156
Botulinum Toxin Type A, 156, (1528)
Botox, see Botulinum Toxin Type A, 156
Botox Cosmetic, see Botulinum Toxin Type A, 156
Bowtussin, see Guaifenesin, 643
Bramcillin, see Penicillin V, 1082
Brentuximab Vedotin, 157, (1525)
Breokinase, see Urokinase, 1414
Breonesin, see Guaifenesin, 643
Brethaire, see Terbutaline, 1329
Brethine, see Terbutaline, 1329
Bretylium, see 9th edition
Bretylol, see Bretylium, 158
Brevibloc, see Esmolol, 496
Brevimytal, see Methohexital Sodium, 886
Brevital, see Methohexital Sodium, 886
Brexonase, see Fluticasone, 576
Brexoent, see Fluticasone, 576
Bricanyl, see Terbutaline, 1329
Brietal, see Methohexital Sodium, 886
Brilinta, see Ticagrelor, 1359
Brilique, see Ticagrelor, 1359
Brionil, see Nedocromil Sodium, 963
Brisovent, see Fluticasone, 576
Bristacycline, see Tetracycline, 1339
Bristamycin, see Erythromycin, 491
Bristopen, see Oxacillin, 1033
Bristuric, see Bendroflumethiazide, 132
Bristurin, see Terbutaline, 1329
Britiazim, see Diltiazem, 410
British Anti-Lewisite, see Dimercaprol, 412
Brocadopa, see Levodopa, 791
Brochicide, see Guaifenesin, 643



Bromanate, see Brompheniramine, 160
Bromazine, see Brompheniramine, 160
Bromfenac, 158, (1531)
Bromides, 159, (1527), (1528)
Bromocriptine, 160, (1530)
Bromodiphenhydramine, see 9th edition
Bromo-Seltzer, see Acetaminophen, 8
Brompheniramine, 160, (1523)
Bromuc, see Acetylcysteine, 13
Bronalide, see Flunisolide, 557
Bronchoenolo, see Dextromethorphan, 385
Broncho-Fibs, see Acetylcysteine, 13
Broncho-Grippol-DM, see Dextromethorphan, 385
Broncoclor, see Acetylcysteine, 13
Broncoral, see Formoterol, 592
Bronco-Turbinal, see Beclomethasone, 125
Brondaxin, see Oxtriphylline, 1039
Bronitin Mist, see Epinephrine, 477
Bronkaid, see Epinephrine, 477
Bronkodyl, see Theophylline, 1350
Bronkometer, see Isoetharine, 737
Bronkosol, see Isoetharine, 737
Bronkyl, see Acetylcysteine, 13
Bronuck, see Bromfenac, 158
Broserpine, see Reserpine, 1207
Brovana, see Arformoterol, 81
Brufen, see Ibuprofen, 682
Brumixol, see Ciclopirox, 260
Brunac, see Acetylcysteine, 13
Bucladin-S, see Buclizine, 162
Buclifen, see Buclizine, 162
Buclizine, see 9th edition
Budesonide, 162, (1529), (1532)
Buff-A (Aspirin Buffered), see Aspirin, 92
Buffaprin (Aspirin Buffered), see Aspirin, 92
Bufferin (Aspirin Buffered), see Aspirin, 92
Buffex (Aspirin Buffered), see Aspirin, 92
Buffinol (Aspirin Buffered), see Aspirin, 92
Buf-Tabs (Aspirin Buffered), see Aspirin, 92
Bu-Lax, see Docusate Sodium, 423
Bumetanide, 164, (1529)
Bumex, see Bumetanide, 164
Buphenine, see Nylidrin, 1008
Buprenex, see Buprenorphine, 165
Buprenorphine, 165, (1528)
Bupropion, 167, (1527), (1528)
Burinex, see Bumetanide, 164
Bush Formula, see Chlorhexidine, 247
BuSpar, see Buspirone, 170
Buspirone, 170, (1528)
Buspisal, see Buspirone, 170
Busulfan, 171, (1525)
Busulphan, see Busulfan, 171
Butacal, see Phenylbutazone, 1109



Butacote, see Phenylbutazone, 1109
Butadione, see Phenylbutazone, 1109
Butagesic, see Phenylbutazone, 1109
Butalan, see Phenylbutazone, 1109
Butalbital, 172, (1528)
Butalgin, see Phenylbutazone, 1109
Butaperazine, see 9th edition
Butaphen, see Phenylbutazone, 1109
Butapirazol, see Phenylbutazone, 1109
Butapirone, see Oxyphenbutazone, 1043
Butarex, see Phenylbutazone, 1109
Butazolidin, see Phenylbutazone, 1109
Butazolidin Alka, see Phenylbutazone, 1109
Butazone, see Phenylbutazone, 1109
Butenafine, 173, (1523), (1528)
Buticrem, see Butenafine, 173
Butinat, see Bumetanide, 164
Butoconazole, 173, (1523)
Butoroid, see Phenylbutazone, 1109
Butorphanol, 174, (1528)
Butoz, see Phenylbutazone, 1109
Butozone, see Phenylbutazone, 1109
Butrex, see Phenylbutazone, 1109
Butriptyline, see 9th edition
Buzon, see Phenylbutazone, 1109
Byetta, see Exenatide, 527
Bystolic, see Nebivolol, 962

C
Caa-he-é, see Stevia, 1281
Ca-a-jhei, see Stevia, 1281
Caa’Inhem, see Stevia, 1281
Ca-a-yupi, see Stevia, 1281
Cabaser, see Cabergoline, 176
Cabergoline, 176, (1530)
Cabozantinib, 179, (1525)
Caduet, see Amlodipine & Atorvastatin, 104
Cafergot, see Ergotamine & Caffeine, 179
Caffeine, 179, (1528)
Caine-1, see Lidocaine, 798
Calabren, see Glyburide, 634
Calan, see Verapamil, 1469
Calcamine, see Dihydrotachysterol, 410
Calcicard, see Diltiazem, 410
Calcifediol, 183, (1532)
Calciferol, see Ergocalciferol, 486
Calcimar, see Calcitonin-Salmon, 184
Calciopen, see Penicillin V, 1082
Calciparin, see Heparin, 652
Calciparine, see Heparin, 652
Calcipen, see Penicillin V, 1082
Calcipotriene, 183, (1528)



Calcipotriol, see Calcipotriene, 183
Calcitare, see Calcitonin-Salmon, 184
Calcitonin-Salmon, 184, (1529)
Calcitriol, 185, (1528), (1532)
Calcium Bromide, see Bromides, 159
Calcium Carbonate, 185, (1530), (1531)
Calcium Cyclamate, see Cyclamate, 333
Calcium Disodium Verseuate, see Edetate Calcium Disodium, 452
Calcium Pantothenate, see Pantothenic Acid, 1057
Calcolise, see Chenodiol, 242
Calderol, see Calcifediol, 183
Calmaxid, see Nizatidine, 997
Calmazine, see Trifluoperazine, 1404
Calmerphan-L, see Dextromethorphan, 385
Calmoden, see Chlordiazepoxide, 245
Calmonal, see Meclizine, 848
Calmurid, see Urea, 1414
Calmuril, see Urea, 1414
Calsekin, see Dimethothiazine, 413
Calsynar, see Calcitonin-Salmon, 184
Cama Inlay-Tabs (Aspirin Buffered), see Aspirin, 92
Cambiex, see Bumetanide, 164
Camcolit, see Lithium, 809
Campath, see Alemtuzumab, 35
Campho-Phenique, see Camphor, 188
Camphor, 188, (1523)
Camphorated Oil, see Camphor, 188
Campral, see Acamprosate, 5
Campto, see Irinotecan, 736
Camptosar, see Irinotecan, 736
Canakinumab, 188, (1531)
Cancidas, see Caspofungin, 216
Canderel, see Aspartame, 89
Candesartan Cilexetil, 189, (1526)
Canesten, see Clotrimazole, 306
Canfodion, see Dextromethorphan, 385
Cannabis, see Marijuana, 839
Cantil, see Mepenzolate, 861
Capastat, see Capreomycin, 192
Capcycline, see Tetracycline, 1339
Capecitabine, 191, (1525)
Capex, see Fluocinolone, 559
Capim doce, see Stevia, 1281
Capisten, see Ketoprofen, 759
Caplenal, see Allopurinol, 40
Capoten, see Captopril, 193
Caprelsa, see Vandetanib, 1460
Capreomycin, 192, (1524)
Caps-Pen-V, see Penicillin V, 1082
Capsyl, see Dextromethorphan, 385
Captopril, 193, (1526)
Capurate, see Allopurinol, 40
Carace, see Lisinopril, 807
Carafate, see Sucralfate, 1290



Carbacel, see Carbachol, 196
Carbachol, 196, (1526)
Carbacholine, see Carbachol, 196
Carbaglu, see Carglumic Acid, 209
Carbamazepine, 197, (1527)
Carbamide, see Urea, 1414
Carbapen, see Carbenicillin, 202
Carbarsone, see 8th edition
Carbax, see Selegiline, 1251
Carbazole, see Carbimazole, 205
Carbenicillin, 202, (1524)
Carbidopa, 203, (1527)
Carbilcolina, see Chenodiol, 242
Carbimazole, 205, (1529)
Carbinoxamine, 205, (1523)
Carbolith, see Lithium, 809
Carboplat, see Carboplatin, 205
Carboplatin, 205, (1525)
Carboprost, 208, (1529)
Carbosin, see Carboplatin, 205
Carbosol, see Carboplatin, 205
Carbotiroid, see Carbimazole, 205
Carbyl, see Carbachol, 196
Carcinil, see Leuprolide, 787
Cardabid, see Nitroglycerin, 986
Cardem, see Celiprolol, 235
Cardene, see Nicardipine, 974
Cardicap, see Pentaerythritol Tetranitrate, 1083
Cardilate, see Erythrityl Tetranitrate, 491
Cardio-Conray, see Iothalamate, 732
Cardiografin, see Diatrizoate, 388
Cardiolite, see Technetium Tc-99m, 1317
Cardioquin, see Quinidine, 1186
Cardiox, see Digoxin, 407
Cardioxane, see Dexrazoxane, 384
Cardiwell, see Erythrityl Tetranitrate, 491
Cardizem, see Diltiazem, 410
Cardura, see Doxazosin, 429
Carecin, see Cinnarizine, 274
Careflu, see Flunisolide, 557
Carfilzomib, 209, (1525)
Carglumic Acid, 209, (1529)
Carisoma, see Carisoprodol, 210
Carisoprodol, 210, (1528)
Carmol, see Urea, 1414
Carmubris, see Carmustine, 211
Carmustine, 211, (1525)
Carotin, see Beta-Carotene, 137
Carphenazine, see 8th edition
Carteol, see Carteolol, 213
Carteolol, 213, (1526)
Carters, see Bisacodyl, 145
Cartrol, see Carteolol, 213



Carulon, see Dexamethasone, 377
Carvasin, see Isosorbide Dinitrate, 743
Carvedilol, 214, (1526)
Carvipress, see Carvedilol, 214
Carvisken, see Pindolol, 1123
Caryolysine, see Mechlorethamine, 847
Casafru, see Senna, 1252
Casanthranol, 215, (1530)
Cascara Sagrada, 215, (1530)
Caspofungin, 216, (1523)
Castor Oil, 217, (1530), (1531)
Cataflam, see Diclofenac, 395
Catapres, see Clonidine, 303
Cathomycine, see Novobiocin, 1007
Caverta, see Sildenafil, 1261
Caziderm, see Nitrofurazone, 986
Cebex, see Dexamethasone, 377
Cebutid, see Flurbiprofen, 575
Ceclor, see Cefaclor, 218
Cecon, see Vitamin C, 1487
Cedax, see Ceftibuten, 229
Cedilanid, see Lanatoside C, 775
Cedilanid D, see Deslanoside, 374
Cedin, see Isoniazid, 741
Cedocard-SR, see Isosorbide Dinitrate, 743
Ceduran, see Nitrofurantoin, 984
Cefaclor, 218, (1524)
Cefadroxil, 219, (1524)
Cefadyl, see Cephapirin, 237
Cefalexin, see Cephalexin, 235
Cefalotin, see Cephalothin, 237
Cefalotine, see Cephalothin, 237
Cefamandole, see 9th edition
Cefapirin, see Cephapirin, 237
Cefasept, see Chlorhexidine, 247
Cefatrexyl, see Cephapirin, 237
Cefatrizine, see 9th edition
Cefazolin, 220, (1524)
Cefdinir, 221, (1524)
Cefditoren, 221, (1524)
Cefepime, 222, (1524)
Cefixime, 222, (1524)
Cefizox, see Ceftizoxime, 229
Cefmetazole, see 9th edition
Cefmetazon, see Cefmetazole, 223
Cefobid, see Cefoperazone, 224
Cefobine, see Cefoperazone, 224
Cefobis, see Cefoperazone, 224
Cefodox, see Cefpodoxime, 226
Cefonicid, see 9th edition
Cefoperazone, see 9th edition
Ceforanide, see 9th edition
Cefotan, see Cefotetan, 224



Cefotaxime, 224, (1524)
Cefotetan, 224, (1524)
Cefoxitin, 225, (1524)
Cefpodoxime, 226, (1524)
Cefprozil, 227, (1524)
Cefracycline, see Tetracycline, 1339
Cefradine, see Cephradine, 237
Cefril, see Cephradine, 237
Cefspan, see Cefixime, 222
Ceftaroline Fosamil, 227
Ceftazidime, 228, (1524)
Ceftibuten, 229, (1524)
Ceftin, see Cefuroxime, 232
Ceftizoxime, 229, (1524)
Ceftriaxone, 230, (1524)
Cefuroxime, 232, (1524)
Cefzil, see Cefprozil, 227
Cefzon, see Cefdinir, 221
Celadigal, see Lanatoside C, 775
Celance, see Pergolide, 1091
Celanidum, see Lanatoside C, 775
Celbenin, see Methicillin, 880
Celebrex, see Celecoxib, 233
Celecoxib, 233, (1528)
Celectol, see Celiprolol, 235
Celer-X, see Senna, 1252
Celestan, see Betamethasone, 137
Celestene, see Betamethasone, 137
Celestone, see Betamethasone, 137
Celexa, see Citalopram, 281
Celiprolol, see 9th edition
CellCept, see Mycophenolate, 943
Cellidrin, see Allopurinol, 40
Cellidrine, see Allopurinol, 40
Celmetin, see Cefazolin, 220
Celocurine, see Succinylcholine, 1288
Celontin, see Methsuximide, 893
Celsentri, see Maraviroc, 837
Celupan, see Naltrexone, 953
Cemetol, see Cefmetazole, 223
Cemill, see Vitamin C, 1487
Cenadex, see Phenylpropanolamine, 1110
Cenafed, see Pseudoephedrine, 1168
Cena-K, see Potassium Chloride, 1136
Cen-E, see Vitamin E, 1492
Cenocort, see Triamcinolone, 1398
Cenocort A, see Triamcinolone, 1398
Censtim, see Imipramine, 697
Centet, see Tetracycline, 1339
Centramina, see Amphetamine, 65
Centruroides (Scorpion) Immune F(ab’)2 (Equine), 235, (1523)
Centyl, see Bendroflumethiazide, 132
Cephalexin, 235, (1524)



Cephalothin, see 9th edition
Cephapirin, see 9th edition
Cephazolin, see Cefazolin, 220
Cephradine, see 9th edition
Cephulac, see Lactulose, 767
Ceporex, see Cephalexin, 235
Ceporexine, see Cephalexin, 235
Cepovenin, see Cephalothin, 237
Cepton, see Chlorhexidine, 247
Cerebolan, see Cinnarizine, 274
Ceredase, see Alglucerase, 38
Cerepar, see Cinnarizine, 274
Cerepax, see Temazepam, 1323
Cerezyme, see Imiglucerase, 695
Ceris, see Trospium, 1411
Cerivastatin, see 8th edition
Cero-Aterin, see Cinnarizine, 274
Certolizumab Pegol, 237, (1531)
Cerubidine, see Daunorubicin, 362
Ceruleinum, see Indigo Carmine, 704
Cervarix, see Vaccine, Human Papillomavirus Bivalent, 1423
Cervidil, see Dinoprostone, 413
C.E.S., see Estrogens, Conjugated, 501
Cesamet, see Nabilone, 946
Cesol, see Praziquantel, 1144
Cetal Aerosol, see Chlorhexidine, 247
Cetamide, see Sulfonamides, 1297
Cetane, see Vitamin C, 1487
Cetimil, see Nedocromil Sodium, 963
Cetirizine, 238, (1523)
Cetosanol, see Lanatoside C, 775
Cetuximab, 239, (1525)
Cevalin, see Vitamin C, 1487
Cevi-Bid, see Vitamin C, 1487
Cevimeline, 240, (1526)
Ce-Vi-Sol, see Vitamin C, 1487
Cevita, see Vitamin C, 1487
Cexaphate, see Dextroamphetamine, 385
Chamomile, 241, (1531)
Chamomile grande, see Feverfew, 542
Chamushka, see Black Seed/Kalanji, 148
Chamuska, see Black Seed/Kalanji, 148
Chantix, see Varenicline, 1461
Chelobil, see Chenodiol, 242
Chembutamide, see Tolbutamide, 1375
Chembutazone, see Phenylbutazone, 1109
Chemcycline, see Tetracycline, 1339
Chemdipoxide, see Chlordiazepoxide, 245
Chemet, see Succimer, 1286
Chemflurazine, see Trifluoperazine, 1404
Chemhydrazide, see Hydrochlorothiazide, 659
Chemicolina, see Chenodiol, 242
Chemionazole, see Econazole, 447
Chemipramine, see Imipramine, 697



Chemocycline, see Oxytetracycline, 1043
Chemovag, see Sulfonamides, 1297
Chemthromycin, see Erythromycin, 491
Chendal, see Chenodiol, 242
Chendol, see Chenodiol, 242
Chenix, see Chenodiol, 242
Cheno-Caps, see Chenodiol, 242
Chenocedon, see Chenodiol, 242
Chenocol, see Chenodiol, 242
Chenocolic, see Chenodiol, 242
Chenodecil, see Chenodiol, 242
Chenodeoxycholic Acid, see Chenodiol, 242
Chenodex, see Chenodiol, 242
Chenodiol, 242, (1530)
Chenofalk, see Chenodiol, 242
Chenolith, see Chenodiol, 242
Chenomas, see Chenodiol, 242
Chenossil, see Chenodiol, 242
Chibroxin, see Norfloxacin, 1003
Chibroxol, see Norfloxacin, 1003
Children’s Hold, see Dextromethorphan, 385
Chitosamine, see Glucosamine, 633
Chlo-Amine, see Chlorpheniramine, 252
Chloquin, see Chloroquine, 248
Chlor-100, see Chlorpheniramine, 252
Chloractil, see Chlorpromazine, 252
Chloradorm, see Chloral Hydrate, 242
Chloralate, see Chloral Hydrate, 242
Chloraldurate, see Chloral Hydrate, 242
Chloralex, see Chloral Hydrate, 242
Chloral Hydrate, 242, (1528)
Chloralix, see Chloral Hydrate, 242
Chloralixir, see Chloral Hydrate, 242
Chloralvan, see Chloral Hydrate, 242
Chloramate, see Chlorpheniramine, 252
Chlorambucil, 243, (1525)
Chloramead, see Chlorpromazine, 252
Chloramin, see Chlorpheniramine, 252
Chloraminophene, see Chlorambucil, 243
Chlorammonic, see Ammonium Chloride, 61
Chloramphenicol, 244, (1523)
Chlorasept, see Chlorhexidine, 247
Chloratol, see Chloral Hydrate, 242
Chlorcyclizine, 245, (1523)
Chlordiazachel, see Chlordiazepoxide, 245
Chlordiazepoxide, 245, (1528)
Chlorethazine, see Mechlorethamine, 847
Chlor-Hab, see Chlorpheniramine, 252
Chlorhexamed, see Chlorhexidine, 247
Chlorhex-a-myl, see Chlorhexidine, 247
Chlorhexidine, 247, (1523)
Chloridin, see Pyrimethamine, 1179
Chlor-Mal, see Chlorpheniramine, 252
Chlormene, see Chlorpheniramine, 252



Chlor-Niramine, see Chlorpheniramine, 252
Chlorohex, see Chlorhexidine, 247
Chlorohex-U, see Chlorhexidine, 247
Chlorohist-LA, see Chlorpheniramine, 252
Chloromide, see Chlorpropamide, 254
Chloronase, see Chlorpropamide, 254
Chlorophen, see Chlorpheniramine, 252
Chloroquine, 248, (1524)
Chlorothiazide, 249, (1529)
Chloroton, see Chlorpheniramine, 252
Chlorotrianisene, see 9th edition
Chlorphed-LA, see Oxymetazoline, 1041
Chlorpheniramine, 252, (1523)
Chlor-Pro, see Chlorpheniramine, 252
Chlorpromanyl, see Chlorpromazine, 252
Chlorpromazine, 252, (1527)
Chlorprom-Ez-Ets, see Chlorpromazine, 252
Chlorpropamide, 254, (1529)
Chlorprothixene, see 9th edition
Chlor-PZ, see Chlorpromazine, 252
Chlortab, see Chlorpheniramine, 252
Chlortet, see Chlortetracycline, 256
Chlortetracycline, 256, (1524)
Chlorthalidone, 257, (1529)
Chlor-Trimeton, see Chlorpheniramine, 252
Chlor-Tripolon, see Chlorpheniramine, 252
Chlortrone, see Chlorpheniramine, 252
Chlorzide, see Hydrochlorothiazide, 659
Chlorzoxazone, 257, (1528)
Chlotride, see Chlorothiazide, 249
Cholanorm, see Chenodiol, 242
Cholebrine, see Iocetamic Acid, 727
Cholecalciferol, 257, (1532)
Choledyl, see Oxtriphylline, 1039
Cholera Vaccine, see Vaccine, Cholera, 1420
Cholestabyl, see Colestipol, 324
Cholestyramine, 258, (1524)
Choletec, see Technetium Tc-99m, 1317
Choline Chloride Succinate, see Succinylcholine, 1288
Choline Salicylate, see Aspirin, 92
Choline Theophyllinate, see Oxtriphylline, 1039
Cholografin, see Iodipamide, 728
Cholovue, see Iodoxamate, 729
Choloxin, see Dextrothyroxine, 387
Chondroitin, 259, (1529)
Chonflex, see Chondroitin, 259
Chronulac, see Lactulose, 767
Chrysanthemematricaire, see Feverfew, 542
Ciatyl, see Zuclopenthixol, 1522
Cibazol, see Sulfonamides, 1297
Ciclesonide, 259, (1532)
Ciclochem, see Ciclopirox, 260
Ciclopirox, 260, (1524)



Ciclovalidin, see Cycloserine, 339
CI Direct Blue #53, see Evans Blue, 525
Cidofovir, 261, (1524)
Cidomycin, see Gentamicin, 620
Ciflox, see Ciprofloxacin, 275
CI Food Blue #1, see Indigo Carmine, 704
Cigarette Smoking, 262, (1528)
Ciguatoxin, 269, (1532)
Cilicaine, see Penicillin G Procaine, 1082
Cilicaine-V, see Penicillin V, 1082
Cillaphen, see Penicillin V, 1082
Cillimycin, see Lincomycin, 801
Cilostazol, 270, (1530)
Ciloxan, see Ciprofloxacin, 275
Cimatone, see Ethinyl Estradiol, 500
Cimelin, see Acetylcysteine, 13
Cimetidine, 270, (1530)
Cimexyl, see Acetylcysteine, 13
Cimzia, see Certolizumab Pegol, 237
Cinacalcet, 273, (1526)
Cinalone 40, see Triamcinolone, 1398
Cinaperazine, see Cinnarizine, 274
Cinazyn, see Cinnarizine, 274
Cinnacet, see Cinnarizine, 274
Cinnarizine, see 9th edition
Cinnipirine, see Cinnarizine, 274
Cinobac, see Cinoxacin, 274
Cinonide 40, see Triamcinolone, 1398
Cinopenil, see Methicillin, 880
Cinotec, see Fluocinolone, 559
Cinoxacin, 274, (1524)
Cin-Quin, see Quinidine, 1186
Cipramil, see Citalopram, 281
Cipro, see Ciprofloxacin, 275
Ciprobay, see Ciprofloxacin, 275
Ciprofloxacin, 275, (1524)
Ciproxin, see Ciprofloxacin, 275
Circadin, see Melatonin, 857
Cisapride, see 9th edition
Cisplatin, 279, (1525)
Ciramine, see Chlorpheniramine, 252
Cisordinol, see Zuclopenthixol, 1522
Citalopram, 281, (1527)
Citiflux, see Flunisolide, 557
Citrazine, see Piperazine, 1126
Citrovorum Factor, see Leucovorin, 787
Cladribine, 286, (1525)
Claforan, see Cefotaxime, 224
Clamoxyl, see Amoxicillin, 63
Claresan, see Clofibrate, 296
Clarinex, see Desloratadine, 374
Claripil, see Hydroquinone, 668
Clarithromycin, 287, (1523), (1524)



Claritin, see Loratadine, 818
Claritine, see Loratadine, 818
Clarityn, see Loratadine, 818
Clarityne, see Loratadine, 818
Claudicat, see Pentoxifylline, 1089
Claversal, see Mesalamine, 867
Clavigrenin, see Dihydroergotamine, 409
Clavulanate Potassium, 289, (1523)
Clavulanic Acid, see Clavulanate Potassium, 289
Clear Eyes, see Naphazoline, 955
Clemanil, see Clemastine, 290
Clemastine, 290, (1523)
Clenil, see Beclomethasone, 125
Clenil-A, see Beclomethasone, 125
Cleocin, see Clindamycin, 292
Clevidipine, 291, (1526)
Cleviprex, see Clevidipine, 291
Clidinium, 292, (1526)
Climestrone, see Estrogens, Conjugated, 501
Clinazine, see Trifluoperazine, 1404
Clindamycin, 292, (1523)
Clinimycin, see Oxytetracycline, 1043
Clinmycin, see Oxytetracycline, 1043
Clinoril, see Sulindac, 1299
Clinovir, see Medroxyprogesterone, 850
Clistin, see Carbinoxamine, 205
Clobazam, 293, (1527)
Clocillin, see Cloxacillin, 307
Clodil-ion, see Metoclopramide, 900
Clofarabine, 294, (1525)
Clofazimine, 295, (1524)
Clofibrate, see 9th edition
Clolar, see Clofarabine, 294
Clomid, see Clomiphene, 296
Clomiphene, 296, (1529)
Clomipramine, 298, (1527)
Clomivid, see Clomiphene, 296
Clomocycline, 300, (1524)
Clonazepam, 301, (1527)
Clonidine, 303, (1526), (1527), (1528)
Clonopin, see Clonazepam, 301
Clont, see Metronidazole, 905
Clopan, see Metoclopramide, 900
Clopidogrel, 304, (1530)
Clopixol, see Zuclopenthixol, 1522
Clopra, see Metoclopramide, 900
Clorazepate, 305, (1527), (1528)
Clorhexitulle, see Chlorhexidine, 247
Closina, see Cycloserine, 339
Clotrimazole, 306, (1523)
Clox, see Ticlopidine, 1361
Cloxacillin, see 9th edition
Cloxapen, see Cloxacillin, 307



Cloxypen, see Cloxacillin, 307
Clozam, see Clobazam, 293
Clozapine, 308, (1527)
Clozaril, see Clozapine, 308
Cobantril, see Pyrantel Pamoate, 1170
Cocaine, 309, (1526)
Cocillin V-K, see Penicillin V, 1082
Coco-Quinine, see Quinine, 1188
Codeine, 318, (1528)
Codone, see Hydrocodone, 659
Codotussyl Expectorant, see Acetylcysteine, 13
Coffee-Break, see Phenylpropanolamine, 1110
Coffee, Tea & a New Me, see Phenylpropanolamine, 1110
Cogentin, see Benztropine, 134
Colace, see Docusate Sodium, 423
Colaspase, see Asparaginase, 88
Colax, see Docusate Sodium, 423
Colazal, see Balsalazide, 123
Colazide, see Balsalazide, 123
Colchicine, 321, (1529)
Colcin, see Colchicine, 321
Colcineour, see Colchicine, 321
Coldrex nasal spray, see Oxymetazoline, 1041
Coleb, see Isosorbide Mononitrate, 744
Colebrin, see Iocetamic Acid, 727
Colesevelam, 323, (1524)
Colestid, see Colestipol, 324
Colestipol, 324, (1524)
Colgout, see Colchicine, 321
Colimune, see Cromolyn Sodium, 332
Colimycine, see Colistimethate, 324
Colistimethate, 324, (1523)
Colistin, see Colistimethate, 324
Colistinat, see Colistimethate, 324
Collagenase Clostridium Histolyticum, 325, (1528)
Coloctyl, see Docusate Sodium, 423
Colomycin, see Colistimethate, 324
Colonaid, see Diphenoxylate, 416
Colonorm, see Senna, 1252
Colour Index No. 23860, see Evans Blue, 525
Colour Index No. 73015, see Indigo Carmine, 704
Coluric, see Colchicine, 321
Coly-Mycin, see Colistimethate, 324
Coly-Mycin M, see Colistimethate, 324
Coly-Mycin S, see Colistimethate, 324
Combactan, see Sulbactam, 1293
Comb Flower, see Echinacea, 445
Combivir, see Lamivudine & Zidovudine, 1506
Comeregel, see Dexpanthenol, 383
Cometriq, see Cabozantinib, 179
Comfolax, see Docusate Sodium, 423
Cominho-Negro, see Black Seed/Kalanji, 148
Commit, see Nicotine Replacement Therapy, 976
Common Valerian, see Valerian, 1447



Compazine, see Prochlorperazine, 1155
Comploment, see Pyridoxine, 1174
Compocillin VK, see Penicillin V, 1082
Compound F, see Hydrocortisone, 661
Compound S, see Zidovudine, 1506
Comprecin, see Enoxacin, 471
Comtan, see Entacapone, 473
Comtess, see Entacapone, 473
Conceptrol, see Nonoxynol-9/Octoxynol-9, 999
Concordin, see Protriptyline, 1168
Condyline, see Podophyllum, 1130
Condylox, see Podofilox, 1130
Conest, see Estrogens, Conjugated, 501
Conestron, see Estrogens, Conjugated, 501
Confortid, see Indomethacin, 707
Congespirin, see Dextromethorphan, 385
Conivaptan, 325, (1530)
Conjes, see Estrogens, Conjugated, 501
Conpin, see Isosorbide Mononitrate, 744
Conray, see Iothalamate, 732
Constaphyl, see Dicloxacillin, 397
Contalax, see Bisacodyl, 145
Contrathion, see Pralidoxime, 1139
Contrix, see Iothalamate, 732
Control, see Phenylpropanolamine, 1110
Controloc, see Pantoprazole, 1055
Converten, see Enalapril, 463
Convulex, see Valproic Acid, 1449
Convulexette, see Valproic Acid, 1449
Copaxone, see Glatiramer, 628
Coprobate, see Meprobamate, 863
Coragoxine, see Digoxin, 407
Corangin, see Isosorbide Mononitrate, 744
Corathiem, see Cinnarizine, 274
Corax, see Chlordiazepoxide, 245
Corbate, see Cortisone, 327
Corcillin-V, see Penicillin V, 1082
Cordarone, see Amiodarone, 54
Cordarone X, see Amiodarone, 54
Cordes Granulat, see Acetylcysteine, 13
Cordes VAS, see Tretinoin, 1395
Cordilate, see Pentaerythritol Tetranitrate, 1083
Cordilox, see Verapamil, 1469
Cordium, see Bepridil, 136
Coreg, see Carvedilol, 214
Corgard, see Nadolol, 948
Coricidin, nasal, see Phenylephrine, 1110
Corifact, Factor XIII Concentrate (Human), 531
Corlex, see Guaifenesin, 643
Corliprol, see Celiprolol, 235
Corlopam, see Fenoldopam, 537
Corona De Cristo, see Passion Flower, 1071
Coronex, see Isosorbide Dinitrate, 743
Coronovo, see Amiodarone, 54



Coronur, see Isosorbide Mononitrate, 744
Corsodyl, see Chlorhexidine, 247
Corsone, see Dexamethasone, 377
Cortal, see Cortisone, 327
Cortamine, see Fluocinolone, 559
Cortef, see Hydrocortisone, 661
Cortelan, see Cortisone, 327
Cortemel, see Cortisone, 327
Cortico, see Corticotropin/Cosyntropin, 326
Corticotherapique, see Triamcinolone, 1398
Corticotropin/Cosyntropin, 326, (1529)
Cortiderm, see Fluocinolone, 559
Cortilen, see Cortisone, 327
Cortilona, see Fluocinolone, 559
Cortisol, see Hydrocortisone, 661
Cortisone, 327, (1529)
Cortistab, see Cortisone, 327
Cortisumman, see Dexamethasone, 377
Cortisyl, see Cortisone, 327
Cortogen, see Cortisone, 327
Cortone, see Cortisone, 327
Cortrosyn, see Corticotropin/Cosyntropin, 326
Corvert, see Ibutilide, 685
Coslan, see Mefenamic Acid, 854
Cosmegen, see Dactinomycin, 348
Cosulfa, see Sulfonamides, 1297
Cosuric, see Allopurinol, 40
Cosylan, see Dextromethorphan, 385
Cotinazin, see Tioconazole, 1366
Cotrim, see Trimethoprim & Sulfamethoxazole, 1046
Co-Trimoxazole, see Trimethoprim & Sulfamethoxazole, 1046
Coughcaps, see Dextromethorphan, 385
Coumadin, see Warfarin, 1500
Coumadine, see Warfarin, 1500
Coumarin Derivatives, 327, (1530)
Covengar, see Clorazepate, 305
Coversum, see Perindopril, 1091
Coversyl, see Perindopril, 1091
Covochol, see Acetylcholine, 13
Cozaar, see Losartan, 821
CPT, see Irinotecan, 736
Crasnitin, see Asparaginase, 88
Crasnitine, see Asparaginase, 88
Cremisona, see Fluocinolone, 559
Cremomycin, see Sulfonamides, 1297
Cremostrep, see Sulfonamides, 1297
Cremosuxidine, see Sulfonamides, 1297
Crestor, see Rosuvastatin, 1238
Crinuryl, see Ethacrynic Acid, 505
Crisofimina, see Mitomycin, 931
Cristalmina, see Chlorhexidine, 247
Cristaloxine, see Gitalin, 628
Crixivan, see Indinavir, 705
Crizotinib, 331, (1525)



Crofelemer, 332, (1530)
Cromo-Asma, see Cromolyn Sodium, 332
Cromolyn Sodium, 332, (1531)
Cruor, see Bepridil, 136
Cryptocillin, see Oxacillin, 1033
Crystal Violet, see Gentian Violet, 622
Crystapen G, see Penicillin G, 1080
Crystapen V, see Penicillin V, 1082
Crysticillin AS, see Penicillin G Procaine, 1082
Crystodigin, see Digitoxin, 407
CSA, see Chondroitin, 259
C-Span, see Vitamin C, 1487
C-Tran, see Chlordiazepoxide, 245
Cubicin, see Daptomycin, 356
Cuemid, see Cholestyramine, 258
Cup Renil, see Penicillamine, 1079
Cuprid, see Trientine, 1403
Cuprimine, see Penicillamine, 1079
Curacit, see Succinylcholine, 1288
Curban, see Dextroamphetamine, 385
Curon-B, see Pancuronium, 1052
Cutheparine, see Heparin, 652
Cutivate, see Fluticasone, 576
CVK, see Penicillin V, 1082
CVL, see Penicillin V, 1082
CX Powder, see Chlorhexidine, 247
Cyanocobalamin, see Vitamin B12, 1485
Cyantin, see Nitrofurantoin, 984
Cyclacillin, see 9th edition
Cyclamate, 333, (1526)
Cyclandelate, see 9th edition
Cyclanfor, see Cyclandelate, 334
Cyclapen, see Cyclacillin, 333
Cyclazocine, see 8th edition
Cycline, see Tetracycline, 1339
Cyclizine, 334, (1523), (1530)
Cyclobenzaprine, 334, (1528)
Cyclomandol, see Cyclandelate, 334
Cyclomen, see Danazol, 351
Cyclopar, see Tetracycline, 1339
Cyclopenthiazide, see 9th edition
Cyclophosphamide, 335, (1525)
Cycloserine, 339, (1524)
Cyclospasmol, see Cyclandelate, 334
Cyclosporin, see Cyclosporine, 340
Cyclosporin A, see Cyclosporine, 340
Cyclosporine, 340, (1531)
Cyclothiazide, see 9th edition
Cycrimine, see 8th edition
Cyklokapron, see Tranexamic Acid, 1388
Cylert, see Pemoline, 1077
Cylex, see Benzocaine, 132
Cymbalta, see Duloxetine, 442



Cymevene, see Ganciclovir, 613
Cynomel, see Liothyronine, 803
Cyprodine, see Cyproheptadine, 342
Cyproheptadine, 342, (1523)
Cyrpon, see Meprobamate, 863
Cysten, see Cinnarizine, 274
Cysticide, see Praziquantel, 1144
Cysto-Conray, see Iothalamate, 732
Cystografin, see Diatrizoate, 388
Cystospaz, see l-Hyoscyamine, 677
Cystrin, see Oxybutynin, 1039
Cytadren, see Aminoglutethimide, 53
Cytarabine, 343, (1525)
Cytarbel, see Cytarabine, 343
Cytarabinum, see Cytarabine, 343
Cyteal, see Chlorhexidine, 247
Cytolen, see Levothyroxine, 796
Cytomel, see Liothyronine, 803
Cytosar, see Cytarabine, 343
Cytosine arabinoside, see Cytarabine, 343
Cytotec, see Misoprostol, 927
Cytovene, see Ganciclovir, 613
Cytoxan, see Cyclophosphamide, 335
Cytoxine, see Cytarabine, 343

D
d4T, see Stavudine, 1279
Dabigatran Etexilate, 346, (1530)
Dabrobamat, see Meprobamate, 863
Dabroson, see Allopurinol, 40
Dabylen, see Diphenhydramine, 414
Dacarbazine, 346, (1525)
Daclizumab, 347, (1531)
Dacogen, see Decitabine, 364
Dactil, see Piperidolate, 1126
Dactinomycin, 348, (1525)
Dagan, see Nicardipine, 974
Dagenan, see Sulfonamides, 1297
Daidzein, see Kudzu, 762
Daivonex, see Calcipotriene, 183
Daktarin, see Miconazole, 913
Dalacin C, see Clindamycin, 292
Dalcipran, see Milnacipran, 921
Dalfampridine, 349, (1528)
Daliresp, see Roflumilast, 1232
Dalmadorm, see Flurazepam, 573
Dalmane, see Flurazepam, 573
Dalmate, see Flurazepam, 573
Dalteparin, 350, (1530)
Dalysep, see Sulfonamides, 1297
Damaben, see Mebendazole, 846
Damide, see Indapamide, 703



D-Amp, see Ampicillin, 69
Dampo Mucopect, see Acetylcysteine, 13
Danantizol, see Methimazole, 880
Danaparoid, see 9th edition
Danatrol, see Danazol, 351
Danazol, 351, (1529)
Daneral-SA, see Pheniramine, 1100
Danilone, see Phenindione, 1100
Danlene, see Dantrolene, 353
Danocrine, see Danazol, 351
Danokrin, see Danazol, 351
Danol, see Danazol, 351
Dantamacrin, see Dantrolene, 353
Danthron, see 9th edition
Dantoin, see Phenytoin, 1111
Dantralen, see Dantrolene, 353
Dantrium, see Dantrolene, 353
Dantrolene, 353, (1528)
Daonil, see Glyburide, 634
Dapa, see Acetaminophen, 8
Dapotum, see Fluphenazine, 572
Dapsone, 354, (1524)
Daptocel, see Vaccine, Pertussis (Acellular), 1431
Daptomycin, 356, (1523)
Daranide, see Dichlorphenamide, 394
Darbepoetin Alfa, 358, (1530)
Darbid, see Isopropamide, 742
Darenthin, see Bretylium, 158
Daricon, see Oxyphencyclimine, 1043
Darifenacin, 359, (1532)
Darmol, see Phenolphthalein, 1105
Darocillin, see Penicillin V, 1082
Darostrep, see Streptomycin, 1284
Dartal,see Thipropazate, 1357
Dartalan, see Thipropazate, 1357
Darunavir, 360, (1524)
Darvocet-N, see Propoxyphene, 1162
Darvon, see Propoxyphene, 1162
Darvon-N, see Propoxyphene, 1162
Dasatinib, 361, (1525)
Daskil, see Terbinafine, 1329
Datisan, see Mitomycin, 931
Datril, see Acetaminophen, 8
DaTscan, see Ioflupane Iodine123, 729
Daunomycin, see Daunorubicin, 362
Daunorubicin, 362, (1525)
Davenol, see Carbinoxamine, 205
Davosin, see Sulfonamides, 1297
Davoxin, see Digoxin, 407
Davurresolutivo, see Sodium Iodide, 1271
Daxas, see Roflumilast, 1232
Daxolin, see Loxapine, 825
Daxotel, see Docetaxel, 422



Daypro, see Oxaprozin, 1035
D-Cure, see Cholecalciferol, 257
DDAVP, see Desmopressin, 375
ddC, see Zalcitabine, 1503
ddI, see Didanosine, 399
DDS, see Dapsone, 354
Deacetyllanatoside C, see Deslanoside, 374
Debendox, see Doxylamine, Pyridoxine, and Dicyclomine, 398
Debetrol, see Dextrothyroxine, 387
Decabiotic, see Tetracycline, 1339
Decacef, see Cefmetazole, 223
Decacort, see Dexamethasone, 377
Decadron, see Dexamethasone, 377
Decaesadril, see Dexamethasone, 377
Decameth, see Dexamethasone, 377
Decamethonium, see 8th edition
Decapryn, see Doxylamine, Pyridoxine, and Dicyclomine, 398
Decasone, see Dexamethasone, 377
Decaspray, see Dexamethasone, 377
Decasterolone, see Dexamethasone, 377
Decentan, see Perphenazine, 1094
Decitabine, 364, (1525)
Declimone, see Ethinyl Estradiol, 500
Declomycin, see Demeclocycline, 369
Deco Fluor, see Dexamethasone, 377
Decrelip, see Gemfibrozil, 618
Dectan, see Dexamethasone, 377
Dectancyl, see Dexamethasone, 377
Decycline, see Tetracycline, 1339
Dedrogyl, see Calcifediol, 183
Defencin CP, see Isoxsuprine, 747
Deferasirox, 365, (1523), (1528)
Deferoxamine, 365, (1523), (1528)
Deflam, see Oxaprozin, 1035
Dehydroepiandrosterone, 366, (1529)
Delalutin, see Hydroxyprogesterone, 671
Delaprem, see Hexoprenaline, 657
Delatestryl, see Testosterone, 1335
Delavirdine, 368, (1524)
Delaxin, see Methocarbamol, 885
Delcophen, see Phentermine, 1107
Delcopro, see Phenylpropanolamine, 1110
Delestrogen, see Estradiol, 500
Delfen, see Nonoxynol-9/Octoxynol-9, 999
Delphi, see Triamcinolone, 1398
Delphicort, see Triamcinolone, 1398
Delphimix, see Triamcinolone, 1398
Delsym, see Dextromethorphan, 385
Delta-Butazolidin, see Phenylbutazone, 1109
Deltacillin, see Penicillin V, 1082
Delta D, see Cholecalciferol, 257
Delta-E, see Erythromycin, 491
Deltalin, see Ergocalciferol, 486
Deltamycin, see Tetracycline, 1339



Deltapen-VK, see Penicillin V, 1082
Deltasoralen, see Methoxsalen, 891
Delta-Tritex, see Triamcinolone, 1398
Dema, see Tetracycline, 1339
Demadex, see Torsemide, 1384
Demecarium, see 9th edition
Demeclocycline, 369, (1524)
Demecolcine, see Colchicine, 321
Demerol, see Meperidine, 861
Democaine, see Lidocaine, 798
Demokek, see Nitrofurazone, 986
Demon Chaser, see St. John’s Wort, 1282
Demser, see Metyrosine, 910
Denan, see Simvastatin, 1266
Denapol, see Cinnarizine, 274
Denavir, see Penciclovir, 1078
Dendrid, see Idoxuridine, 688
Denileukin Diftitox, 369, (1525)
Denosumab, 370, (1531)
Dentigoa N, see Antipyrine, 78
Dentohexine, see Chlorhexidine, 247
Dent’s Extra Strength Toothache Gum, see Benzocaine, 132
Depade, see Naltrexone, 953
Depakene, see Valproic Acid, 1449
Depakin, see Valproic Acid, 1449
Depakine, see Valproic Acid, 1449
Depamine, see Penicillamine, 1079
depAndro, see Testosterone, 1335
Depen, see Penicillamine, 1079
Depestro, see Estradiol, 500
Depixol, see Flupenthixol, 572
Depletite, see Diethylpropion, 402
Depocillin, see Penicillin G, Procaine, 1082
Depocilline, see Penicillin G, Procaine, 1082
Depogen, see Estradiol, 500
Depotest, see Testosterone, 1335
Depotrone, see Testosterone, 1335
Deprakine, see Valproic Acid, 1449
Depramine, see Desipramine, 372
Deprax, see Trazodone, 1392
Deprenyl, see Selegiline, 1251
L-Deprenyl, see Selegiline, 1251
Deprex, see Amitriptyline, 58
Depronal, see Propoxyphene, 1162
Depuran, see Senna, 1252
Deratin, see Chlorhexidine, 247
Derbac soap, see Lindane, 802
Dergiflux, see Dihydroergotamine, 409
Dergotamine, see Dihydroergotamine, 409
Dermairol, see Tretinoin, 1395
Dermalor, see Fluocinolone, 559
Dermazole, see Econazole, 447
Dermisone Beclo, see Beclomethasone, 125
Dermobeta, see Fluocinolone, 559



Dermocal, see Calcipotriene, 183
Dermofix, see Sertaconazole, 1253
Dermol HC, see Hydrocortisone & Pramoxine, 1142
Dermolin, see Fluocinolone, 559
Dermoseptic, see Sertaconazole, 1253
Dermo 6, see Pyridoxine, 1174
Dermojuventus, see Tretinoin, 1395
Dermonistat, see Miconazole, 913
Dermoplast, see Benzocaine, 132
Deronil, see Dexamethasone, 377
DES, see Diethylstilbestrol, 402
Desace, see Deslanoside, 374
Desacetyllanatoside C, see Deslanoside, 374
Desacort-Beta, see Betamethasone, 137
Desalark, see Dexamethasone, 377
Desalex, Desloratadine, 374
Desamed, see Dextroamphetamine, 385
Desameton, see Dexamethasone, 377
Descutan, see Chlorhexidine, 247
Desentol, see Diphenhydramine, 414
Deseronil, see Dexamethasone, 377
De Serpa, see Reserpine, 1207
Desferal, see Deferoxamine, 365
Desferin, see Deferoxamine, 365
Desferrioxamine, see Deferoxamine, 365
Desflurane, 371, (1523)
Desipramine, 372, (1527)
Desirudin, 373, (1531)
Deslanoside, 374, (1526)
Deslor, see Desloratadine, 374
Desloratadine, 374, (1523)
Desmoidpillen, see Methylene Blue, 895
Desmopressin, 375, (1529)
Desoxyn, see Methamphetamine, 878
Desvenlafaxine, 375, (1527)
Desyrel, see Trazodone, 1392
DET MS, see Dihydroergotamine, 409
Deteclo, see Tetracycline, 1339
Detemes, see Dihydroergotamine, 409
Dethamedin, see Dexamethasone, 377
Dethyrona, see Dextrothyroxine, 387
Dethyrone, see Dextrothyroxine, 387
Detin D3, see Cholecalciferol, 257
De-Tone, see Digitoxin, 407
Detrol, see Tolterodine, 1379
Detrusitol, see Tolterodine, 1379
Develin, see Propoxyphene, 1162
Devian, see Metformin, 873
Dex-A-Diet II, see Phenylpropanolamine, 1110
Dexal, see Ketoprofen, 759
Dexambutol, see Ethambutol, 506
Dexamed, see Dexamethasone or Dextroamphetamine, 385
Dexamethasone, 377, (1529)
Dexamin, see Dextroamphetamine, 385



Dexamine, see Dextroamphetamine, 385
Dexampex, see Dextroamphetamine, 385
Dexamphetamine, see Dextroamphetamine, 385
Dexamyl, see Dextroamphetamine, 385
Dexaport, see Dexamethasone, 377
Dexa-Scheroson, see Dexamethasone, 377
Dexa-Sine, see Dexamethasone, 377
Dexaspan, see Dextroamphetamine, 385
Dexatrim, see Phenylpropanolamine, 1110
Dexbrompheniramine, 379, (1523)
Dexchlorpheniramine, 379, (1523)
Dexedrina, see Dextroamphetamine, 385
Dexedrine, see Dextroamphetamine, 385
Dexfenfluramine, see 9th edition
Dexinolon, see Dexamethasone, 377
Dexipan, see Dexpanthenol, 383
Dexir, see Dextromethorphan, 385
Dexlansoprazole, 380, (1530)
Dexmedetomidine, 381, (1528)
Dexmethylphenidate, 383, (1528)
Dexone, see Dexamethasone, 377
Dex-Panol, see Dexpanthenol, 383
Dexpanthenol, 383, (1530), (1532)
Dexrazoxane, 384, (1525)
Dextin, see Metformin, 873
Dextroamphetamine, 385, (1528)
Dextrocalmine, see Dextromethorphan, 385
Dextromethorphan, 385, (1531)
Dextrothyroxine, 387, (1525)
Dezone, see Dexamethasone, 377
D-Feda, see Pseudoephedrine, 1168
D4T, see Stavudine, 1279
DFP, see Isoflurophate, 740
DFP-Oel, see Isoflurophate, 740
D.H.E. 45, see Dihydroergotamine, 409
DHEA, see Dehydroepiandrosterone, 366
DHPG, see Ganciclovir, 613
DHT, see Dihydrotachysterol, 410
Dia-Basan, see Glyburide, 634
Diaberit, see Metformin, 873
Diabeta, see Glyburide, 634
Diabetel, see Chlorpropamide, 254
Diabetoral, see Chlorpropamide, 254
Diabetosan, see Metformin, 873
Diabewas, see Tolazamide, 1374
Diabex, see Metformin, 873
Diabines, see Chlorpropamide, 254
Diabinese, see Chlorpropamide, 254
Diacels, see Nitroglycerin, 986
Diacipen-VK, see Penicillin V, 1082
Diacta, see Sulfonamides, 1297
Diaction, see Diphenoxylate, 416
Diadax, see Phenylpropanolamine, 1110
Di-Ademil, see Hydroflumethiazide, 667



Diaformin, see Metformin, 873
Diahist, see Diphenhydramine, 414
Dialex, see Nitroglycerin, 986
Dialose, see Docusate Potassium, 423
Dialoxin, see Digoxin, 407
Diamorphine, see Heroin, 654
Diamox, see Acetazolamide, 12
Diapax, see Chlordiazepoxide, 245
Diapid, see Lypressin, 828
Di-Ap-Trol, see Phendimetrazine, 1099
Diaqua, see Hydrochlorothiazide, 659
Diarsed, see Diphenoxylate, 416
Diatrizoate, 388, (1528)
Diazachel, see Chlordiazepoxide, 245
Diazepam, 389, (1528)
Diazoxide, 392, (1526)
Diazyl, see Sulfonamides, 1297
Dibenyline, see Phenoxybenzamine, 1106
Dibenzepin, see 9th edition
Dibenzyline, see Phenoxybenzamine, 1106
Dibenzyran, see Phenoxybenzamine, 1106
Dibestil, see Diethylstilbestrol, 402
Dichloralphenazone, 393, (1528)
Dichlorphenamide, 394, (1529)
Dichlor-Stapenor, see Dicloxacillin, 397
Dichlotride, see Hydrochlorothiazide, 659
Diclac, see Diclofenac, 395
Diclectin, see Doxylamine and Pyridoxine, 1174
Diclegis, see Doxylamine and Pyridoxine, 1174
Diclo-Attritin, see Diclofenac, 395
Diclo-Basan, see Diclofenac, 395
Diclocil, see Dicloxacillin, 397
Diclocila, see Dicloxacillin, 397
Diclofenac, 395, (1528)
Diclo-OPT, see Diclofenac, 395
Diclophlogont, see Diclofenac, 395
Diclo-Puren, see Diclofenac, 395
Diclo-Rektal, see Diclofenac, 395
Dicloreum, see Diclofenac, 395
Diclo-Spondyril, see Diclofenac, 395
Diclo-Tablinen, see Diclofenac, 395
Diclo-Wolff, see Diclofenac, 395
Dicloxacillin, 397, (1524)
Diclozip, see Diclofenac, 395
Dicodid, see Hydrocodone, 659
Dicorvin, see Spiramycin, 1278
Dicumarol, see 9th edition
Dicyclomine, 398, (1526)
Didanosine, 399, (1524)
Dideoxycytidine, see Zalcitabine, 1503
Dideoxyinosine, see Didanosine, 399
Didrex, see Benzphetamine, 133
Didronate, see Etidronate, 517
Didronel, see Etidronate, 517



Dienestrol, see 9th edition
Diestryl, see Diethylstilbestrol, 402
Dietabs, see Phendimetrazine, 1099
Dietac, see Phenylpropanolamine, 1110
Dietelmin, see Piperazine, 1126
Diethylpropion, 402, (1528)
Diethylstilbestrol, 402, (1529)
Difenac, see Diclofenac, 395
Differin, see Adapalene, 24
Difhydon, see Phenytoin, 1111
Dificid, see Fidaxomicin, 544
Diflonid, see Diflunisal, 405
Diflucan, see Fluconazole, 551
Difludol, see Diflunisal, 405
Diflunil, see Diflunisal, 405
Diflunisal, 405, (1528)
Diflupyl, see Isoflurophate, 740
Diflusan, see Diflunisal, 405
Difosfen, see Etidronate, 517
Digacin, see Digoxin, 407
Digestil, see Diethylstilbestrol, 402
Digestivo Giulani, see Domperidone, 425
Digetres, see Metoclopramide, 900
Digibind, see Digoxin Immune FAB (Ovine), 407
Digifortis, see Digitalis, 406
Digiglusin, see Digitalis, 406
Digilong, see Digitoxin, 407
Digimed, see Digitoxin, 407
Digimerck, see Digitoxin, 407
Digiplex, see Digitalis, 406
Digitalis, 406, (1526)
Digitalis Antidot, see Digoxin Immune FAB (Ovine), 407
Digitalystat, see Digitalis, 406
Digitora, see Digitalis, 406
Digitox, see Digitoxin, 407
Digitoxin, 407, (1526)
Digitrin, see Digitoxin, 407
Dignofenac, see Diclofenac, 395
Digolan, see Digoxin, 407
Digoxin, 407, (1526)
Digoxine, see Digoxin, 407
Digoxin Immune FAB (Ovine), 407, (1523)
Di-Hydan, see Phenytoin, 1111
Dihydral, see Diphenhydramine, 414
Dihydrocodeine, 408, (1528)
Dihydroergot, see Dihydroergotamine, 409
Dihydroergotamine, 409, (1526), (1527)
Dihydrohydroxycodeinone, see Oxycodone, 1040
Dihydromorphinone, see Hydromorphone, 667
Dihydrotachysterol, 410, (1532)
Dihytamin, see Dihydroergotamine, 409
Diidergot, see Dihydroergotamine, 409
Diiodohydroxyquin, see Iodoquinol, 728
Diiodohydroxyquinoline, see Iodoquinol, 728



Di-iodohydroxyquinolinum, see Iodoquinol, 728
Diisopropyl Fluorophosphate, see Isoflurophate, 740
Dilabid, see Phenytoin, 1111
Dilacor XR, see Diltiazem, 410
Diladel, see Diltiazem, 410
Dilanca, see Pentaerythritol Tetranitrate, 1083
Dilantin, see Phenytoin, 1111
Dilatol, see Nylidrin, 1008
Dilatrend, see Carvedilol, 214
Dilatropon, see Nylidrin, 1008
Dilaudid, see Hydromorphone, 667
Dilax, see Docusate Sodium, 423
Dilcoran, see Pentaerythritol Tetranitrate, 1083
Dilosyn, see Methdilazine, 879
Diltiazem, 410, (1526)
Dilzem, see Diltiazem, 410
Dilzene, see Diltiazem, 410
Dimate, see Dimenhydrinate, 411
Dimegan, see Brompheniramine, 160
Dimelor, see Acetohexamide, 12
Dimenhydrinate, 411, (1523), (1530)
Dimentabs, see Dimenhydrinate, 411
Dimercaprol, 412, (1523)
Dimetane, see Brompheniramine, 160
Dimethindene, see 9th edition
Dimethothiazine, see 9th edition
Diminsul, see Sulfonamides, 1297
Dimipressin, see Imipramine, 697
Dimitone, see Carvedilol, 214
Dimitronal, see Cinnarizine, 274
Dimotane, see Brompheniramine, 160
Dimoxyline, see Dioxyline, 414
Dindevan, see Phenindione, 1100
Dinisor, see Diltiazem, 410
Dinoprostone, 413, (1529)
Diocto, see Docusate Sodium, 423
Diodoquin, see Iodoquinol, 728
Diodoxyquinoleine, see Iodoquinol, 728
Dioeze, see Docusate Sodium, 423
Diofos, see Docusate Sodium, 423
DioMedicone, see Docusate Sodium, 423
Diossidone, see Phenylbutazone, 1109
Diosuccin, see Docusate Sodium, 423
Dio-Sul, see Docusate Sodium, 423
Diosux, see Docusate Sodium, 423
Dioval, see Estradiol, 500
Diovan, see Valsartan, 1457
Dioxiquin, see Iodoquinol, 728
Dioxyanthranol, see Anthralin, 77
Dioxyline, see 8th edition
Di-Paralene, see Chlorcyclizine, 245
Dipaxin, see Diphenadione, 414
Dipentum, see Olsalazine, 1018
Diphacinone, see Diphenadione, 414



Diphemanil, see 9th edition
Diphen, see Diphenhydramine, 414
Diphenadione, see 9th edition
Diphenadril, see Diphenhydramine, 414
Diphenallin, see Diphenhydramine, 414
Diphenatol, see Diphenoxylate, 416
Diphenhydramine, 414, (1523)
Diphenmethanil, see Diphemanil, 414
Diphenoxylate, 416, (1530)
Diphentyn, see Phenytoin, 1111
Diphenylhydantoin, see Phenytoin, 1111
Diphtheria/Tetanus Toxoids (Adults), 417, (1532)
Diphtheria/Tetanus Toxoids/Acellular Pertussis Vaccine Adsorbed, see Vaccine, Pertussis (Acellular), 1431
Diprivan, see Propofol, 1161
Diproderm, see Betamethasone, 137
Dipyridamole, 418, (1530)
Directan, see Isosorbide Dinitrate, 743
Direma, see Hydrochlorothiazide, 659
Direxiode, see Iodoquinol, 728
Dirithromycin, see 9th edition
Dirtop, see Sildenafil, 1261
Disalcid (Salsalate), see Aspirin, 92
Discio-Plaque, see Fluorescein Sodium, 560
Disebrin, see Heparin, 652
Disipal, see Orphenadrine, 1031
Dismaren, see Cinnarizine, 274
Disne Asmol, see Ipratropium, 734
Disonate, see Docusate Sodium, 423
Disopyramide, 419, (1526)
Disotcide, see Praziquantel, 1144
Dispray 1 Quick Prep, see Chlorhexidine, 247
Distalgesic, see Propoxyphene, 1162
Distamine, see Penicillamine, 1079
Distaquaine V-K, see Penicillin V, 1082
Disulfiram, 420, (1527)
Ditaven, see Digitoxin, 407
Dithranol, see Anthralin, 77
Dithranolum, see Anthralin, 77
Dithrasis, see Anthralin, 77
Dithro-Scalp, see Anthralin, 77
Ditoin, see Phenytoin, 1111
Ditropan, see Oxybutynin, 1039
Diucardin, see Hydroflumethiazide, 667
Diucelpin, see Triamterene, 1401
Diucen-H, see Hydrochlorothiazide, 659
Diuchlor H, see Hydrochlorothiazide, 659
Diulo, see Metolazone, 903
Diurama, see Bumetanide, 164
Diurese, see Trichlormethiazide, 1403
Diuril, see Chlorothiazide, 249
Diurilix, see Chlorothiazide, 249
Diu-Scip, see Hydrochlorothiazide, 659
Divegal, see Dihydroergotamine, 409
Divermex, see Piperazine, 1126



Diviner’s Sage, see Salvia Divinorum, 1243
Divulsan, see Phenytoin, 1111
Dizmiss, see Meclizine, 848
D-M No-Sugar, see Dextromethorphan, 385
D-Mulsin, see Cholecalciferol, 257
Doburil, see Cyclothiazide, 342
Dobutamine, 421, (1526)
Dobutrex, see Dobutamine, 421
Docetaxel, 422, (1525)
Dociton, see Propranolol, 1162
Doctate, see Docusate Sodium, 423
Docusate Calcium, 423, (1530)
Docusate Potassium, 423, (1530)
Docusate Sodium, 423, (1530)
Dofetilide, 424, (1526)
Doktors, see Phenylephrine, 1110
Dolacet, see Propoxyphene, 1162
Dolanex, see Acetaminophen, 8
Dolasan, see Propoxyphene, 1162
Dolasetron, 425, (1530)
Dolectran, see Docetaxel, 422
Dolene, see Propoxyphene, 1162
Dolipol, see Tolbutamide, 1375
Dolisal, see Diflunisal, 405
Dolobasan, see Diclofenac, 395
Dolobid, see Diflunisal, 405
Dolobis, see Diflunisal, 405
Dolocap, see Propoxyphene, 1162
Dolophine, see Methadone, 876
Dolotard, see Propoxyphene, 1162
Dolotren, see Diclofenac, 395
DoloVisano Diclo, see Diclofenac, 395
Doloxene, see Propoxyphene, 1162
Doloxytal, see Propoxyphene, 1162
Domestrol, see Diethylstilbestrol, 402
Domical, see Amitriptyline, 58
Domperidone, see 9th edition
Donataxel, see Docetaxel, 422
Donepezil, 426, (1527)
Donnatal Elixir, see Atropine & Scopolamine & Hyoscyamine & Phenobarbital & Ethanol, 506
Donobid, see Diflunisal, 405
Donopon-GP, see Metoclopramide, 900
Dopamet, see Methyldopa, 894
Dopamine, 426, (1526)
Dopamine-Simes, see Dopamine, 426
Dopanone, see Diflunisal, 405
Dopar, see Levodopa, 791
Dopram, see Doxapram, 428
Doral, see Quazepam, 1181
Dorbane, see Danthron, 353
Dorbid, see Diflunisal, 405
Doricoflu, see Flunisolide, 557
Doribax, see Doripenem, 427
Doripenem, 427, (1523)



Dormel, see Chloral Hydrate, 242
Dormicum, see Midazolam, 914
Dormir, see Methaqualone, 878
Dormodor, see Flurazepam, 573
Dornase Alfa, 427, (1532)
Doryl, see Carbachol, 196
DOSS, see Docusate Sodium, 423
Dostinex, see Cabergoline, 176
Dothiepin, see 9th edition
Dovonex, see Calcipotriene, 183
Dowmycin E, see Erythromycin, 491
Dowpen VK, see Penicillin V, 1082
Doxapram, 428, (1528)
Doxapril, see Doxapram, 428
Doxazosin, 429, (1526)
Doxepin, 430, (1527)
Doxetal, see Docetaxel, 422
Doxin, see Doxycycline, 433
Doxinate, see Docusate Sodium, 423
Doxmil, see Docetaxel, 422
Doxorubicin, 431, (1525)
Doxy, see Doxycycline, 433
Doxy Caps, see Doxycycline, 433
Doxychel, see Doxycycline, 433
Doxycycline, 433, (1524)
Doxylamine, 434, (1523), (1530)
D-Penamine, see Penicillamine, 1079
Dralen, see Etidronate, 517
Dralzine, see Hydralazine, 658
Dramamine, see Dimenhydrinate, 411
Dramavol, see Dimenhydrinate, 411
Dramilin, see Dimenhydrinate, 411
Dramocen, see Dimenhydrinate, 411
Dramoject, see Dimenhydrinate, 411
Drenusil, see Polythiazide, 1134
Dridase, see Oxybutynin, 1039
Dridol, see Droperidol, 439
Drinamyl, see Dextroamphetamine, 385
Drioquilen, see Iodoquinol, 728
Drisdol, see Ergocalciferol, 486
Dristan Long Lasting Nasal Spray, see Oxymetazoline, 1041
Dristan Nasal Mist, see Oxymetazoline, 1041
Drithocreme, see Anthralin, 77
Dritho-Scalp, see Anthralin, 77
Drixin, see Oxymetazoline, 1041
Drixine, see Oxymetazoline, 1041
Drixoral Nasal Spray, see Oxymetazoline, 1041
Drize, see Chlorpheniramine, 252
Drolasona, see Fluticasone, 576
Droleptan, see Droperidol, 439
Dronabinol, 438, (1530)
Dronal, see Alendronate, 35
Dronate-OS, see Etidronate, 517
Dronedarone, 439, (1526)



Droperidol, 439, (1527), (1530)
Drotrecogin Alfa (Activated), 441, (1531)
Droxia, see Hydroxyurea, 672
Dryvax, see Vaccine, Smallpox, 1439
DSS, see Docusate Sodium, 423
D-S-S, see Docusate Sodium, 423
DT, see Tetanus/Diphtheria Toxoids (Adult)
DTIC, see Dacarbazine, 346
Duapen, see Penicillin G, Benzathine, 1081
Duetact, see Pioglitazone & Glimepiride, 629
Dufalone, see Dicumarol, 398
Dularin, see Acetaminophen, 8
Dulcepen-G, see Penicillin G, Benzathine, 1081
Dulcolax, see Bisacodyl, 145
Dull-C, see Vitamin C, 1487
Duloxetine, 442, (1527)
Dumirox, see Fluvoxamine, 578
Dumocyclin, see Tetracycline, 1339
Duna-Phorine, see Morphine, 939
Duosol, see Docusate Sodium, 423
Duotrate, see Pentaerythritol Tetranitrate, 1083
Duphalac, see Lactulose, 767
Durabronchal, see Acetylcysteine, 13
Duracillin AS, see Penicillin G, Procaine, 1082
Duracton, see Corticotropin/Cosyntropin, 326
Dura-Estrin, see Estradiol, 500
Durafenat, see Fenofibrate, 536
Duragen, see Estradiol, 500
Duraglucon, see Glyburide, 634
Duramist Plus, see Oxymetazoline, 1041
Duramonitat, see Isosorbide Mononitrate, 744
Durapental, see Pentoxifylline, 1089
Duraprim, see Pyrimethamine, 1179
Duraquin, see Quinidine, 1186
Durasal (Magnesium Salicylate), see Aspirin, 92
Duratamoxifen, see Tamoxifen, 1311
Duration, see Oxymetazoline, 1041
Durathate, see Testosterone, 1335
Duravoltren, see Diclofenac, 395
Durazol, see Oxymetazoline, 1041
Durenat, see Sulfonamides, 1297
Durenate, see Sulfonamides, 1297
Duretic, see Methyclothiazide, 893
Duriles, see Procainamide, 1153
Durolax, see Bisacodyl, 145
Duromine, see Phentermine, 1107
Duromorph, see Morphine, 939
Durophet, see Dextroamphetamine, 385
Duroval, see Sildenafil, 1261
Duvadilan, see Isoxsuprine, 747
Duvoid, see Bethanechol, 142
DV Cream, see Dienestrol, 402
D3-Vicotrat Forte, see Cholecalciferol, 257
Dyazide, see Triamterene & Hydrochlorothiazide, 659



Dycill, see Dicloxacillin, 397
Dyer’s saffron, see Safflower, 1242
Dyflos, see Isoflurophate, 740
Dygratyl, see Dihydrotachysterol, 410
Dyhydramine, see Diphenhydramine, 414
Dyloform, see Ethinyl Estradiol, 500
Dymelor, see Acetohexamide, 12
Dymenate, see Dimenhydrinate, 411
Dymenol, see Dimenhydrinate, 411
Dymocillin, see Penicillin G, 1080
Dynabec, see Dirithromycin, 419
DynaCirc, see Isradipine, 748
Dyna-Hex Skin Cleanser, see Chlorhexidine, 247
Dynalert, see Pemoline, 1077
Dynamucil, see Acetylcysteine, 13
Dynapen, see Dicloxacillin, 397
Dyneril, see Clomiphene, 296
Dynothel, see Dextrothyroxine, 387
Dyphylline, 443, (1532)
Dyrenium, see Triamterene, 1401
Dysman, see Mefenamic Acid, 854
Dysport, see Botulinum Toxin Type A, 156
Dytac, see Triamterene, 1401



E
E1, see Epinephrine, 477
E2, see Epinephrine, 477
Ebalin, see Brompheniramine, 160
Ebserpine, see Reserpine, 1207
Ecallantide, 445, (1530)
Eccelium, see Econazole, 447
Echinacea, 445, (1531)
Echinacea angustifolia, see Echinacea, 445
Echinacea pallida, see Echinacea, 445
Echinacea purpurea, see Echinacea, 445
Echodide, see Echothiophate, 447
Echothiopate, see Echothiophate, 447
Echothiophate, 447, (1526)
Ecobutazone, see Phenylbutazone, 1109
Ecodergin, see Econazole, 447
Ecofenac, see Diclofenac, 395
Eco Mi, see Econazole, 447
Ecomucyl, see Acetylcysteine, 13
Econazole, 447, (1523)
Econocil-VI, see Penicillin V, 1082
Economycin, see Tetracycline, 1339
Ecopan, see Mefenamic Acid, 854
Ecorex, see Econazole, 447
Ecostatin, see Econazole, 447
Ecostigmine, see Echothiophate, 447
Ecothiopate, see Echothiophate, 447
Ecotrin, see Aspirin, 92
Ecstasy, 449, (1528)
Eculizumab, 450, (1531)
Edarbi, see Azilsartan, 116
Edecril, see Ethacrynic Acid, 505
Edecrin, see Ethacrynic Acid, 505
Edemex, see Benzthiazide, 133
Edetate Calcium Disodium, 452, (1523)
Edolan, see Etodolac, 518
Edoxan, see Cyclophosphamide, 335
Edrol, see Ethinyl Estradiol, 500
Edrophonium, 454, (1526)
Edurant, see Rilpivirine, 1217
EES, see Erythromycin, 491
Efalizumab, 454, (1531)
Efavirenz, 455, (1524)
E-Ferol, see Vitamin E, 1492
Effederm, see Tretinoin, 1395
Effekton, see Diclofenac, 395
Effetre, see Chlorhexidine, 247
Effexor, see Venlafaxine, 1466
Effient, see Prasugrel, 1142
Efixano, see Irinotecan, 736
Efudex, see Fluorouracil, 561
Egibren, see Selegiline, 1251
Eglen, see Cinnarizine, 274



Egocort, see Dexamethasone, 377
Egrifta, see Tesamorelin, 1334
Eira-Caa, see Stevia, 1281
Ekko, see Phenytoin, 1111
Ekuba, see Chlorhexidine, 247
Ekvacillin, see Cloxacillin, 307
Elagen, see Ginseng, 625
Elantan, see Isosorbide Mononitrate, 744
Elatrol, see Amitriptyline, 58
Elavil, see Amitriptyline, 58
Elcosine, see Sulfonamides, 1297
Eldadryl, see Diphenhydramine, 414
Eldeprine, see Selegiline, 1251
Eldepryl, see Selegiline, 1251
Elder 65, see Propoxyphene, 1162
Eldodram, see Dimenhydrinate, 411
Eldopal, see Levodopa, 791
Eldopaque, see Hydroquinone, 668
Electricity, 456, (1532)
Electric Shock, see Electricity, 456
Elelyso, see Taliglucerase Alfa, 1310
Elenium, see Chlordiazepoxide, 245
Elentol, see Lindane, 802
Elestat, see Epinastine, 476
Eletriptan, 459, (1527)
Elgydium, see Chlorhexidine, 247
Elica, see Mometasone, 936
Elidel, see Pimecrolimus, 1121
Elimite, see Permethrin, 1093
Eliquis, see Apixaban, 79
Elipten, see Aminoglutethimide, 53
Eliranol, see Promazine, 1159
Elitek, see Rasburicase, 1201
Elixicon, see Theophylline, 1350
Elixomin, see Theophylline, 1350
Elixophyllin, see Theophylline, 1350
Elkosin, see Sulfonamides, 1297
Ella, see Ulipristal, 1413
Ellence, see Epirubicin, 478
Elmarin, see Chlorpromazine, 252
Elmedal, see Phenylbutazone, 1109
Elmetin, see Mebendazole, 846
Elmidone, see Primidone, 1150
Elmiron, see Pentosan, 1087
Elocon, see Mometasone, 936
Elomet, see Mometasone, 936
El-Petn, see Pentaerythritol Tetranitrate, 1083
Elserpine, see Reserpine, 1207
Elspar, see Asparaginase, 88
Elthyrone, see Levothyroxine, 796
Eltrombopag, 460, (1530)
Eltroxin, see Levothyroxine, 796
Elyzol, see Metronidazole, 905
Embarin, see Allopurinol, 40



Embequin, see Iodoquinol, 728
Emblon, see Tamoxifen, 1311
Emcinka, see Erythromycin, 491
Emend, see Aprepitant, 79
Emergil, see Flupenthixol, 572
Emeside, see Ethosuximide, 514
Emko, see Nonoxynol-9/Octoxynol-9, 999
Emperal, see Metoclopramide, 900
Empirin, see Aspirin, 92
Emtricitabine, 461, (1524)
Emtriva, see Emtricitabine, 461
EMU-V, see Erythromycin, 491
E-Mycin, see Erythromycin, 491
Enablex, see Darifenacin, 359
Enadine, see Clorazepate, 305
Enalapril, 463, (1526)
Enapren, see Enalapril, 463
Enbrel, see Etanercept, 503
Encainide, see 8th edition
Encare, see Nonoxynol-9/Octoxynol-9, 999
Endak, see Carteolol, 213
Endep, see Amitriptyline, 58
Endobil, see Iodoxamate, 729
Endociclina, see Fosfomycin, 595
Endocistobil, see Iodipamide, 728
Endografin, see Iodipamide, 728
Endomirabil, see Iodoxamate, 729
Endophleban, see Dihydroergotamine, 409
Endoprost, see Iloprost, 691
Enduron, see Methyclothiazide, 893
Enduxan, see Cyclophosphamide, 335
Enflurane, 467, (1524)
Enfuvirtide, 469, (1524)
English Chamomile, see Chamomile, 241
Enidazol, see Tinidazole, 1364
Enisyl, see l-Lysine, 828
Enkaid, see Encainide, 467
Enoxa, see Diphenoxylate, 416
Enoxacin, see 9th edition
Enoxaparin, 471, (1530)
Enoxen, see Enoxacin, 471
Ensidon, see Opipramol, 1027
Ensobarb, see Phenobarbital, 1101
Entacapone, 473, (1527)
Entacyl, see Piperazine, 1126
Entair, see Theophylline, 1350
Entecavir, 474, (1524)
Entereg, see Alvimopan, 47
Enthrane, see Enflurane, 467
Entizol, see Metronidazole, 905
Entocort, see Budesonide, 162
Entulic, see Guanfacine, 645
Entyderma, see Beclomethasone, 125
Enzalutamide, 475, (1525)



Eolus, see Formoterol, 592
E-Pam, see Diazepam, 389
Epanutin, see Phenytoin, 1111
Epha-Retard, see Dimenhydrinate, 411
Ephedrine, 476, (1526), (1531)
Epi-Aberel, see Tretinoin, 1395
Epidione, see Trimethadione, 1405
Epidropal, see Allopurinol, 40
Epifrin, see Epinephrine, 477
Epileo, see Ethosuximide, 514
Epilim, see Valproic Acid, 1449
Epilol, see Phenobarbital, 1101
Epinal, see Epinephrine, 477
Epinastine, 476, (1523)
Epinephrine, 477, (1526), (1532)
Epi-Pevaryl, see Econazole, 447
Epi-Pevaryl PV, see Econazole, 447
Epiquin Micro, see Hydroquinone, 668
Epirubicin, 478, (1525)
Epitrate, see Epinephrine, 477
Epivir, see Lamivudine, 767
Epo, see Epoetin Alfa, 479
Epoetin Alfa, 479, (1530)
Epogen, see Epoetin Alfa, 479
Epoprostenol, 482, (1526), (1527)
Eppy/N, see Epinephrine, 477
Eprolin, see Vitamin E, 1492
Eprosartan, 484, (1526)
Epsikapron, see Aminocaproic Acid, 52
Epsilan-M, see Vitamin E, 1492
Epsylone, see Phenobarbital, 1101
Eptifibatide, 485, (1530)
Epzicom, see Lamivudine & Abacavir, 1
Equagesic, see Ethoheptazine, 514
Equal, see Aspartame, 89
Equanil, see Meprobamate, 863
Equilqyne, see Estrogens, Conjugated, 501
Equivert, see Buclizine, 162
Eramycin, see Erythromycin, 491
Erantin, see Propoxyphene, 1162
Eratrex, see Erythromycin, 491
Eraverm, see Piperazine, 1126
Eraxis, see Anidulafungin, 76
Erbaprelina, see Pyrimethamine, 1179
Erbitux, see Cetuximab, 239
Ercar, see Carboplatin, 205
Ercoquine, see Hydroxychloroquine, 669
Erectol, see Sildenafil, 1261
Ergate, see Ergotamine, 486
Ergenyl, see Valproic Acid, 1449
Ergocalciferol, 486, (1532)
Ergomar, see Ergotamine, 486
Ergomimet, see Dihydroergotamine, 409
Ergont, see Dihydroergotamine, 409



Ergostat, see Ergotamine, 486
Ergotam, see Dihydroergotamine, 409
Ergotamin, see Ergotamine, 486
Ergotamine, 486, (1526), (1527)
Ergotan, see Ergotamine, 486
Ergotonine, see Dihydroergotamine, 409
Ergovasan, see Dihydroergotamine, 409
Eribulin, 489, (1525)
Eributazone, see Phenylbutazone, 1109
Erifostine, see Amifostine, 50
Erivedge, see Vismodegib, 1480
Erlotinib, 489, (1525)
Eromel, see Erythromycin, 491
Eromycin, see Erythromycin, 491
Erosfil, see Sildenafil, 1261
Erostin, see Erythromycin, 491
Erpalfa, see Cytarabine, 343
Ertaczo, see Sertaconazole, 1253
Ertapenem, 490, (1523)
Ertonyl, see Ethinyl Estradiol, 500
Erva-Doce, see Stevia, 1281
Erwinase, see Asparaginase, 88
Erycen, see Erythromycin, 491
Erycinum, see Erythromycin, 491
Erydin, see Isoproterenol, 742
Erypar, see Erythromycin, 491
Erythrityl Tetranitrate, 491, (1527)
Erythrocin, see Erythromycin, 491
Erythromid, see Erythromycin, 491
Erythromycin, 491, (1523), (1524)
Erythromyctine, see Erythromycin, 491
Erythroped, see Erythromycin, 491
Erythropoietin, see Epoetin Alfa, 479
Erythro-ST, see Erythromycin, 491
Eryzole, see Erythromycin & Sulfisoxazole, 491
Esacinone, see Fluocinolone, 559
Esbericum, see St. John’s Wort, 1282
Escherichia coli Vaccine, see Vaccine, Escherichia coli, 1420
Escitalopram, 494, (1527)
Esclebin, see Norfloxacin, 1003
Eserine, see Physostigmine, 1118
Esidrix, see Hydrochlorothiazide, 659
Esilgan, see Estazolam, 499
Eskabarb, see Phenobarbital, 1101
Eskacef, see Cephradine, 237
Eskalith, see Lithium, 809
Eskaserp, see Reserpine, 1207
Eskazine, see Trifluoperazine, 1404
Eskazole, see Albendazole, 29
Esmacen, see Astemizole, 97
Esmarin, see Trichlormethiazide, 1403
Esmeron, see Rocuronium, 1230
Esmolol, 496, (1526)
Esomeprazole, 497, (1530)



Esopral, see Esomeprazole, 497
Esoterica, see Hydroquinone, 668
Espeden, see Norfloxacin, 1003
Esperal, see Disulfiram, 420
Espotabs, see Phenolphthalein, 1105
Estate, see Estradiol, 500
Estazolam, 499, (1528)
Estigyn, see Ethinyl Estradiol, 500
Estilben, see Diethylstilbestrol, 402
Estinyl, see Ethinyl Estradiol, 500
Estra-L, see Estradiol, 500
Estra-D, see Estradiol, 500
Estradiol, 500, (1529)
Estralutin, see Hydroxyprogesterone, 671
Estratab, see Estrogens, Conjugated, 501
Estraval-PA, see Estradiol, 500
Estrobene, see Diethylstilbestrol, 402
Estro-Cyp, see Estradiol, 500
Estrogens, Conjugated, 501, (1529)
Estroject-LA, see Estradiol, 500
Estromed, see Estrogens, Conjugated, 501
Estrone, 501, (1529)
Estropan, see Estrogens, Conjugated, 501
Estulic, see Guanfacine, 645
Eszopiclone, 502, (1528)
Etanercept, 503, (1531)
Ethacrynic Acid, 505, (1529)
Ethambutol, 506, (1524)
Ethanol, 506, (1528)
Ethantoin, see Ethotoin, 516
Ethatyl, see Ethionamide, 513
Ethazol, see Sulfonamides, 1297
Ethchlorvynol, 511, (1528)
Etherone, see Ethisterone, 514
Ethibute, see Phenylbutazone, 1109
Ethinamate, see 8th edition
Ethinyl Estradiol, 512, (1529)
Ethiodized Oil, 513, (1528)
Ethiodol, see Ethiodized Oil, 513
Ethionamide, 513, (1524)
Ethisterone, see 9th edition
Ethmozine, see Moricizine, 938
Ethoheptazine, see 9th edition
Ethopropazine, see 9th edition
Ethosuximide, 514, (1527)
Ethotoin, 516, (1527)
p-Ethoxyacetanilide, see Phenacetin, 1097
Ethrane, see Enflurane, 467
Ethril, see Erythromycin, 491
Ethrilk, see Erythromycin, 491
Ethryn, see Erythromycin, 491
Ethyl 11, see Ethinyl Estradiol, 500
Ethyl Biscoumacetate, 516, (1530)



Ethynodiol, 516, (1529)
Ethyol, see Amifostine, 50
Etidrate, see Etidronate, 517
Etidron, see Etidronate, 517
Etidronate, 517, (1526)
Etibi, see Ethambutol, 506
Etiocidan, see Ethionamide, 513
Etiplus, see Etidronate, 517
Etivex, see Ethinyl Estradiol, 500
Etodolac, 518, (1528)
Etomidate, 519, (1528)
Etoposide, 520, (1525)
Etoscol, see Hexoprenaline, 657
Etrafon, see Perphenazine & Amitriptyline, 58
Etravirine, 522, (1524)
Etretinate, 523, (1528), (1532)
Eubasinum, see Sulfonamides, 1297
Eucardie, see Carvedilol, 214
Euchessina, see Phenolphthalein, 1105
Eudorm, see Chloral Hydrate, 242
Eudyna, see Tretinoin, 1395
Euglucan, see Glyburide, 634
Euglucon, see Glyburide, 634
Euhypnos, see Temazepam, 1323
Eulipos, see Dextrothyroxine, 387
Eu-Med mono, see Antipyrine, 78
Eurodin, see Estazolam, 499
Euroflu, see Flunisolide, 557
Euronac, see Acetylcysteine, 13
European feverfew, see Feverfew, 542
Eurosan-Antisettico Battericida, see Chlorhexidine, 247
Euthroid, see Liotrix, 804
Euthyrox, see Levothyroxine, 796
Eutonyl, see Pargyline, 1059
Euvernil, see Sulfonamides, 1297
Evacilin, see Penicillin G, Procaine, 1082
Evac-Q-Kwik, see Phenolphthalein, 1105
Evac-Q-Tabs, see Phenolphthalein, 1105
Evac-U-Gen, see Phenolphthalein, 1105
Evac-U-Lax, see Phenolphthalein, 1105
Evadyne, see Butriptyline, 175
Evans Blue, 525, (1528)
Evdemine, see Diazoxide, 392
Evening Primrose Oil, 525, (1531)
Evenol, see Meprobamate, 863
Everolimus, 526, (1525)
Everone, see Testosterone, 1335
Evex, see Estrogens, Conjugated, 501
Evista, see Raloxifene, 1191
E-Vital, see Vitamin E, 1492
Evoxac, see Cevimeline, 240
Exacyl, see Tranexamic Acid, 1388
Excegran, see Zonisamide, 1521
Exelderm, see Sulconazole, 1294



Exelon, see Rivastigmine, 1229
Exenatide, 527, (1529)
Exjade, see Deferasirox, 365
Exidine-2 Scrub, see Chlorhexidine, 247
Exidine Skin Cleanser, see Chlorhexidine, 247
Exirel, see Pirbuterol, 1126
Ex-Lax, see Phenolphthalein, 1105
Exlutena, see Lynestrenol, 828
Exluton, see Lynestrenol, 828
Exmigra, see Ergotamine, 486
Exmigrex, see Ergotamine, 486
Exna, see Benzthiazide, 133
Ex-Obese, see Phendimetrazine, 1099
Exoderil, see Naftifine, 949
Exolan, see Anthralin, 77
Exomuc, see Acetylcysteine, 13
Exoseptoplix, see Sulfonamides, 1297
Expectran, see Guaifenesin, 643
Expit, see Sildenafil, 1261
Extencilline, see Penicillin G, Benzathine, 1081
Extracort, see Triamcinolone, 1398
Extracort N, see Triamcinolone, 1398
Extract Z 90017, see St. John’s Wort, 1282
Extraneurina, see Thiamine, 1352
Extur, see Indapamide, 703
Eyebalm, see Goldenseal, 638
Eyeroot, see Goldenseal, 638
Ezetimibe, 529, (1525)
Ezogabine, 529, (1527)

F
Fabrol, see Acetylcysteine, 13
Fabrazyme, see Agalsidase Beta, 28
Factive, see Gemifloxacin, 619
Factor XIII Concentrate (Human), 531, (1530)
Fa-Cyl, see Tinidazole, 1364
Fake saffron, see Safflower, 1242
Falcopen-V, see Penicillin V, 1082
Falic, see Sildenafil, 1261
False saffron, see Safflower, 1242
Famciclovir, 531, (1524)
Famet, see Sulfonamides, 1297
Famodil, see Famotidine, 532
Famotidine, 532, (1530)
Famvir, see Famciclovir, 531
Fanapt, see Iloperidone, 690
Fanasil, see Sulfonamides, 1297
Fanox, see Famotidine, 532
Fansidar, see Pyrimethamine, 1179
Faremicin, see Fosfomycin, 595
Farlutal, see Medroxyprogesterone, 850
Farmadiuril, see Bumetanide, 164



Farmiserina, see Cycloserine, 339
Farmobion PP, see Niacinamide, 973
Farmorubicin, see Epirubicin, 478
Farmorubicina, see Epirubicin, 478
Farmorubicine, see Epirubicin, 478
Fasigyn, see Tinidazole, 1364
Fastin, see Phentermine, 1107
Fastum, see Ketoprofen, 759
Fasturtec, see Rasburicase, 1201
Fat Emulsion, Intravenous, see Lipids, 804
Faverin, see Fluvoxamine, 578
Favistan, see Methimazole, 880
FD/C Blue No. 2, see Indigo Carmine, 704
Featerfoiul, see Feverfew, 542
Featherfew, see Feverfew, 542
Featherfoil, see Feverfew, 542
Feather-fully, see Feverfew, 542
Febrifuge plant, see Feverfew, 542
Febrigesic, see Acetaminophen, 8
Febrinol, see Acetaminophen, 8
Febuxostat, 534, (1529)
Feddygen fenyw, see Feverfew, 542
Feen-A-Mint, see Phenolphthalein, 1105
Feevone, see Terbutaline, 1329
Felbamate, 535, (1527)
Felbatol, see Felbamate, 535
Feldene, see Piroxicam, 1127
Felison, see Flurazepam, 573
Felmane, see Flurazepam, 573
Felodipine, 536, (1526)
Felsules, see Chloral Hydrate, 242
Femacoid, see Estrogens, Conjugated, 501
Femara, see Letrozole, 786
Femergin, see Ergotamine, 486
Feminoflex, see Etidronate, 517
Feminone, see Ethinyl Estradiol, 500
Femogen, see Estrogens, Conjugated, 501
Femogex, see Estradiol, 500
Femstat, see Butoconazole, 173
Femulen, see Ethynodiol, 516
Fenamide, see Dichlorphenamide, 394
Fenamine, see Pheniramine, 1100
Fenazona, see Antipyrine, 78
Fenetoin, see Phenytoin, 1111
Fenfluramine, see 9th edition
Fenge, see Kudzu, 762
Fenilbutazone, see Phenylbutazone, 1109
Fenistil, see Dimethindene, 413
Fen Ke, see Kudzu, 762
Fennel-Flower, see Black Seed/Kalanji, 148
Fenofibrate, 536, (1524)
Fenoldopam, 537, (1526)
Fenoprofen, 538, (1528)
Fenopron, see Fenoprofen, 538



Fenostil, see Dimethindene, 413
Fenoterol, see 9th edition
Fenox, see Phenylephrine, 1110
Fentamox, see Tamoxifen, 1311
Fentanyl, 539, (1528)
Fentazin, see Perphenazine, 1094
Fenylhist, see Diphenhydramine, 414
Fermentmycin, see Tetracycline, 1339
Ferndex, see Dextroamphetamine, 385
Ferrous Bromide, see Bromides, 159
Fesoterodine, 541, (1532)
Fevarin, see Fluvoxamine, 578
Feverfew, 542, (1531)
Fexofenadine, 543, (1523)
Fiagra, see Sildenafil, 1261
Fiblaferon (Interferon Beta), see Interferon Beta-1b, 726
Fibrase, see Pentosan, 1087
Fibrezym, see Pentosan, 1087
Fibrocide, see Pentosan, 1087
Fibrocit, see Gemfibrozil, 618
Fibroxin, see Digoxin, 407
Fidaxomicin, 544, (1523)
Fifinah, see Rifampin, 1213
File, see Sildenafil, 1261
Filgrastim, 545, (1530)
Fingolimod, 546, (1531)
Firazyr, see Icatibant, 686
Firmel, see Sildenafil, 1261
First Sign, see Pseudoephedrine, 1168
Fisalamine, see Mesalamine, 867
Fisohex, see Hexachlorophene, 655
Fisostin, see Physostigmine, 1118
Fitch, see Black Seed/Kalanji, 148
Fivepen, see Penicillin G, 1080
FK-506, see Tacrolimus, 1305
Flabelline, see Methicillin, 880
Flagyl, see Metronidazole, 905
Flavelix, see Pyrilamine, 1178
Flavoxate, 547, (1532)
Flecainide, 548, (1526)
Flector, see Diclofenac, 395
Fleets Laxative, see Bisacodyl, 145
Fleet Pain Relief, see Pramoxine, 1142
Fleet Relief, see Pramoxine, 1142
Fleischfarbige, see Passion Flower, 1071
Fleur De La Passion, see Passion Flower, 1071
Fleurs d’Arnica, see Arnica, 86
Flexaphen, see Chlorzoxazone & Acetaminophen, 8
Flexartal, see Carisoprodol, 210
Flexazone, see Phenylbutazone, 1109
Flexen, see Ketoprofen, 759
Flexeril, see Cyclobenzaprine, 334
Flexiban, see Cyclobenzaprine, 334
Flirtroot, see Feverfew, 542



Flixonase, see Fluticasone, 576
Flixotaide, see Fluticasone, 576
Flixotide, see Fluticasone, 576
Flobacin, see Ofloxacin, 1011
Flocilline, see Penicillin G, Procaine, 1082
Flogofenac, see Diclofenac, 395
Flohale, see Fluticasone, 576
Flolan, see Epoprostenol, 482
Flomax, see Tamsulosin, 1314
Flonase, see Fluticasone, 576
Flonorm, see Rifaximin, 1215
Floraquin, see Iodoquinol, 728
Flor De Passion, see Passion Flower, 1071
Florequin, see Iodoquinol, 728
Florida Syrup of Prunes, see Senna, 1252
Floripurau, see Senna, 1252
Florocycline, see Tetracycline, 1339
Floropryl, see Isoflurophate, 740
Flosequinan, see 9th edition
Flovent, see Fluticasone, 576
Floxin, see Ofloxacin, 1011
Floxuridine, 550, (1525)
Floxyfral, see Fluvoxamine, 578
Fluanxol, see Flupenthixol, 572
Fluax, see Vaccine, Influenza, 1425
Fluazine, see Trifluoperazine, 1404
Flucinar, see Fluocinolone, 559
Fluconazole, 551, (1523)
Flucort, see Fluocinolone, 559
Flucytosine, 554, (1523)
Fludara, see Fludarabine Phosphate, 555
Fludarabine Phosphate, 555, (1525)
Fludex, see Indapamide, 703
Flu-Glo, see Fluorescein Sodium, 560
Fluibil, see Chenodiol, 242
Fluidex Plus, see Phenylpropanolamine, 1110
Fluilast, see Ticlopidine, 1361
Fluimucil, see Acetylcysteine, 13
Fluinal, see Fluticasone, 576
Fluir, see Formoterol, 592
Fluitran, see Trichlormethiazide, 1403
Flulone, see Fluocinolone, 559
Flulsin, see Diflunisal, 405
Flumadine, see Rimantadine, 1218
Flumark, see Enoxacin, 471
Flumazenil, 556, (1523)
Flumen, see Chlorothiazide, 249
Fluminex, see Flunisolide, 557
Flunase, see Flunisolide, 557
Fluniger, see Flunisolide, 557
Fluniget, see Diflunisal, 405
Flunisolide, 557, (1532)
Flunitec, see Flunisolide, 557
Flunitop, see Flunisolide, 557



Flunitrazepam, see 9th edition
Flunolone-V, see Fluocinolone, 559
Flunox, see Flurazepam, 573
Fluocinolone, 559, (1528), (1531)
Fluocinonide, 560, (1528)
Fluoderm, see Fluocinolone, 559
Fluodonil, see Diflunisal, 405
Fluogen, see Vaccine, Influenza, 1425
Fluomix Same, see Fluocinolone, 559
Fluonex, see Fluocinonide, 560
Fluonide, see Fluocinolone, 559
Fluopromazine, see Triflupromazine, 1405
Fluor-Amps, see Fluorescein Sodium, 560
Fluorcil, see Fluorouracil, 561
Fluores, see Fluorescein Sodium, 560
Fluorescein Sodium, 560, (1528)
Fluorescite, see Fluorescein Sodium, 560
Fluorets, see Fluorescein Sodium, 560
Fluor-I-Strip, see Fluorescein Sodium, 560
Fluor-I-Strip-A.T., see Fluorescein Sodium, 560
Fluormone, see Dexamethasone, 377
Fluorocort, see Dexamethasone, 377
5-Fluorocytosine, see Flucytosine, 554
Fluorouracil, 561, (1525)
Fluostigmin, see Isoflurophate, 740
Fluosyn, see Fluocinolone, 559
Fluothane, see Halothane, 648
Fluovitef, see Fluocinolone, 559
Fluoxetine, 563, (1527)
Fluoxymesterone, 572, (1529)
Flupenthixol, see 9th edition
Fluphenazine, 572, (1527)
Fluprim, see Dextromethorphan, 385
Flurazepam, 573, (1528)
Flurbiprofen, 575, (1528)
Flurinol, see Epinastine, 476
Flurobate, see Betamethasone, 137
Fluroplex, see Fluorouracil, 561
Flusemide, see Nicardipine, 974
Flusona, see Fluticasone, 576
Flusonal, see Fluticasone, 576
Flustar, see Diflunisal, 405
Flutaide, see Fluticasone, 576
Flutex, see Triamcinolone, 1398
Fluticasone, 576, (1532)
Flutide, see Fluticasone, 576
Flutivate, see Fluticasone, 576
Flutra, see Trichlormethiazide, 1403
Flu-21, see Fluocinonide, 560
Fluvastatin, 577, (1525)
Fluvean, see Fluocinolone, 559
Fluvoxamine, 578, (1527)
Fluzeon, see Enfuvirtide, 469



Fluzone, see Vaccine, Influenza, 1425
FM-400, see Meprobamate, 863
Fobidon, see Domperidone, 425
Focalin, see Dexmethylphenidate, 383
Foille, see Benzocaine, 132
Foille Plus, see Benzocaine, 132
Folacin, see Folic Acid, 582
Folate, see Folic Acid, 582
Folcodal, see Cinnarizine, 274
Foldan, see Thiabendazole, 1352
Folic Acid, 582, (1525), (1532)
Foligan, see Allopurinol, 40
Folinic Acid, see Leucovorin, 787
Follistrel, see Norgestrel, 1006
Folotyn, see Pralatrexate, 1139
Folvite, see Folic Acid, 582
Fomepizole, 590, (1523)
Fondaparinux, 591, (1530)
Fonofos, see Fosfomycin, 595
Fontego, see Bumetanide, 164
Fonx, see Oxiconazole, 1038
Foradil, see Formoterol, 592
Foradile, see Formoterol, 592
Forane, see Isoflurane, 737
Fordiuran, see Bumetanide, 164
Fordilen, see Formoterol, 592
Fordrim, see Flurazepam, 573
Forelina, see Fludarabine Phosphate, 555
Forene, see Isoflurane, 737
Forgenac, see Diclofenac, 395
Formistin, see Cetirizine, 238
Formoterol, 592, (1531)
Foropryl, see Isoflurophate, 740
Forpen, see Penicillin G, 1080
Fortagesic, see Pentazocine, 1085
Fortal, see Pentazocine, 1085
Fortalgesic, see Pentazocine, 1085
Fortam, see Ceftazidime, 228
Fortaz, see Ceftazidime, 228
Fortecortin, see Dexamethasone, 377
Fortimax, see Norfloxacin, 1003
Fortral, see Pentazocine, 1085
Fortralin, see Pentazocine, 1085
Fortum, see Ceftazidime, 228
Fosamax, see Alendronate, 35
Fosamprenavir, 593, (1524)
Foscarnet, 595, (1524)
Foscavir, see Foscarnet, 595
Fosfocin, see Fosfomycin, 595
Fosfocina, see Fosfomycin, 595
Fosfocine, see Fosfomycin, 595
Fosfogram, see Fosfomycin, 595
Fosfomycin, 595, (1523)
Fosforal, see Fosfomycin, 595



Fosinopril, 597, (1526)
Fosmicin, see Fosfomycin, 595
Fosmicin-S, see Fosfomycin, 595
Fospropofol, 598, (1526)
Fosrenol, see Lanthanum Carbonate, 778
Fossil Tree, see Ginkgo Biloba, 624
4-Way Long-Acting Nasal Spray, see Oxymetazoline, 1041
Fovane, see Benzthiazide, 133
Foximin, see Fosfomycin, 595
Foypromazine, see Chlorpromazine, 252
Foznol, see Lanthanum Carbonate, 778
Fragmin, see Dalteparin, 350
Fragmine, see Dalteparin, 350
Fragrant Valerian, see Valerian, 1447
Framboise, see Raspberry Leaf, 1202
Francacilline, see Penicillin G, Procaine, 1082
Francital, see Fosfomycin, 595
Franolyn Sedative, see Dextromethorphan, 385
Franyl, see Furosemide, 600
Fraxiparin, see Nadroparin, 949
Fraxiparina, see Nadroparin, 949
Fraxiparine, see Nadroparin, 949
Frekatuss, see Acetylcysteine, 13
Frenal, see Cromolyn Sodium, 332
Frenolyse, see Tranexamic Acid, 1388
Fresh Freeze-Dried St. John’s, see St. John’s Wort, 1282
Frisium, see Clobazam, 293
Fristamin, see Loratadine, 818
Froben, see Flurbiprofen, 575
Frone, see Interferon Beta-1b, 726
Frosstimage Gluceptate, see Technetium Tc-99m, 1317
Frosstimage Gluco, see Technetium Tc-99m, 1317
Frova, see Frovatriptan, 599
Frovatriptan, 599, (1527)
Frubilurgyl, see Chlorhexidine, 247
Fructines Vichy, see Phenolphthalein, 1105
Fructine-Vichy, see Phenolphthalein, 1105
Frusemide, see Furosemide, 600
FS Shampoo, see Fluocinolone, 559
5-FU, see Fluorouracil, 561
Fua-Med, see Nitrofurantoin, 984
FUDR, see Floxuridine, 550
Fugacar, see Mebendazole, 846
Fugacillin, see Carbenicillin, 202
Fuga Daemonum, see St. John’s Wort, 1282
Fulcin, see Griseofulvin, 642
Fulgram, see Norfloxacin, 1003
Fuluminol, see Clemastine, 290
Fulvicin, see Griseofulvin, 642
Fulyzaq, see Crofelemer, 332
Fumaresutin, see Clemastine, 290
Funida, see Tinidazole, 1364
Funduscein, see Fluorescein Sodium, 560
Fungarest, see Ketoconazole, 758



Fungilin, see Amphotericin B, 68
Fungizone, see Amphotericin B, 68
Fungo-Hubber, see Ketoconazole, 758
Fungoral, see Ketoconazole, 758
Fungowas, see Ciclopirox, 260
Furacin, see Nitrofurazone, 986
Furacine, see Nitrofurazone, 986
Furacin-sol, see Nitrofurazone, 986
Furadantin, see Nitrofurantoin, 984
Furadoine, see Nitrofurantoin, 984
Furalan, see Nitrofurantoin, 984
Furan, see Nitrofurantoin, 984
Furanex, see Nitrofurantoin, 984
Furanite, see Nitrofurantoin, 984
Furatine, see Nitrofurantoin, 984
Furatoin, see Nitrofurantoin, 984
Furazanol, see Econazole, 447
Furazolidone, 599, (1523)
Furex, see Nitrofurazone, 986
Furosemide, 600, (1529)
Furoxane, see Furazolidone, 599
Furoxone, see Furazolidone, 599
Fycompa, see Perampanel, 1090

G
G-1, see Acetaminophen, 8
2/G, see Guaifenesin, 643
G-200, see Guaifenesin, 643
G-500, see Methenamine, 879
Gabapentin, 602, (1527)
Gabapentin enacarbil, see Gabapentin, 602, (1527)
Gabbromicina, see Paromomycin, 1060
Gabbromycin, see Paromomycin, 1060
Gabbroral, see Paromomycin, 1060
Gabitril, see Tiagabine, 1358
Gabromicina, see Paromomycin, 1060
Gabroral, see Paromomycin, 1060
Gadavist, see Gadobutrol, 604
Gadobenate Dimeglumine, 604, (1528)
Gadobutrol, 604, (1528)
Gadopentetate Dimeglumine, 608, (1528)
Gadodiamide, 606, (1528)
Gadofosveset, 607, (1528)
Gadoteridol, 609, (1529)
Gadoversetamide, 610, (1529)
Galactoquin, see Quinidine, 1186
Galantamine, 611, (1527)
Galenomycin, see Oxytetracycline, 1043
Galsulfase, 612, (1529)
Gamastan, see Immune Globulin Intramuscular, 700
Gamene, see Lindane, 802
Gami honghwain, see Safflower, 1242



Gamimune N, see Immune Globulin Intravenous, 700
Gamma BHC, see Lindane, 802
Gammacorten, see Dexamethasone, 377
Gammagard, see Immune Globulin Intravenous, 700
Gamma Globulin, see Immune Globulin Intramuscular or Immune Globulin Intravenous, 700
Gamma HCH, see Lindane, 802
Gamma-OH, see Sodium Oxybate, 1272
Gammar, see Immune Globulin Intramuscular, 700
Gammar-IV, see Immune Globulin Intravenous, 700
Gamophen, see Hexachlorophene, 655
Ganciclovir, 613, (1524)
Ganidan, see Sulfonamides, 1297
Ganphen, see Promethazine, 1159
Gantanol, see Sulfonamides, 1297
Gantrisin, see Sulfonamides, 1297
Gantrisin A, see Sulfonamides, 1297
Gaosucryl, see Saccharin, 1241
Garamcina, see Gentamicin, 620
Garamycin, see Gentamicin, 620
Gardasil, see Vaccine, Human Papillomavirus, 1423
Gardenal, see Phenobarbital, 1101
Garden Chamomile, see Chamomile, 241
Garden Heliotrope, see Valerian, 1447
Garden Valerian, see Valerian, 1447
Garlic, 614, (1531)
Gaster, see Famotidine, 532
Gastridin, see Famotidine, 532
Gastrion, see Famotidine, 532
Gastro-Conray, see Iothalamate, 732
Gastrocure, see Domperidone, 425
Gastrografin, see Diatrizoate, 388
Gastromiro, see Iopamidol, 731
Gastronorm, see Domperidone, 425
Gatifloxacin, 616, (1531)
Gattex, see Teduglutide, 1318
Gaz Away, see Alpha Galactosidase A, 44
GBH, see Lindane, 802
Gee-Gee, see Guaifenesin, 643
Gefitinib, 616, (1525)
Ge Gen, see Kudzu, 762
Gelbronquial, see Dextromethorphan, 385
Gemcitabine, 617, (1525)
Gemfibrozil, 618, (1524)
Gemifloxacin, 619, (1524)
Gemlipid, see Gemfibrozil, 618
Gemonil, see Metharbital, 878
Gemonit, see Metharbital, 878
Gemtro, see Gemcitabine, 617
Gemtuzumab Ozogamicin, see 9th edition
Gemzar, see Gemcitabine, 617
Genac, see Acetylcysteine, 13
Genapax, see Gentian Violet, 622
Genasal, see Oxymetazoline, 1041
Genecillin, see Penicillin G, 1080



Genecillin-VK, see Penicillin V, 1082
Gene-Cycline, see Tetracycline, 1339
Genoxal, see Cyclophosphamide, 335
Gensis, see Estrogens, Conjugated, 501
Gentalline, see Gentamicin, 620
Gentamicin, 620, (1523)
Gentian Violet, 622, (1523)
Genticin, see Gentamicin, 620
Genuine Chamomile, see Chamomile, 241
Genurin, see Flavoxate, 547
Gen-XENE, see Clorazepate, 305
Geocillin, see Carbenicillin, 202
Geodon, see Ziprasidone, 1515
Geomycine, see Gentamicin, 620
Geopen, see Carbenicillin, 202
Gerivit, see Ginseng, 625
Geroxalen, see Methoxsalen, 891
German Chamomile, see Chamomile, 241
Germibon, see Hexachlorophene, 655
Gestapuran, see Medroxyprogesterone, 850
Gestone, see Ethisterone, 514
GG Cen, see Guaifenesin, 643
GHRIF, see Somatostatin, 1274
GHRIH, see Somatostatin, 1274
Gibiflu, see Flunisolide, 557
Giganten, see Cinnarizine, 274
Gilemal, see Glyburide, 634
Gilenya, see Fingolimod, 546
Gilucor Nitro, see Nitroglycerin, 986
Ginedermofix, Sertaconazole, 1253
Ginger, 623, (1531)
Ginkai, see Ginkgo Biloba, 624
Ginkgo, see Ginkgo Biloba, 624
Ginkgold, see Ginkgo Biloba, 624
Gingko 5, see Ginkgo Biloba, 624
Ginkgo Biloba, 624, (1531)
Ginkgo Follium, see Ginkgo Biloba, 624
Gino Conazol, see Tioconazole, 1366
Ginosutin, see Tinidazole, 1364
Gino Tralen, see Tioconazole, 1366
Ginroy, see Ginseng, 625
Ginsana, see Ginseng, 625
Ginsatonic, see Ginseng, 625
Ginseng, 625, (1531)
Ginzing, see Ginseng, 625
Gitaligin, see Gitalin, 628
Gitalin, see 8th edition
Glanil, see Cinnarizine, 274
Glatiramer, 628, (1531)
Glaucon, see Epinephrine, 477
Glauconide, see Dichlorphenamide, 394
Glaucoprost, see Travoprost, 1392
Glaumid, see Dichlorphenamide, 394
Glazidim, see Ceftazidime, 228



Gleevec, see Imatinib, 692
Gliadel, see Carmustine, 211
Gliben, see Glyburide, 634
Glibenclamide, see Glyburide, 634
Glibenese, see Glipizide, 630
Gliboral, see Glyburide, 634
Glidiabet, see Glyburide, 634
Glimepiride, 629, (1529)
Glipizide, 630, (1529)
Glivec, see Imatinib, 692
G-Lixir, see Acetaminophen, 8
Glonoin, see Nitroglycerin, 986
Glucobay, see Acarbose, 6
Glucagon, 631, (1523)
GlucaGen, see Glucagon, 631
Glucarpidase, 632, (1523)
Glucolon, see Glyburide, 634
Gluconorm, see Glyburide, 634
Glucophage, see Metformin, 873
Glucosamine, 633, (1529)
Glucoscan, see Technetium Tc-99m, 1317
Gluco-Tablinen, see Glyburide, 634
Glucotrol, see Glipizide, 630
Glucovance, see Glyburide & Metformin, 873
Glukoreduct, see Glyburide, 634
Glukovital, see Glyburide, 634
Glyburide, 634, (1529)
Glycerin, 636, (1530)
Glyceryl Guaiacolate, see Guaifenesin, 643
Glyceryl Trinitrate, see Nitroglycerin, 986
Glycobarb, see Glycopyrrolate, 637
Glycolande, see Glyburide, 634
Glycopyrrolate, 637, (1526)
Glycotuss, see Guaifenesin, 643
Glyestrin, see Estrogens, Conjugated, 501
Glynase Prestab, see Glyburide, 634
Glynite, see Nitroglycerin, 986
Glyquin XM, see Hydroquinone, 668
Glyrol, see Glycerin, 636
Glyset, see Miglitol, 919
Goatweed, see St. John’s Wort, 1282
Gocce Sedative Della Tosse, see Dextromethorphan, 385
Godabion, see Pyridoxine, 1174
Goldar, see Auranofin, 109
Goldenseal, 638
Goldenroot, see Goldenseal, 638
Gold Sodium Thiomalate, 639, (1531)
Golimumab, 640, (1531)
Gormel, see Urea, 1414
GPV, see Penicillin V, 1082
Gram-Micina, see Fosfomycin, 595
Granisetron, 641, (1530)
Granulokine, see Filgrastim, 545
Gravergol, see Ergotamine, 486



Gravol, see Dimenhydrinate, 411
G-Recillin, see Penicillin G, 1080
Green stevia, see Stevia, 1281
Grifocloban, see Clobazam, 293
Grifulvin, see Griseofulvin, 642
Grisactin, see Griseofulvin, 642
Grisefulins, see Griseofulvin, 642
Griseofulvin, 642, (1524)
Grisovin-FP, see Griseofulvin, 642
Gris-PEG, see Griseofulvin, 642
Ground raspberry, see Goldenseal, 638
Group B Streptococcus Vaccine, see Vaccine, Group B Streptococcal, 1421
GS-500, see Glucosamine, 633
G-Strophanthin, see Ouabain, 1033
GT, see Tetracycline, 1339
Guaifenesin, 643, (1532)
Guanabenz, see 9th edition
Guanadrel, see 9th edition
Guanethidine Monosulfate, see Guanethidine, 644
Guanethidine, 644, (1526)
Guanfacine, 645, (1526)
Guanicil, see Sulfonamides, 1297
Guanimycin, see Sulfonamides, 1297
Gutron, see Midodrine, 915
Gynecure, see Tioconazole, 1366
Gyne-Lotrimin, see Clotrimazole, 306
Gynergeen, see Ergotamine, 486
Gynergen, see Ergotamine, 486
Gynergene, see Ergotamine, 486
Gynergeno, see Ergotamine, 486
Gynipral, see Hexoprenaline, 657
Gyno-Daktarin, see Miconazole, 913
Gynogen LA, see Estradiol, 500
Gynol II, see Nonoxynol-9/Octoxynol-9, 999
Gynolett, see Ethinyl Estradiol, 500
Gyno-Liderman, see Oxiconazole, 1038
Gyno-Myfungar, see Oxiconazole, 1038
Gyno-Pevaryl, see Econazole, 447
Gynormal, see Tinidazole, 1364
Gyno-Trosyd, see Tioconazole, 1366
Gynovules, see Iodoquinol, 728
Gyno Zalain, see Sertaconazole, 1253
Gyramid, see Enoxacin, 471

H
Haemopan, see Phenindione, 1100
Haemophilus b Conjugate Vaccine, see Vaccine, Haemophilus b Conjugate, 1422
Halamid, see Nedocromil Sodium, 963
Halaven, see Eribulin, 489
Hal Chlor, see Chlorpheniramine, 252
Halcion, see Triazolam, 1402
Haldol, see Haloperidol, 646



Haloperidol, 646, (1527)
Halotestin, see Fluoxymesterone, 572
Halothane, 648, (1523)
Halotri, see Liothyronine, 803
Hamarin, see Allopurinol, 40
Hamocura, see Heparin, 652
Hansamed, see Chlorhexidine, 247
Hardhay, see St. John’s Wort, 1282
Hart, see Diltiazem, 410
Hashish, see Marijuana, 839
Havrix, see Vaccine, Hepatitis A, 1422
Hawkben, see Mebendazole, 846
Haynon, see Chlorpheniramine, 252
Hazol, see Oxymetazoline, 1041
HBIG, see Immune Globulin, Hepatitis B, 699
H-Big, see Immune Globulin, Hepatitis B, 699
HCH, see Lindane, 802
HDCS, see Vaccine, Rabies (Human), 1436
HDCV, see Vaccine, Rabies (Human), 1436
Hedgehog, see Echinacea, 445
Hedulin, see Phenindione, 1100
Heitrin, see Terazosin, 1328
Hekbilin, see Chenodiol, 242
Helmex, see Pyrantel Pamoate, 1170
Helmezine, see Piperazine, 1126
Helpin, see Sildenafil, 1261
Hemabate, see Carboprost, 208
Hematin, see Hemin, 651
Hemi-Daonil, see Glyburide, 634
Hemin, 651, (1530)
Hemoclar, see Pentosan, 1087
Hemophilus b Conjugate Vaccine, see Vaccine, Haemophilus b Conjugate, 1422
Hemoray, see Iopamidol, 731
Hemovas, see Pentoxifylline, 1089
Hepacarin, see Heparin, 652
Hepalean, see Heparin, 652
Hepanem, see Chenodiol, 242
Heparin, 652, 150
Hepathrom, see Heparin, 652
Hepatitis A Vaccine, see Vaccine, Hepatitis A, 1422
Hepatitis B Immune Globulin, see Immune Globulin, Hepatitis B, 699
Hepatitis B Vaccine, see Vaccine, Hepatitis B, 1423
Hepatolite, see Technetium Tc-99m, 1317
Hep-B-Gammagee, see Immune Globulin, Hepatitis B, 699
Heprinar, see Heparin, 652
Hepsera, see Adefovir, 25
Heptavax-B, see Vaccine, Hepatitis B, 1423
Herbesser, see Diltiazem, 410
Herceptin, see Trastuzumab, 1390
Heroin, 654, (1528)
Herphonal, see Trimipramine, 1409
Herpid, see Idoxuridine, 688
Herpidu, see Idoxuridine, 688
Herplex, see Idoxuridine, 688



Herzul, see Propranolol, 1162
Hetacillin, see 8th edition
Hexa-Betalin, see Pyridoxine, 1174
Hexachlorocyclohexane, see Lindane, 802
Hexachlorophane, see Hexachlorophene, 655
Hexachlorophene, 655, (1523)
Hexacycline, see Tetracycline, 1339
Hexadrol, see Dexamethasone, 377
Hexaglucon, see Glyburide, 634
Hexamethonium, see 8th edition
Hexamethylene, see Hexamethonium, 657
Hexamine, see Methenamine, 879
Hexaphenyl, see Hexachlorophene, 655
Hexapyral, see Pyridoxine, 1174
Hexathide, see Hexamethonium, 657
Hexavibex, see Pyridoxine, 1174
Hexestrol, see Diethylstilbestrol, 402
Hexicide, see Lindane, 802
Hexobion, see Pyridoxine, 1174
Hexocyclium, see 8th edition
Hexoesterol, see Diethylstilbestrol, 402
Hexophene, see Chlorhexidine, 247
Hexoprenaline, see 9th edition
Hibernal, see Chlorpromazine, 252
Hibiclens, see Chlorhexidine, 247
Hibident, see Chlorhexidine, 247
Hibidil, see Chlorhexidine, 247
Hibigel, see Chlorhexidine, 247
Hibiscrub, see Chlorhexidine, 247
Hibisprint, see Chlorhexidine, 247
Hibistat, see Chlorhexidine, 247
Hibisterin, see Beclomethasone, 125
Hibitane, see Chlorhexidine, 247
HibTiter, see Vaccine, Haemophilus b Conjugate, 1422
Hidonac, see Acetylcysteine, 13
Hidroferol, see Calcifediol, 183
Hilactan, see Cinnarizine, 274
Hing hua, see Safflower, 1242
Hi-Pen, see Penicillin V, 1082
Hipirin, see Aspirin, 92
Hipotensor, see Dichlorphenamide, 394
Hippramine, see Methenamine, 879
Hip-Rex, see Methenamine, 879
Hiprex, see Methenamine, 879
Hirdsyn, see Cinnarizine, 274
Hirucreme, see Lepirudin, 785
Hiserpin, see Reserpine, 1207
Hismacap, see Astemizole, 97
Hismanal, see Astemizole, 97
Histadur, see Chlorpheniramine, 252
Histaids, see Chlorpheniramine, 252
Histamedine, see Clemastine, 290
Histamen, see Astemizole, 97
Histaminos, see Astemizole, 97



Histantil, see Promethazine, 1159
Histaspan, see Chlorpheniramine, 252
Histatan, see Chlorpheniramine, 252
Histerone, see Testosterone, 1335
Histex, see Carbinoxamine, 205
Histol, see Chlorpheniramine, 252
Histrey, see Chlorpheniramine, 252
Hivid, see Zalcitabine, 1503
Hog, see Phencyclidine, 1097
Hojas de Maria, see Salvia Divinorum, 1243
Hold PM, see Dextromethorphan, 385
Holoxan, see Ifosfamide, 688
Homatropine, 657, (1526)
Homo-Tet, see Immune Globulin, Tetanus, 701
Honguil, see Tioconazole, 1366
Horizant, see Gabapentin, 602
Hormonal Pregnancy Test Tablets, see 8th edition
Hostabloc, see Penbutolol, 1078
Hostacillin, see Penicillin G, Procaine, 1082
Hostacyclin, see Tetracycline, 1339
Hostacycline, see Tetracycline, 1339
Hubermizol, see Astemizole, 97
Humagel, see Paromomycin, 1060
Humalog, see Insulin Lispro, 722
Humatin, see Paromomycin, 1060
Humex, see Dextromethorphan, 385
Humex Expectorant, see Acetylcysteine, 13
Humira, see Adalimumab, 22
Humorsol, see Demecarium, 369
Hungarian Chamomile, see Chamomile, 241
Hurricaine, see Benzocaine, 132
Hu-Tet, see Immune Globulin, Tetanus, 701
Hyanolone, see Phenobarbital, 1101
Hyasorb, see Penicillin G, 1080
Hycamtin, see Topotecan, 1383
Hycodan, see Hydrocodone, 659
Hydol, see Hydroflumethiazide, 667
Hydralazine, 658, (1526), (1527)
Hydrate, see Dimenhydrinate, 411
Hydrazide, see Hydrochlorothiazide, 659
Hydrazol, see Acetazolamide, 12
Hydrea, see Hydroxyurea, 672
Hydrenox, see Hydroflumethiazide, 667
Hydrex, see Benzthiazide, 133
Hydrid, see Hydrochlorothiazide, 659
Hydriodic Acid, see 8th edition
Hydro-Aquil, see Hydrochlorothiazide, 659
Hydro-Chlor, see Hydrochlorothiazide, 659
Hydrochlorothiazide, 659, (1529)
Hydrocodone, 659, (1528), (1531)
Hydrocortisone, 661, (1529)
Hydrocortone, see Hydrocortisone, 661
Hydrocycline, see Tetracycline, 1339
Hydrodiuretex, see Hydrochlorothiazide, 659



Hydro-DIURIL, see Hydrochlorothiazide, 659
Hydroflumethiazide, 667, (1529)
Hydromal, see Hydrochlorothiazide, 659
Hydromedin, see Ethacrynic Acid, 505
Hydromorphone, 667, (1528)
Hydromox, see Quinethazone, 1186
Hydroquinone, 668, (1528)
Hydrosaluret, see Hydrochlorothiazide, 659
HydroSaluric, see Hydrochlorothiazide, 659
Hydrosan, see Isoniazid, 741
Hydroxychloroquine, 669, (1524), (1531)
Hydroxyprogesterone, 671, (1529)
Hydroxyurea, 672, (1525)
Hydroxyzine, 675, (1523)
Hydro-Z, see Hydrochlorothiazide, 659
Hydrozide, see Hydrochlorothiazide, 659
Hyeloril, see Hydrochlorothiazide, 659
Hygroton, see Chlorthalidone, 257
Hylenta, see Penicillin G, 1080
Hylorel, see Guanadrel, 644
Hyoscine, see Scopolamine, 1249
Hyoscine Methylbromide, see Methscopolamine, 892
l-Hyoscyamine, 677, (1526)
Hypaque, see Diatrizoate, 388
Hyperab, see Immune Globulin, Rabies, 701
Hyperalimentation, Parenteral, 678, (1531)
Hyperazin, see Hydralazine, 658
Hypereikon, see St. John’s Wort, 1282
Hyperetic, see Hydrochlorothiazide, 659
Hyperforat, see St. John’s Wort, 1282
HyperHep, see Immune Globulin, Hepatitis B, 699
Hypericalm, see St. John’s Wort, 1282
Hyperici Herba, see St. John’s Wort, 1282
Hypericum, see St. John’s Wort, 1282
Hypericum Extract, see St. John’s Wort, 1282
Hypericum perforatum, see St. John’s Wort, 1282
Hyperine, see Reserpine, 1207
Hyperpaxa, see Methyldopa, 894
Hyperstat, see Diazoxide, 392
Hyper-Tet, see Immune Globulin, Tetanus, 701
Hypnol, see Pentobarbital, 1087
Hypnorex, see Lithium, 809
Hypnovel, see Midazolam, 914
Hypoten, see Nitroprusside, 989
Hyproval, see Hydroxyprogesterone, 671
Hyptor, see Methaqualone, 878
Hyrexin-50, see Diphenhydramine, 414
Hytakerol, see Dihydrotachysterol, 410
Hytrin, see Terazosin, 1328
Hytrinex, see Terazosin, 1328
Hytuss, see Guaifenesin, 643
Hyzaar, see Losartan, 821



I
Ibacillin-Aqueous, see Penicillin G, Procaine, 1082
Ibatal, see Pentobarbital, 1087
Ibandronate, 680, (1526)
Ibritumomab Tiuxetan, 681, (1525)
Ibuprofen, 682, (1528)
Ibutilide, 685, (1526)
Icatibant, 686, (1530)
Icipen, see Penicillin V, 1082
Iclusig, see Ponatinib, 1134
Idamycin, see Idarubicin, 686
Idarubicin, 686, (1525)
Idazole, see Tinidazole, 1364
Idocyklin, see Doxycycline, 433
Idoxuridine, 688, (1524)
IDU, see Idoxuridine, 688
Idulamine, see Azatadine, 113
Idulian, see Azatadine, 113
Iduridin, see Idoxuridine, 688
Iduviran, see Idoxuridine, 688
IDV, see Indinavir, 705
Ifamit, see Mitomycin, 931
Ifenec, see Econazole, 447
Ifex, see Ifosfamide, 688
IFLrA (Interferon Alfa-2a), see Interferon Alfa, 723
IFN-alpha 2 (Interferon Alfa-2b), see Interferon Alfa, 723
IFO-cell, see Ifosfamide, 688
Ifosfamide, 688, (1525)
IG, see Immune Globulin Intramuscular, 700
Igroton, see Chlorthalidone, 257
Ikaran, see Dihydroergotamine, 409
Iktorivil, see Clonazepam, 301
Ilacen, see Diflunisal, 405
Ilaris, see Canakinumab, 188
Ildor, see Nedocromil Sodium, 963
Iliadin, see Oxymetazoline, 1041
Iliadine, see Oxymetazoline, 1041
Iliadin-Mini, see Oxymetazoline, 1041
Ilgen, see Aldesleukin, 33
Ilmodine, see Iloprost, 691
Ilocit, see Iloprost, 691
Ilopan, see Dexpanthenol, 383
Iloperidone, 690, (1527)
Iloprost, 691, (1527)
Ilosone, see Erythromycin, 491
Ilotycin, see Erythromycin, 491
Ilvin, see Brompheniramine, 160
Imacillin, see Amoxicillin, 63
Imatinib, 692, (1525)
Imavate, see Imipramine, 697
Imbrilon, see Indomethacin, 707
Imdur, see Isosorbide Mononitrate, 744
Imiglucerase, 695, (1529)



Imigran, see Sumatriptan, 1302
Imipem, see Imipenem-Cilastatin Sodium, 696
Imipenem-Cilastatin Sodium, 696, (1523)
Imipramine, 697, (1527)
Imiprin, see Imipramine, 697
Imiquimod, 698, (1531)
Imitrex, see Sumatriptan, 1302
Immenoctal, see Secobarbital, 1250
Immune Globulin, Hepatitis B, 699, (1532)
Immune Globulin Intramuscular, 700, (1532)
Immune Globulin Intravenous, 700, (1532)
Immune Globulin, Rabies, 701, (1532)
Immune Globulin, Tetanus, 701, (1532)
Immune Globulin, Varicella-Zoster (Human), 702, (1532)
Imodium, see Loperamide, 815
Imogam, see Immune Globulin, Rabies, 701
Imovax, see Vaccine, Rabies (Human), 1436
Imperacin, see Oxytetracycline, 1043
Imperan, see Metoclopramide, 900
Impranil, see Imipramine, 697
Impril, see Imipramine, 697
Impugan, see Furosemide, 600
Imuran, see Azathioprine, 113
Imurek, see Azathioprine, 113
Imurel, see Azathioprine, 113
Inacid, see Indomethacin, 707
Inalacor, see Fluticasone, 576
Inalcort, see Flunisolide, 557
Inamycin, see Novobiocin, 1007
Inapsin, see Droperidol, 439
Inapsine, see Droperidol, 439
Inaresil, see Sildenafil, 1261
Inaspir, see Salmeterol, 1242
Inbestan, see Clemastine, 290
Incivek, see Telaprevir, 1319
Incoril, see Diltiazem, 410
Indacaterol, 703, (1531)
Indacin, see Indomethacin, 707
Indaflex, see Indapamide, 703
Indamol, see Indapamide, 703
Indapamide, 703, (1529)
Inderal, see Propranolol, 1162
Indian Head, see Echinacea, 445
Indian kudzu, see Kudzu, 762
Indian turmeric, see Goldenseal, 638
Indian Valerian, see Valerian, 1447
Indigo Carmine, 704, (1529)
Indigotine, see Indigo Carmine, 704
Indinavir, 705, (1524)
Indocid, see Indomethacin, 707
Indocin, see Indomethacin, 707
Indolin, see Indapamide, 703
Indomee, see Indomethacin, 707



Indomethacin, 707, (1528)
Inexium, see Esomeprazole, 497
Infanrix, see Vaccine, Pertussis (Acellular), 1431
Inflamac, see Diclofenac, 395
Inflammide, see Budesonide, 162
Infliximab, 712, (1530), (1531)
Influenza A (H1N1) 2009 Monovalent vaccine, see Vaccine, Influenza A (H1N1), 1426
Influenza A (H1N1) Monovalent vaccine live intranasal, see Vaccine, Influenza A (H1N1), 1426
Influenza Vaccine, see Vaccine, Influenza, 1425
Infrocin, see Indomethacin, 707
Ingelan, see Isoproterenol, 742
Ingenol Mebutate, 715, (1528)
INH, see Isoniazid, 741
Inhacort, see Flunisolide, 557
Inhiston, see Pheniramine, 1100
Inidil, see Lepirudin, 785
Inlyta, see Axitinib, 111
Innohep, see Tinzaparin, 1366
Innovace, see Enalapril, 463
Innovar, see Fentanyl, 539
Inocor, see Amrinone, 72
Inofal, see Mesoridazine, 871
Insidon, see Opipramol, 1027
Insilange-D, see Tolbutamide, 1375
Insulin, 716, (1529)
Insulin Aspart, 717, 1539
Insulin Detemir, 719, (1529)
Insulin Glargine, 720, (1529)
Insulin Glulisine, 721, (1529)
Insulin Lispro, 722, (1529)
Insumin, see Flurazepam, 573
Intal, see Cromolyn Sodium, 332
Integrilin, see Eptifibatide, 485
Intelence, see Etravirine, 522
Interberin, see Sargramostim, 1247
Intercept, see Nonoxynol-9/Octoxynol-9, 999
Interferon Alfa, 723, (1525)
Interferon Alfa-2a, see Interferon Alfa, 723
Interferon Alfa-2b, see Interferon Alfa, 723
Interferon Alfa-n1, see Interferon Alfa, 723
Interferon Alfa-n3, see Interferon Alfa, 723
Interferon Beta, see Interferon Beta-1b, 726
Interferon Beta-1b, 726, (1531)
Interferon Gamma-1b, 726, (1531)
Intocel, see Cladribine, 286
Intrabilix, see Iodipamide, 728
Intrabutazone, see Phenylbutazone, 1109
Intralipid, see Lipids, 804
Intrazine, see Promazine, 1159
Intron A (Interferon alfa-2b), see Interferon Alfa, 723
Introna (Interferon alfa-2b), see Interferon Alfa, 723
Intropin, see Dopamine, 426
Invanz, see Ertapenem, 490
Inversine, see Mecamylamine, 847



Invirase, see Saquinavir, 1245
Iocetamic Acid, 727, (1529)
Iodamide, see 9th edition
Iodex, see Iodine, 728
Iodinated Glycerol, 727, (1532)
Iodine, 728, (1524)
Iodipamide, 728, (1529)
Iodised Oil Fluid, see Ethiodized Oil, 513
Iodomiron, see Iodamide, 727
Iodoquinol, 728, (1523)
Iodosan, see Iodine, 728
Iodothyrin, see 8th edition
Iodoxamate, 729, (1529)
Ioflupane Iodine123, 729, (1529)
Iohexol, 730, (1529)
Ionamin, see Phentermine, 1107
Iopamidol, 731, (1529)
Iopamiro, see Iopamidol, 731
Iopamiron, see Iopamidol, 731
Iopanoic Acid, 732, (1529)
Ioquin, see Iodoquinol, 728
Ior T3, see Muromomab-CD3
Iothalamate, 732, (1529)
Ipamicina, see Fosfomycin, 595
Ipamix, see Indapamide, 703
Ipercortis, see Triamcinolone, 1398
Iper D3, see Cholecalciferol, 257
Ipilimumab, 733, (1525)
Ipobar, see Penbutolol, 1078
Ipodate, 733, (1529)
Ipoglicone, see Tolbutamide, 1375
Ipradol, see Hexoprenaline, 657
Ipratropium, 734, (1532)
Iprenol, see Isoproterenol, 742
Iprivask, see Desirudin, 373
Iproniazid, see 9th edition
IPV, see Vaccine, Poliovirus Inactivated, 1434
Iramil, see Imipramine, 697
Irbesartan, 735, (1526)
Irenax, see Irinotecan, 736
Iressa, see Gefitinib, 616
Iricoline, see Bethanechol, 142
Iridil, see Oxyphenbutazone, 1043
Irinogen, see Irinotecan, 736
Irinotecan, 736, (1525)
Irinotel, see Irinotecan, 736
Irtan, see Nedocromil Sodium, 963
Isactid, see Corticotropin/Cosyntropin, 326
Isentress, see Raltegravir, 1192
ISD, see Isosorbide Dinitrate, 743
ISDN, see Isosorbide Dinitrate, 743
ISG, see Immune Globulin Intramuscular, 700
Ismelin, see Guanethidine, 644



ISMO, see Isosorbide Mononitrate, 744
Ismotic, see Isosorbide, 743
Iso-Autohaler, see Isoproterenol, 742
Iso-Bid, see Isosorbide Dinitrate, 743
Isocarboxazid, 737, (1525)
Isocillin, see Penicillin V, 1082
Iso-D, see Isosorbide Dinitrate, 743
Isoephedrine, see Pseudoephedrine, 1168
Isoetarine, see Isoetharine, 737
Isoetharine, see 9th edition
Isoflavones, see Kudzu, 762
Isoflurane, 737, (1523)
Isoflurophate, see 9th edition
Isofor, see Isoflurane, 737
Iso-Intranefrin, see Isoproterenol, 742
Iso-K, see Ketoprofen, 759
Isoket, see Isosorbide Dinitrate, 743
Isolin, see Isoproterenol, 742
Isomeride, see Dexfenfluramine, 380
Isometheptene, 740, (1526)
Isoniazid, 741, (1524)
Isopaque, see Metrizoate, 905
Isopas, see Pyrazinamide, 1171
Isoprenaline, see Isoproterenol, 742
Isopropamide, see 9th edition
Isopropydrin, see Isoproterenol, 742
Isoproterenol, 742, (1526), (1532)
Isoptin, see Verapamil, 1469
Isopto-Carbachol, see Carbachol, 196
Isopto-Carpine, see Pilocarpine, 1120
Isopto-Cetamide, see Sulfonamides, 1297
Isopto-Eserine, see Physostigmine, 1118
Isopto-Frin, see Phenylephrine, 1110
Isopto-Karbakolin, see Carbachol, 196
Isordil, see Isosorbide Dinitrate, 743
Isosorbide, 743, (1527), (1529)
Isosorbide Dinitrate, 743, (1527)
Isosorbide Mononitrate, 744, (1527)
Isotamine, see Isoniazid, 741
Isotinyl, see Isoniazid, 741
Isotrate, see Isosorbide Dinitrate, 743
Isotretinoin, 745, (1528), (1532)
Isovon, see Isoproterenol, 742
Isovue, see Iopamidol, 731
Isoxsuprine, 747, (1526), (1527)
Isozid, see Isoniazid, 741
Ispenoral, see Penicillin V, 1082
Isradipine, 748, (1526)
Isteropac, see Iodamide, 727
Istodax, see Romidepsin, 1233
Isuprel, see Isoproterenol, 742
Itaka, see Sildenafil, 1261
3-I-T-Bowers, see Liothyronine, 803



Itoxaril, see Irinotecan, 736
Itraconazole, 749, (1523)
Itrop, see Ipratropium, 734
Ituran, see Nitrofurantoin, 984
Ivacaftor, 751, (1530)
Ivacin, see Piperacillin, 1125
Ivadantin, see Nitrofurantoin, 984
Iveegam, see Immune Globulin Intravenous, 700
Invega, see Paliperidone, 1047
Ivermectin, 752, (1523)
Ivoran Pilot, see Nitrofurazone, 986
Ixabepilone, 752, (1525)
Ixel, see Milnacipran, 921
Ixempra, see Ixabepilone, 752
Izaberizin, see Cinnarizine, 274

J
Jacutin, see Lindane, 802
Jakafi, see Ruxolitinib, 1240
Janimine, see Imipramine, 697
Janumet, see Sitagliptin & Metformin, 873
Janupap, see Acetaminophen, 8
Januvia, see Sitagliptin, 1268
Japanese Arrowroot, see Kudzu, 762
Japanese Silver Apricot, see Ginkgo Biloba, 624
Jarsin, see St. John’s Wort, 1282
Jarsin 300, see St. John’s Wort, 1282
Jatcillin, see Penicillin V, 1082
Jatroneural, see Trifluoperazine, 1404
Jatropur, see Triamcinolone, 1398
Jaundice root, see Goldenseal, 638
Jayne’s PW Vermifuge, see Gentian Violet, 622
Jecto Sal (Sodium Thiosalicylate), see Aspirin, 92
Jenacysteine, see Acetylcysteine, 13
Jellin, see Fluocinolone, 559
Jellisoft, see Fluocinolone, 559
Jen-Diril, see Hydrochlorothiazide, 659
Jenoxifen, see Tamoxifen, 1311
Jetrea, see Ocriplasmin, 1009
Jevtana, see Cabazitaxel, 176
Jodetten, see Potassium Iodide, 1137
Jodomiron, see Iodamide, 727
Jodosan, see Iodine, 728
Johns Wort, see St. John’s Wort, 1282
John’s Wort, see St. John’s Wort, 1282
J-Tiron, see Liothyronine, 803
Juan, see Sildenafil, 1261
Jumex, see Selegiline, 1251
Jumexal, see Selegiline, 1251
Justum, see Clorazepate, 305
Juvabe 300, see Thiamine, 1352
Juvastigmin, see Neostigmine, 969



Juvigor, see Sildenafil, 1261
Juxtapid, see Lomitapide, 815

K
Kaa Jhee, see Stevia, 1281
Kabikinase, see Streptokinase, 1284
Kabipenin, see Penicillin V, 1082
Kadol, see Phenylbutazone, 1109
Kaergona Hidrosoluble, see Menadione, 860
Kakka, see Kudzu, 762
Kakkon, see Kudzu, 762
Kakkonto, see Kudzu, 762
Kalajira, see Black Seed/Kalanji, 148
Kalbitor, see Ecallantide, 445
Kaletra, see Lopinavir & Ritonavir, 1223
Kalonji, see Black Seed/Kalanji, 148
Kalydeco, see Ivacaftor, 751
Kamycine, see Kanamycin, 755
Kanabristol, see Kanamycin, 755
Kanamycin, 755, (1523)
Kanasig, see Kanamycin, 755
Kanmy, see Kanamycin, 755
Kannasyn, see Kanamycin, 755
Kansas Snakeroot, see Echinacea, 445
Kantrex, see Kanamycin, 755
Kantrox, see Kanamycin, 755
Kaochlor, see Potassium Chloride, 1136
Kaolin, see Kaolin/Pectin, 755
Kaolin/Pectin, 755, (1530)
Kaon, see Potassium Gluconate, 1137
Kaon-Cl, see Potassium Chloride, 1136
Kao-Nor, see Potassium Gluconate, 1137
Kaopectate, see Kaolin/Pectin, 755
Kao-Spen, see Kaolin/Pectin, 755
Kaovax, see Sulfonamides, 1297
Kapectolin, see Kaolin/Pectin, 755
Ka-Pen, see Penicillin G, 1080
Kapidex, see Dexlansoprazole, 380
Karanum, see Menadione, 860
Kasof, see Docusate Potassium, 423
Katerap Hidrosoluble, see Menadione, 860
Kato, see Potassium Chloride, 1136
Katoseran, see Cinnarizine, 274
Kavepenin, see Penicillin V, 1082
Kay Ciel, see Potassium Chloride, 1136
Kaylixir, see Potassium Gluconate, 1137
Kaywan, see Phytonadione, 1118
K-Cillin, see Penicillin G, 1080
Kebilis, see Chenodiol, 242
Kebirtecan, see Irinotecan, 736
Kefamin, see Ceftazidime, 228
Kefenid, see Ketoprofen, 759
Keflex, see Cephalexin, 235



Keflin, see Cephalothin, 237
Keforal, see Cephalexin, 235
Kefzol, see Cefazolin, 220
Kelfazina, see Sulfonamides, 1297
Kelfizin, see Sulfonamides, 1297
Kelfizine, see Sulfonamides, 1297
Kemadrin, see Procyclidine, 1157
Kemi, see Propranolol, 1162
Kemstro, see Baclofen, 121
Kenacort, see Triamcinolone, 1398
Kenacort A, see Triamcinolone, 1398
Kenacort A Soluble, see Triamcinolone, 1398
Kenacort T, see Triamcinolone, 1398
Kenaject, see Triamcinolone, 1398
Kenalog, see Triamcinolone, 1398
Kenalog in Orabase, see Triamcinolone, 1398
Kenalone, see Triamcinolone, 1398
Kenonel, see Triamcinolone, 1398
Kepivance, see Palifermin, 1046
Keppra, see Levetiracetam, 789
Kerecid, see Idoxuridine, 688
Kerlon, see Betaxolol, 141
Kerlone, see Betaxolol, 141
Kessar, see Tamoxifen, 1311
Kessodanten, see Phenytoin, 1111
Kessodrate, see Chloral Hydrate, 242
Kesso-Mycin, see Erythromycin, 491
Kesso-Pen, see Penicillin G, 1080
Kesso-Pen-VK, see Penicillin V, 1082
Kesso-Tetra, see Tetracycline, 1339
Ketalar, see Ketamine, 756
Ketalgin, see Ketoprofen, 759
Ketamine, 756, (1523)
Ketanest, see Ketamine, 756
Ketangel, see Ketoprofen, 759
Ketanrift, see Allopurinol, 40
Ketartrium, see Ketoprofen, 759
Ketek, see Telithromycin, 1321
Keto, see Ketoprofen, 759
Ketoartril, see Ketoprofen, 759
Ketobun-A, see Allopurinol, 40
Ketoconazole, 758, (1523)
Ketoderm, see Ketoconazole, 758
Ketofen, see Ketoprofen, 759
Ketoisdin, see Ketoconazole, 758
Ketolar, see Ketamine, 756
Ketoprofen, 759, (1528)
Ketoprosil, see Ketoprofen, 759
Ketorolac, 760, (1528)
Ketosolan, see Ketoprofen, 759
Kevadon, see Ketoprofen, 759
Kew Tree, see Ginkgo Biloba, 624
K-G, see Potassium Gluconate, 1137
KI, see Potassium Iodide, 1137



Kidrolase, see Asparaginase, 88
Kineret, see Anakinra, 74
Kinidin, see Quinidine, 1186
Kinotomin, see Clemastine, 290
Kira, see St. John’s Wort, 1282
Kirocid, see Sulfonamides, 1297
Kiron, see Sulfonamides, 1297
KK, see Potassium Chloride, 1136
Klacid, see Clarithromycin, 287
Klamath Weed, see St. John’s Wort, 1282
Klaricid, see Clarithromycin, 287
Klaridem, see Fluocinonide, 560
Klavikordal, see Nitroglycerin, 986
Klinomycin, see Minocycline, 922
Klodin, see Ticlopidine, 1361
Klonopin, see Clonazepam, 301
K-Lor, see Potassium Chloride, 1136
Klorazin, see Chlorpromazine, 252
Klor-Con, see Potassium Chloride, 1136
Kloride, see Potassium Chloride, 1136
Klorpromex, see Chlorpromazine, 252
Klorvess, see Potassium Chloride, 1136
Klotrix, see Potassium Chloride, 1136
K-Lyte, see Potassium Chloride, 1136
Koffex, see Dextromethorphan, 385
Kolyum, see Potassium Chloride, 1136
Konakion, see Phytonadione, 1118
Korbutone, see Beclomethasone, 125
Koromex, see Nonoxynol-9/Octoxynol-9, 999
Kortikoid-Ratiopharm, see Triamcinolone, 1398
K-Pen, see Penicillin G, 1080
Kraftwurz, see Arnica, 86
Kredex, see Carvedilol, 214
Krystexxa, see Pegloticase, 1075
K-Tab, see Potassium Chloride, 1136
K Thrombin, see Menadione, 860
Kudzu, 762, (1531)
Kunecatechins, 763, (1528)
Kusumbha, see Safflower, 1242
Kusum phool, see Safflower, 1242
Kuvan, see Sapropterin, 1244
Kwaao Khruea, see Kudzu, 762
Kwell, see Lindane, 802
Kwellada, see Lindane, 802
Kybernin, see Antithrombin III (Human), 78
Kybernin P, see Antithrombin III (Human), 78
Kynex, see Sulfonamides, 1297
Kyprolis, see Carfilzomib, 209
Kytril, see Granisetron, 641

L
Labetalol, 764, (1526)



LaBid, see Theophylline, 1350
Labophylline, see Theophylline, 1350
Lacosamide, 766, (1527)
Lacretin, see Clemastine, 290
Lactoflavin, see Riboflavin, 1211
Lactosec 200, see Pyridoxine, 1174
Lactulose, 767, (1530)
Ladogal, see Danazol, 351
Ladylen Duo, see Tinidazole, 1364
Laetrile, see 9th edition
Lakamin, see Bisacodyl, 145
Lamictal, see Lamotrigine, 771
Lamisil, see Terbinafine, 1329
Lamivudine, 767, (1524)
Lamoryl, see Griseofulvin, 642
Lamotrigine, 771, (1527)
Lampren, see Clofazimine, 295
Lamprene, see Clofazimine, 295
Lanabac, see Bromides, 159
Lanabrom, see Bromides, 159
Lanacaine, see Benzocaine, 132
Lanacrist, see Digoxin, 407
Lanatoside C, 775, (1527)
Lanatoxin, see Digoxin, 407
Lancetina, see Fosfomycin, 595
Lanchloral, see Chloral Hydrate, 242
Lan-Dol, see Meprobamate, 863
Lanexat, see Flumazenil, 556
Laniazid, see Isoniazid, 741
Lanicor, see Digoxin, 407
Lanimerck, see Lanatoside C, 775
Lanocide, see Lanatoside C, 775
Lanophyllin, see Theophylline, 1350
Lanoxin, see Digoxin, 407
Lansoprazole, 775, (1530)
Lanthanum Carbonate, 778, (1523)
Lantus, see Insulin Glargine, 720
Lanvis, see Thioguanine, 1353
Lanzor, see Lansoprazole, 775
Lapatinib, 779, (1525)
Largactil, see Chlorpromazine, 252
Lariam, see Mefloquine, 855
Laridal, see Astemizole, 97
Larodopa, see Levodopa, 791
Larotid, see Amoxicillin, 63
Laronidase, 780, (1529)
Laroxyl, see Amitriptyline, 58
Larylin, see Chlorhexidine, 247
Laryng-O-Jet, see Lidocaine, 798
Lasilix, see Furosemide, 600
Lasipressin, see Penbutolol, 1078
Lasix, see Furosemide, 600
Laspar, see Asparaginase, 88



Lastacaft, see Alcaftadine, 33
Lastet, see Etoposide, 520
Lasticom, see Azelastine, 115
Latamoxef, see Moxalactam, 940
Latanoprost, 781, (1531)
Latuda, see Lurasidone, 827
Laviv, see Azficel-T, 116
Lawn Chamomile, see Chamomile, 241
Laxante Yer, see Phenolphthalein, 1105
Laxatan, see Senna, 1252
Laxative Pills, see Phenolphthalein, 1105
Laxatone, see Phenolphthalein, 1105
Laxbene, see Bisacodyl, 145
Laxen Busto, see Phenolphthalein, 1105
Laxinate, see Docusate Sodium, 423
Lax Pills, see Phenolphthalein, 1105
L-Caine, see Lidocaine, 798
L-Cimexyl, see Acetylcysteine, 13
Lecasol, see Clemastine, 290
Lecibral, see Nicardipine, 974
Ledercillin VK, see Penicillin V, 1082
Ledercort, see Triamcinolone, 1398
Lederfoline, see Leucovorin, 787
Lederlon, see Triamcinolone, 1398
Ledermycin, see Demeclocycline, 369
Ledermycine, see Demeclocycline, 369
Lederspan, see Triamcinolone, 1398
Lederstatin, see Demeclocycline, 369
Ledertam, see Tamoxifen, 1311
Ledertrexate, see Methotrexate, 887
Ledervorin, see Leucovorin, 787
Leflunomide, 781, (1531)
Lemazide, see Benzthiazide, 133
Lemicillin, see Penicillin G, 1080
Lemiserp, see Reserpine, 1207
Lemocin, see Chlorhexidine, 247
Lemprometh, see Promethazine, 1159
Lemtrex, see Tetracycline, 1339
Lenal, see Temazepam, 1323
Lenalidomide, 784, (1531)
Lenazine, see Promethazine, 1159
Lenitral, see Nitroglycerin, 986
Lenixil, see Chlorhexidine, 247
Lenocycline, see Oxytetracycline, 1043
Lenotan, see Doxylamine, Pyridoxine, and Dicyclomine, 398
Lensen, see Diphenhydramine, 414
Lensulpha, see Sulfonamides, 1297
Lentizol, see Amitriptyline, 58
Leodrine, see Hydroflumethiazide, 667
Leopard’s Bane, see Arnica, 86
Leostesin, see Lidocaine, 798
Lepirudin, 785, (1531)
Leponex, see Clozapine, 308
Leptanal, see Fentanyl, 539



Lergefin, see Carbinoxamine, 205
Lergigan, see Promethazine, 1159
Leritine, see Anileridine, 77
Lertus, see Ketoprofen, 759
Lescol, see Fluvastatin, 577
Lesporene, see Tamoxifen, 1311
Lestid, see Colestipol, 324
Letairis, see Ambrisentan, 49
Lethidrone, see Nalorphine, 952
Letrozole, 786, (1525)
Leucarsone, see Carbarsone, 202
Leucogen, see Asparaginase, 88
Leucovorin, 787, (1532)
Leukeran, see Chlorambucil, 243
Leukine, see Sargramostim, 1247
Leunase, see Asparaginase, 88
Leuprolide, 787, (1525), (1529)
Leuprorelin, see Leuprolide, 787
Leurocristine, see Vincristine, 1477
Leustatin, see Cladribine, 286
Levalbuterol, 788, (1531)
Levallorphan, see 8th edition
Levamine, see l- Hyoscyamine, 677
Levanxene, see Temazepam, 1323
Levanxol, see Temazepam, 1323
Levaquin, see Levofloxacin, 794
Levarterenol, see Norepinephrine, 1001
Levate, see Amitriptyline, 58
Levatol, see Penbutolol, 1078
Levaxin, see Levothyroxine, 796
Levemir, see Insulin Detemir, 719
Levetiracetam, 789, (1527)
Levocetirizine, 790, (1523)
Levodopa, 791, (1527)
Levo-Dromoran, see Levorphanol, 795
Levofloxacin, 794, (1524)
Levoid, see Levothyroxine, 796
Levolin, see Levalbuterol, 788
Levonormal, see Methotrimeprazine, 891
Levophed, see Norepinephrine, 1001
Levoprome, see Methotrimeprazine, 891
Levorphan, see Levorphanol, 795
Levorphanol, 795, (1528)
Levosalbutamol, see Levalbuterol, 788
Levothroid, see Levothyroxine, 796
Levothyroxine, 796, (1530)
Levsin, see l- Hyoscyamine, 677
Levsinex, see l- Hyoscyamine, 677
Lexacycline, see Tetracycline, 1339
Lexapro, see Escitalopram, 494
Lexinor, see Norfloxacin, 1003
Lexiva, see Fosamprenavir, 593
Lexor, see Hydrochlorothiazide, 659
Lexxor, see Hydrochlorothiazide, 659



Libanil, see Glyburide, 634
Liberalgium, see Diclofenac, 395
Libiolan, see Meprobamate, 863
Librax, see Clidinium & Chlordiazepoxide, 245
Libritabs, see Chlordiazepoxide, 245
Librium, see Chlordiazepoxide, 245
Licarpin, see Pilocarpine, 1120
Lidanil, see Mesoridazine, 871
Lidemol, see Fluocinonide, 560
Liderman, see Oxiconazole, 1038
Lidex, see Fluocinonide, 560
Lidex-E, see Fluocinonide, 560
Lidil, see Oxymetazoline, 1041
Lidocaine, 798, (1523), (1527)
Lidocaton, see Lidocaine, 798
Lidoject, see Lidocaine, 798
Lidone, see Molindone, 935
Lidothesin, see Lidocaine, 798
Lifene, see Phensuximide, 1107
Lifter, see Sildenafil, 1261
Lightning, see Electricity, 456
Lignocaine, see Lidocaine, 798
Lignostab, see Lidocaine, 798
Likuden M, see Griseofulvin, 642
Lilo, see Phenolphthalein, 1105
Limbitrol, see Chlordiazepoxide & Amitriptyline, 58
Limit, see Phendimetrazine, 1099
Linaclotide, 799, (1530)
Linagliptin, 800, (1529)
Lincil, see Nicardipine, 974
Lincocin, see Lincomycin, 801
Lincomycin, 801, (1523)
Lindane, 802, (1524)
Lindocetyl, see Acetylcysteine, 13
Linezolid, 802, (1523)
Lingraine, see Ergotamine, 486
Lingran, see Ergotamine, 486
Lingrene, see Ergotamine, 486
Linomel, see Liothyronine, 803
Linoral, see Ethinyl Estradiol, 500
Linyl, see Phentermine, 1107
Linzess, see Linaclotide, 799
Lioresal, see Baclofen, 121
Liothyronine, 803, (1530)
Liotrix, 804, (1530)
Lipanthyl, see Fenofibrate, 536
Lipantil, see Fenofibrate, 536
Liparison, see Fenofibrate, 536
Lipavlon, see Clofibrate, 296
Lipcor, see Fenofibrate, 536
Lipidax, see Fenofibrate, 536
Lipids, 804, (1531)
Lipidil, see Fenofibrate, 536
Lipil, see Fenofibrate, 536



Lipiodol Ultra Fluid, see Ethiodized Oil, 513
Lipitor, see Atorvastatin, 104
Lipoclar, see Fenofibrate, 536
Lipofene, see Fenofibrate, 536
Lipo Gantrisin, see Sulfonamides, 1297
Liponorm, see Simvastatin, 1266
Liposit, see Fenofibrate, 536
Lipostat, see Pravastatin, 1143
Liposyn, see Lipids, 804
Lipovas, see Fenofibrate, 536
Lipozid, see Gemfibrozil, 618
Liprinal, see Clofibrate, 296
Lipsin, see Fenofibrate, 536
Lipur, see Gemfibrozil, 618
Liquaemin, see Heparin, 652
Liquamar, see Phenprocoumon, 1107
Liquemin, see Heparin, 652
Liquemine, see Heparin, 652
Liquidepur, see Senna, 1252
Liquiprin, see Acetaminophen, 8
Liquophylline, see Theophylline, 1350
Liraglutide, 806, (1529)
Liranol, see Promazine, 1159
Lisdexamfetamine, 807, (1528)
Lisino, see Loratadine, 818
Lisinopril, 807, (1526)
Liskantin, see Primidone, 1150
Lisolipin, see Dextrothyroxine, 387
Litalir, see Hydroxyurea, 672
Lithane, see Lithium, 809
Lithicarb, see Lithium, 809
Lithionit, see Lithium, 809
Lithium, 809, (1527)
Lithobid, see Lithium, 809
Litho-Carb, see Lithium, 809
Lithonate, see Lithium, 809
Lithotabs, see Lithium, 809
Livalo, see Pitavastatin, 1128
Lixagesic, see Acetaminophen, 8
Localyn, see Fluocinolone, 559
Locasyn, see Flunisolide, 557
Lodine, see Etodolac, 518
Lodosyn, see Carbidopa, 203
Lodoxamide, 813, (1531)
Lofene, see Diphenoxylate, 416
Loflo, see Diphenoxylate, 416
Lofoxin, see Fosfomycin, 595
Logen, see Diphenoxylate & Atropine, 108
Logical, see Valproic Acid, 1449
Logiparin, see Tinzaparin, 1366
Lokilan, see Flunisolide, 557
Lomanate, see Diphenoxylate & Atropine, 108
Lombristop, see Thiabendazole, 1352
Lomefloxacin, 814, (1524)



Lomidine, see Pentamidine, 1083
Lomitapide, 815, (1525)
Lomotil, see Diphenoxylate & Atropine, 108
Lomoxate, see Diphenoxylate, 416
Lomper, see Mebendazole, 846
Lomudal, see Cromolyn Sodium, 332
Lomupren, see Cromolyn Sodium, 332
Lomusol, see Cromolyn Sodium, 332
Longastatina, see Octreotide, 1009
Longasulf, see Sulfonamides, 1297
Longifen, see Buclizine, 162
Longifene, see Buclizine, 162
Longisulf, see Sulfonamides, 1297
Longum, see Sulfonamides, 1297
Loniten, see Minoxidil, 922
Lonox, see Diphenoxylate, 416
Loperamide, 815, (1530)
Lopid, see Gemfibrozil, 618
Lopinavir, 816, (1524)
Lopress, see Hydralazine, 658
Lopressor, see Metoprolol, 904
Loprox, see Ciclopirox, 260
Lopurin, see Allopurinol, 40
Loqua, see Hydrochlorothiazide, 659
Lorabid, see Loracarbef, 818
Loracarbef, see 9th edition
Loratadine, 818, (1523)
Lorazepam, 819, (1528)
Lorbinafil, see Sildenafil, 1261
Lorcaserin, 820, (1528)
Lorelco, see Probucol, 1153
Lorexane, see Lindane, 802
Lorfan, see Levallorphan, 788
Lorphen, see Chlorpheniramine, 252
Losartan, 821, (1526)
Lotensin, see Benazepril, 129
Lotrimin, see Clotrimazole, 306
Lotrimin Ultra, see Butenafine, 173
Lo-Trol, see Diphenoxylate, 416
Lotronex, see Alosetron, 43
Lovastatin, 823, (1525)
Love in a mist, see Black Seed/Kalanji, 148
Lovenox, see Enoxaparin, 471
Low-Quel, see Diphenoxylate, 416
Loxapine, 825, (1527)
Loxazol, see Permethrin, 1093
Loxen, see Nicardipine, 974
Loxitane, see Loxapine, 825
Lozide, see Indapamide, 703
Lozol, see Indapamide, 703
LPG, see Penicillin G, Benzathine, 1081
LPV, see Penicillin V, 1082
LSD, see Lysergic Acid Diethylamide, 828
Luan, see Lidocaine, 798



Lubiprostone, 826, (1530)
Lucen, see Esomeprazole, 497
Lucentis, see Ranibizumab, 1196
Luci, see Fluocinolone, 559
Lucopenin, see Methicillin, 880
Lucosil, see Sulfonamides, 1297
Lucrin, see Leuprolide, 787
Ludiomil, see Maprotiline, 837
Luf-Iso, see Isoproterenol, 742
Lugol’s Solution, see Potassium Iodide, 1137
Lumbrioxyl, see Piperazine, 1126
Lumigan, see Bimatoprost, 144
Luminal, see Phenobarbital, 1101
Luminaletten, see Phenobarbital, 1101
Lumirelax, see Methocarbamol, 885
Lumix, see Sildenafil, 1261
Lumizyme, see Alglucosidase Alfa, 39
Lumopaque, see Tyropanoate, 1412
Lundbeck, see Bleomycin, 149
Lunesta, see Eszopiclone, 502
Lunetoron, see Bumetanide, 164
Lunibron, see Flunisolide, 557
Lunis, see Flunisolide, 557
Lupron, see Leuprolide, 787
Lurasidone, 827, (1527)
Luroscrub, see Chlorhexidine, 247
Lurselle, see Probucol, 1153
Lusedra, see Fospropofol, 598
Lutate, see Hydroxyprogesterone, 671
Luteocrin, see Hydroxyprogesterone, 671
Luxazone, see Dexamethasone, 377
Luvox, see Fluvoxamine, 578
LV Penicillin, see Penicillin V, 1082
Lyclear, see Permethrin, 1093
Lyderm, see Fluocinonide, 560
Lydonide, see Fluocinonide, 560
Lyme Disease Vaccine, see Vaccine, Lyme Disease, 1427
LYMErix, see Vaccine, Lyme Disease, 1427
Lynestrenol, see 9th edition
Lynoral, see Ethinyl Estradiol, 500
Lyogen, see Fluphenazine, 572
Lypressin, see 9th edition
Lyrica, see Pregabalin, 1149
Lysalgo, see Mefenamic Acid, 854
Lysergic Acid Diethylamide, 828, (1527)
l-Lysine, 828, (1531)
Lysomucin, see Acetylcysteine, 13
Lysox, see Acetylcysteine, 13
Lysthenon, see Succinylcholine, 1288
Lysuron, see Allopurinol, 40



M
MabCampath, see Alemtuzumab, 35
Mabthera, see Rituximab, 1225
Macocyn, see Oxytetracycline, 1043
Macrodantin, see Nitrofurantoin, 984
Macugen, see Pegaptanib, 1073
Madre Selva, see Passion Flower, 1071
Madribon, see Sulfonamides, 1297
Madroxine, see Sulfonamides, 1297
Mafenide, 833, (1523)
Mafylon, see Sulfonamides, 1297
Magan (Magnesium Salicylate), see Aspirin, 92
Magic Mint, see Salvia Divinorum, 1243
Magnacef, see Ceftazidime, 228
Magnesium Salicylate, see Aspirin, 92
Magnesium Sulfate, 833, (1527), (1530)
Magnevist, see Gadopentetate Dimeglumine, 608
Magnus, see Sildenafil, 1261
Maidenhair Tree, see Ginkgo Biloba, 624
Maikohis, see Clemastine, 290
Malarone, see Atovaquone & Proguanil, 1157
Malgesic, see Phenylbutazone, 1109
Malix, see Glyburide, 634
Mallermin-F, see Clemastine, 290
Mallorol, see Thioridazine, 1355
Malocide, see Pyrimethamine, 1179
Malogen, see Testosterone, 1335
Malogex, see Testosterone, 1335
Maloprim, see Pyrimethamine, 1179
Malotuss, see Guaifenesin, 643
Mandalay, see Methenamine, 879
Mandaze, see Methenamine, 879
Mandelamine, see Methenamine, 879
Mandelets, see Methenamine, 879
Mandelic Acid, see 9th edition
Mandelurine, see Methenamine, 879
Mandol, see Cefamandole, 220
Manegan, see Trazodone, 1392
Manicol, see Mannitol, 836
Maniprex, see Lithium, 809
Mannitol, 836, (1529)
Manoplax, see Flosequinan, 550
Maprotiline, 837, (1527)
Maraquin, see Chloroquine, 248
Mararex, see Chloroquine, 248
Maraviroc, 837, (1524)
Marazide, see Benzthiazide, 133
Marcoumar, see Phenprocoumon, 1107
Marcumar, see Phenprocoumon, 1107
Mardon, see Propoxyphene, 1162
Mareilid, see Iproniazid, 735
Mareline, see Amitriptyline, 58
Marevan, see Warfarin, 1500



Marezine, see Cyclizine, 334
Margesic, see Propoxyphene, 1162
Marijuana, 839, (1527)
Marinol, see Dronabinol, 438
Marmine, see Dimenhydrinate, 411
Marplan, see Isocarboxazid, 737
Marsthine, see Clemastine, 290
Marticarpine, see Pilocarpine, 1120
Marzine, see Cyclizine, 334
Masaton, see Allopurinol, 40
Masdil, see Diltiazem, 410
Masletine, see Clemastine, 290
Maso-Quin, see Quinidine, 1186
Maso-Serpine, see Reserpine, 1207
Matisedine, see Quinidine, 1186
Maveral, see Fluvoxamine, 578
Mavik, see Trandolapril, 1386
Maws KLN, see Kaolin/Pectin, 755
Maxair, see Pirbuterol, 1126
Maxalt, see Rizatriptan, 1229
Maxaquin, see Lomefloxacin, 814
Maxdosa, see Sildenafil, 1261
Maxeran, see Metoclopramide, 900
Maxi GS, see Glucosamine, 633
Maximed, see Protriptyline, 1168
Maximiton, see Mitomycin, 931
Maximo, see Sildenafil, 1261
Maxipime, see Cefepime, 222
Maxiton, see Dextroamphetamine, 385
Maxolon, see Metoclopramide, 900
Maxzide, see Triamterene & Hydrochlorothiazide, 659
May Apple Root, see Podophyllum, 1130
Maypop, see Passion Flower, 1071
Maypop Passion Flower, see Passion Flower, 1071
Maycor, see Isosorbide Dinitrate, 743
Mazindol, see 9th edition
M-B Tabs, see Methylene Blue, 895
M-Cillin, see Penicillin G, 1080
MDMA, see Ecstasy, 449
MD-76, see Diatrizoate, 388
Mealy kudzu, see Kudzu, 762
Measles Vaccine, see Vaccine, Measles, 1429
Measurin, see Aspirin, 92
Mebaral, see Mephobarbital, 863
Mebasol, see Mebendazole, 846
Meben, see Mebendazole, 846
Mebendacin, see Mebendazole, 846
Mebendan, see Mebendazole, 846
Mebenda-P, see Mebendazole, 846
Mebendazole, 846, (1523)
Mebutar, see Mebendazole, 846
Mecamylamine, see 9th edition
Mecazine, see Meclizine, 848
Mecfizan, see Ivermectin, 752



Mechlorethamine, 847, (1525)
Mechothane, see Bethanechol, 142
Meclizine, 848, (1523), (1530)
Meclofenamate, 849, (1528)
Meclomen, see Meclofenamate, 849
Meclozine, see Meclizine, 848
Medazole, see Mebendazole, 846
Medihaler-Epi, see Epinephrine, 477
Medihaler-Iso, see Isoproterenol, 742
Medilax, see Phenolphthalein, 1105
Medilium, see Chlordiazepoxide, 245
Meditran, see Meprobamate, 863
Medocor, see Isosorbide Mononitrate, 744
Medomet, see Methyldopa, 894
Medroxyprogesterone, 850, (1529)
Mefac, see Mefenamic Acid, 854
Mefalgic, see Mefenamic Acid, 854
Mefenacide, see Mefenamic Acid, 854
Mefenamic Acid, 854, (1528)
Mefic, see Mefenamic Acid, 854
Mefloquine, 855, (1524)
Megaclor, see Clomocycline, 300
Megamin, see Thiamine, 1352
Megamycine, see Methacycline, 876
Megapen, see Penicillin G, Procaine, 1082
Megaphen, see Chlorpromazine, 252
Megral, see Ergotamine, 486
Meiact, see Cefditoren, 221
MEL, see Melatonin, 857
Meladinine, see Methoxsalen, 891
Melatonin, 857, (1529), (1531)
Melfiat-105 Unicelles, see Phendimetrazine, 1099
Melipramine, see Imipramine, 697
Melitase, see Chlorpropamide, 254
Mellaril, see Thioridazine, 1355
Melleretten, see Thioridazine, 1355
Melleril, see Thioridazine, 1355
Mellitol, see Tolbutamide, 1375
Meloxicam, 859, (1528)
Melphalan, 860, (1525)
Memac, see Donepezil, 426
Menadiol Sodium Diphosphate, see Menadione, 860
Menadiol Sodium Phosphate, see Menadione, 860
Menadione, see 9th edition
Menaphthone, see Menadione, 860
Menest, see Estrogens, Conjugated, 501
Meningococcal Vaccine, see Vaccine, Meningococcal, 1430
Menogen, see Estrogens, Conjugated, 501
Menolex, see Ethinyl Estradiol, 500
Menolyn, see Ethinyl Estradiol, 500
Menomune-A/C/Y/W-135, see Vaccine, Meningococcal, 1430
Menopax, see Ethinyl Estradiol, 500
Menotrol, see Estrogens, Conjugated, 501
Mentax, see Butenafine, 173



Menthol, see Peppermint, 1089
Mentopin, see Acetylcysteine, 13
Mepavolon, see Meprobamate, 863
Mepenzolate, 861, (1526)
Meperidine, 861, (1528)
Mephadexamin-R, see Dextroamphetamine, 385
Mephanol, see Allopurinol, 40
Mephaquine, see Mefloquine, 855
Mephentermine, see 9th edition
Mephenytoin, see 9th edition
Mephobarbital, see 9th edition
Mephyton, see Phytonadione, 1118
Mepilin, see Ethinyl Estradiol, 500
Mepindolol, see 9th edition
Mepracrine, see Quinacrine, 1184
Meprate, see Meprobamate, 863
Mepriam, see Meprobamate, 863
Meprobamate, 863, (1528)
Meproban, see Meprobamate, 863
Meprocompren, see Meprobamate, 863
Meprofen, see Ketoprofen, 759
Mepromate, see Meprobamate, 863
Mepron, see Atovaquone, 105
Mepronizine, see Meprobamate, 863
Meprosa, see Meprobamate, 863
Meprospan, see Meprobamate, 863
Mepyramimi, see Pyrilamine, 1178
Mepyramine, see Pyrilamine, 1178
Mequelon, see Methaqualone, 878
Mequin, see Methaqualone, 878
Merbentul, see Chlorotrianisene, 252
Mercaptol, see Methimazole, 880
Mercaptopur, see Mercaptopurine, 864
Mercaptopurine, 864, (1525)
Meridia, see Sibutramine, 1261
Merizone, see Phenylbutazone, 1109
Meronidal, see Metronidazole, 905
Meropenem, 866, (1523)
Meropenin, see Penicillin V, 1082
Merrem, see Meropenem, 866
Meruvax II, see Vaccine, Rubella, 1437
Mesalamine, 867, (1530)
Mesalazine, see Mesalamine, 867
Mesantoin, see Mephenytoin, 863
Mescaline, see Peyote, 1095
Mesna, 870, (1525)
Mesnex, see Mesna, 870
Mesopin, see Homatropine, 657
Mesoridazine, see 9th edition
Mestibol, see Diethylstilbestrol, 402
Mestinon, see Pyridostigmine, 1172
Mestranol, 871, (1529)
Metacaf, see Cefmetazole, 223



Metaglip, see Glipizide & Metformin, 873
Metagliz, see Metoclopramide, 900
Metahydrin, see Trichlormethiazide, 1403
Metalcaptase, see Penicillamine, 1079
Metalox, see Bisacodyl, 145
Metamide, see Metoclopramide, 900
Metandren, see Methyltestosterone, 900
Metaprel, see Metaproterenol, 872
Metaproterenol, 872, (1531)
Metaraminol, see 9th edition
Metasolon, see Dexamethasone, 377
Metason, see Mometasone, 936
Metaspray, see Mometasone, 936
Metaxalone, 873, (1528)
Metazol, see Cefmetazole, 223
Metazolo, see Methimazole, 880
Metforal, see Metformin, 873
Metformin, 873, (1529)
Methacycline, see 9th edition
Methadine, see Methenamine, 879
Methadone, 876, (1528)
Methadoni, see Methadone, 876
Methalate, see Methenamine, 879
Methalone, see Methaqualone, 878
Methampex, see Methamphetamine, 878
Methamphetamine, 878, (1528)
Methantheline, see 9th edition
Methaqualone, see 9th edition
Metharbital, see 8th edition
Metharbitone, see Metharbital, 878
Methased, see Methaqualone, 878
Methazolamide, 879, (1529)
Methdilazine, see 9th edition
Methedrine, see Methamphetamine, 878
Methenamine, 879, (1524)
Methendalate, see Methenamine, 879
Methergin, see Methylergonovine Maleate, 896
Methergine, see Methylergonovine Maleate, 896
Methicillin, see 9th edition
Methidate, see Methylphenidate, 899
Methimazole, 880, (1529)
Methisul, see Sulfonamides, 1297
Methixene, see 9th edition
Methocabal, see Methocarbamol, 885
Methocarbamol, 885, (1528)
Methohexital Sodium, 886, (1523)
Methoplain, see Methyldopa, 894
Methotrexate, 887, (1525), (1531)
Methotrimeprazine, see 9th edition
Methoxal, see Sulfonamides, 1297
Methoxamine, see 9th edition
Methoxanol, see Sulfonamides, 1297
Methoxsalen, 891, (1528)



8-Methoxypsoralen, see Methoxsalen, 891
Methscopolamine, 892, (1526)
Methsuximide, 893, (1527)
Methyclothiazide, 893, (1529)
Methyldopa, 894, (1526)
Methylene Blue, 895, (1524), (1529)
3,4-methylenedioxymethamphetamine, see Ecstasy, 449
Methylergobasine, see Methylergonovine Maleate, 896
Methylergometrine, see Methylergonovine Maleate, 896
Methylergonovine Maleate, 896, (1531)
Methylnaltrexone, 898, (1528)
Methylphenidate, 899, (1528)
Methylphenobarbital, see Mephobarbital, 863
Methylphenobarbitone, see Mephobarbital, 863
Methyltestosterone, 900, (1529)
Meth-Zine, see Promethazine, 1159
Metin, see Methicillin, 880
Metindol, see Indomethacin, 707
Metirosine, see Metyrosine, 910
Metoclol, see Metoclopramide, 900
Metoclopramide, 900, (1530)
Metocobil, see Metoclopramide, 900
Metolazone, 903, (1529)
Metomit, see Mitomycin, 931
Metoprolol, 904, (1526)
Metorfan, see Dextromethorphan, 385
Metosyn, see Fluocinonide, 560
Metra, see Phendimetrazine, 1099
Metranil, see Pentaerythritol Tetranitrate, 1083
Metrizamide, see 9th edition
Metrizoate, see 9th edition
Metronidazole, 905, (1523), (1524)
Metyrosine, 910, (1526)
Mevacor, see Lovastatin, 823
Mevilin-L, see Vaccine, Measles, 1429
Mexican Valerian, see Valerian, 1447
Mexiletine, 911, (1527)
Mexitelen, see Mexiletine, 911
Mexitil, see Mexiletine, 911
Mexocine, see Demeclocycline, 369
Mezolin, see Indomethacin, 707
Miacalcin, see Calcitonin-Salmon, 184
Miambutol, see Ethambutol, 506
Micafungin, 912, (1523)
Micanol, see Anthralin, 77
Micardis, see Telmisartan, 1322
Micatin, see Miconazole, 913
Miclast, see Ciclopirox, 260
Micoban, see Mupirocin, 941
Micogin, see Econazole, 447
Micoglen, see Econazole, 447
Micomicen, see Ciclopirox, 260
Miconal, see Anthralin, 77



Miconazole, 913, (1523)
Micoserina, see Cycloserine, 339
Micosona, see Naftifine, 949
Micoticum, see Ketoconazole, 758
Micoxolamina, see Ciclopirox, 260
Microcillin, see Carbenicillin, 202
Microlut, see Norgestrel, 1006
Microluton, see Norgestrel, 1006
Micronase, see Glyburide, 634
MicroNefrin, see Epinephrine, 477
Microsul, see Sulfonamides, 1297
Microsulfon, see Sulfonamides, 1297
Mictrin, see Hydrochlorothiazide, 659
Midamor, see Amiloride, 51
Midarine, see Succinylcholine, 1288
Midatane, see Brompheniramine, 160
Midazolam, 914, (1528)
Midodrine, 915, (1526)
Midone, see Primidone, 1150
Midorm A.R., see Flurazepam, 573
Midrin, see Isometheptene & Acetaminophen & Dichloralphenazone, 393
Midronal, see Cinnarizine, 274
Midsummer daisy, see Feverfew, 542
Mifegyne, see Mifepristone, 916
Mifepristone, 916, (1529)
Migergot, see Ergotamine & Caffeine, 179
Miglitol, 919, (1529)
Miglucan, see Glyburide, 634
Miglustat, 920, (1529)
Migraleve, see Buclizine, 162
Migranal, see Dihydroergotamine, 409
MigraTen, see Isometheptene & Acetaminophen & Caffeine, 179
Migretamine, see Ergotamine, 486
Migrethiazin, see Dimethothiazine, 413
Migristene, see Dimethothiazine, 413
Mikelan, see Carteolol, 213
Mikroplex Jod, see Iodine, 728
Millepertuis, see St. John’s Wort, 1282
Millibar, see Indapamide, 703
Millicorten, see Dexamethasone, 377
Milnacipran, 921, (1527)
Milonorm, see Meprobamate, 863
Milontin, see Phensuximide, 1107
Milrinone, 921, (1527)
Miltaun, see Meprobamate, 863
Miltown, see Meprobamate, 863
Milurit, see Allopurinol, 40
Mindiab, see Glipizide, 630
Mineral Oil, 922, (1530)
Minidiab, see Glipizide, 630
Minikel, see Sulfonamides, 1297
Minims, see Sulfonamides, 1297
Miniplanor, see Allopurinol, 40
Minipress, see Prazosin, 1145



Minirin, see Desmopressin, 375
Minisone, see Betamethasone, 137
Minizide, see Prazosin, 1145
Minocin, see Minocycline, 922
Minocycline, 922, (1524)
Minodiab, see Glipizide, 630
Minomycin, see Minocycline, 922
Minot, see Sulconazole, 1294
Minoxidil, 922, (1526), (1527)
Minozinan, see Methotrimeprazine, 891
Mintezol, see Thiabendazole, 1352
Minzil, see Chlorothiazide, 249
Minzolum, see Thiabendazole, 1352
Miocarpine, see Pilocarpine, 1120
Miochol, see Acetylcholine, 13
Mioflex, see Succinylcholine, 1288
Miostat, see Carbachol, 196
Mi-Pilo, see Pilocarpine, 1120
Mirabegron, 924, (1532)
Miradon, see Anisindione, 77
Miral, see Dexamethasone, 377
Mirapex, see Pramipexole, 1140
Mirapront, see Phentermine, 1107
Miriamycine, see Tetracycline, 1339
Mirtazapine, 925, (1527)
Misoprostol, 927, (1530), (1531)
Mistabron, see Mesna, 870
Mistabronco, see Mesna, 870
Mistaprel, see Isoproterenol, 742
Mistura-C, see Carbachol, 196
Mistura-P, see Pilocarpine, 1120
Misulban, see Busulfan, 171
Mithracin, see Plicamycin, 1130
Mithramycin, see Plicamycin, 1130
Mitocin, see Mitomycin, 931
Mitocin-C, see Mitomycin, 931
Mitocyne, see Mitomycin, 931
Mitokebir, see Mitomycin, 931
Mitolem, see Mitomycin, 931
Mito-medac, see Mitomycin, 931
Mitomycin, 931, (1525)
Mitomycin C, see Mitomycin, 931
Mitonovag, see Mitomycin, 931
Mitostat, see Mitomycin, 931
Mitotic, see Mitomycin, 931
Mitoxantrone, 932, (1525)
Mitoxana, see Ifosfamide, 688
Mitozytrex, see Mitomycin, 931
Mixandex, see Mitomycin, 931
Moban, see Molindone, 935
Mobenol, see Tolbutamide, 1375
Mobic, see Meloxicam, 859
Mobidin (Magnesium Salicylate), see Aspirin, 92
Moco, see Dexamethasone, 377



Mod, see Domperidone, 425
Modafinil, 933, (1528)
Modamide, see Amiloride, 51
Modane, see Phenolphthalein, 1105
Modane Soft, see Docusate Sodium, 423
Modecate, see Fluphenazine, 572
Modecton, see Bisacodyl, 145
Moderane, see Clorazepate, 305
Modiodal, see Modafinil, 933
Moditen, see Fluphenazine, 572
Moduretic, see Amiloride & Hydrochlorothiazide, 659
Moebiquin, see Iodoquinol, 728
Moexipril, 934, (1526)
Molatoc, see Docusate Sodium, 423
Molevac, see Pyrvinium Pamoate, 1180
Molindone, see 9th edition
Molipaxin, see Trazodone, 1392
Mometasone, 936, (1532)
Monarch, see Allopurinol, 40
Monazol, see Sertaconazole, 1253
Monicor, see Isosorbide Mononitrate, 744
Monistat, see Miconazole, 913
Monistat 1, see Tioconazole, 1366
Monit, see Isosorbide Mononitrate, 744
Monit-Puren, see Isosorbide Mononitrate, 744
Mono-Cedocard, see Isosorbide Mononitrate, 744
Monocid, see Cefonicid, 224
Monocinque, see Isosorbide Mononitrate, 744
Monoclair, see Isosorbide Mononitrate, 744
Monoflam, see Diclofenac, 395
Monofoscin, see Fosfomycin, 595
Monoket, see Isosorbide Mononitrate, 744
Mono Mack, see Isosorbide Mononitrate, 744
Monopril, see Fosinopril, 597
Monopur, see Isosorbide Mononitrate, 744
Monosorb, see Isosorbide Mononitrate, 744
Monostenase, see Isosorbide Mononitrate, 744
Mono-Wolff, see Isosorbide Mononitrate, 744
Montelukast, 937, (1532)
Monuril, see Fosfomycin, 595
Monurol, see Fosfomycin, 595
Mood Support: St. John’s Wort, see St. John’s Wort, 1282
8-MOP, see Methoxsalen, 891
Moricizine, 938, (1527)
Moriperan, see Metoclopramide, 900
Morphine, 939, (1528)
Motiax, see Famotidine, 532
Motilium, see Domperidone, 425
Motion-Aid, see Dimenhydrinate, 411
Motion Cure, see Meclizine, 848
Motrin, see Ibuprofen, 682
Motussin, see Guaifenesin, 643
Mountain snuff, see Arnica, 86
Mountain tobacco, see Arnica, 86



Movergan, see Selegiline, 1251
Moxalactam, see 9th edition
Moxam, see Moxalactam, 940
Moxifloxacin, 940, (1524)
Mozobil, see Plerixafor, 1129
6-MP, see Mercaptopurine, 864
MSG-600 (Magnesium Salicylate), see Aspirin, 92
MsMed, see Estrogens, Conjugated, 501
M-Tetra, see Tetracycline, 1339
Mucinum-Herbal, see Senna, 1252
Mucisol, see Acetylcysteine, 13
Muciteran, see Acetylcysteine, 13
Mucobene, see Acetylcysteine, 13
Mucocedyl, see Acetylcysteine, 13
Mucocil, see Acetylcysteine, 13
Mucofluid, see Acetylcysteine, 13
Mucolair, see Acetylcysteine, 13
Mucolator, see Acetylcysteine, 13
Mucolene, see Mesna, 870
Mucolim, see Acetylcysteine, 13
Mucolyticum “Lappe”, see Acetylcysteine, 13
Muco-Mepha, see Acetylcysteine, 13
Mucomyst, see Acetylcysteine, 13
Muco-Perasthman N, see Acetylcysteine, 13
MucoSanigen, see Acetylcysteine, 13
Mucosil, see Acetylcysteine, 13
Mucret, see Acetylcysteine, 13
Mugrela, see Black Seed/Kalanji, 148
Multaq, see Dronedarone, 439
Multihance, see Gadobenate Dimeglumine, 604
Mumps Vaccine, see Vaccine, Mumps, 1430
Mumpsvax, see Vaccine, Mumps, 1430
Mupax, see Mupirocin, 941
Mupiderm, see Mupirocin, 941
Mupirocin, 941, (1523)
Mupirox, see Mupirocin, 941
Muporin, see Mupirocin, 941
Muracine, see Tetracycline, 1339
Murcil, see Chlordiazepoxide, 245
Murocoll, see Epinephrine, 477
Muromonab-CD3, 942, (1531)
Mustargen, see Mechlorethamine, 847
Mustine, see Mechlorethamine, 847
Mutamycin, see Mitomycin, 931
Mutterkraut, see Feverfew, 542
Myambutol, see Ethambutol, 506
Mycamine, see Micafungin, 912
Mycardol, see Pentaerythritol Tetranitrate, 1083
Mycifradin, see Neomycin, 968
Myciguent, see Neomycin, 968
Mycinettes, see Benzocaine, 132
Mycivin, see Lincomycin, 801
Mycobutin, see Rifabutin, 1212
Mycobutine, see Rifabutin, 1212



Mycophenolate, 943, (1531)
Mycortal, see Pentaerythritol Tetranitrate, 1083
Mycoster, see Ciclopirox, 260
Myfortic, see Mycophenolate, 943
Myfungar, see Oxiconazole, 1038
MyK-1, see Sulconazole, 1294
Mykontral, see Tioconazole, 1366
Mykosert, see Sertaconazole, 1253
MyKrox, see Metolazone, 903
Mylepsin, see Primidone, 1150
Mylepsinum, see Primidone, 1150
Myleran, see Busulfan, 171
Mylicon, see Simethicone, 1265
Mylotarg, see Gemtuzumab Ozogamicin, 620
Mynah, see Ethambutol, 506
Mynocine, see Minocycline, 922
Myochrysine, see Gold Sodium Thiomalate, 639
Myogit, see Diclofenac, 395
Myoplegine, see Succinylcholine, 1288
Myotenlis, see Succinylcholine, 1288
Myotonachol, see Bethanechol, 142
Myotonine, see Bethanechol, 142
Myoview, see Technetium Tc-99m, 1317
Myozyme, see Alglucosidase Alfa, 39
Myrbetriq, see Mirabegron, 924
Mysoline, see Primidone, 1150
Mystic Mint, see Salvia Divinorum, 1243
Mytelase, see Ambenonium, 49
Mytrate, see Epinephrine, 477
Myxofat, see Acetylcysteine, 13

N
Nabilone, 946, (1530)
Nabumetone, 947, (1528)
Nabuser, see Nabumetone, 947
NAC, see Acetylcysteine, 13
Nack, see Chlordiazepoxide, 245
NaClex, see Hydroflumethiazide, 667
Naclof, see Diclofenac, 395
Nadolol, 948, (1526)
Nadopen-V, see Penicillin V, 1082
Nadozone, see Phenylbutazone, 1109
Nadroparin, see 9th edition
Nadrothyron-D, see Dextrothyroxine, 387
Nafcil, see Nafcillin, 949
Nafcillin, 949, (1524)
Naferon, see Interferon Beta-1b, 726
Nafrine, see Oxymetazoline, 1041
Naftifine, 949, (1524)
Naftin, see Naftifine, 949
NAG, see Glucosamine, 633
Naglazyme, see Galsulfase, 612



NaI, see Sodium Iodide, 1271
Nalate (Sodium Thiosalicylate), see Aspirin, 92
Nalbuphine, 950, (1528)
Nalcrom (Oral), see Cromolyn Sodium, 332
Nalfon, see Fenoprofen, 538
Nalidixic Acid, 951, (1524)
Nalion, see Norfloxacin, 1003
Nalline, see Nalorphine, 952
Nalorex, see Naltrexone, 953
Nalorphine, see 9th edition
Naloxone, 952, (1528)
Naltrexone, 953, (1528)
Nansius, see Clorazepate, 305
Napaltan, see Sulfonamides, 1297
Naphazoline, 955, (1531)
Naphcon, see Naphazoline, 955
Naprilene, see Enalapril, 463
Naprosyn, see Naproxen, 955
Naproxen, 955, (1528)
Napsalgesic, see Propoxyphene, 1162
Naqua, see Trichlormethiazide, 1403
Naratriptan, 958, (1527)
Narcan, see Naloxone, 952
Nardelzine, see Phenelzine, 1099
Nardil, see Phenelzine, 1099
Narex, see Phenylephrine, 1110
Narilet, see Ipratropium, 734
Narol, see Buspirone, 170
Narop, see Ropivacaine, 1235
Naropin, see Ropivacaine, 1235
Naropina, see Ropivacaine, 1235
Narrow-Leaved Purple Coneflower, see Echinacea, 445
Nasacort, see Triamcinolone, 1398
Nasal Relief, see Oxymetazoline, 1041
Nasalide, see Flunisolide, 557
Nasarel, see Flunisolide, 557
Nasicur, see Dexpanthenol, 383
Nasivin, see Oxymetazoline, 1041
Nasivine, see Oxymetazoline, 1041
Nasmil, see Cromolyn Sodium, 332
Nasofarma, see Oxymetazoline, 1041
Nasonex, see Mometasone, 936
Natalizumab, 959, (1531)
Natam, see Flurazepam, 573
Natarilon, see Clemastine, 290
Nateglinide, 961, (1529)
Natigoxin, see Digoxin, 407
Natigoxine, see Digoxin, 407
Natrilix, see Indapamide, 703
Natrecor, see Nesiritide, 970
Natroba, see Spinosad, 1277
Natropas, see Cinnarizine, 274
Naturetin, see Bendroflumethiazide, 132
Naturine, see Bendroflumethiazide, 132



Nauzelin, see Domperidone, 425
Navane, see Thiothixene, 1356
Navelbine, see Vinorelbine, 1479
Navicalm, see Meclizine, 848
Navidrex, see Cyclopenthiazide, 335
Naxen, see Naproxen, 955
Nealorin, see Carboplatin, 205
Nebcin, see Tobramycin, 1371
Nebivolol, 962, (1526)
Neblik, see Formoterol, 592
Nebralin, see Terfenadine, 1332
Nebulasma, see Cromolyn Sodium, 332
Nebulcort, see Flunisolide, 557
Nece-pen, see Penicillin G, 1080
Nedocromil Sodium, 963, (1531)
Nefazodone, 964, (1527)
Nefrosul, see Sulfonamides, 1297
NegGram, see Nalidixic Acid, 951
Negram, see Nalidixic Acid, 951
Nelarabine, 965, (1525)
Nelfinavir, 966, (1524)
Nemasole, see Mebendazole, 846
Nembutal, see Pentobarbital, 1087
Nemexin, see Naltrexone, 953
Neo-Antergan, see Pyrilamine, 1178
Neo-Atromid, see Clofibrate, 296
Neo-Carbimazole, see Carbimazole, 205
Neocel, see Docetaxel, 422
Neo-Codema, see Hydrochlorothiazide, 659
Neo-Corodil, see Pentaerythritol Tetranitrate, 1083
Neo-Corovas, see Pentaerythritol Tetranitrate, 1083
Neoclaritine, see Desloratadine, 374
Neoclarityn, see Desloratadine, 374
Neo-Dibetic, see Tolbutamide, 1375
Neo-DM, see Dextromethorphan, 385
Neo-Dohyfral D3, see Cholecalciferol, 257
Neo-Epinine, see Isoproterenol, 742
Neo-Erycinum, see Erythromycin, 491
Neo-Estrone, see Estrogens, Conjugated, 501
Neo-Expectan, see Acetylcysteine, 13
NeoFed, see Pseudoephedrine, 1168
Neo-Fluimucil, see Acetylcysteine, 13
Neo-Flumen, see Hydrochlorothiazide, 659
Neofocin, see Fosfomycin, 595
Neo-Mercazol, see Carbimazole, 205
Neomestin, see Dimethothiazine, 413
Neo-Metic, see Dimenhydrinate, 411
Neomin, see Neomycin, 968
Neo-Mophazole, see Carbimazole, 205
Neomycin, 968, (1523)
Neo-Naclex, see Bendroflumethiazide, 132
Neo-Novutox, see Lidocaine, 798
Neopap, see Acetaminophen, 8
Neo-Pens, see Penicillin G, 1080



Neophryn, see Phenylephrine, 1110
Neo-Prunex, see Phenolphthalein, 1105
Neopurghes, see Phenolphthalein, 1105
Neo Rinactive, see Budesonide, 162
Neo-Sedaphen, see Bromides, 159
Neo-Serp, see Reserpine, 1207
Neostigmine, 969, (1526)
Neo-Synephrine, see Phenylephrine, 1110
Neo-Synephrine 12 Hour, see Oxymetazoline, 1041
Neo-TBIC, see Metronidazole, 905
Neoteben, see Isoniazid, 741
Neo-Tetrine, see Tetracycline, 1339
Neo-Thyreostat, see Carbimazole, 205
Neotigason, see Acitretin, 15
Neo-Tionazol, see Tioconazole, 1366
Neo-Tireol, see Carbimazole, 205
Neo-Tomizol, see Carbimazole, 205
Neo-Tran, see Meprobamate, 863
Neoxene, see Chlorhexidine, 247
Neo-Zoline, see Phenylbutazone, 1109
Nepafenac, 970, (1531)
Nepenthe, see Morphine, 939
Nephril, see Polythiazide, 1134
Nephronex, see Nitrofurantoin, 984
Neptall, see Acebutolol, 7
Neptazane, see Methazolamide, 879
Nerdipina, see Nicardipine, 974
Nereflun, see Flunisolide, 557
Nervine, see Bromides, 159
Nervocaine, see Lidocaine, 798
Nesiritide, 970, (1527)
Nesivine, see Oxymetazoline, 1041
Nestrex, see Pyridoxine, 1174
Netaf, see Metoclopramide, 900
Netto, see Phentermine, 1107
Neufan, see Allopurinol, 40
Neulasta, see Pegfilgrastim, 1074
Neumega, see Oprelvekin, 1028
Neupogen, see Filgrastim, 545
Neuramate, see Meprobamate, 863
Neurate, see Meprobamate, 863
Neurocil, see Methotrimeprazine, 891
Neurolithium, see Lithium, 809
Neurontin, see Gabapentin, 602
Neuroplant, see St. John’s Wort, 1282
Neurosine, see Bromides, 159
Neutrexin, see Trimetrexate, 1409
Nevanac, see Nepafenac, 970
Nevirapine, 971, (1524)
Nexavar, see Sorafenib, 1274
Nexian, see Esomeprazole, 497
Nexium, see Esomeprazole, 497
Nexofil, see Sildenafil, 1261
Nezeril, see Oxymetazoline, 1041



Niac, see Niacinamide, 973
Niacin, 973, (1525)
Niacinamide, 973, (1532)
Nialamide, see 8th edition
Niamid, see Nialamide, 974
Nicangin, see Niacin, 973
Nicardal, see Nicardipine, 974
Nicardipine, 974, (1526)
Nico, see Niacinamide, 973
Nico-400, see Niacin, 973
Nicobid, see Niacinamide, 973
Nicobion, see Niacinamide, 973
Nicodel, see Nicardipine, 974
Nicoderm CQ, see Nicotine Replacement Therapy, 976
Nicolar, see Niacinamide, 973
Niconacid, see Niacin, 973
Nicoral, see Niacin, 973
Nicorette, see Nicotine Replacement Therapy, 976
Nicotilamida, see Niacinamide, 973
Nicotinamide, see Niacinamide, 973
Nicotine Replacement Therapy, 976, (1528)
Nicotine Gum, see Nicotine Replacement Therapy, 976
Nicotine Inhalation System, see Nicotine Replacement Therapy, 976
Nicotine NS, see Nicotine Replacement Therapy, 976
Nicotine Nasal Spray, see Nicotine Replacement Therapy, 976
Nicotine Polacrilex, see Nicotine Replacement Therapy, 976
Nicotine Resin Complex, see Nicotine Replacement Therapy, 976
Nicotine Transdermal System, see Nicotine Replacement Therapy, 976
Nicotinex, see Niacinamide, 973
Nicotinic Acid, see Niacinamide, 973
Nicotinyl Alcohol, see 9th edition
Nicotrol, see Nicotine Replacement Therapy, 976
Nicotrol Inhaler, see Nicotine Replacement Therapy, 976
Nicoumalone, 978, (1530)
Nicyl, see Niacin, 973
Nida, see Metronidazole, 905
Nifedipine, 978, (1526)
Nifelat, see Nifedipine, 978
Nifuran, see Nitrofurantoin, 984
Nigelle de Crete, see Black Seed/ Kalanji, 148
Nigloid, see Tolbutamide, 1375
Nigracap, see Chloral Hydrate, 242
Nilotinib, 980, (1525)
Nilprin, see Acetaminophen, 8
Nimicor, see Nicardipine, 974
Nimodipine, 980, (1526)
Nimotop, see Nimodipine, 980
Niotal, see Flurazepam, 573
Nipent, see Pentostatin, 1088
Nipride, see Nitroprusside, 989
Nipruss, see Nitroprusside, 989
Niratron, see Chlorpheniramine, 252
Niritol, see Pentaerythritol Tetranitrate, 1083
Nisentil, see Alphaprodine, 44



Nisoldipine, 982, (1526)
Nisolid, see Flunisolide, 557
Nitazoxanide, 983, (1524)
Nitigraf, see Metrizoate, 905
Nitoman, see Tetrabenazine, 1337
Nitora, see Nitroglycerin, 986
Nitrangin, see Nitroglycerin, 986
Nitrex, see Nitrofurantoin, 984
Nitrine, see Nitroglycerin, 986
Nitro, see Nitroglycerin, 986
Nitro, see Sildenafil, 1261
Nitro-Bid, see Nitroglycerin, 986
Nitrocap, see Nitroglycerin, 986
Nitrocels, see Nitroglycerin, 986
Nitrocontin, see Nitroglycerin, 986
Nitrocot, see Nitroglycerin, 986
Nitrodan, see Nitrofurantoin, 984
Nitrodyl, see Nitroglycerin, 986
Nitrofurantoin, 984, (1524)
Nitrofurazone, 986, (1523)
Nitrogen Mustard, see Mechlorethamine, 847
Nitroglycerin, 636, (1527)
Nitroglyn, see Nitroglycerin, 986
Nitrol (Japan), see Isosorbide Dinitrate, 743
Nitrol (USA, Canada), see Nitroglycerin, 986
Nitrolar, see Nitroglycerin, 986
Nitrolex, see Nitroglycerin, 986
Nitrolin, see Nitroglycerin, 986
Nitrolingual, see Nitroglycerin, 986
Nitrolyn, see Nitroglycerin, 986
Nitromed, see Nitrofurazone, 986
Nitronet, see Nitroglycerin, 986
Nitrong, see Nitroglycerin, 986
Nitropent, see Pentaerythritol Tetranitrate, 1083
Nitropenthrite, see Pentaerythritol Tetranitrate, 1083
Nitropress, see Nitroprusside, 989
NitroPRN, see Nitroglycerin, 986
Nitroprusside, 989, (1526)
Nitroprussiat, see Nitroprusside, 989
Nitrorectal, see Nitroglycerin, 986
Nitroretard, see Nitroglycerin, 986
Nitro-SA, see Nitroglycerin, 986
Nitrosem, see Nitroglycerin, 986
Nitrospan, see Nitroglycerin, 986
Nitrostabilin, see Nitroglycerin, 986
Nitrostat, see Nitroglycerin, 986
Nitrosule, see Nitroglycerin, 986
Nitrotyn, see Nitroglycerin, 986
Nitrourean, see Carmustine, 211
Nitrous Oxide, 990, (1523)
Nitrozell, see Nitroglycerin, 986
Nitrumon, see Carmustine, 211
Nivalin, see Galantamine, 611
Nivalina, see Galantamine, 611



Nivemycin, see Neomycin, 968
Nix, see Permethrin, 1093
Nizatidine, 997, (1530)
Nizax, see Nizatidine, 997
Nizoral, see Ketoconazole, 758
Nizovules, see Ketoconazole, 758
Noaldol, see Diflunisal, 405
Nobedorm, see Methaqualone, 878
Noctec, see Chloral Hydrate, 242
Nodex, see Dextromethorphan, 385
Nogram, see Nalidixic Acid, 951
Nolgen, see Tamoxifen, 1311
Nolipax, see Fenofibrate, 536
Noltam, see Tamoxifen, 1311
Nolvadex, see Tamoxifen, 1311
Nolvadex D, see Tamoxifen, 1311
Nomoxiur, see Thiabendazole, 1352
Nonoxynol-9, see Nonoxynol-9/ Octoxynol-9, 999
Nonoxynol-9/Octoxynol-9, 999, (1532)
Nopar, see Pergolide, 1091
No-Pres-25, see Hydralazine, 658
Noradrec, see Norepinephrine, 1001
Noradrenaline, see Norepinephrine, 1001
Noradryl, see Diphenhydramine, 414
Norazine, see Promazine, 1159
Norcillin, see Penicillin V, 1082
Norcuron, see Vecuronium, 1462
Nordryl, see Diphenhydramine, 414
Norepinephrine, 1001, (1526)
Norethindrone, 1002, (1529)
Norethisterone, see Norethindrone, 1002
Norethynodrel, see 9th edition
Norflex, see Orphenadrine, 1031
Norfloxacin, 1003, (1524)
Norgesic, see Orphenadrine & Aspirin & Caffeine, 179
Norgestrel, 1006, (1529)
Norglicem, see Glyburide, 634
Norglycin, see Tolazamide, 1374
Norheparin, see Heparin, 652
Norisodrine, see Isoproterenol, 742
Noritren, see Nortriptyline, 1006
Norlutin, see Norethindrone, 1002
Normalip, see Fenofibrate, 536
Normelin, see Dimethothiazine, 413
Nor-Mil, see Diphenoxylate, 416
Normix, see Rifaximin, 1215
Normi-Nox, see Methaqualone, 878
Normison, see Temazepam, 1323
Normodyne, see Labetalol, 764
Normorytmin, see Propafenone, 1160
Normosang, see Hemin, 651
Norophylline, see Theophylline, 1350
Noroxin, see Norfloxacin, 1003
Noroxine, see Norfloxacin, 1003



Norpace, see Disopyramide, 419
Norpanth, see Propantheline, 1161
Norpramin, see Desipramine, 372
Norpramine, see Imipramine, 697
Nortab, see Nortriptyline, 1006
Nor-Tet, see Tetracycline, 1339
Nortrilen, see Nortriptyline, 1006
Nortriptyline, 1006, (1527), (1528)
Nortussin, see Guaifenesin, 643
Norvasc, see Amlodipine, 60
Norvir, see Ritonavir, 1223
Nosebleed, see Feverfew, 542
Nostrilla, see Oxymetazoline, 1041
Notrilin, see Nortriptyline, 1006
Nourytam, see Tamoxifen, 1311
Nova-Carpine, see Pilocarpine, 1120
Novafed, see Pseudoephedrine, 1168
Novalif, see Sildenafil, 1261
Novantron, see Mitoxantrone, 932
Novantrone, see Mitoxantrone, 932
Nova-Pheno, see Phenobarbital, 1101
Novapirina, see Diclofenac, 395
Nova-Rectal, see Pentobarbital, 1087
Novasmasol, see Metaproterenol, 872
Novosone, see Mometasone, 936
Novastan, see Argatroban, 82
Novatrin, see Homatropine, 657
Noveril, see Dibenzepin, 393
Novestrol, see Ethinyl Estradiol, 500
Novobiocin, see 9th edition
Novobutamide, see Tolbutamide, 1375
Novocamid, see Procainamide, 1153
Novochlorhydrate, see Chloral Hydrate, 242
Novocillin, see Penicillin G, Procaine, 1082
Novoclopate, see Clorazepate, 305
Novodifenac, see Diclofenac, 395
Novodigal, see Digoxin, 407
Novodimenate, see Dimenhydrinate, 411
Novodiphenyl, see Phenytoin, 1111
Novodorm, see Triazolam, 1402
Novoflupam, see Flurazepam, 573
Novo-Flurazine, see Trifluoperazine, 1404
Novofuran, see Nitrofurantoin, 984
Novo-Hydrazide, see Hydrochlorothiazide, 659
Novolog, see Insulin Aspart, 717
Novomepro, see Meprobamate, 863
Novomina, see Dimenhydrinate, 411
Novonidazol, see Metronidazole, 905
Novopen, see Penicillin G, 1080
Novopen-VK, see Penicillin V, 1082
Novophenyl, see Phenylbutazone, 1109
Novopoxide, see Chlordiazepoxide, 245
Novopramine, see Imipramine, 697
Novopropamide, see Chlorpropamide, 254



Novopurol, see Allopurinol, 40
NovoRapid, see Insulin Aspart, 717
Novoridazine, see Thioridazine, 1355
Novorythro, see Erythromycin, 491
Novosecobarb, see Secobarbital, 1250
Novosoxazole, see Sulfonamides, 1297
Novostrep, see Streptomycin, 1284
Novoter, see Fluocinonide, 560
Novotetra, see Tetracycline, 1339
Novo-Tripramine, see Trimipramine, 1409
Novotriptyn, see Amitriptyline, 58
Noxafil, see Posaconazole, 1135
Nozinan, see Methotrimeprazine, 891
Nozucar, see Aspartame, 89
NTZ, see Oxymetazoline, 1041
Nubain, see Nalbuphine, 950
Nuctalon, see Estazolam, 499
Nucynta, see Tapentadol, 1315
Nuelin, see Theophylline, 1350
Nulicaine, see Lidocaine, 798
Nulojix, see Belatacept, 127
Nulytely, see Polyethylene Glycol (3350 % 4000)
Numorphan, see Oxymorphone, 1042
Numotac, see Isoetharine, 737
Nuran, see Cyproheptadine, 342
Nurocaine, see Lidocaine, 798
Nutmeg, 1007, (1531)
Nutmeg-Flower, see Black Seed/Kalanji, 148
Nutracillin, see Penicillin V, 1082
Nutraisdin, see Dexpanthenol, 383
Nutraplus, see Urea, 1414
NutraSweet, see Aspartame, 89
Nuvigil, see Armodafinil, 85
Nuvit, see Menadione, 860
Nydrazid Niconyl, see Isoniazid, 741
Nylidrin, see 9th edition
Nystatin, 1008, (1523)
Nytilax, see Senna, 1252

O
Obalan, see Phendimetrazine, 1099
Obepar, see Phendimetrazine, 1099
Obephen, see Phentermine, 1107
Obestat, see Phenylpropanolamine, 1110
Obestrol, see Phendimetrazine, 1099
Obeval, see Phendimetrazine, 1099
Obezine, see Phendimetrazine, 1099
Oblioser, see Methaqualone, 878
Oceral, see Oxiconazole, 1038
Oceral GB, see Oxiconazole, 1038
Ocriplasmin, 1009, (1531)
Octamide, see Metoclopramide, 900



Octinum, see Isometheptene, 740
Octoxynol-9, see Nonoxynol-9/ Octoxynol-9, 999
Octreotide, 1009, (1530)
Ocuclear, see Oxymetazoline, 1041
Ocufen, see Flurbiprofen, 575
Ocuflox, see Ofloxacin, 1011
Ocuflur, see Flurbiprofen, 575
Ocusol, see Sulfonamides, 1297
O-4-cycline, see Oxytetracycline, 1043
Oda, see Saccharin, 1241
Odontoxina, see Chlorhexidine, 247
Oestradiol, see Estradiol, 500
Oestrifen, see Tamoxifen, 1311
Oestrilin, see Estrogens, Conjugated, 501
Ofatumumab, 1011, (1525)
Oflocet, see Ofloxacin, 1011
Oflocin, see Ofloxacin, 1011
Ofloxacin, 1011, (1524)
Oforta, see Fludarabine Phosphate, 555
Ogast, see Lansoprazole, 775
Ogostal, see Capreomycin, 192
Olanzapine, 1013, (1527)
Oleandocyn, see Oleandomycin, 1017
Oleandomycin, see 9th edition
Olfen, see Diclofenac, 395
Olfex, see Budesonide, 162
Olicard, see Isosorbide Mononitrate, 744
Olmesartan, 1017, (1526)
Olopatadine, 1018, (1523)
Olsalazine, 1018, (1530)
Omacetaxine, 1019, (1525)
Omalizumab, 1019, (1532)
Omca, see Fluphenazine, 572
Omega-3 Fatty Acid Supplements, 1020, (1529)
Omeprazole, 1021, (1530)
Omnaris, see Ciclesonide, 259
Omnibese, see Phendimetrazine, 1099
Omnicef, see Cefdinir, 221
Omniderm, see Fluocinolone, 559
Omnipaque, see Iohexol, 730
Omnipen, see Ampicillin, 69
Omniscan, see Gadodiamide, 606
Omontys, see Peginesatide, 1074
Omuretic, see Benzthiazide, 133
Onazine, see Chlorpromazine, 252
Onbrez, see Indacaterol, 703
Onco-Carbide, see Hydroxyurea, 672
Oncotam, see Tamoxifen, 1311
Oncotaxina, see Mitomycin, 931
Oncovin, see Vincristine, 1477
Ondansetron, 1026, (1530)
Onfi, see Clobazam, 293
Onglyza, see Saxagliptin, 1248



Oniria, see Quazepam, 1181
Ontak, see Denileukin Diftitox, 369
Onxol, see Paclitaxel, 1044
Opacist, see Iodamide, 727
Opacrile, see Iopamidol, 731
Opatanol, see Olopatadine, 1018
Openvas, see Sildenafil, 1261
Ophtalmokalixan, see Kanamycin, 755
Ophthalmadine, see Idoxuridine, 688
Ophthifluor, see Fluorescein Sodium, 560
Opipramol, see 9th edition
Opium, 1028, (1530)
Oppacyn, see Tetracycline, 1339
Oppamycin, see Oxytetracycline, 1043
Oppanyl, see Imipramine, 697
Oppazone, see Phenylbutazone, 1109
Oprelvekin, 1028, (1530)
Op-Sulfa, see Sulfonamides, 1297
Opteron, see Ticlopidine, 1361
Optamide, see Sulfonamides, 1297
Opticrom, see Cromolyn Sodium, 332
Optilast, see Azelastine, 115
Optimark, see Gadoversetamide, 610
Optimine, see Azatadine, 113
Optinate, see Risedronate, 1219
Optinoxan, see Methaqualone, 878
Optiole S, see Sulfonamides, 1297
Optipect, see Acetylcysteine, 13
Optivar, see Azelastine, 115
Opulets, see Sulfonamides, 1297
OPV, see Vaccine, Poliovirus Live, 1434
Orabet, see Metformin, 873
Orabetic, see Glyburide, 634
Oracef, see Cephalexin, 235
Oracillin, see Penicillin V, 1082
Oradexon, see Dexamethasone, 377
Oragrafin, see Ipodate, 733
Orajel, see Benzocaine, 132
Oralcon, see Dichlorphenamide, 394
Oral Contraceptives, 1029, (1529)
Oralone Dental, see Triamcinolone, 1398
Oralphyllin, see Theophylline, 1350
Oramide, see Tolbutamide, 1375
Orangeroot, see Goldenseal, 638
Orap, see Pimozide, 1122
Orapen, see Penicillin V, 1082
Orastrep, see Streptomycin, 1284
Oratren, see Penicillin V, 1082
Oratrol, see Dichlorphenamide, 394
Orbenin, see Cloxacillin, 307
Orbenine, see Cloxacillin, 307
Orbinamon, see Thiothixene, 1356
Orciprenaline, see Metaproterenol, 872
Ordimel, see Acetohexamide, 12



Orelox, see Cefpodoxime, 226
Orencia, see Abatacept, 2
Oretic, see Hydrochlorothiazide, 659
Oreton Methyl, see Methyltestosterone, 900
Orfiril, see Valproic Acid, 1449
Orgadrone, see Dexamethasone, 377
Orgametil, see Lynestrenol, 828
Orgametril, see Lynestrenol, 828
Orgaran, see Danaparoid, 351
Oribetic, see Tolbutamide, 1375
Orimune, see Vaccine, Poliovirus Live, 1434
Orinase, see Tolbutamide, 1375
Orisul, see Sulfonamides, 1297
Orisulf, see Sulfonamides, 1297
Orlistat, 1030, (1530)
Ornex-DM, see Dextromethorphan, 385
Orophen PD, see Acetaminophen, 8
Orosept, see Chlorhexidine, 247
Oroxine, see Levothyroxine, 796
Orphenadrine, 1031, (1528)
Orstanorm, see Dihydroergotamine, 409
Orthoclone OKT3, see Muromonab-CD3, 942
Ortho-Creme, see Nonoxynol-9/Octoxynol-9, 999
Ortho-Gynol, see Nonoxynol-9/ Octoxynol-9, 999
Ortodermina, see Lidocaine, 798
Orudis, see Ketoprofen, 759
Oruvail, see Ketoprofen, 759
Orvepen, see Penicillin V, 1082
Os-Call 500, see Calcium Carbonate, 185
Oseltamivir, 1031, (1524)
Osmitrol, see Mannitol, 836
Osmoglyn, see Glycerin, 636
Osmosal, see Mannitol, 836
Ospen, see Penicillin V, 1082
Osteocalcin, see Calcitonin-Salmon, 184
Osteodron, see Etidronate, 517
Osteolite, see Technetium Tc-99m, 1317
Osteopam, see Pamidronate, 1050
Osteoscan, see Technetium Tc-99m, 1317
Osteotop, see Etidronate, 517
Osteum, see Etidronate, 517
Ostogene, see Etidronate, 517
Ostopor, see Etidronate, 517
Otokalixin, see Kanamycin, 755
Oto-Phen, see Antipyrine, 78
Otopol, see Polymyxin B, 1133
Ototrips, see Polymyxin B, 1133
Ouabain, see 9th edition
Ovocyclin, see Estradiol, 500
Ovrette, see Norgestrel, 1006
Oxacillin, 1033, (1524)
Oxalid, see Oxyphenbutazone, 1043
Oxaliplatin, 1034, (1525)
Oxamycen, see Oxytetracycline, 1043



Oxanol, see Oxprenolol, 1039
Oxaprozin, 1035, (1528)
Oxazepam, 1036, (1528)
Oxcarbazepine, 1037, (1527)
Oxempam, see Oxazepam, 1036
Oxeprax, see Tamoxifen, 1311
Oxeze, see Formoterol, 592
Oxiconazole, 1038, (1523)
Oximorphone, see Oxymorphone, 1042
Oxis, see Formoterol, 592
Oxistat, see Oxiconazole, 1038
Oxitover, see Mebendazole, 846
Oxitrat, see Oxiconazole, 1038
Oxizole, see Oxiconazole, 1038
Oxlopar, see Oxytetracycline, 1043
Oxpentifylline, see Pentoxifylline, 1089
Oxprenolol, see 9th edition
Oxsoralen, see Methoxsalen, 891
Oxtriphylline, see 9th edition
Oxybutynin, 1039, (1532)
Oxycodone, 1040, (1528)
Oxycontin, see Oxycodone, 1040
Oxycycline, see Oxytetracycline, 1043
Oxydess II, see Dextroamphetamine, 385
Oxydon, see Oxytetracycline, 1043
Oxy-Dumocyclin, see Oxytetracycline, 1043
Oxy-Kesso-Tetra, see Oxytetracycline, 1043
Oxymetazoline, 1041, (1526)
Oxymorphone, 1042, (1528)
Oxymycin, see Oxytetracycline, 1043
Oxypel, see Piperazine, 1126
Oxyphenbutazone, 1043, (1528)
Oxyphencyclimine, see 9th edition
Oxyphenonium, see 9th edition
Oxytetracycline, 1043, (1524)
Oxytetral, see Oxytetracycline, 1043

P
P-50, see Penicillin G, 1080
Pacific Valerian, see Valerian, 1447
Pacinol, see Fluphenazine, 572
Paclin VK, see Penicillin V, 1082
Paclitaxel, 1044, (1525)
Paediathrocin, see Erythromycin, 491
Paediatric, see Theophylline, 1350
Pagitane, see Cycrimine, 342
Palamkotta, see Senna, 1252
Paldar, see Mupirocin, 941
Palmofen, see Fosfomycin, 595
Palocillin, see Penicillin G, 1080
Paltet, see Tetracycline, 1339
Palifermin, 1046, (1531)



Paliperidone, 1047, (1527)
Palivizumab, 1049, (1532)
Palonosetron, 1049, (1530)
Paludrine, see Proguanil, 1157
Pamelor, see Nortriptyline, 1006
Pamidronate, 1050, (1526)
Pamidran, see Pamidronate, 1050
Pamine, see Methscopolamine, 892
Pamiray, see Iopamidol, 731
Pamisol, see Pamidronate, 1050
Pamisyl, see para-Aminosalicylic Acid, 53
Pamovin, see Pyrvinium Pamoate, 1180
Panahist, see Chlorpheniramine, 252
Panamor, see Diclofenac, 395
Panaquin, see Iodoquinol, 728
Panasec, see Secobarbital, 1250
Panatone, see Methylene Blue, 895
Panazid, see Isoniazid, 741
Panazone, see Phenylbutazone, 1109
Pancillen, see Penicillin V, 1082
Pancreolauryl-Test, see Fluorescein Sodium, 560
Pancuronium, 1052, (1528)
Panectyl, see Trimeprazine, 1045
Panex, see Acetaminophen, 8
Panfungol, see Ketoconazole, 758
Panhematin, see Hemin, 651
Panheprin, see Heparin, 652
Panitumumab, 1054, (1525)
Pan-Kloride, see Potassium Chloride, 1136
Panmycin, see Tetracycline, 1339
Pan-Ophtal, see Dexpanthenol, 383
Panpramine, see Imipramine, 697
Pansclerina, see Probucol, 1153
Pansulph, see Sulfonamides, 1297
Pan-Sun, see Dexpanthenol, 383
Pantasol, see Flunisolide, 557
Pantestone, see Testosterone, 1335
Panthenol, see Dexpanthenol, 383
Pantholin, see Pantothenic Acid, 1057
Pantoloc, see Pantoprazole, 1055
Pantoprazole, 1055, (1530)
Pantothen, see Dexpanthenol, 383
Pantothenic Acid, 1057, (1532)
Pantozol, see Pantoprazole, 1055
Pantranquil, see Meprobamate, 863
Pantrate, see Pentaerythritol Tetranitrate, 1083
Panwarfin, see Warfarin, 1500
Panzid, see Ceftazidime, 228
Papoose Root, see Blue Cohosh, 151
Paracetamol, see Acetaminophen, 8
Paracetophenetidin, see Phenacetin, 1097
Paracodin, see Dihydrocodeine Bitartrate, 408
Paradione, see Paramethadione, 1058
Paraflex, see Chlorzoxazone, 257



Parafon Forte, see Chlorzoxazone, 257
Paraguayan stevioside, see Stevia, 1281
Paralergin, see Astemizole, 97
Paramethadione, see 8th edition
Paramicina, see Paromomycin, 1060
Paraplatin, see Carboplatin, 205
Parasal, see para-Aminosalicylic Acid, 53
Paravermin, see Piperazine, 1126
Parazolidin, see Phenylbutazone, 1109
Parcopa, see Carbidopa & Levodopa, 791
Paregoric, 1058
Parest, see Methaqualone, 878
Parfuran, see Nitrofurantoin, 984
Pargesic, see Propoxyphene, 1162
Pargin, see Econazole, 447
Pargyline, see 9th edition
Paricalcitol, 1059, (1532)
Parkemed, see Mefenamic Acid, 854
Parkotil, see Pergolide, 1091
Parlodel, see Bromocriptine, 160
Parmine, see Phentermine, 1107
Parnaparin, see 9th edition
Parnate, see Tranylcypromine, 1389
Paromomycin, 1060, (1523)
Paroxetine, 1060, (1527)
Parsidol, see Ethopropazine, 514
Parsilid, see Ticlopidine, 1361
Parten, see Acetaminophen, 8
Partrex, see Tetracycline, 1339
Partusisten, see Fenoterol, 539
Parvolex, see Acetylcysteine, 13
PAS, see para-Aminosalicylic Acid, 53
Pascorbic, see para-Aminosalicylic Acid, 53
PasDepress, see Hydroxyzine, 675
Pasetocin, see Amoxicillin, 63
Pasireotide, 1070, (1530)
Pasna, see para-Aminosalicylic Acid, 53
Paspertin, see Metoclopramide, 900
Passiflora, see Passion Flower, 1071
Passiflorae herba, see Passion Flower, 1071
Passiflora incarnata, see Passion Flower, 1071
Passiflore, see Passion Flower, 1071
Passiflorina, see Passion Flower, 1071
Passionaria, see Passion Flower, 1071
Passionblume, see Passion Flower, 1071
Passion Flower, 1071, (1531)
Passionflower herb, see Passion Flower, 1071
Passionsblumenkraut, see Passion Flower, 1071
Passion Vine, see Passion Flower, 1071
Patanol, see Olopatadine, 1018
Pathilon, see Tridihexethyl, 1403
Pathocil, see Dicloxacillin, 397
Paveril, see Dioxyline, 414
Pavthogenat, see Dexpanthenol, 383



Pavulon, see Pancuronium, 1052
Paxane, see Flurazepam, 573
Paxel, see Diazepam, 389
Paxil, see Paroxetine, 1060
Pazopanib, 1072, (1525)
PBZ, see Tripelennamine, 1410
PCP, see Phencyclidine, 1097
PDM, see Phendimetrazine, 1099
Peace Pill, see Phencyclidine, 1097
Peacock’s Bromides, see Bromides, 159
PEBA, see Phenobarbital, 1101
Pectomucil, see Acetylcysteine, 13
PE-DE-EM, see Phendimetrazine, 1099
Pediamycin, see Erythromycin, 491
Pediazole, see Erythromycin & Sulfisoxazole, 491
Pedric, see Acetaminophen, 8
PedvaxHIB, see Vaccine, Haemophilus b Conjugate, 1422
Peganone, see Ethotoin, 516
Pegaptanib, 1073, (1531)
Pegfilgrastim, 1074, (1530)
Peginesatide, 1074, (1530)
Pegloticase, 1075, (1529)
Pegvisomant, 1076, (1529)
Pelina, see Dexpanthenol, 383
Pemetrexed, 1077, (1525)
Pemoline, see 9th edition
Pen A, see Ampicillin, 69
Pen A/N, see Ampicillin, 69
Penapar VK, see Penicillin V, 1082
Penbarb, see Pentobarbital, 1087
Penbon, see Pentobarbital, 1087
Penbritin, see Ampicillin, 69
Penbutolol, 1078, (1526)
Penciclovir, 1078, (1524)
Pencitabs, see Penicillin G, 1080
Pencompren, see Penicillin V, 1082
Penegra, see Sildenafil, 1261
Penetrex, see Enoxacin, 471
Penevan, see Penicillin G, 1080
Penicillamine, 1079, (1528)
Penicillin G, 1080, (1524)
Penicillin G Benzathine, 1081, (1524)
Penicillin G Procaine, 1082, (1524)
Penicillin Phenoxymethyl, see Penicillin V, 1082
Penicillin V, 1082, (1524)
Penidural, see Penicillin G Benzathine, 1081
Penilente-LA, see Penicillin G Benzathine, 1081
Penioral, see Penicillin G, 1080
Peniset, see Penicillin G, 1080
Penistaph, see Methicillin, 880
Peni-Vee, see Penicillin V, 1082
Penplenum, see Hetacillin, 655
Penritol, see Pentaerythritol Tetranitrate, 1083



Pensol, see Penicillin G, 1080
Pensyn, see Ampicillin, 69
Pentacarinat, see Pentamidine, 1083
Pentaerythritol Tetranitrate, see 9th edition
Pentafin, see Pentaerythritol Tetranitrate, 1083
Pental, see Pentobarbital, 1087
Pentam, see Pentamidine, 1083
Pentamidine, 1083, (1524)
Pentanca, see Pentobarbital, 1087
Pentanitrine, see Pentaerythritol Tetranitrate, 1083
Pentathryn, see Pentaerythritol Tetranitrate, 1083
Pentazine, see Trifluoperazine, 1404
Pentazocine, 1085, (1528)
Pentcillin, see Piperacillin, 1125
Pentids, see Penicillin G, 1080
Pentids-P AS, see Penicillin G Procaine, 1082
Pentobarbital, 1087, (1528)
Pentobarbitone, see Pentobarbital, 1087
Pentobeta, see Pentobarbital, 1087
Pentogen, see Pentobarbital, 1087
Pentone, see Pentobarbital, 1087
Pento-Puren, see Pentoxifylline, 1089
Pentosan, 1087, (1532)
Pentostatin, 1088, (1525)
Pentoxifylline, 1089, (1530)
Pentral, see Pentaerythritol Tetranitrate, 1083
Pentritol, see Pentaerythritol Tetranitrate, 1083
Pentryate, see Pentaerythritol Tetranitrate, 1083
Pentymalum, see Amobarbital, 61
Pentytrit, see Pentaerythritol Tetranitrate, 1083
PenVee K, see Penicillin V, 1082
Pepcid, see Famotidine, 532
Pepcid PM, see Famotidine, 532
Pepcidin, see Famotidine, 532
Pepcidine, see Famotidine, 532
Pepdul, see Famotidine, 532
Peperol Fort, see Piperazine, 1126
Peperzinal, see Piperazine, 1126
Pepsilphen, see Sulfonamides, 1297
Peppermint, 1089, (1531)
Pepto-Bismol, see Bismuth Subsalicylate, 145
Perampanel, 1090, (1527)
Peraprin, see Metoclopramide, 900
Percobarb, see Oxycodone, 1040
Percocet, see Oxycodone, 1040
Percodan, see Oxycodone, 1040
Percutacrine Thyroxinique, see Levothyroxine, 796
Percyl, see Chlorhexidine, 247
Perdipina, see Nicardipine, 974
Perdipine, see Nicardipine, 974
Perduretas Anfetamina, see Amphetamine, 65
Pergolide, see 9th edition
Periactin, see Cyproheptadine, 342
Periactinol, see Cyproheptadine, 342



Peridex, see Chlorhexidine, 247
Peridon, see Domperidone, 425
Peridys, see Domperidone, 425
Perilax, see Bisacodyl, 145
Perindopril, 1091, (1526)
Perispan, see Pentaerythritol Tetranitrate, 1083
Peritrast, see Diatrizoate, 388
Peritrate, see Pentaerythritol Tetranitrate, 1083
Perjeta, see Pertuzumab, 1095
Permapen, see Penicillin G, Benzathine, 1081
Permax, see Pergolide, 1091
Permethrin, 1093, (1524)
Permitil, see Fluphenazine, 572
Permitil, see Sildenafil, 1261
Perphenazine, 1094, (1527)
Persantin, see Dipyridamole, 418
Persantine, see Dipyridamole, 418
Pertofran, see Desipramine, 372
Pertofrane, see Desipramine, 372
Pertofrin, see Desipramine, 372
Pertussin CS, see Dextromethorphan, 385
Pertussin Cough Soother, see Dextromethorphan, 385
Pertussin ES, see Dextromethorphan, 385
Pertuzumab, 1095, (1525)
Pervadil, see Nylidrin, 1008
Pervitin, see Methamphetamine, 878
Perynitrate, see Pentaerythritol Tetranitrate, 1083
Petab, see Pentobarbital, 1087
Peterkaien, see Lidocaine, 798
Pethadol, see Meperidine, 861
Pethasone, see Dexamethasone, 377
Pethidine, see Meperidine, 861
Petitmal, see Ethosuximide, 514
Petnidan, see Ethosuximide, 514
Pevalip, see Econazole, 447
Pevaryl, see Econazole, 447
Pexaqualone, see Methaqualone, 878
Pexobiotic, see Tetracycline, 1339
Peyote, 1095, (1527)
Pezetamid, see Pyrazinamide, 1171
PfiKlor, see Potassium Chloride, 1136
Pfi-Lith, see Lithium, 809
Pfipen V, see Penicillin V, 1082
Pfizer-E, see Erythromycin, 491
Pfizerpen, see Penicillin G, 1080
Pfizerpen AS, see Penicillin G Procaine, 1082
Pfizerpen VK, see Penicillin V, 1082
PGI2, see Epoprostenol, 482
PGX, see Epoprostenol, 482
Phaisohex, see Hexachlorophene, 655
Pharken, see Pergolide, 1091
Pharmacillin, see Penicillin G, 1080
Pharmorubicin, see Epirubicin, 478
Phasal, see Lithium, 809



Phenacetin, see 9th edition
Phenacetinum, see Phenacetin, 1097
Phenadone, see Methadone, 876
Phenaemal, see Phenobarbital, 1101
Phenaemaletten, see Phenobarbital, 1101
Phen-Amin, see Diphenhydramine, 414
Phenaphen, see Acetaminophen, 8
Phenased, see Phenobarbital, 1101
Phenazine, see Phendimetrazine, 1099
Phenazo, see Phenazopyridine, 1097
Phenazodine, see Phenazopyridine, 1097
Phenazone, see Antipyrine, 78
Phenazonum, see Antipyrine, 78
Phenazopyridine, 1097, (1532)
Phen Bar, see Phenobarbital, 1101
Phenbutazol, see Phenylbutazone, 1109
Phencyclidine, 1097, (1528)
Phendimead, see Phendimetrazine, 1099
Phendimetrazine, 1099, (1528)
Phenelzine, 1099, (1527)
Phenergan, see Promethazine, 1159
Phenetron, see Chlorpheniramine, 252
Phenhydan, see Phenytoin, 1111
Phenindione, 1100, (1530)
Pheniramine, 1100, (1523)
Phen-Lets, see Phenylpropanolamine, 1110
Phenobarbital, 1101, (1527), (1528)
Phenobarbitone, see Phenobarbital, 1101
Pheno-Caps, see Phenobarbital, 1101
Phenolax, see Phenolphthalein, 1105
Phenolphthalein, see 9th edition
Phenoxybenzamine, 1106, (1526)
Phenoxymethylpenicillin, see Penicillin V, 1082
Phenprocoumon, 1107, (1530)
Phensuximide, see 9th edition
Phentanyl, see Fentanyl, 539
Phentermine, 1107, (1528)
Phentoin, see Phenytoin, 1111
Phentolamine, 1108, (1526)
Phentrol, see Phentermine, 1107
Phenylalanine Mustard, see Melphalan, 860
Phenylbetazone, see Phenylbutazone, 1109
Phenylbutazone, see 9th edition
Phenylephrine, 1110, (1526)
Phenylpropanolamine, see 9th edition
Phenyltoloxamine, 1111, (1523)
Phenytoin, 1111, (1527)
Phenzine, see Phendimetrazine, 1099
Pherajod, see Potassium Iodide, 1137
Pheryl-E, see Vitamin E, 1492
Phetadex, see Dextroamphetamine, 385
Phisoderm, see Hexachlorophene, 655
pHisoHex, see Hexachlorophene, 655



pHiso-Med, see Chlorhexidine, 247
pHisoScrub, see Hexachlorophene, 655
Phlogase, see Oxyphenbutazone, 1043
Phosmycine, see Tetracycline, 1339
Phospholine, see Echothiophate, 447
Photofrin, Porfimer, 1134
Phthalylsulfacetamide, see Sulfonamides, 1297
Phthalylsulfathiazole, see Sulfonamides, 1297
Phthazol, see Sulfonamides, 1297
Phylloquinone, see Phytonadione, 1118
Physeptone, see Methadone, 876
Physostigmine, 1118, (1526)
Physpan, see Theophylline, 1350
Phytomenadione, see Phytonadione, 1118
Phytonadione, 1118, (1532)
Picato, see Ingenol Mebutate, 715
Pil-Digis, see Digitalis, 406
Pilocar, see Pilocarpine, 1120
Pilocarpina-Lux, see Pilocarpine, 1120
Pilocarpine, 1120, (1526)
Pilocel, see Pilocarpine, 1120
Pilo-M, see Pilocarpine, 1120
Pilomiotin, see Pilocarpine, 1120
Pilopt, see Pilocarpine, 1120
Piloptic, see Pilocarpine, 1120
Piloral, see Clemastine, 290
Pima, see Potassium Iodide, 1137
Pimal, see Meprobamate, 863
Pimecrolimus, 1121, (1531)
Pimozide, 1122, (1527)
Pinalgesic, see Mefenamic Acid, 854
Pindione, see Phenindione, 1100
Pindolol, 1123, (1526)
Pink Bismuth, see Bismuth Subsalicylate, 145
Pinkill Pamoate, see Pyrvinium Pamoate, 1180
Pioglitazone, 1124, (1529)
Pipenin, see Piperazine, 1126
Piperacetazine, see 8th edition
Piperacillin, 1125, (1524)
Piperasol, see Piperazine, 1126
Piperazine, 1126, (1523)
Piperidolate, see 9th edition
Pipetecan, see Irinotecan, 736
Pipracil, see Piperacillin, 1125
Pipril, see Piperacillin, 1125
Piproxan, see Piperazine, 1126
Pira, see Glyburide, 634
Piracaps, see Tetracycline, 1339
Piraldina, see Pyrazinamide, 1171
Piranex, see Chlorpheniramine, 252
Pirbuterol, 1126, (1531)
Pirilene, see Pyrazinamide, 1171
Piriton, see Chlorpheniramine, 252



Piroxicam, 1127, (1528)
Pitavastatin, 1128, (1525)
Pitressin, see Vasopressin, 1461
Placidyl, see Ethchlorvynol, 511
Placitril, see Metoclopramide, 900
Plac Out, see Chlorhexidine, 247
Plague Vaccine, see Vaccine, Plague, 1432
Planum, see Temazepam, 1323
Plaquenil, see Hydroxychloroquine, 669
Plasil, see Metoclopramide, 900
Plasimine, see Mupirocin, 941
Platinwas, see Carboplatin, 205
Plavix, see Clopidogrel, 304
Plegine, see Phendimetrazine, 1099
Plegomazine, see Chlorpromazine, 252
Plendil, see Felodipine, 536
Plerixafor, 1129, (1530)
Pletal, see Cilostazol, 270
Pletil, see Tinidazole, 1364
Plicamycin, see 9th edition
Plurexid, see Chlorhexidine, 247
Plurimen, see Selegiline, 1251
Pluryl, see Bendroflumethiazide, 132
Plustaxano, see Docetaxel, 422
P-Mega-Tablinen, see Penicillin V, 1082
Pneumococcal Vaccine, Polyvalent, see Vaccine, Pneumococcal Polyvalent, 1433
Pneumovax, see Vaccine, Pneumococcal Polyvalent, 1433
Pnu-Imune, see Vaccine, Pneumococcal Polyvalent, 1433
Poclin, see Penicillin G, 1080
Pod-Ben-25, see Podophyllum, 1130
Podocon-25, see Podophyllum, 1130
Podofilm, see Podophyllum, 1130
Podofilox, 1130, (1531)
Podofin, see Podophyllum, 1130
Podomexef, see Cefpodoxime, 226
Podophyllin, see Podophyllum, 1130
Podophyllum, 1130, (1531)
Polaramine, see Dexchlorpheniramine, 379
Polaronil, see Dexchlorpheniramine, 379
Policydal, see Sulfonamides, 1297
Polidocanol, 1131, (1527)
Polinazolo, see Econazole, 447
Poliovirus Vaccine, Inactivated, see Vaccine, Poliovirus Inactivated, 1434
Poliovirus Vaccine, Live, see Vaccine, Poliovirus Live, 1434
Polistine, see Carbinoxamine, 205
Pollon-Eze, see Astemizole, 97
Polmix, see Polymyxin B, 1133
Polyanion, see Pentosan, 1087
Polycillin, see Ampicillin, 69
Polycin, see Nitrofurazone, 986
Polycycline, see Tetracycline, 1339
Polyethylene Glycol (3350 & 4000), 1132, (1530)
Polyfax, see Polymyxin B, 1133
Polymox, see Amoxicillin, 63



Polymyxin B, 1133, (1523)
Polymyxin E, see Colistimethate, 324
Polythiazide, see 9th edition
Ponalar, see Mefenamic Acid, 854
Ponatinib, 1134, (1525)
Pondimin, see Fenfluramine, 536
Ponstan, see Mefenamic Acid, 854
Ponstel, see Mefenamic Acid, 854
Ponstyl, see Mefenamic Acid, 854
Pontocaine, see Tetracaine, 1338
Porfimer, 1134, (1526)
Posaconazole, 1135, (1523)
Postafen, see Meclizine, 848
Potasalan, see Potassium Chloride, 1136
Potassium Bromide, see Bromides, 159
Potassium Chloride, 1136, (1529)
Potassium Citrate, 1137, (1529), (1532)
Potassium Gluconate, 1137, (1529)
Potassium Iodide, 1137
Potekam, see Topotecan, 1383
Potencort, see Fluticasone, 576
Potendal, see Ceftazidime, 228
Potiga, see Ezogabine, 529
Pouss-Suc, see Aspartame, 89
Povan, see Pyrvinium Pamoate, 1180
Povanyl, see Pyrvinium Pamoate, 1180
Povidone-Iodine, 728, (1524)
Pradaxa, see Dabigatran Etexilate, 346
Praeciglucon, see Glyburide, 634
Praecirheumin, see Phenylbutazone, 1109
Pragmarel, see Trazodone, 1392
Pralatrexate, 1139, (1525)
Pralidoxime, 1139, (1523)
Pramidex, see Tolbutamide, 1375
Pramiel, see Metoclopramide, 900
Praminil, see Imipramine, 697
Pramipexole, 1140, (1527)
Pramlintide, 1141, (1529)
Pramoxine, 1142, (1523)
PrandiMet, see Repaglinide & Metformin, 873
Prandin, see Repaglinide, 1206
Prantal, see Diphemanil, 414
Prasugrel, 1142, (1530)
Prava, see Pravastatin, 1143
Pravachol, see Pravastatin, 1143
Pravastatin, 1143, (1525)
Pravidel, see Bromocriptine, 160
Prax, see Pramoxine, 1142
Prazine, see Promazine, 1159
Praziquantel, 1144, (1523)
Prazosin, 1145, (1526)
Precedex, see Dexmedetomidine, 381
Precef, see Ceforanide, 224



Precose, see Acarbose, 6
Prednisolone, 1146, (1529)
Prednisone, 1146, (1529)
Preferid, see Budesonide, 162
Prefin, see Buprenorphine, 165
Prednisone, 1149, (1529)
Prelu-2, see Phendimetrazine, 1099
Pregabalin, 1149
Premarin, see Estrogens, Conjugated, 501
Prenomiser, see Isoproterenol, 742
Prent, see Acebutolol, 7
Pre-Par, see Ritodrine, 1223
Prepidil, see Dinoprostone, 413
Prepulsid, see Cisapride, 279
Pres, see Enalapril, 463
Presamine, see Imipramine, 697
Presinol, see Methyldopa, 894
Presokin, see Diltiazem, 410
Presomen, see Estrogens, Conjugated, 501
Pressural, see Indapamide, 703
Prevacid, see Lansoprazole, 775
Prevenause, see Dimenhydrinate, 411
Prezista, see Darunavir, 360
Priadel, see Lithium, 809
Prialt, see Ziconotide, 1505
Priftin, see Rifapentine, 1214
Prilosec, see Omeprazole, 1021
Primacor, see Milrinone, 921
Primaquine, 1150, (1524)
Primatene, see Epinephrine, 477
Primaxin, see Imipenem-Cilastatin Sodium, 696
Primbactam, see Aztreonam, 120
Primidone, 1150, (1527)
Primofenac, see Diclofenac, 395
Primogyn-C, see Ethinyl Estradiol, 500
Primolax, see Senna, 1252
Primolut, see Hydroxyprogesterone, 671
Primoteston, see Testosterone, 1335
Primperan, see Metoclopramide, 900
Primperil, see Metoclopramide, 900
Primugyn, see Estradiol, 500
Principen, see Ampicillin, 69
Prinivil, see Lisinopril, 807
Priomicina, see Fosfomycin, 595
Pripsen, see Piperazine, 1126
Priscol, see Tolazoline, 1375
Priscoline, see Tolazoline, 1375
Pristiq, see Desvenlafaxine, 375
Pro-65, see Propoxyphene, 1162
Pro-Actidil, see Triprolidine, 1410
Pro-Actidilon, see Triprolidine, 1410
ProAmatine, see Midodrine, 915
Proaqua, see Benzthiazide, 133
Probal, see Meprobamate, 863



Probalan, see Probenecid, 1152
Pro-Banthine, see Propantheline, 1161
Probenecid, 1152, (1529)
Probucol, see 9th edition
Procainamide, 1153, (1527)
Procalm, see Chlorpromazine, 252
Procamide, see Procainamide, 1153
Procan SR, see Procainamide, 1153
Procapan, see Procainamide, 1153
Procaptan, see Perindopril, 1091
Procarbazine, 1154, (1525)
Procardia, see Nifedipine, 978
Processine, see Cinnarizine, 274
Prochlorperazine, 1155, (1527), (1530)
Procillin, see Penicillin G Procaine, 1082
Proco, see Guaifenesin, 643
Procrazine, see Methotrimeprazine, 891
Procrin, see Leuprolide, 787
Procrit, see Epoetin Alfa, 479
Proctofoam, see Pramoxine, 1142
Proctofoam HC, see Pramoxine & Hydrocortisone, 661
Proctosteroid, see Triamcinolone, 1398
Procyclidine, see 9th edition
Procytox, see Cyclophosphamide, 335
Pro-Dax, see Phenylpropanolamine, 1110
Prodepress, see Imipramine, 697
Prodigox, see Digoxin, 407
Profenamine, see Ethopropazine, 514
Profenid, see Ketoprofen, 759
Profenil, see Ketoprofen, 759
Proflax, see Timolol, 1363
Progan, see Promethazine, 1159
Progesic, see Propoxyphene, 1162
Progesterone, see Hydroxyprogesterone, 671
Progestolets, see Ethisterone, 514
Proglicem, see Diazoxide, 392
Proglycem, see Diazoxide, 392
Progout, see Allopurinol, 40
Prograf, see Tacrolimus, 1305
Proguanil, 1157, (1524)
Progynon, see Estradiol, 500
Progynon C, see Ethinyl Estradiol, 500
Prohance, see Gadoteridol, 609
ProHIBiT, see Vaccine, Haemophilus b Conjugate, 1422
Proketazine, see Carphenazine, 213
Proklar, see Sulfonamides, 1297
Proklar-M, see Sulfonamides, 1297
Prolamine, see Phenylpropanolamine, 1110
Prolixin, see Fluphenazine, 572
Proloid, see Thyroglobulin, 1357
Proloprim, see Trimethoprim, 1406
Proleukin, see Aldesleukin, 33
Proluton, see Hydroxyprogesterone, 671
Promachel, see Chlorpromazine, 252



Promachlor, see Chlorpromazine, 252
Promacid, see Chlorpromazine, 252
Promacta, see Eltrombopag, 460
Promanyl, see Promazine, 1159
Promapar, see Chlorpromazine, 252
Promaquid, see Dimethothiazine, 413
Promarit, see Estrogens, Conjugated, 501
Promaz, see Chlorpromazine, 252
Promazettes, see Promazine, 1159
Promazine, see 9th edition
Promethapar, see Promethazine, 1159
Promethazine, 1159, (1523), (1530)
Promezerine, see Promazine, 1159
Prominal, see Mephobarbital, 863
Promosol, see Chlorpromazine, 252
Pronestyl, see Procainamide, 1153
Propaderm, see Beclomethasone, 125
Propaderm-Forte, see Beclomethasone, 125
Propadrine, see Phenylpropanolamine, 1110
Propafenone, 1160, (1527)
Propantheline, 1161, (1526)
Propavent, see Beclomethasone, 125
Propen-VK, see Penicillin V, 1082
Propiocine, see Erythromycin, 491
Propofol, 1161, (1528)
Propoxychel, see Propoxyphene, 1162
Propoxyphene, see 9th edition
Propranolol, 1162, (1526)
Propulsid, see Cisapride, 279
Propulsin, see Cisapride, 279
Propycil, see Propylthiouracil, 1165
Propylthiouracil, 1165, (1529)
Propyl-Thyracil, see Propylthiouracil, 1165
Propymal, see Valproic Acid, 1449
Proquinal, see Secobarbital, 1250
Prosedyl, see Quinidine, 1186
Prosom, see Estazolam, 499
Prostacton (Germany), see Vasopressin, 1461
Prostacton (Sweden), see Lypressin, 828
Prostacyclin, see Epoprostenol, 482
Prostaglandin I2, see Epoprostenol, 482
Prostaglandin X, see Epoprostenol, 482
Prostaphlin, see Oxacillin, 1033
Prostaphlin-A, see Cloxacillin, 307
Prostigmine, see Neostigmine, 969
Prostin E2, see Dinoprostone, 413
Prostin.15M, see Carboprost, 208
Prosul, see Sulfonamides, 1297
Protactyl, see Promazine, 1159
Protamine, 1167, (1530)
Protensin, see Chlordiazepoxide, 245
Proternol, see Isoproterenol, 742
Prothazine, see Promethazine, 1159



Prothiaden, see Dothiepin, 428
Protirelin, see 9th edition
Protocide, see Tinidazole, 1364
Protonix, see Pantoprazole, 1055
Protopam, see Pralidoxime, 1139
Protran, see Meprobamate, 863
Protriptyline, 1168, (1527)
Proval, see Acetaminophen, 8
Proventil, see Albuterol, 30
Provera, see Medroxyprogesterone, 850
Provigil, see Modafinil, 933
Prov-U-Sep, see Methenamine, 879
Proxagesic, see Propoxyphene, 1162
Proxen, see Naproxen, 955
Proxene, see Propoxyphene, 1162
Proxiten, see Oxazepam, 1036
Prozac, see Fluoxetine, 563
Prozine-50, see Promazine, 1159
Prulet, see Phenolphthalein, 1105
Pseudoephedrine, 1168, (1526)
Psorcutan, see Calcipotriene, 183
Psoriatec, see Anthralin, 77
Psoricreme, see Anthralin, 77
Psoriderm, see Anthralin, 77
Psychostyl, see Nortriptyline, 1006
Psychotonin M, see St. John’s Wort, 1282
Psychozine, see Chlorpromazine, 252
Psyquil, see Triflupromazine, 1405
P-T Preparations, see Pentaerythritol Tetranitrate, 1083
PTU, see Propylthiouracil, 1165
Pueraria, see Kudzu, 762
Pulmicort, see Budesonide, 162
Pulmicret, see Acetylcysteine, 13
Pulmictan, see Budesonide, 162
Pulmilide, see Flunisolide, 557
Pulmist, see Flunisolide, 557
Pulmolite, see Technetium Tc-99m, 1317
Pulmovent, see Acetylcysteine, 13
Pulmozyme, see Dornase Alfa, 427
Pumpkin Seed, 1170, (1531)
Puntual, see Senna, 1252
Puretane, see Brompheniramine, 160
Purganol, see Phenolphthalein, 1105
Purgante, see Phenolphthalein, 1105
Purgante el Aleman, see Phenolphthalein, 1105
Purgante Orravan, see Phenolphthalein, 1105
Purgestol, see Phenolphthalein, 1105
Purgo Pil, see Bisacodyl, 145
Puricos, see Allopurinol, 40
Purinethol, see Mercaptopurine, 864
Purinol, see Allopurinol, 40
Purodigin, see Digitoxin, 407
Purostrophan, see Ouabain, 1033
Purple Cone Flower, see Echinacea, 445



Purple Sticky, see Salvia Divinorum, 1243
Pursenid, see Senna, 1252
Pursennid, see Senna, 1252
Pursennide, see Senna, 1252
Puvasoralen, see Methoxsalen, 891
PV Carpine, see Pilocarpine, 1120
PVD, see Penicillin V, 1082
PVF K, see Penicillin V, 1082
PVK, see Penicillin V, 1082
Purple Passion Flower, see Passion Flower, 1071
Pyacort-D, see Phenylephrine, 1110
Pydox, see Pyridoxine, 1174
Pyknolepsinum, see Ethosuximide, 514
Pymal, see Pyrilamine, 1178
Pyodental, see Sulfonamides, 1297
Pyopen, see Carbenicillin, 202
Pyoredol, see Phenytoin, 1111
Pyrafat, see Pyrazinamide, 1171
Pyranisamine, see Pyrilamine, 1178
Pyrantel Pamoate, 1170, (1523)
Pyrazide, see Pyrazinamide, 1171
Pyrazinamide, 1171, (1524)
Pyrethrins with Piperonyl Butoxide, 1172, (1524)
Pyribenzamine, see Tripelennamine, 1410
Pyricamphre, see Pyridoxine, 1174
Pyridiate, see Phenazopyridine, 1097
Pyridium, see Phenazopyridine, 1097
Pyridostigmine, 1172, (1526)
Pyridoxine, 1174, (1532)
Pyrilamine, 1178, (1523)
Pyrimethamine, 1179, (1524)
Pyrin-Aid, see Pyrethrins with Piperonyl Butoxide, 1172
Pyrinyl, see Pyrethrins with Piperonyl Butoxide, 1172
Pyrodine, see Phenazopyridine, 1097
Pyroxin, see Pyridoxine, 1174
Pyroxine, see Pyridoxine, 1174
Pyrvinium Pamoate, see 9th edition



Q
QIDmycin, see Erythromycin, 491
QIDpen, see Penicillin G, 1080
QIDpen VK, see Penicillin V, 1082
QIDtet, see Tetracycline, 1339
Quaalude, see Methaqualone, 878
Quadcin, see Tetracycline, 1339
Quadnite, see Promethazine, 1159
Quadracyclin, see Tetracycline, 1339
Quaname, see Meprobamate, 863
Quanil, see Meprobamate, 863
Quantalan, see Cholestyramine, 258
Quanterra Mental Sharpness, see Ginkgo Biloba, 624
Quatrax, see Tetracycline, 1339
Quazepam, 1181, (1528)
Quazium, see Quazepam, 1181
Quelicin, see Succinylcholine, 1288
Quellada, see Lindane, 802
Quellada Creme Rinse, see Permethrin, 1093
Quellada Head Lice, see Permethrin, 1093
Quenobilan, see Chenodiol, 242
Quensyl, see Hydroxychloroquine, 669
Querto, see Carvedilol, 214
Questran, see Cholestyramine, 258
Quetiapine, 1181, (1527)
Quibron, see Theophylline, 1350
Quide, see Piperacetazine, 1125
Quietal, see Meprobamate, 863
Quilonum, see Lithium, 809
Quinacrine, see 9th edition
Quinaglute, see Quinidine, 1186
Quinalbarbitone, see Secobarbital, 1250
Quinaltone, see Secobarbital, 1250
Quinamm, see Quinine, 1188
Quinapril, 1184, (1526)
Quinate (Canada), see Quinidine, 1186
Quinate (Australia), see Quinine, 1188
Quinbar, see Secobarbital, 1250
Quinethazone, see 9th edition
Quinidex, see Quinidine, 1186
Quinidine, 1186, (1524), (1527)
Quinine, 1188, (1524)
Quinora, see Quinidine, 1186
Quinsan, see Quinine, 1188
Quintrate, Pentaerythritol Tetranitrate, 1083
Quinupristin/Dalfopristin, 1189, (1523)
Quitaxon, see Doxepin, 430

R
Rabeprazole, 1190, (1530)
Rabies Immune Globulin, see Immune Globulin, Rabies, 701



Rabies Vaccine, see Vaccine, Rabies (Human), 1436
Radiolar, see Diatrizoate, 388
Radioselectan, see Diatrizoate, 388
Radix Puerariae, see Kudzu, 762
Radix Valerianae, see Valerian, 1447
Raffonin, see Fluticasone, 576
Raloxifene, 1191, (1530)
Raltegravir, 1192, (1524)
Ramelteon, 1194, (1528)
Ramipril, 1195, (1526)
Ramott, see Chondroitin, 259
Ramses, see Nonoxynol-9/Octoxynol-9, 999
Randolectil, see Butaperazine. 173
Ranexa, see Ranolazine, 1200
Ranibizumab, 1196, (1531)
Ranitidine, 1197, (1530)
Ranolazine, 1200, (1527)
Ranvil, see Nicardipine, 974
Rapamune, see Sirolimus, 1267
Rapidocaine, see Lidocaine, 798
Rapifen, see Alfentanil, 37
Rapilysin, see Reteplase, 1208
Rapitil, see Nedocromil Sodium, 963
Raptiva, see Efalizumab, 454
Rasagiline, 1200, (1527)
Rasburicase, 1201, (1525)
Raspberry Leaf, 1202, (1531)
Rastinon, see Tolbutamide, 1375
Rauloydin, see Reserpine, 1207
Raurine, see Reserpine, 1207
Rau-Sed, see Reserpine, 1207
Rauserpin, see Reserpine, 1207
Razadyne, see Galantamine, 611
Razlin, see Cinnarizine, 274
R & C Shampoo, see Pyrethrins with Piperonyl Butoxide, 1172
Reacthin, see Corticotropin/Cosyntropin, 326
Reactine, see Cetirizine, 238
Reclomide, see Metoclopramide, 900
Recolip, see Clofibrate, 296
Reconin, see Clemastine, 290
Recsei-Tuss, see Guaifenesin, 643
Rectules, see Chloral Hydrate, 242
Recugel, see Dexpanthenol, 383
Redactiv, see Rifaximin, 1215
Red Indian Kudzu, see Kudzu, 762
Redisol, see Vitamin B12, 1485
Red Kooga, see Ginseng, 625
Red Raspberry, see Raspberry Leaf, 1202
Redurate, see Allopurinol, 40
Redux, see Dexfenfluramine, 380
Red Valerian, see Valerian, 1447
Refludan, see Lepirudin, 785
Refobacin, see Gentamicin, 620



Refusal, see Disulfiram, 420
Regastrol, see Metoclopramide, 900
Regelan, see Clofibrate, 296
Regitina, see Phentolamine, 1108
Regitine, see Phentolamine, 1108
Reglan, see Metoclopramide, 900
Regonol, see Pyridostigmine, 1172
Regorafenib, 1203, (1525)
Regul-Aids, see Docusate Sodium, 423
Regulato Nr. 1, see Senna, 1252
Regurin, see Trospium, 1411
Regutol, see Docusate Sodium, 423
Reidamine, see Dimenhydrinate, 411
Rekont, see Trospium, 1411
Rela, see Carisoprodol, 210
Relafen, see Nabumetone, 947
Relanium, see Diazepam, 389
Relaxil, see Chlordiazepoxide, 245
Relax Llano, see Methocarbamol, 885
Relefact TRH, see Protirelin, 1168
Relenol, see Acetaminophen, 8
Relenza, see Zanamivir, 1504
Relestat, see Epinastine, 476
Relifen, see Nabumetone, 947
Relifex, see Nabumetone, 947
Relistor, Methylnaltrexone, 898
Reliveran, see Metoclopramide, 900
Relpax, see Eletriptan, 459
Remauric, see Ketoprofen, 759
Remdue, see Flurazepam, 573
Remeron, see Mirtazapine, 925
Remestan, see Temazepam, 1323
Remicade, see Infliximab, 712
Remicane, see Lidocaine, 798
Remicard, see Lidocaine, 798
Remid, see Allopurinol, 40
Remifentanil, 1204, (1528)
Remodulin, see Treprostinil, 1394
Remsed, see Promethazine, 1159
Renagel, see Sevelamer, 1259
Renese, see Polythiazide, 1134
Renitec, see Enalapril, 463
Reniten, see Enalapril, 463
Renografin, see Diatrizoate, 388
Reno-M, see Diatrizoate, 388
Renoquid, see Sulfonamides, 1297
Renovist, see Diatrizoate, 388
Renovue, see Iodamide, 727
Rentylin, see Pentoxifylline, 1089
Renvela, see Sevelamer, 1259
Reoprov, see Abciximab, 3
Repaglinide, 1206, (1529)
Repeltin, see Trimeprazine, 1405
Repen VK, see Penicillin V, 1082



Rep Estra, see Estradiol, 500
Repestrogen, see Estradiol, 500
Replagal, see Agalsidase Alfa, 28
Repoise, see Butaperazine, 173
Reposans, see Chlordiazepoxide, 245
Repro, see Propoxyphene, 1162
Requip, see Ropinirole, 1234
Rescriptor, see Delavirdine, 368
Resedrex, see Reserpine, 1207
Resercrine, see Reserpine, 1207
Reserjen, see Reserpine, 1207
Reserpanca, see Reserpine, 1207
Reserpine, 1207, (1526)
Reserpoid, see Reserpine, 1207
Respibien, see Oxymetazoline, 1041
Respicort, see Triamcinolone, 1398
Respir, see Oxymetazoline, 1041
Restandol, see Testosterone, 1335
Restenil, see Meprobamate, 863
Restoril, see Temazepam, 1323
Resulfon, see Sulfonamides, 1297
Resyl, see Guaifenesin, 643
Retapamulin, 1208, (1523)
Retardin, see Diphenoxylate, 416
Retavase, see Reteplase, 1208
Retcin, see Erythromycin, 491
Reteplase, 1208, (1531)
Retet, see Tetracycline, 1339
Retin-A, see Tretinoin, 1395
Retinoic Acid, see Tretinoin, 1395
Retisert, Fluocinolone, 559
Retolen, see Astemizole, 97
Reton, see Phendimetrazine, 1099
Retro-Conray, see Iothalamate, 732
Retrovir, see Zidovudine, 1506
Reuflos, see Diflunisal, 405
Reumoquin, see Ketoprofen, 759
Reuprofen, see Ketoprofen, 759
Revac, see Docusate Sodium, 423
Revasc, see Desirudin, 373
Revase, see Lepirudin, 785
Revatio, see Sildenafil, 1261
ReVia, see Naltrexone, 953
Reviparin, 1209, (1530)
Revlimid, see Lenalidomide, 784
Revonal, see Methaqualone, 878
Rexamycin, see Tetracycline, 1339
Rexitene, see Guanabenz, 643
Rexolate (Sodium Thiosalicylate), see Aspirin, 92
Reyataz, see Atazanavir, 97
Rezipas, see para-Aminosalicylic Acid, 53
Rezulin, see Troglitazone, 1411
Rheumapax, see Oxyphenbutazone, 1043
Rheumasan D, see Diclofenac, 395



Rhinalar, see Flunisolide, 557
Rhinall, see Phenylephrine, 1110
Rhindecon, see Phenylpropanolamine, 1110
Rhino-Blache, see Chlorhexidine, 247
Rhinocort, see Budesonide, 162
Rhinolast, see Azelastine, 115
Rhinolitan, see Oxymetazoline, 1041
Rhinox, see Oxymetazoline, 1041
Rhiuoclir, see Dexpanthenol, 383
Rhodiasectral, see Acebutolol, 7
Rhotrimine, see Trimipramine, 1409
Rhumalgan, see Diclofenac, 395
Rhythmin, see Procainamide, 1153
Riball, see Allopurinol, 40
Ribastamin, see Risedronate, 1219
Ribavirin, 1210, (1524)
Ribocarbo, see Carboplatin, 205
Riboflavin, 1211, (1532)
RID, see Pyrethrins with Piperonyl Butoxide, 1172
Rid-a-Pain, see Benzocaine, 132
Ridaura, see Auranofin, 109
Ridauran, see Auranofin, 109
Riddospas, see Theophylline, 1350
Rifa, see Rifampin, 1213
Rifabutin, 1212, (1524)
Rifacol, see Rifaximin, 1215
Rifadin, see Rifampin, 1213
Rifamate, see Rifampin & Isoniazid & Pyrazinamide, 1171
Rifampicin, see Rifampin, 1213
Rifampin, 1213, (1524)
Rifapentine, 1214, (1524)
Rifater, see Rifampin & Isoniazid & Pyrazinamide, 1171
Rifaximin, 1215, (1523)
Rifedot, see Astemizole, 97
rIFN-A (Interferon Alfa-2a), see Interferon Alfa, 723
rIFN-α2 (Interferon Alfa-2b), see Interferon Alfa, 723
rIFN-B, see Interferon Beta-1b, 726
Rifomycin, see Rifampin, 1213
RIG, see Immune Globulin, Rabies, 701
Rigakin, see Levodopa, 791
Rilonacept, 1216, (1531)
Rilpivirine, 1217, (1524)
Riluzole, 1218, (1528)
Rimactane, see Rifampin, 1213
Rimactazid, see Rifampin, 1213
Rimantadine, 1218, (1524)
Rimargen, see Chlorhexidine, 247
Rimbol, see Astemizole, 97
Rimevax, see Vaccine, Measles, 1429
Rimifon, see Isoniazid, 741
Rinactive, see Budesonide, 162
Rinosone, see Fluticasone, 576
Rinatec, see Ipratropium, 734
Rinderon, see Betamethasone, 137



Rino-Clenil, see Beclomethasone, 125
Rinofol, see Oxymetazoline, 1041
Riobin, see Riboflavin, 1211
Riocyclin, see Tetracycline, 1339
Ripol, see Sildenafil, 1261
Risedronate, 1219, (1526)
Risolid, see Chlordiazepoxide, 245
Risordan, see Isosorbide Dinitrate, 743
Risperdal, see Risperidone, 1220
Risperidone, 1220, (1527)
Rispolin, see Risperidone, 1220
Ritalin, see Methylphenidate, 899
Ritodrine, see 9th edition
Ritonavir, 1223, (1527)
Rituxan, see Rituximab, 1225
Rituximab, 1225, (1525), (1531)
Rivaroxaban, 1228, (1530)
Rivastigmine, 1229, (1527)
Rivotril, see Clonazepam, 301
Rizatriptan, 1229, (1527)
Robam, see Meprobamate, 863
Robamol, see Methocarbamol, 885
Robamox, see Amoxicillin, 63
Robaxin, see Methocarbamol, 885
Robaxisal, see Methocarbamol & Aspirin, 92
Robenecid, see Probenecid, 1152
Robezon, see Hydroflumethiazide, 667
Robicillin-VK, see Penicillin V, 1082
Robimycin, see Erythromycin, 491
Robinul, see Glycopyrrolate, 637
Robitet, see Tetracycline, 1339
Robitussin, see Guaifenesin, 643
Robitussin Cough Calmers, see Dextromethorphan, 385
Robitussin DM Antitusivo, see Dextromethorphan, 385
Robitussin Expectorant, see Acetylcysteine, 13
Robitussin Pediatric, see Dextromethorphan, 385
Robomol, see Methocarbamol, 885
Rocaltrol, see Calcitriol, 185
Rocephin, see Ceftriaxone, 230
Roceron-A (Interferon Alfa-2a), see Interferon Alfa, 723
Rocilin, see Penicillin V, 1082
Ro-Cillin VK, see Penicillin V, 1082
Rocuronium, 1230, (1528)
Ro-Cycline, see Tetracycline, 1339
Rofecoxib, see 9th edition
Rofenid, see Ketoprofen, 759
Roferon-A (Interferon Alfa-2a), see Interferon Alfa, 723
Roflual, see Rimantadine, 1218
Roflumilast, 1232, (1532)
Rogitine, see Phentolamine, 1108
Rograine, see Minoxidil, 922
Rohypnol, see Flunitrazepam, 558
Roin, see Cinnarizine, 274
Rolaids Extra Strength Softchews, see Calcium Carbonate, 185



Rolazid, see Isoniazid, 741
Rolazine, see Hydralazine, 658
Romadin, see Astemizole, 97
Roman Chamomile, see Chamomile, 241
Roman Coriander, see Black Seed/Kalanji, 148
Romazicon, see Flumazenil, 556
Romidepsin, 1233, (1525)
Romiplostim, 1233, (1530)
Romilar, see Dextromethorphan, 385
Romycin, see Erythromycin, 491
Rondomycin, see Methacycline, 876
Ro-Nitro, see Nitroglycerin, 986
Ronpacon, see Metrizoate, 905
Rontilona, see Fluticasone, 576
Rontyl, see Hydroflumethiazide, 667
Ropanth, see Propantheline, 1161
Ropinirole, 1234, (1527)
Ropivacaine, 1235, (1523)
Rorasul, see Sulfonamides, 1297
Roscopenin, see Penicillin V, 1082
Rosiglitazone, 1236, (1529)
Rosin Rose, see St. John’s Wort, 1282
Ro-Sulfiram, see Disulfiram, 420
Rosuvastatin, 1238, (1529)
Rotersept, see Chlorhexidine, 247
Ro-Thyronine, see Liothyronine, 803
Ro-Thyroxine, see Levothyroxine, 796
Rougoxin, see Digoxin, 407
Rouhex-G, see Chlorhexidine, 247
Rouqualone, see Methaqualone, 878
Rovamicina, see Spiramycin, 1278
Rovamycin, see Spiramycin, 1278
Rovamycine, see Spiramycin, 1278
Rowasa, see Mesalamine, 867
Roxy, see Oxytetracycline, 1043
Rozerem, see Ramelteon, 1194
Rozide, see Pyrazinamide, 1171
RP-Mycin, see Erythromycin, 491
RU-486, see Mifepristone, 916
RU-38486, see Mifepristone, 916
Rubella Vaccine, see Vaccine, Rubella, 1437
Rubidomycin, see Daunorubicin, 362
Rubus, see Raspberry Leaf, 1202
Rufinamide, 1239, (1527)
Rufol, see Sulfonamides, 1297
Ru-Lor-N, see Dihydrocodeine Bitartrate, 408
Rum-K, see Potassium Chloride, 1136
Ru-Spas No. 2, see Homatropine, 657
Ruxolitinib, 1240, (1525)
Rycarden, see Nicardipine, 974
Rynacrom, see Cromolyn Sodium, 332
Ryser, see Reserpine, 1207
Rythmodan, see Disopyramide, 419
Rythmol, see Propafenone, 1160



Rythrocaps, see Erythromycin, 491
Rytmonorm, see Propafenone, 1160

S
Sabin vaccine, see Vaccine, Poliovirus Live, 1434
Sabril, see Vigabatrin, 1472
Sabrilex, see Vigabatrin, 1472
Saccharin, 1241, (1526)
Sacrolysin, see Melphalan, 860
Safflower, 1242, (1531)
Safflower nut oil, see Safflower, 1242
Safflower oil, see Safflower, 1242
Saflutan, see Tafluprost, 1309
Saint Johns Wort, see St. John’s Wort, 1282
Sal Ammoniac, see Ammonium Chloride, 61
Salazopyrin, see Sulfonamides, 1297
Salbutamol, see Albuterol, 30
Salcatonin, see Calcitonin-Salmon, 184
Salflex (Salsalate), see Aspirin, 92
Salicylsalicylic Acid (Salsalate), see Aspirin, 92
Salient, see Ketoprofen, 759
Salimol, see Sulfonamides, 1297
Salisan, see Chlorothiazide, 249
Salisburia Adiantifolia, see Ginkgo Biloba, 624
Salk Vaccine, see Vaccine, Poliovirus Inactivated, 1434
Sally D., see Salvia Divinorum, 1243
Salmetedur, see Salmeterol, 1242
Salmeterol, 1242, (1531)
Salmonine, see Calcitonin-Salmon, 184
Salofalk, see Mesalamine, 867
Salongo, see Oxiconazole, 1038
Salsalate, see Aspirin, 92
Saluren, see Chlorothiazide, 249
Salures, see Bendroflumethiazide, 132
Saluric, see Chlorothiazide, 249
Saluron, see Hydroflumethiazide, 667
Salvia Divinorum, 1243, (1528), (1531)
Samilstin, see Octreotide, 1009
Samsca, see Tolvaptan, 1379
Sanabronchiol, see Dextromethorphan, 385
Sanasthymyl, see Beclomethasone, 125
Sanatrichom, see Metronidazole, 905
Sanclomycine, see Tetracycline, 1339
Sanctura, see Trospium, 1411
Sandimmun, see Cyclosporine, 340
Sandimmune, see Cyclosporine, 340
Sandoglobulin, see Immune Globulin Intravenous, 700
Sandostatin, see Octreotide, 1009
Sandostatina, see Octreotide, 1009
Sandostatine, see Octreotide, 1009
Sandril, see Reserpine, 1207
Sanoma, see Carisoprodol, 210



Sanorex, see Mazindol, 846
Santa Maria, see Feverfew, 542
Saphris, see Asenapine, 87
Sapoderem, see Hexachlorophene, 655
Sapratol, see Cinnarizine, 274
Sapropterin, 1244, (1523)
Saquinavir, 1245, (1524)
Sargramostim, 1247, (1530)
Sarnacaine, see Lidocaine, 798
Saroten, see Amitriptyline, 58
SAS-500, see Sulfonamides, 1297
Satigene, see Irinotecan, 736
Savacol Mouth and Throat Rinse, see Chlorhexidine, 247
Savacol Throat Lozenges, see Chlorhexidine, 247
Savella, see Milnacipran, 921
Saventrine, see Isoproterenol, 742
Savlon Medicated Powder, see Chlorhexidine, 247
Sawacillin, see Amoxicillin, 63
Saxagliptin, 1248, (1529)
Saynt Johannes Wort, see St. John’s Wort, 1282
SCB, see Secobarbital, 1250
Sceau d’or, see Goldenseal, 638
Scheinpharm Testone-Cyp, see Testosterone, 1335
Scholl Athlete’s Foot, Butenafine, 173
Schwarzkümmel, see Black Seed/Kalanji, 148
Scleril, see Fenofibrate, 536
Scoline, see Succinylcholine, 1288
Scopolamine, 1249, (1526)
Scopolamine Methylbromide, see Methscopolamine, 892
Scotch Chamomile, see Chamomile, 241
Scot-Tussin DM Cough Chasers, see Dextromethorphan, 385
Scrip-Dyne, see Propoxyphene, 1162
Scurvy Root, see Echinacea, 445
S-Dimidine, see Sulfonamides, 1297
SDM, see Sulfonamides, 1297
Searlequin, see Iodoquinol, 728
Sebercim, see Norfloxacin, 1003
Sebizon, see Sulfonamides, 1297
Secadrex, see Acebutolol, 7
Secalip, see Fenofibrate, 536
Secaps, see Secobarbital, 1250
Secobarbital, 1250, (1528)
Secobarbitone, see Secobarbital, 1250
Secocaps, see Secobarbital, 1250
Secogen, see Secobarbital, 1250
Seconal, see Secobarbital, 1250
Secresol, see Acetylcysteine, 13
Sectral, see Acebutolol, 7
Sedabamate, see Meprobamate, 863
Sedabar, see Phenobarbital, 1101
Sedanxol, see Zuclopenthixol, 1522
Sedaraupin, see Reserpine, 1207
Seda-Tablinen, see Phenobarbital, 1101
Sedatromin, see Cinnarizine, 274



Sedatuss, see Dextromethorphan, 385
Sedilene, see Tripelennamine, 1410
Sedotus, see Dextromethorphan, 385
Sedoxen, see Diazepam, 389
Sed-Tens SE, see Homatropine, 657
Sefril, see Cephradine, 237
Seglor, see Dihydroergotamine, 409
Segurex, see Sildenafil, 1261
Seibion, see Pyridoxine, 1174
Seldane, see Terfenadine, 1332
Selecor, see Celiprolol, 235
Selectol, see Celiprolol, 235
Selectomycin, see Spiramycin, 1278
Seledat, see Selegiline, 1251
Selegiline, 1251, (1527)
Selektine, see Pravastatin, 1143
Selepam, see Quazepam, 1181
Seler, see Sildenafil, 1261
Selipran, see Pravastatin, 1143
Selokeen, see Metoprolol, 904
Seloken, see Metoprolol, 904
Selzentry, see Maraviroc, 837
Sembrina, see Methyldopa, 894
Semicid, see Nonoxynol-9/Octoxynol-9, 999
Semi-Daonil, see Glyburide, 634
Semi-Euglucon, see Glyburide, 634
Senade, see Senna, 1252
Sendoxan, see Cyclophosphamide, 335
Senior, see Pemoline, 1077
Senna, 1252, (1530)
Sennatin, see Senna, 1252
Sennocol, see Senna, 1252
Sennokott, see Senna, 1252
Senoger, see Cinnarizine, 274
Senokot, see Senna, 1252
Senpurgin, see Senna, 1252
Senro, see Norfloxacin, 1003
Sensaval, see Nortriptyline, 1006
Sensiderme, see Nitrofurazone, 986
Sensipar, Cinacalcet, 273
SensoGARD, see Benzocaine, 132
Sepan, see Cinnarizine, 274
Septeal, see Chlorhexidine, 247
Septipulmon, see Sulfonamides, 1297
Septisol, see Hexachlorophene, 655
Septra, see Trimethoprim & Sulfonamides, 1297
Septrin, see Trimethoprim, 1406
Sequril, see Furosemide, 600
Serax, see Oxazepam, 1036
Serazone, see Chlorpromazine, 252
Sereen, see Chlordiazepoxide, 245
Serenace, see Haloperidol, 646
Serenack, see Diazepam, 389
Serenesil, see Ethchlorvynol, 511



Serenid, see Oxazepam, 1036
Serentil, see Mesoridazine, 871
Serepax, see Oxazepam, 1036
Seresta, see Oxazepam, 1036
Seretide, see Fluticasone, 576
Serevent, see Salmeterol, 1242
Serfin, see Reserpine, 1207
Sernylan, see Phencyclidine, 1097
Seromycin, see Cycloserine, 339
Seropram, see Citalopram, 281
Seroquel, see Quetiapine, 1181
Serotulle, see Chlorhexidine, 247
Seroxat, see Paroxetine, 1060
Serp, see Reserpine, 1207
Serpalan, see Reserpine, 1207
Serpanray, see Reserpine, 1207
Serpasil, see Reserpine, 1207
Serpate, see Reserpine, 1207
Serpax, see Reserpine, 1207
Serpena, see Reserpine, 1207
Serpiloid, see Reserpine, 1207
Serpone, see Reserpine, 1207
Sertabs, see Reserpine, 1207
Sertaconazole, 1253, (1523)
Sertacream, see Sertaconazole, 1253
Sertadie, see Sertaconazole, 1253
Sertagyn, see Sertaconazole, 1253
Sertina, see Reserpine, 1207
Sertopic, see Sertaconazole, 1253
Sertraline, 1253, (1527)
Serzone, see Nefazodone, 964
Setavax, see Cycloserine, 339
Setrol, see Oxyphencyclimine, 1043
Sevelamer, 1259, (1523)
Sevinol, see Fluphenazine, 572
Sevoflurane, 1259, (1523)
Sevorane, see Sevoflurane, 1259
S-Guanidine, see Sulfonamides, 1297
Shigatox, see Sulfonamides, 1297
Shur-Seal, see Nonoxynol-9/Octoxynol-9, 999
Siafil, see Sildenafil, 1261
Sibudan, see Irinotecan, 736
Sibutramine, see 9th edition
Siccoral, see Acetylcysteine, 13
Sifacycline, see Tetracycline, 1339
Sigamucil, see Acetylcysteine, 13
Sigapurol, see Allopurinol, 40
Signifor, see Pasireotide, 1070
Silagra, see Sildenafil, 1261
Silan, see Simethicone, 1265
Silaxo, see Senna, 1252
Sildefil, see Sildenafil, 1261
Sildegra, see Sildenafil, 1261
Sildenafil, 1261, (1527), (1531)



Silgard, see Vaccine, Human Papillomavirus (Quadrivalent, Recombinant), 1423
Silicone Breast Implants, 1262, (1532)
Silino, see Diclofenac, 395
Simatus, see Dextromethorphan, 385
Simcor, see Niacin & Simvastatin, 1266
Simethicone, 1265, (1530)
Simpatina, see Amphetamine, 65
Simpletan, see Tinidazole, 1364
Simplotan, see Tinidazole, 1364
Simponi, see Golimumab, 640
Simprox, see Astemizole, 97
Simulect, Basiliximab, 124
Simvastatin, 1266, (1525)
Sinarest 12 Hour, see Oxymetazoline, 1041
Sinarest Nasal, see Phenylephrine, 1110
Sinemet, see Carbidopa & Levodopa, 791
Sinequan, see Doxepin, 430
Sinex, see Phenylephrine, 1110
Sinex Long Acting, see Oxymetazoline, 1041
Singulair, see Montelukast, 937
Sinketol, see Ketoprofen, 759
Sinogan, see Methotrimeprazine, 891
Sinophen Intranasal, see Phenylephrine, 1110
Sinosid, see Paromomycin, 1060
Sinquan, see Doxepin, 430
Sintemicina, see Mitomycin, 931
Sinthrome, see Nicoumalone, 978
Sintrom, see Nicoumalone, 978
Sinufed, see Pseudoephedrine, 1168
Sinvacor, see Simvastatin, 1266
Siptazin, see Cinnarizine, 274
Siqualone, see Fluphenazine, 572
Siquil, see Triflupromazine, 1405
Siragan, see Chloroquine, 248
Siran, see Acetylcysteine, 13
Sirdalud, see Tizanidine, 1370
Sirolimus, 1267, (1531)
Sirturo, see Bedaquiline, 126
Sitagliptin, 1268, (1529)
Sivastin, see Simvastatin, 1266
SJW, see St. John’s Wort, 1282
SK-65, see Propoxyphene, 1162
SKa Maria Pastora, see Salvia Divinorum, 1243
SK-APAP, see Acetaminophen, 8
SK-Bamate, see Meprobamate, 863
Skelaxin, see Metaxalone, 873
Skelid, see Tiludronate, 1362
SKF 60771, see Cefatrizine, 220
Skilar, see Econazole, 447
Skleromexe, see Clofibrate, 296
SK-Lygen, see Chlordiazepoxide, 245
SK-Petn, see Pentaerythritol Tetranitrate, 1083
SK-Pramine, see Imipramine, 697
SK-Soxazole, see Sulfonamides, 1297



Skun-Suc, see Saccharin, 1241
Sleepinal, see Methaqualone, 878
Slo-Phyllin, see Theophylline, 1350
Slow-K, see Potassium Chloride, 1136
Slow-Trasicor, see Oxprenolol, 1039
Small fennel, see Black Seed/Kalanji, 148
Smallpox Vaccine, see Vaccine, Smallpox, 1439
S-Methizole, see Sulfonamides, 1297
Smoking, see Cigarette Smoking, 262
SMZ-TMP, see Trimethoprim and Sulfonamides, 1297
Snakeroot, see Echinacea, 445
Sneezewort, see Arnica, 86
Soap Liniment, see Camphor, 188
Sobelin, see Clindamycin, 292
Sobrial, see Acamprosate, 5
Sobril, see Oxazepam, 1036
Sodepent, see Pentobarbital, 1087
Sodium Bromide, see Bromides, 159
Sodium Calcium Edetate, see Edetate Calcium Disodium, 452
Sodium Cyclamate, see Cyclamate, 333
Sodium Bicarbonate, 1270, (1530)
Sodium Iodide, 1271, (1532)
Sodium Iodide I125, 1271, (1531)
Sodium Iodide I131, 1274, (1529), (1531)
Sodium Nitroprusside, see Nitroprusside, 989
Sodium Oxybate, 1272, (1528)
Sodium Salicylate, see Aspirin, 92
Sodium Sulamyd, see Sulfonamides, 1297
Sodium Thiosalicylate, see Aspirin, 92
Sodium Valproate, see Valproic Acid, 1449
Sodol Compound, see Methocarbamol & Aspirin, 92
Sofmin, see Methotrimeprazine, 891
Softon, see Docusate Sodium, 423
Solantyl, see Phenytoin, 1111
Solarcaine, see Benzocaine, 132
Solatene, see Beta Carotene, 137
Solaxin, see Chlorzoxazone, 257
Solazine, see Trifluoperazine, 1404
Solfoton, see Phenobarbital, 1101
Solganal, see Aurothioglucose, 110
Solgol, see Nadolol, 948
Solifenacin, 1273, (1532)
Solium, see Chlordiazepoxide, 245
Solmucol, see Acetylcysteine, 13
Solosin, see Theophylline, 1350
Solufos, see Fosfomycin, 595
Solu-Cortef, see Hydrocortisone, 661
Solumedine, see Sulfonamides, 1297
Solvejod, see Potassium Iodide, 1137
Solvomed, see Acetylcysteine, 13
Soma, see Carisoprodol, 210
Soma Compound, see Methocarbamol & Aspirin, 92
Somadril, see Carisoprodol, 210



Somaflex, see Etidronate, 517
Somatostatin, 1274, (1529)
Somavert, see Pegvisomant, 1076
Somax, see Temazepam, 1323
Sombril, see Iothalamate, 732
Somipra, see Imipramine, 697
Somnafac, see Methaqualone, 878
Somnol, see Flurazepam, 573
Somophyllin, see Theophylline, 1350
Som-Pam, see Flurazepam, 573
Sompraz, see Esomeprazole, 497
Somsanit, see Sodium Oxybate, 1272
Sonapane, see Acetaminophen, 8
Sonata, see Zaleplon, 1503
Songar, see Triazolam, 1402
Sonilyn, see Sulfonamides, 1297
Sopental, see Pentobarbital, 1087
Sorafenib, 1274, (1525)
Sorbangil, see Isosorbide Dinitrate, 743
Sorbide, see Isosorbide Dinitrate, 743
Sorbidilat, see Isosorbide Dinitrate, 743
Sorbitrate, see Isosorbide Dinitrate, 743
Sordinol, see Zuclopenthixol, 1522
Soriatane, see Acitretin, 15
Sorquad, see Isosorbide Dinitrate, 743
Sosegon, see Pentazocine, 1085
Sosenyl, see Pentazocine, 1085
Sosol, see Sulfonamides, 1297
Sotacor, see Sotalol, 1275
Sotalex, see Sotalol, 1275
Sotalol, 1275, (1526), (1527)
Sotapor, see Sotalol, 1275
Soxomide, see Sulfonamides, 1297
Soyacal, see Lipids, 804
SP54, see Pentosan, 1087
Spaderizine, see Cinnarizine, 274
Span-Niacin, see Niacinamide, 973
Spantrol, see Phenylpropanolamine, 1110
Sparfloxacin, see 9th edition
Sparine, see Promazine, 1159
Spasma Rhoival TC, see Trospium, 1411
Spasma Urgenine Neo, see Trospium, 1411
Spasmex, see Trospium, 1411
Spasmocyclon, see Cyclandelate, 334
Spasmolin, see Atropine & Scopolamine & Hyoscyamine & Phenobarbital, 1101
Spasmolyt, see Trospium, 1411
Spasmo-Lyt, see Trospium, 1411
Spasmoplex, see Trospium, 1411
Spasmo-Urgenin TC, see Trospium, 1411
Spasuret, see Flavoxate, 547
Specilline, see Penicillin G, 1080
Spec-T, see Benzocaine, 132
Spectracef, see Cefditoren, 221
Spectazole, see Econazole, 447



Spectinomycin, see 9th edition
Spectrobid, see Bacampicillin, 121
Spectrum, see Ceftazidime, 228
Spendepiol, see Estradiol, 500
Spengan, see Trimethobenzamide, 1406
Spentane, see Brompheniramine, 160
Spenzide, see Trichlormethiazide, 1403
Spersacarpine, see Pilocarpine, 1120
Spersadex, see Dexamethasone, 377
Spinosad, 1277, (1528)
Spiractone, see Spironolactone, 1278
Spiramycin, see 9th edition
Spiriva, see Tiotropium, 1367
Spirolactone, see Spironolactone, 1278
Spiromak, see Bismuth Subsalicylate, 145
Spironolactone, 1278, (1529)
Spondylon N, see Antipyrine, 78
Sporanox, see Itraconazole, 749
Sporinex, see Tinidazole, 1364
Spotoway, see Chlorhexidine, 247
Sprx, see Phendimetrazine, 1099
Sprycel, see Dasatinib, 361
S-P-T, see Thyroid, 1357
Squaw Root, see Blue Cohosh, 151
SQV, see Saquinavir, 1245
SQV-HGC, see Saquinavir, 1245
SQV-SGC, see Saquinavir, 1245
SSKI, see Potassium Iodide, 1137
SS Thiazole, see Sulfonamides, 1297
Stabilene, see Ethyl Biscoumacetate, 516
Stabillin V-K, see Penicillin V, 1082
Stabinol, see Chlorpropamide, 254
Stadol, see Butorphanol, 174
Stalevo, see Carbidopa & Levodopa & Entacapone, 473
Stangyl, see Trimipramine, 1409
Stanilo, see Spectinomycin, 1277
Stapenor, see Oxacillin, 1033
Staphcillin, see Methicillin, 880
Staphobristol, see Cloxacillin, 307
Staphopenin, see Dicloxacillin, 397
Staphybiotic, see Cloxacillin, 307
Staporos, see Calcitonin-Salmon, 184
Starcef, see Ceftazidime, 228
Starlix, see Nateglinide, 961
Stas Akut, see Acetylcysteine, 13
Statobex, see Phendimetrazine, 1099
Statomin, see Pyrilamine, 1178
Staurodorm, see Flurazepam, 573
Staurodorm Neu, see Flurazepam, 573
Stavermol, see Piperazine, 1126
Stavudine, 1279, (1524)
Steclin, see Tetracycline, 1339
Stecsolin, see Oxytetracycline, 1043
Steladex, see Dextroamphetamine, 385



Stelara, see Ustekinumab, 1417
Stelazine, see Trifluoperazine, 1404
Stemetil, see Prochlorperazine, 1155
Stendra, see Avanafil, 110
Stental, see Phenobarbital, 1101
Steraspasmol, see Cyclandelate, 334
Sterexidine, see Chlorhexidine, 247
Steridermis, see Hexachlorophene, 655
Sterilon, see Chlorhexidine, 247
Sterine, see Methenamine, 879
Sterolone, see Fluocinolone, 559
Ster-Zac, see Hexachlorophene, 655
Ster-Zac DC, see Hexachlorophene, 655
Stesolid, see Diazepam, 389
Stevia, 1281, (1529)
St. John’s Wort, 1282, (1531)
St. Joseph Cough Suppressant, see Dextromethorphan, 385
Stil-2, see Dextroamphetamine, 385
Stilbal, see Diethylstilbestrol, 402
Stilbestrol, see Diethylstilbestrol, 402
Stilbestronate, see Diethylstilbestrol, 402
Stilbetin, see Diethylstilbestrol, 402
Stilboestrol, see Diethylstilbestrol, 402
Stilestrate, see Diethylstilbestrol, 402
Stilnox, see Zolpidem, 1519
Stilpalmitate, see Diethylstilbestrol, 402
Stilphostrol, see Diethylstilbestrol, 402
Stil-Rol, see Diethylstilbestrol, 402
Stilronate, see Diethylstilbestrol, 402
Stilrone, see Diethylstilbestrol, 402
Stils, see Diethylstilbestrol, 402
Stim, see Phendimetrazine, 1099
Stivarga, see Regorafenib, 1203
Stoxil, see Idoxuridine, 688
Strattera, see Atomoxetine, 103
Strema, see Quinine, 1188
Strepolin, see Streptomycin, 1284
Streptase, see Streptokinase, 1284
Strept-Evanules, see Streptomycin, 1284
Streptokinase, see 9th edition
Streptomycin, 1284, (1523)
Streptosol, see Streptomycin, 1284
Streptozocin, 1285, (1525)
Strodival, see Ouabain, 1033
Stromectol, see Ivermectin, 752
Strontium Bromide, see Bromides, 159
Strophoperm, see Ouabain, 1033
Strumazol, see Methimazole, 880
Stugeron, see Cinnarizine, 274
Stulex, see Docusate Sodium, 423
Stutgeron, see Cinnarizine, 274
Suadian, see Naftifine, 949
Sublimaze, see Fentanyl, 539
Suboxone, see Buprenorphine & Naloxone, 952



Succicuran, see Succinylcholine, 1288
Succicurarium, see Succinylcholine, 1288
Succimer, 1286, (1523), (1528)
Succinolin, see Succinylcholine, 1288
Succinyl-Astra, see Succinylcholine, 1288
Succinylcholine, 1288, (1528)
Succinylsulfathiazole, see Sulfonamides, 1297
Sucline, see Saccharin, 1241
Sucralfate, 1290, (1530)
Sucredulcor, see Saccharin, 1241
Sucrets Cough Control, see Dextromethorphan, 385
Sucrettes, see Saccharin, 1241
Sucromat, see Saccharin, 1241
Sudabid, see Pseudoephedrine, 1168
Sudafed, see Pseudoephedrine, 1168
Sudoprin, see Acetaminophen, 8
Sudrin, see Pseudoephedrine, 1168
Sufenta, see Sufentanil, 1291
Sufentanil, 1291, (1528)
Sufil, see Mebendazole, 846
Sugracillin, see Penicillin G, 1080
Sukami, see Aspartame, 89
Sular, see Nisoldipine, 982
Sulbactam, 1293, (1523)
Sulcolon, see Sulfonamides, 1297
Sulconazole, 1294, (1523)
Sulf-10, see Sulfonamides, 1297
Sulfabid, see Sulfonamides, 1297
Sulfacetamide, see Sulfonamides, 1297
Sulfachlorpyridazine, see Sulfonamides, 1297
Sulfactin Homburg, see Dimercaprol, 412
Sulfacytine, see Sulfonamides, 1297
Sulfadets, see Sulfonamides, 1297
Sulfadiazine, see Sulfonamides, 1297
Sulfadimethoxine, see Sulfonamides, 1297
Sulfadimidine, see Sulfonamides, 1297
Sulfadine, see Sulfonamides, 1297
Sulfadoxine, see Sulfonamides, 1297
Sulfaethidole, see Sulfonamides, 1297
Sulfagan, see Sulfonamides, 1297
Sulfaguanidine, see Sulfonamides, 1297
Sulfalar, see Sulfonamides, 1297
Sulfalene, see Sulfonamides, 1297
Sulfamerazine, see Sulfonamides, 1297
Sulfameter, see Sulfonamides, 1297
Sulfamethazine, see Sulfonamides, 1297
Sulfamethizole, see Sulfonamides, 1297
Sulfamethoxazole, see Sulfonamides, 1297
Sulfamethoxydiazine, see Sulfonamides, 1297
Sulfamethoxydin, see Sulfonamides, 1297
Sulfamethoxypyridazine, see Sulfonamides, 1297
Sulfametin, see Sulfonamides, 1297
Sulfametopyrazine, see Sulfonamides, 1297
Sulfametorinum, see Sulfonamides, 1297



Sulfaminum, see Sulfonamides, 1297
Sulfamul, see Sulfonamides, 1297
Sulfamylon, see Mafenide, 833
Sulfamylon Cream, see Mafenide, 833
Sulfanilamide, see Sulfonamides, 1297
Sulfanilcarbamide, see Sulfonamides, 1297
Sulfa-Perlongit, see Sulfonamides, 1297
Sulfaphenazole, see Sulfonamides, 1297
Sulfapyridine, see Sulfonamides, 1297
Sulfasalazine, 1295, (1530), (1531)
Sulfasan, see Sulfonamides, 1297
Sulfasomidine, see Sulfonamides, 1297
Sulfasox, see Sulfonamides, 1297
Sulfasymazine, see Sulfonamides, 1297
Sulfathalidine, see Sulfonamides, 1297
Sulfathiazole, see Sulfonamides, 1297
Sulfathox, see Sulfonamides, 1297
Sulfazole, see Sulfonamides, 1297
Sulfisin, see Sulfonamides, 1297
Sulfisomidine, see Sulfonamides, 1297
Sulfisoxazole, see Sulfonamides, 1297
Sulfizin, see Sulfonamides, 1297
Sulfizole, see Sulfonamides, 1297
Sulfomyl, see Sulfonamides, 1297
Sulfona, see Dapsone, 354
Sulfonamides, 1297, (1524)
Sulfoplan, see Sulfonamides, 1297
Sulftalyl, see Sulfonamides, 1297
Sulindac, 1299, (1528)
Sulla, see Sulfonamides, 1297
Sulmycin, see Gentamicin, 620
Sulphacalyre, see Sulfonamides, 1297
Sulphacarbamide, see Sulfonamides, 1297
Sulphacetamide, see Sulfonamides, 1297
Sulphachlorpyridazine, see Sulfonamides, 1297
Sulphadiaz, see Sulfonamides, 1297
Sulphadiazine, see Sulfonamides, 1297
Sulphadimethoxine, see Sulfonamides, 1297
Sulphadimid, see Sulfonamides, 1297
Sulphadimidine, see Sulfonamides, 1297
Sulphaethidole, see Sulfonamides, 1297
Sulphafuraz, see Sulfonamides, 1297
Sulphafurazole, see Sulfonamides, 1297
Sulphaguanidine, see Sulfonamides, 1297
Sulphalene, see Sulfonamides, 1297
Sulphalyl, see Sulfonamides, 1297
Sulphameraz, see Sulfonamides, 1297
Sulphamerazine, see Sulfonamides, 1297
Sulphamethiz, see Sulfonamides, 1297
Sulphamethizole, see Sulfonamides, 1297
Sulphamethoxazole, see Sulfonamides, 1297
Sulphamethoxydiazine, see Sulfonamides, 1297
Sulphamethoxypyrid, see Sulfonamides, 1297
Sulphanilam, see Sulfonamides, 1297



Sulphanilylurea, see Sulfonamides, 1297
Sulphaphenazole, see Sulfonamides, 1297
Sulphapyrid, see Sulfonamides, 1297
Sulphapyridine, see Sulfonamides, 1297
Sulphasalazine, see Sulfonamides, 1297
Sulphasomidine, see Sulfonamides, 1297
Sulphathiaz, see Sulfonamides, 1297
Sulphathiazole, see Sulfonamides, 1297
Sulphaurea, see Sulfonamides, 1297
Sulphribon, see Sulfonamides, 1297
Sul-Spansion, see Sulfonamides, 1297
Sultanol, see Albuterol, 30
Sultirene, see Sulfonamides, 1297
Sumasept, see Hexachlorophene, 655
Sumatriptan, 1302, (1527)
Sumox, see Amoxicillin, 63
Sumycin, see Tetracycline, 1339
Sunitinib, 1304, (1525)
Sun-Suc, see Saccharin, 1241
Supen, see Ampicillin, 69
Super-Anahist, see Phenylephrine, 1110
Superlipid, see Probucol, 1153
Suppress, see Dextromethorphan, 385
Supramycin, see Tetracycline, 1339
Suprane, see Desflurane, 371
Suprax, see Cefixime, 222
Surfak, see Docusate Calcium, 423
Surmontil, see Trimipramine, 1409
Suscardia, see Isoproterenol, 742
Suspen, see Penicillin V, 1082
Suspendol, see Allopurinol, 40
Suspenin, see Penicillin G Procaine, 1082
Sus-Phrine, see Epinephrine, 477
Sustac, see Nitroglycerin, 986
Sustaire, see Theophylline, 1350
Sustamycin, see Tetracycline, 1339
Sustiva, see Efavirenz, 455
Sutent, see Sunitinib, 1304
Suxamethonium, see Succinylcholine, 1288
Suxinutin, see Ethosuximide, 514
Svedocyklin, see Tetracycline, 1339
Swawsone, see Dexamethasone, 377
Sviroxit, see Etidronate, 517
Sweet Chamomile, see Chamomile, 241
Sweet herb, see Stevia, 1281
Sweet herb of Paraguay, see Stevia, 1281
Sweet leaf, see Stevia, 1281
Sweet leaf of Paraguay, see Stevia, 1281
Symbicort, see Budesonide & Formoterol, 592
Symlin, see Pramlintide, 1141
Symmetrel, see Amantadine, 48
Symptom 2, see Pseudoephedrine, 1168
Symptom 3, see Brompheniramine, 160
Synacthen, see Corticotropin/Cosyntropin, 326



Synagis, see Palivizumab, 1049
Synalar, see Fluocinolone, 559
Synalar Simple, see Fluocinolone, 559
Synalgos-DC, see Dihydrocodeine Bitartrate, 408
Synatan, see Dextroamphetamine, 385
Syncurine, see Decamethonium, 364
Synercid, see Quinupristin/Dalfopristin, 1189
Synkavite (Menadiol), see Menadione, 860
Synkayvite, see Menadione, 860
Synmiol, see Idoxuridine, 688
Synophylate, see Theophylline, 1350
Synribo, see Omacetaxine, 1019
Syntaris, see Flunisolide, 557
Synstigmin, see Neostigmine, 969
Synthroid, see Levothyroxine, 796
Synticillin, see Methicillin, 880
Syntopressin, see Lypressin, 828

T
T, see Tetracycline, 1339
T 1824, see Evans Blue, 525
T-250, see Tetracycline, 1339
T3, see Liothyronine, 803
T4, see Levothyroxine, 796
Tabilin, see Penicillin G, 1080
Tablamide, see Sulfonamides, 1297
TAC-3, see Triamcinolone, 1398
TAC-40, see Triamcinolone, 1398
Tacaryl, see Methdilazine, 879
TACE, see Chlorotrianisene, 252
Tachyrol, see Dihydrotachysterol, 410
Taclonex, see Calcipotriene & Betamethasone, 137
Tacrolimus, 1305, (1531)
Tafil, see Alprazolam, 44
Tafirol, see Ketoprofen, 759
Taflotan, see Tafluprost, 1309
Tafluprost, 1309, (1531)
Tag-39, see Estrogens, Conjugated, 501
Tagamet, see Cimetidine, 270
Takanarumin, see Allopurinol, 40
Talecid, see Sulfonamides, 1297
Talerc, see Epinastine, 476
Talidine, see Sulfonamides, 1297
Taliglucerase Alfa, 1310, (1529)
Talion, see Bepotastine, 135
Talwin, see Pentazocine, 1085
Tamax, see Tamoxifen, 1311
Tamaxin, see Tamoxifen, 1311
Tambocor, see Flecainide, 548
Tamiflu, see Oseltamivir, 1031
Tamik, see Dihydroergotamine, 409
Tamin, see Famotidine, 532



Tamizam, see Tamoxifen, 1311
Tamofen, see Tamoxifen, 1311
Tamone, see Tamoxifen, 1311
Tamoplex, see Tamoxifen, 1311
Tamoxasta, see Tamoxifen, 1311
Tamoxifen, 1311, (1525), (1529)
Tampovagan N, see Neomycin, 968
Tamsulosin, 1314, (1526)
Tamuc, see Acetylcysteine, 13
Tanaceti parthenii, see Feverfew, 542
Tandacote, see Oxyphenbutazone, 1043
Tandalgesic, see Oxyphenbutazone, 1043
Tanderil, see Oxyphenbutazone, 1043
Tanderil-Alka, see Oxyphenbutazone, 1043
TAO, see Troleandomycin, 1411
Tapar, see Acetaminophen, 8
Tapazole, see Methimazole, 880
Tapentadol, 1315, (1528)
Taquidil, see Tocainide, 1372
Taractan, see Chlorprothixene, 256
Tarasan, see Chlorprothixene, 256
Tarceva, Erlotinib, 489
Tardocillin, see Penicillin G Benzathine, 1081
Targretin, see Bexarotene, 143
Tarivid, see Ofloxacin, 1011
Tarontal, see Pentoxifylline, 1089
Tasigna, see Nilotinib, 980
Tasmar, see Tolcapone, 1377
Tasnon, see Piperazine, 1126
Taucorten, see Triamcinolone, 1398
Tavan-SP 54, Pentosan, 1087
Tavegil, see Clemastine, 290
Tavegyl, see Clemastine, 290
Tavist, see Clemastine, 290
Tavor, see Lorazepam, 819
Taxol, see Paclitaxel, 1044
Taxotere, see Docetaxel, 422
Tazarotene, 1315, (1528)
Tazicef, see Ceftazidime, 228
Tazidime, see Ceftazidime, 228
Tazobactam, 1316, (1523)
Tazone, see Phenylbutazone, 1109
Tazorac, see Tazarotene, 1315
Tb-Phlogin, see Isoniazid, 741
TC-83 Venezuelan Equine Encephalitis Vaccine, see Vaccine, TC-83 Venezuelan Equine Encephalitis,

1440
Td, see Tetanus/Diphtheria Toxoids (Adult)
Tebrazid, see Pyrazinamide, 1171
TechneScan, see Technetium Tc-99m, 1317
Technetium Tc-99m, 1317, (1529)
Tecnomax, see Sildenafil, 1261
Tedarol, see Triamcinolone, 1398
Teduglutide, 1318, (1530)
Teebacin acid, see para-Aminosalicylic Acid, 53



Teebaconin, see Isoniazid, 741
Tegaserod, see 9th edition
Tegison, see Etretinate, 523
Tegopen, see Cloxacillin, 307
Tegretal, see Carbamazepine, 197
Tegretol, see Carbamazepine, 197
Tekturna, see Aliskiren, 39
Telaprevir, 1319, (1524)
Telavancin, 1319, (1523)
Telbivudine, 1320, (1524)
Teldane, see Terfenadine, 1332
Teldrin, see Chlorpheniramine, 252
Telgin-G, see Clemastine, 290
Telithromycin, 1321, (1523)
Telmisartan, 1322, (1526)
Telset, see Tioconazole, 1366
Temaril, see Trimeprazine, 1405
Temaz, see Temazepam, 1323
Temazepam, 1323, (1528)
Temozolomide, 1324, (1525)
Tementil, see Prochlorperazine, 1155
Temesta, see Lorazepam, 819
Temgesic, see Buprenorphine, 165
Temodal, see Temozolomide, 1324
Temodar, see Temozolomide, 1324
Temoxol, see Temozolomide, 1324
Tempra, see Acetaminophen, 8
Temserin, see Timolol, 1363
Temsirolimus, 135, (1525)
Tenacid, see Imipenem-Cilastatin Sodium, 696
Tenax, see Chlordiazepoxide, 245
Tencilan, see Clorazepate, 305
Tenecteplase, 1326, (1531)
Tenex, see Guanfacine, 645
Tenicridine, see Quinacrine, 1184
Teniposide, 1326, (1525)
Tenofovir, 1327, (1524)
Tenol, see Acetaminophen, 8
Tenoret, see Atenolol, 98
Tenoretic, see Atenolol, 98
Tenormin, see Atenolol, 98
Tenserp, see Reserpine, 1207
Tensilon, see Edrophonium, 454
Tensin, see Reserpine, 1207
Tensium, see Diazepam, 389
Tenso, see Temazepam, 1323
Tensocold, see Isoflurane, 737
Tensodilen, see Dichlorphenamide, 394
Tensopam, see Diazepam, 389
Tenuate, see Diethylpropion, 402
Tenuatina, see Dihydroergotamine, 409
Teoptic, see Carteolol, 213
Tepanil, see Diethylpropion, 402
Terazol, see Terconazole, 1332



Terazosin, 1328, (1526)
Terbasmin, see Terbutaline, 1329
Terbinafine, 1329, (1523)
Terbutaline, 1329, (1526), (1531)
Terconazole, 1332, (1523)
Terental, see Pentoxifylline, 1089
Terfenadine, see 9th edition
Terfluzin, see Trifluoperazine, 1404
Terfluzine, see Trifluoperazine, 1404
Teriam, see Triamterene, 1401
Teriflunomide, 1333, (1531)
Ternelin, see Tizanidine, 1370
Terpate, see Pentaerythritol Tetranitrate, 1083
Terpene Hydrate, see Terpin Hydrate, 1334
Terpin Hydrate, 1334, (1532)
Terpinol, see Terpin Hydrate, 1334
Terramycin, see Oxytetracycline, 1043
Terravenos, see Oxytetracycline, 1043
Tertensif, see Indapamide, 703
Tertroxin, see Liothyronine, 803
Tesamone, see Testosterone, 1335
Tesamorelin, 1334, (1529)
Tespa, see Thiotepa, 1355
Testandro, see Testosterone, 1335
Testex, see Testosterone, 1335
Testoderm, see Testosterone, 1335
Testo-Enant, see Testosterone, 1335
Testopel, see Testosterone, 1335
Testosterone, 1335, (1529)
Testotop, see Testosterone, 1335
Testoviron, see Testosterone, 1335
Testovis, see Methyltestosterone, 900
Testred, see Methyltestosterone, 900
Tet, see Tetracycline, 1339
Tetanus/Diphtheria Toxoids (Adult), see Diphtheria/Tetanus Toxoids (Adult), 1337
Tetanus Immune Globulin, see Immune Globulin, Tetanus, 701
Tetanus Toxoid/Reduced Diphtheria Toxoid/Acellular Pertussis Vaccine Adsorbed, see Vaccine, Pertussis

(Acellular), 1337
Tetlong, see Oxytetracycline, 1043
Tetnor, see Phenylbutazone, 1109
Tetrabenazine, 1337, (1527)
Tetra-Bid, see Tetracycline, 1339
Tetrabiotic, see Tetracycline, 1339
Tetra-C, see Tetracycline, 1339
Tetracaine, 1338, (1523)
Tetracap, see Tetracycline, 1339
Tetrachel, see Tetracycline, 1339
Tetracitro, see Tetracycline, 1339
Tetra-Co, see Tetracycline, 1339
Tetracosactrin, see Corticotropin/Cosyntropin, 326
Tetracrine, see Tetracycline, 1339
Tetracycline, 1339, (1524)
Tetracyn, see Tetracycline, 1339
Tetracyne, see Tetracycline, 1339



Tetradecin Novum, see Tetracycline, 1339
Tetral, see Tetracycline, 1339
Tetralan, see Tetracycline, 1339
Tetralean, see Tetracycline, 1339
Tetralution, see Tetracycline, 1339
Tetram, see Tetracycline, 1339
Tetramel, see Oxytetracycline, 1043
Tetramykoin, see Tetracycline, 1339
Tetranite, see Pentaerythritol Tetranitrate, 1083
Tetrasule, see Pentaerythritol Tetranitrate, 1083
Tetra-Tablinen, see Oxytetracycline, 1043
Tetrex, see Tetracycline, 1339
Tetrosol, see Tetracycline, 1339
Teveten, see Eprosartan, 484
Texot, see Docetaxel, 422
Thacapzol, see Methimazole, 880
Thai Kudzu Root Extract, see Kudzu, 762
Thalacet, see Sulfonamides, 1297
Thalamonal, see Fentanyl, 539
Thalidomide, 1342, (1531)
Thalomid, see Thalidomide, 1342
Thelmox, see Mebendazole, 846
Thendorm, see Methaqualone, 878
Theobid, see Theophylline, 1350
Theocap, see Theophylline, 1350
Theoclear, see Theophylline, 1350
Theocolin, see Oxtriphylline, 1039
Theo-Dur, see Theophylline, 1350
Theograd, see Theophylline, 1350
Theolair, see Theophylline, 1350
Theolix, see Theophylline, 1350
Theon, see Theophylline, 1350
Theo-Nar, see Theophylline, 1350
Theophyl, see Theophylline, 1350
Theophylline, 1350, (1532)
Theostat, see Theophylline, 1350
Theovent, see Theophylline, 1350
Theralen, see Trimeprazine, 1405
Theralene, see Trimeprazine, 1405
Therapen, see Penicillin G, 1080
Therapen I.M., see Penicillin G Procaine, 1082
Thevier, see Levothyroxine, 796
Thiabendazole, see 9th edition
Thiacyl, see Sulfonamides, 1297
Thiamine, 1352, (1532)
Thiazomide, see Sulfonamides, 1297
Thiethylperazine, see 9th edition
Thiodyne (Sodium Thiosalicylate), see Aspirin, 92
Thioguanine, 1353, (1525)
Thioridazine, 1355, (1527)
Thioril, see Thioridazine, 1355
Thiosal (Sodium Thiosalicylate), see Aspirin, 92
Thiosul (Sodium Thiosalicylate), see Aspirin, 92
Thiosulfil, see Sulfonamides, 1297



Thiotepa, 1355, (1526)
Thiothixene, 1356, (1527)
Thiphenamil,see 8th edition
Thipropazate,see 8th edition
Thiuretic, see Hydrochlorothiazide, 659
Thombran, see Trazodone, 1392
Thoradex, see Chlorpromazine, 252
Thorazine, see Chlorpromazine, 252
THP, see Trihexyphenidyl, 1405
3TC, see Lamivudine, 767
Thrombate III, see Antithrombin III (Human), 78
Thrombhibin, see Antithrombin III (Human), 78
Thrombocid, see Pentosan, 1087
Thrombophob, see Heparin, 652
Thrombo-Vetren, see Heparin, 652
TH Sal (Sodium Thiosalicylate), see Aspirin, 92
Thybon, see Liothyronine, 803
Thycapsol, see Methimazole, 880
Thymopramine, see Imipramine, 697
Thypinone, see Protirelin, 1168
Thyranon, see Thyroid, 1357
Thyrar, see Thyroid, 1357
Thyratrop, see Thyrotropin, 1357
Thyreostat II, see Propylthiouracil, 1165
Thyreostimulin, see Thyrotropin, 1357
Thyro-Block, see Potassium Iodide, 1137
Thyroboline, see Thyroid, 1357
Thyrocrine, see Thyroid, 1357
Thyroglobulin, 1357, (1530)
Thyroid, 1357, (1530)
Thyroid Stimulating Hormone, see Thyrotropin, 1357
Thyroidine, see Thyroid, 1357
Thyrolar, see Liotrix, 804
Thyro-Teric, see Thyroid, 1357
Thyrotropic Hormone, see Thyrotropin, 1357
Thyrotropin, 1357, (1530)
Thyrotropin-Releasing Hormone (Synthetic), see Protirelin, 1168
Thyroxinal, see Levothyroxine, 796
Thyroxine, see Levothyroxine, 796
Thytropar, see Thyrotropin, 1357
Tiabenda, see Thiabendazole, 1352
Tiagabine, 1358, (1527)
Tiamol, see Fluocinonide, 560
Tibinide, see Isoniazid, 741
Ticagrelor, 1359, (1530)
Ticar, see Ticarcillin, 1360
Ticarcillin, 1360, (1524)
Ticillin V-K, see Penicillin V, 1082
Ticinil, see Phenylbutazone, 1109
Ticlid, see Ticlopidine, 1361
Ticlodone, see Ticlopidine, 1361
Ticlopidine, 1361, (1530)
Ticloproge, see Ticlopidine, 1361
Ticlosan, see Ticlopidine, 1361



Ticon, see Trimethobenzamide, 1406
Tienam, see Imipenem-Cilastatin Sodium, 696
TIG, see Immune Globulin, Tetanus, 701
Tigan, see Trimethobenzamide, 1406
Tigason, see Etretinate, 523
Tigecycline, 1362, (1524)
Tikacillin, see Penicillin V, 1082
Tiklid, see Ticlopidine, 1361
Tikosyn, see Dofetilide, 424
Tilad, see Nedocromil Sodium, 963
Tilade, see Nedocromil Sodium, 963
Tilarin, see Nedocromil Sodium, 963
Tilavist, see Nedocromil Sodium, 963
Tilazem, see Diltiazem, 410
Tildiem, see Diltiazem, 410
Tilene, see Fenofibrate, 536
Tiludronate, 1362, (1526)
Timacor, see Timolol, 1363
Timolol, 1363, (1526)
Timoptic, see Timolol, 1363
Timoptol, see Timolol, 1363
Tinazole, see Tinidazole, 1364
Tindal, see Acetophenazine, 13
Tindala, see Acetophenazine, 13
Tindamax, see Tinidazole, 1364
Tinidafyl, see Tinidazole, 1364
Tinidazole, 1364, (1523), (1524)
Tini, see Tinidazole, 1364
Tinzaparin, see 9th edition
Tioconazol, see Tioconazole, 1366
Tioconazole, 1366, (1523)
Tioconax, see Tioconazole, 1366
Tiomical, see Tioconazole, 1366
Tionazen, see Tioconazole, 1366
Tiotil, see Propylthiouracil, 1165
Tiotropium, 1367, (1532)
Tipranavir, 1368, (1524)
Tipton Weed, see St. John’s Wort, 1282
Tiqualoine, see Methaqualone, 878
Tirocular, see Acetylcysteine, 13
Tirodril, see Methimazole, 880
Tirofiban, 1369, (1530)
Tiroides, see Thyroid, 1357
Tironina, see Liothyronine, 803
Tised, see Meprobamate, 863
Tisercin, see Methotrimeprazine, 891
Tisit, see Pyrethrins with Piperonyl Butoxide, 1172
Tisogen, see Topotecan, 1383
Tissue Plasminogen Activator, see Alteplase, 45
Tissue-Type Plasminogen Activator, see Alteplase, 45
Ti-Tre, see Liothyronine, 803
Tixair, see Acetylcysteine, 13
Tizanidine, 1370, (1528)
TNKase, see Tenecteplase, 1326



Tobacco, see Cigarette Smoking, 262
Tobramycin, 1371, (1523)
Tocainide, see 9th edition
Tocilizumab, 1372, (1531)
Tocopher-M, see Vitamin E, 1492
Tocopher-Plus, see Vitamin E, 1492
dl-α-Tocopheryl, see Vitamin E, 1492
Today, see Nonoxynol-9/Octoxynol-9, 999
Tofacitinib, 1373, (1531)
Tofranil, see Imipramine, 697
Toilax, see Bisacodyl, 145
Toin Unecelles, see Phenytoin, 1111
Tokolysan, see Hexoprenaline, 657
Tolanase, see Tolazamide, 1374
Tolazamide, 1374, (1529)
Tolazoline, see 9th edition
Tolbutamide, 1375, (1529)
Tolbutol, see Tolbutamide, 1375
Tolbutone, see Tolbutamide, 1375
Tolcapone, 1377, (1527)
Tolectin, see Tolmetin, 1378
Toliman, see Cinnarizine, 274
Tolmetin, 1378, (1528)
Tolterodine, 1379, (1532)
Tolvaptan, 1379, (1530)
Tomizol, see Methimazole, 880
Tonid, see Tinidazole, 1364
Tonocard, see Tocainide, 1372
Tonopres, see Dihydroergotamine, 409
Topamax, see Topiramate, 1380
Topiramate, 1380, (1527)
Topmycin, see Chlortetracycline, 256
Topokebir, see Topotecan, 1383
Topotecan, 1383, (1525)
Topotel, see Topotecan, 1383
Topsym, see Fluocinonide, 560
Topsyn, see Fluocinonide, 560
TOPV, see Vaccine, Poliovirus Live, 1434
Tora, see Phentermine, 1107
Toradol, see Ketorolac, 760
Torax, see Dextromethorphan, 385
Torecan, see Thiethylperazine, 1353
Torental, see Pentoxifylline, 1089
Torisel, see Temsirolimus, 1325
Torizin, see Cinnarizine, 274
Torsemide, 1384, (1529)
Toryxil, see Diclofenac, 395
Tosmilen, see Demecarium, 369
Totacillin, see Ampicillin, 69
Totamin, see Mebendazole, 846
Totomycin, see Tetracycline, 1339
Toute Epice, see Black Seed/Kalanji, 148
Toviaz, see Fesoterodine, 541



t-PA, see Alteplase, 45
TPT, see Topotecan, 1383
Trabest, see Clemastine, 290
Tracix, see Imipenem-Cilastatin Sodium, 696
Tracleer, see Bosentan, 154
Tracrium, see Atracurium, 107
Tradjenta, see Linagliptin, 800
Tradon, see Pemoline, 1077
Tral, see Hexocyclium, 657
Tralen, see Tioconazole, 1366
Tramal, see Tramadol, 1384
Tramadol, 1384, (1528)
Tramensan, see Trazodone, 1392
Trandate, see Labetalol, 764
Trandolapril, 1386, (1526)
Tranex, see Tranexamic Acid, 1388
Tranexamic Acid, 1388, (1530)
Trangorex, see Amiodarone, 54
Tranite, see Pentaerythritol Tetranitrate, 1083
Trankimazin, see Alprazolam, 44
Tranmep, see Meprobamate, 863
Transamin, see Tranexamic Acid, 1388
Transbilix, see Iodipamide, 728
Transene, see Clorazepate, 305
Trantoin, see Nitrofurantoin, 984
Tranxen, see Clorazepate, 305
Tranxene, see Clorazepate, 305
Tranxilen, see Clorazepate, 305
Tranxilium, see Clorazepate, 305
Tranylcypromine, 1389, (1527)
Trasacor, see Oxprenolol, 1039
Trasicor, see Oxprenolol, 1039
Trastuzumab, 1390, (1525)
Trasylol, see Aprotinin, 81
Trates, see Nitroglycerin, 986
Traumacut, see Methocarbamol, 885
Travamine, see Dimenhydrinate, 411
Travamulsion, see Lipids, 804
Trav-Arex, see Dimenhydrinate, 411
Travatan, see Travoprost, 1392
Travatan Z, see Travoprost, 1392
Travoprost, 1392, (1531)
Trazodone, 1392, (1527)
Trazoteva, see Docetaxel, 422
Treanda, see Bendamustine, 131
Trecator, see Ethionamide, 513
Trelmar, see Meprobamate, 863
Tremin, see Trihexyphenidyl, 1405
Trental, see Pentoxifylline, 1089
Treprostinil, 1394, (1530)
Tresochin, see Chloroquine, 248
Tresortil, see Methocarbamol, 885
Trest, see Methixene, 885
Tretinoin (Systemic), 1395, (1525), (1532)



Tretinoin (Topical), 1395, (1528)
Trexan, see Naltrexone, 953
Treximet, see Sumatriptan & Naproxen, 955
TRH, see Protirelin, 1168
Triacet, see Triamcinolone, 1398
Triacetyloleandomycin, see Troleandomycin, 1411
Triacycline, see Tetracycline, 1339
Triaderm, see Triamcinolone, 1398
Triador, see Methaqualone, 878
Triagin, see Nitroglycerin, 986
Trialmin, see Gemfibrozil, 618
Trialona, see Fluticasone, 576
Triam-A, see Triamcinolone, 1398
Triamcinair, see Triamcinolone, 1398
Triamterene, 1401, (1529)
Triamcinolone, 1398, (1529), (1532)
Triam Forte, see Triamcinolone, 1398
Triamhexal, see Triamcinolone, 1398
Triam-Injekt, see Triamcinolone, 1398
Triamolone, see Triamcinolone, 1398
Triamonide, see Triamcinolone, 1398
Triam-Oral, see Triamcinolone, 1398
Tri-Amp, see Ampicillin, 69
Triamcinolone, 1398, (1529), (1532)
Tri-Anemul, see Triamcinolone, 1398
Triasox, see Thiabendazole, 1352
Triavil, see Perphenazine & Amitriptyline, 58
Triazolam, 1402, (1528)
Trichazol, see Metronidazole, 905
Trichlorex, see Trichlormethiazide, 1403
Trichlormethiazide, 1403, (1529)
Trichonas, see Tinidazole, 1364
Tricofuron, see Furazolidone, 599
Tricogyn, see Tinidazole, 1364
Tricolam, see Tinidazole, 1364
Tricor, see Fenofibrate, 536
Tricortale, see Triamcinolone, 1398
Tricozone, see Tinidazole, 1364
Tridelta, see Cholecalciferol, 257
Triderm, see Triamcinolone, 1398
Tridihexethyl, see 9th edition
Tridione, see Trimethadione, 1405
Trientine, 1403, (1528)
Triethlene Thiophosphoramide, see Thiotepa, 1355
Trifluoperazine, 1404, (1527)
Trifluoper-Ez-Ets, see Trifluoperazine, 1404
Triflupromazine, see 9th edition
Triflurin, see Trifluoperazine, 1404
Trifosfaneurina, see Thiamine, 1352
Trigon Depot, see Triamcinolone, 1398
Trigyn, see Tinidazole, 1364
Trihexane, see Trihexyphenidyl, 1405
Trihexidyl, see Trihexyphenidyl, 1405
Trihexy, see Trihexyphenidyl, 1405



Trihexyphenidyl, 1405, (1526)
Trihistan, see Chlorcyclizine, 245
Triiodothyronine, see Liothyronine, 803
Trikacide, see Metronidazole, 905
Trikamon, see Metronidazole, 905
Tri-Kort, see Triamcinolone, 1398
Trilafon, see Perphenazine, 1094
Trileptal, see Oxcarbazepine, 1037
Trilifan, see Perphenazine, 1094
Trilium, see Chlordiazepoxide, 245
Trilog, see Triamcinolone, 1398
Trilone, see Triamcinolone, 1398
Triludan, see Terfenadine, 1332
Trilyte, see Polyethylene Glycol (3350 & 4000), 1132
Trimedone, see Trimethadione, 1405
Trimeprazine, see 9th edition
Trimethadione, see 9th edition
Trimethaphan, see 9th edition
Trimethobenzamide, 1406, (1530)
Trimethoprim, 1406, (1523)
Trimetrexate, see 9th edition
Trimipramine, 1409, (1523)
Trimox, see Amoxicillin, 63
Trimpex, see Trimethoprim, 1406
Trimstat, see Phendimetrazine, 1099
Trimtabs, see Phendimetrazine, 1099
Triniad, see Isoniazid, 741
Trinotecan, see Irinotecan, 736
Triosil, see Metrizoate, 905
Tripedia, see Vaccine, Pertussis (Acellular), 1431
Tripelennamine, see 9th edition
Triple Bromides, see Bromides, 159
Triple X, see Pyrethrins with Piperonyl Butoxide, 1172
Triprolidine, 1410, (1523)
Triptil, see Protriptyline, 1168
Trisoralen, see Methoxsalen, 891
Tristoject, see Triamcinolone, 1398
Triten Tab-In, see Dimethindene, 413
Trithyrone, see Liothyronine, 803
Trittico, see Trazodone, 1392
Triyosom, see Diatrizoate, 388
Trizivir, see Abacavir & Lamivudine & Zidovudine, 1506
Trobicin, see Spectinomycin, 1277
Trocal, see Dextromethorphan, 385
Trocinate, see Thiphenamil, 1356
Troglitazone, see 9th edition
Troleandomycin, see 9th edition
Trolovol, see Penicillamine, 1079
Tromderm, see Sertaconazole, 1253
Tromexan, see Ethyl Biscoumacetate, 516
Tronothane, see Pramoxine, 1142
Tronoxal, see Ifosfamide, 688
Tropex, see Antipyrine, 78
Tropium, see Chlordiazepoxide, 245



Trosderm, see Tioconazole, 1366
Trosid, see Tioconazole, 1366
Trospi, see Trospium, 1411
Trospium, 1411, (1532)
Trosyd, see Tioconazole, 1366
Trovafloxacin, see 9th edition
Trovan, see Trovafloxacin, 1412
Troxidone, see Trimethadione, 1405
Trucosone, see Estrogens, Conjugated, 501
Truvada, see Emtricitabine & Tenofovir, 1327
Truxal, see Chlorprothixene, 256
Truxaletten, see Chlorprothixene, 256
Trymegen, see Chlorpheniramine, 252
Trymex, see Triamcinolone, 1398
Tryptanol, see Amitriptyline, 58
Tryptizol, see Amitriptyline, 58
T-Serp, see Reserpine, 1207
TSH, see Thyrotropin, 1357
TSPA, see Thiotepa, 1355
Tualone, see Methaqualone, 878
Tu-Cillin, see Penicillin G Procaine, 1082
Tudorza Pressair, see Aclidinium Bromide, 17
Tuinal, see Amobarbital & Secobarbital, 1250
Tularemia Vaccine, see Vaccine, Tularemia, 1441
Tums E-X, see Calcium Carbonate, 185
Turbinal, see Beclomethasone, 125
Turixin, see Mupirocin, 941
Tusal (Sodium Thiosalicylate), see Aspirin, 92
Tusorama, see Dextromethorphan, 385
Tussanca, see Guaifenesin, 643
Tuss Hustenstiller, see Dextromethorphan, 385
Tussidyl, see Dextromethorphan, 385
Tussiverlan, see Acetylcysteine, 13
Tusstat, see Diphenhydramine, 414
Tussycalm, see Dextromethorphan, 385
12 Hour Nasal, see Oxymetazoline, 1041
12 Hour Sinarest, see Oxymetazoline, 1041
Twice-A-Day, see Oxymetazoline, 1041
2-PAM, see Pralidoxime, 1139
Tydamine, see Trimipramine, 1409
Tykerb, see Lapatinib, 779
Tylciprine, see Tranylcypromine, 1389
Tylenol, see Acetaminophen, 8
Tygacil, Tigecycline, 1362
Tylox, see Oxycodone, 1040
Typhim VI, see Vaccine, Typhoid, 1441
Typhoid Vaccine, see Vaccine, Typhoid, 1441
Typhoid Vaccine Live Oral Ty21a, see Vaccine, Typhoid, 1441
Typhoid Vi Polysaccharide Vaccine, see Vaccine, Typhoid, 1441
Tyropanoate, see 9th edition
Tysabri, see Natalizumab, 959
Tyzeka, see Telbivudine, 1320



U
U-53217, see Epoprostenol, 482
Ubizol, see Fluticasone, 576
UceeD, see Dexpanthenol, 383
Ugurol, see Tranexamic Acid, 1388
Ulcofar, see Metoclopramide, 900
Ulipristal, 1413, (1529)
Ulmenid, see Chenodiol, 242
Uloric, see Febuxostat, 534
Ultane, see Sevoflurane, 1259
Ultiva, see Remifentanil, 1204
Ultrabiotic, see Mupirocin, 941
Ultracef, see Cefadroxil, 219
Ultracillin, see Cyclacillin, 333
Ultraderm, see Fluocinolone, 559
Ultram, see Tramadol, 1384
Ultramicina, see Fosfomycin, 595
UltraMide, see Urea, 1414
Ultramop, see Methoxsalen, 891
Ultramycin, see Minocycline, 922
Ultrasul, see Sulfonamides, 1297
Unasyn, see Ampicillin and Sulbactam, 1293
Underan, see Mupirocin, 941
Undestor, see Testosterone, 1335
Uniad, see Isoniazid, 741
Uniclar, see Mometasone, 936
Unidone, see Anisindione, 77
Unifast, see Phentermine, 1107
Uniket, see Isosorbide Mononitrate, 744
Unimycin, see Oxytetracycline, 1043
Unipen, see Nafcillin, 949
Unisal, see Diflunisal, 405
Uniscrub, see Chlorhexidine, 247
Unisept, see Chlorhexidine, 247
Unisom Nighttime Sleep-Aid, see Doxylamine, 434
Unisulph, see Sulfonamides, 1297
Uni-Tranxene, see Clorazepate, 305
Univasc, see Moexipril, 934
Upakuncika, see Black Seed/Kalanji, 148
Uracel (Sodium Salicylate), see Aspirin, 92
Urantoin, see Nitrofurantoin, 984
Uraplex, see Trospium, 1411
Urazide, see Benzthiazide, 133
Urbanil, see Clobazam, 293
Urbilat, see Meprobamate, 863
Urbol-100, see Allopurinol, 40
Urdrim, see Astemizole, 97
Urea, 1414, (1529)
Ureaphil, see Urea, 1414
Urecholine, see Bethanechol, 142
Urekene, see Valproic Acid, 1449
Ureum, see Urea, 1414
Urevert, see Urea, 1414



Urex, see Methenamine, 879
Urgospray, see Chlorhexidine, 247
Uribenz, see Allopurinol, 40
Uric, see Allopurinol, 40
Uricemil, see Allopurinol, 40
Uriconorme, see Allopurinol, 40
Uricozyme, see Rasburicase, 1201
Uridon, see Chlorthalidone, 257
Uridoz, see Fosfomycin, 595
Uriflex C, see Chlorhexidine, 247
Urifon, see Sulfonamides, 1297
Urifugan, see Allopurinol, 40
Uripurinol, see Allopurinol, 40
Uriscel, see Allopurinol, 40
Urispas, see Flavoxate, 547
Uri-Tet, see Oxytetracycline, 1043
Uritone, see Methenamine, 879
Urizone, see Fosfomycin, 595
Urobactam, see Aztreonam, 120
Urobenyl, see Allopurinol, 40
Uro-Carb, see Bethanechol, 142
Uroctal, see Norfloxacin, 1003
Urocydal, see Sulfonamides, 1297
Urogan, see Sulfonamides, 1297
Urogliss-S, see Chlorhexidine, 247
Urografin, see Diatrizoate, 388
Uro-Jet, see Lidocaine, 798
Urokinase, 1414, (1531)
Urolax, see Bethanechol, 142
Urolene Blue, see Methylene Blue, 895
Urolex, see Sulfonamides, 1297
Urolin, see Sulfonamides, 1297
Urolit, see Allopurinol, 40
Urolong, see Nitrofurantoin, 984
Urolucosil, see Sulfonamides, 1297
Urombrine, see Iodamide, 727
Uromiro, see Iodamide, 727
Uromitexan, see Mesna, 870
Uronid, see Flavoxate, 547
Uropolinum, see Diatrizoate, 388
Uropyridin, see Phenazopyridine, 1097
Urosin, see Allopurinol, 40
Uro-Tablinen, see Nitrofurantoin, 984
Urotoin, see Nitrofurantoin, 984
Urovison, see Diatrizoate, 388
Urovist, see Diatrizoate, 388
Uroz, see Sulfonamides, 1297
Urozide, see Hydrochlorothiazide, 659
Urozyl-SR, see Allopurinol, 40
Ursodeoxycholic Acid, see Ursodiol, 1415
Ursodiol, 1415, (1530)
Ustekinumab, 1417, (1531)
Urtias, see Allopurinol, 40
Urupan, see Dexpanthenol, 383



US-67, see Sulfonamides, 1297
Utabon, see Oxymetazoline, 1041
U-Tet, see Tetracycline, 1339
Uticillin, see Carbenicillin, 202
Uticillin VK, see Penicillin V, 1082
Utimox, see Amoxicillin, 63
Utinor, see Norfloxacin, 1003
Uvadex, see Methoxsalen, 891
Uvilon, see Piperazine, 1126

V
Vaam-DHQ, see Iodoquinol, 728
Vaccine, Adenovirus Type 4 and Type 7 Live, 1418, (1532)
Vaccine, Anthrax, 1419, (1532)
Vaccine, BCG, 1420, (1532)
Vaccine, Cholera, 1420, (1532)
Vaccine, Escherichia coli, 1420, (1532)
Vaccine, Group B Streptococcal, 1421, (1532)
Vaccine, Haemophilus b Conjugate, 1422, (1532)
Vaccine, Hepatitis A, 1422, (1532)
Vaccine, Hepatitis B, 1423, (1532)
Vaccine, Human Papillomavirus Bivalent, 1423, (1532)
Vaccine, Human Papillomavirus Quadrivalent, 1424, (1532)
Vaccine, Influenza, 1425, (1532)
Vaccine, Influenza A (H1N1), 1426, (1532)
Vaccine, Lyme Disease, 1427, (1532)
Vaccine, Measles, 1429, (1532)
Vaccine, Meningococcal, 1430, (1532)
Vaccine, Mumps, 1430, (1532)
Vaccine, Pertussis (Acellular), 1431, (1532)
Vaccine, Plague, 1432, (1532)
Vaccine, Pneumococcal Polyvalent, 1433, (1532)
Vaccine, Poliovirus Inactivated, 1434, (1532)
Vaccine, Poliovirus Live, 1434, (1532)
Vaccine, Rabies (Human), 1436, (1532)
Vaccine, Rubella, 1437, (1532)
Vaccine, Smallpox, 1439, (1532)
Vaccine, TC-83 Venezuelan Equine Encephalitis, 1439, (1532)
Vaccine, Tularemia, 1441, (1532)
Vaccine, Typhoid, 1441, (1532)
Vaccine, Varicella, 1442, (1532)
Vaccine, Yellow Fever, 1444, (1532)
Vacon Nasal, see Phenylephrine, 1110
Vagaka, see Mebendazole, 846
Vagistat-1, see Tioconazole, 1366
Valacyclovir, 1446, (1524)
Valadol, see Acetaminophen, 8
Valamin, see Ethinamate, 512
Valatux, see Dextromethorphan, 385
Valcyte, see Valganciclovir, 1448
Valdecoxib, see 9th edition



Valdorm, see Flurazepam, 573
Valdrene, see Diphenhydramine, 414
Valeans, see Alprazolam, 44
Valenac, see Diclofenac, 395
Valergen, see Estradiol, 500
Valerian, 1447, (1531)
Valerianae radix, see Valerian, 1447
Valeriana officinalis, see Valerian, 1447
Valeriana rhizome, see Valerian, 1447
Valeriane, see Valerian, 1447
Valerianna, see Valerian, 1447
Valerian Root, see Valerian, 1447
Valganciclovir, 1448, (1524)
Valium, see Diazepam, 389
Vallergan, see Trimeprazine, 1405
Vallex, see Trimeprazine, 1405
Valoid, see Cyclizine, 334
Valorin, see Acetaminophen, 8
Valpin, see Anisotropine, 77
Valproic Acid, 1449, (1527)
Valrubicin, 1456, (1525)
Valsartan, 1457, (1526)
Valstar, see Valrubicin, 1456
Valtaxin, see Valrubicin, 1456
Valtrex, see Valacyclovir, 1446
Vancenase, see Beclomethasone, 125
Vancenase AQ, see Beclomethasone, 125
Vanceril, see Beclomethasone, 125
Vancocin, see Vancomycin, 1459
Vancomycin, 1459, (1523)
Vandetanib, 1460, (1525)
Van-Mox, see Amoxicillin, 63
Vanos, see Fluocinonide, 560
Vanquil, see Pyrvinium Pamoate, 1180
Vanquin, see Pyrvinium Pamoate, 1180
Vantin, see Cefpodoxime, 226
Vapo-Iso, see Isoproterenol, 742
Vaponefrin, see Epinephrine, 477
Vapo-N-Iso, see Isoproterenol, 742
Vaprisol, see Conivaptan, 325
Vaqta, see Vaccine, Hepatitis A, 1422
Varenicline, 1461, (1528)
Varicella, see Vaccine, Varicella, 1442
Varicella-RIT, see Vaccine, Varicella, 1442
Varicella Vaccine, see Vaccine, Varicella, 1442
Varicella-Zoster Immune Globulin, see Immune Globulin Varicella-Zoster (Human), 702
Varilix, see Vaccine, Varicella, 1442
Varilrix, see Vaccine, Varicella, 1442
Varivax, see Vaccine, Varicella, 1442
Vascardin, see Isosorbide Dinitrate, 743
Vascor, see Bepridil, 136
Vascoray, see Iothalamate, 732
Vasitrin, see Nitroglycerin, 986
Vasodilan, see Isoxsuprine, 747



Vasodin, see Nicardipine, 974
Vasoglyn, see Nitroglycerin, 986
Vasolate, see Pentaerythritol Tetranitrate, 1083
Vasonase, see Nicardipine, 974
Vasoplex, see Isoxsuprine, 747
Vasopressin, 1461, (1529)
Vasoprine, see Isoxsuprine, 747
Vasosulf, see Sulfonamides, 1297
Vasotec, see Enalapril, 463
Vasotran, see Isoxsuprine, 747
Vasoxine, see Methoxamine, 891
Vasoxyl, see Methoxamine, 891
Vastocin, see Fosfomycin, 595
Vasylox, see Methoxamine, 891
Vatrasin, see Nicardipine, 974
V-Cil-K, see Penicillin V, 1082
V-Cillin K, see Penicillin V, 1082
VC-K, see Penicillin V, 1082
Vectibix, see Panitumumab, 1054
Vectrin, see Minocycline, 922
Vecuronium, 1462, (1528)
Vedatan, see Allopurinol, 40
Veekay, see Penicillin V, 1082
Veetids, see Penicillin V, 1082
Vegolysen, see Hexamethonium, 657
Velaglucerase Alfa, 1464, (1529)
Velba, see Vinblastine, 1476
Velban, see Vinblastine, 1476
Velcade, see Bortezomib, 153
Veldopa, see Levodopa, 791
Velosef, see Cephradine, 237
Veltane, see Brompheniramine, 160
Veltex, see Diclofenac, 395
Vemurafenib, 1465, (1525)
Vendarcin, see Oxytetracycline, 1043
Venezuelan Equine Encephalitis Vaccine, see Vaccine, TC-83 Venezuelan Equine Encephalitis, 1439
Venlafaxine, 1466, (1527)
Venoglobulin-I, see Immune Globulin Intravenous, 700
Ventavis, see Iloprost, 691
Ventoflu, see Flunisolide, 557
Ventolin, see Albuterol, 30
Ventoplus, see Levalbuterol, 788
Vepen, see Penicillin V, 1082
VePesid, see Etoposide, 520
Vepeside, see Etoposide, 520
Veracillin, see Dicloxacillin, 397
Veractil, see Methotrimeprazine, 891
Verapamil, 1469, (1526)
Vercid, see Mebendazole, 846
Veregen, see Kunecatechins, 763
Veritab, see Meclizine, 848
Verladyn, see Dihydroergotamine, 409
Vermicompren, see Piperazine, 1126
Vermolina, see Piperazine, 1126



Vermoran, see Mebendazole, 846
Vermox, see Mebendazole, 846
Versapen, see Hetacillin, 655
Versed, see Midazolam, 914
Verteporfin, 1471, (1531)
Vertiban, see Dimenhydrinate, 411
Vertizine, see Meclizine, 848
Vesanoid, see Tretinoin (Systemic), 1395
Vesicare, see Solifenacin, 1273
Vesicholine, see Bethanechol, 142
Vesprin, see Triflupromazine, 1405
Vetio, see Mitomycin, 931
Vetren, see Heparin, 652
Vetter-voo, see Feverfew, 542
Vfend, see Voriconazole, 1498
Viagra, see Sildenafil, 1261
Via-Quil, see Chlordiazepoxide, 245
Viarox, see Beclomethasone, 125
Viasek, see Sildenafil, 1261
Viasil, see Sildenafil, 1261
Vibativ, see Telavancin, 1319
Vibramycin, see Doxycycline, 433
Vibramycine, see Doxycycline, 433
Vibra-Tabs, see Doxycycline, 433
Vibravenos, see Doxycycline, 433
Vibraveineuse, see Doxycycline, 433
Vicin, see Penicillin V, 1082
Vicks Children’s Cough Syrup, see Dextromethorphan, 385
Vicks Formula 44, see Dextromethorphan, 385
Vicks Formula 44 Pediatric Formula, see Dextromethorphan, 385
Vicks Vaposyrup for Dry Coughs, see Dextromethorphan, 385
Vicnas, see Norfloxacin, 1003
Victoza, see Liraglutide, 806
Victrelis, see Boceprevir, 153
Vidarabine, 1472, (1524)
Vidarikand, see Kudzu, 762
Vidaza, see Azacitidine, 112
Vi-De-3, see Cholecalciferol, 257
Videne, see Povidone-Iodine, 728
Videx, see Didanosine, 399
Vidox, see Mupirocin, 941
Vigabatrin, 1472
Vigor Plus, see Sildenafil, 1261
Vigrasol, see Sildenafil, 1261
Viibryd, see Vilazodone, 1475
Vikacillin, see Penicillin V, 1082
Vilazodone, 1475, (1527)
Vimax, see Sildenafil, 1261
Vimicon, see Cyproheptadine, 342
Vimpat, see Lacosamide, 766
Vinblastine, 1476, (1525)
Vincristine, 1477, (1525)
Vinorelbine, 1479, (1525)
Vio-Serpine, see Reserpine, 1207



Viosex, see Sildenafil, 1261
Vio-Thene, see Oxyphencyclimine, 1043
Vioxx, see Rofecoxib, 1232
Viprynium, see Pyrvinium Pamoate, 1180
Vira-A, see Vidarabine, 1472
Viracept, see Nelfinavir, 966
Viramune, see Nevirapine, 971
Viraxacillin, see Penicillin G Procaine, 1082
Viraxacillin-V, see Penicillin V, 1082
Virazole, see Ribavirin, 1210
Viread, see Tenofovir, 1327
Virgrande, see Sildenafil, 1261
Viridil, see Sildenafil, 1261
Virilon, see Methyltestosterone, 900
Virilon, see Sildenafil, 1261
Viripotens, see Sildenafil, 1261
Virlix, see Cetirizine, 238
Virormone, see Testosterone, 1335
Virotif Berna Vaccine, see Vaccine, Typhoid, 1441
Virunguent, see Idoxuridine, 688
Viscal, see Metoclopramide, 900
Viscozyme, see Dornase Alfa, 427
Viskaldix, see Pindolol, 1123
Viskeen, see Pindolol, 1123
Visken, see Pindolol, 1123
Viskoferm, see Acetylcysteine, 13
Vismodegib, 1480, (1526)
Vismut, see Bismuth Subsalicylate, 145
Vistaril, see Hydroxyzine, 675
Vistide, see Cidofovir, 261
Vistoxyn, see Oxymetazoline, 1041
Visudyne, see Verteporfin, 1471
Visutensil, see Guanethidine, 644
Vitabee-6, see Pyridoxine, 1174
Vita-C, see Vitamin C, 1487
Vitaendil D-3, see Cholecalciferol, 257
Vitamin A, 1481, (1532)
Vitamin A acid, see Tretinoin, 1395
Vitamin B1, see Thiamine, 1352
Vitamin B2, see Riboflavin, 1211
Vitamin B3, see Niacinamide, 973
Vitamin B5, see Pantothenic Acid, 1057
Vitamin B6, see Pyridoxine, 1174
Vitamin B7, see Laetrile, 767
Vitamin B12, 1485, (1532)
Vitamin C, 1487, (1532)
Vitamin D, 1489, (1532)
Vitamin E, 1492, (1532)
Vitamin G, see Riboflavin, 1211
Vitamin K1, see Phytonadione, 1118
Vitamin K3, see Menadione, 860



Vitamin K4, see Menadione, 860
Vitamins Multiple, 1494, (1532)
Vitam-Plus E, see Vitamin E, 1492
Vitaneurin, see Thiamine, 1352
Vita-Noxi K, see Menadione, 860
Vitantial, see Thiamine, 1352
Vitenur, see Acetylcysteine, 13
Viterra E, see Vitamin E, 1492
Vivactil, see Protriptyline, 1168
Vivol, see Diazepam, 389
Voldal, see Diclofenac, 395
Volital, see Pemoline, 1077
Volon, see Triamcinolone, 1398
Volon A, see Triamcinolone, 1398
Volonimat, see Triamcinolone, 1398
Volranan, see Diclofenac, 395
Voltaren, see Diclofenac, 395
Voltarene, see Diclofenac, 395
Voltarene Emulgel, see Diclofenac, 395
Voltaren Emulgel, see Diclofenac, 395
Voltarene Rapide, see Diclofenac, 395
Voltaren Ophtha, see Diclofenac, 395
Voltaren T, see Diclofenac, 395
Voltarol, see Diclofenac, 395
Voltarol Emulgel, see Diclofenac, 395
Volutine, see Fenofibrate, 536
Vomex A, see Dimenhydrinate, 411
Vomital, see Dimenhydrinate, 411
Voraxaze, see Glucarpidase, 632
Voriconazole, 1498, (1523)
Vorinostat, 1499, (1525)
Vorme, see Mebendazole, 846
Vorst, see Sildenafil, 1261
Votrient, see Pazopanib, 1072
VP-16, see Etoposide, 520
VP-16-213, see Etoposide, 520
VPV, see Penicillin V, 1082
Vytone, see Iodoquinol, 728
Vytorin, see Ezetimibe & Simvastatin, 1266
Vyvanse, see Lisdexamfetamine, 807
VZIG, see Immune Globulin, Varicella-Zoster (Human), 702

W
Waran, see Warfarin, 1500
Warfarin, 1500, (1530)
Warfilone, see Warfarin, 1500
Warix, see Podophyllum, 1130
Warnerin, see Warfarin, 1500
Wartec, see Podophyllum, 1130
Warticon, see Podophyllum, 1130
Wasserprofen, see Ketoprofen, 759
Water Lemon, see Passion Flower, 1071



Wehamine, see Dimenhydrinate, 411
Wehdryl, see Diphenhydramine, 414
Wehless, see Phendimetrazine, 1099
Wehvert, see Meclizine, 848
Weightrol, see Phendimetrazine, 1099
Welchol, see Colesevelam, 323
Wellbutrin, see Bupropion, 167
Wellcovorin, see Leucovorin, 787
Wellferon (Interferon Alfa-n1), see Interferon Alfa, 723
Wellvone, see Atovaquone, 105
Wescomep, see Meprobamate, 863
Wescopen, see Penicillin G, 1080
Wescotol, see Tolbutamide, 1375
Wescozone, see Phenylbutazone, 1109
Wesprin Buffered (Aspirin Buffered), see Aspirin, 92
Westadone, see Methadone, 876
Westhroid, see Thyroid, 1357
White Indian Kudzu, see Kudzu, 762
Wigrettes, see Ergotamine, 486
Wild chamomile, see Chamomile or Feverfew, 542
Wild passion flower, see Passion Flower, 1071
Wild quinine, see Feverfew, 542
Wilpo, see Phentermine, 1107
Wilpowr, see Phentermine, 1107
Win-Cillin, see Penicillin G, 1080
Wincillin-VK, see Penicillin V, 1082
Wincoram, see Amrinone, 72
Winobanin, see Danazol, 351
Winol, see Irinotecan, 736
Winoxin, see Digoxin, 407
Wintomylon, see Nalidixic Acid, 951
Win-V-K, see Penicillin V, 1082
Wolf’s Bane, see Arnica, 86
Wormin, see Mebendazole, 846
Wormox, see Mebendazole, 846
Wundkraut, see Arnica, 86
Wyamine, see Mephentermine, 863
Wyamycin-S, see Erythromycin, 491
Wycillin, see Penicillin G Procaine, 1082
Wygesic, see Propoxyphene, 1162
Wymox, see Amoxicillin, 63
Wytensin, see Guanabenz, 643
Wyvac, see Vaccine, Rabies (Human), 1436

X
Xalkori, see Crizotinib, 331
Xanax, see Alprazolam, 44
Xanef, see Enalapril, 463
Xanol, see Formoterol, 592
Xanor, see Alprazolam, 44
Xanturat, see Allopurinol, 40
Xanturenasi, see Pyridoxine, 1174
Xanturic, see Allopurinol, 40



Xarelto, see Rivaroxaban, 1228
Xeljanz, see Tofacitinib, 1373
Xeloda, see Capecitabine, 191
Xenazine, see Tetrabenazine, 1337
Xenical, see Orlistat, 1030
Xenid, see Diclofenac, 395
Xiaflex, see Collagenase Clostridium Histolyticum, 325
Xibrom, see Bromfenac, 158
Xifaxan, see Rifaximin, 1215
Xigris, see Drotrecogin Alfa (Activated), 441
Xolair, see Omalizumab, 1019
Xolamin, see Clemastine, 290
Xopenex, see Levalbuterol, 788
X-Prep, see Senna, 1252
Xylesin, see Lidocaine, 798
Xylocain, see Lidocaine, 798
Xylocaina, see Lidocaine, 798
Xylocaine, see Lidocaine, 798
Xylocard, see Lidocaine, 798
Xylotocan, see Tocainide, 1372
Xylotox, see Lidocaine, 798
Xyrem, see Sodium Oxybate, 1272
Xtandi, see Enzalutamide, 475
Xyzal, see Levocetirizine, 790

Y
Yadulan, see Chlorothiazide, 249
Yege, see Kudzu, 762
Yellow Fever Vaccine, see Vaccine, Yellow Fever, 1444
Yellow Ginseng, see Blue Cohosh, 151
Yellowroot, see Goldenseal, 638
Yewtaxan, see Paclitaxel, 1044
YF-Vax, see Vaccine, Yellow Fever, 1444
Yinhsing, see Ginkgo Biloba, 624
Yodoxin, see Iodoquinol, 728
Yohimbine, 1501, (1531)
Yoristen, see Dimethothiazine, 413
Yurelax, see Cyclobenzaprine, 334
Yutopar, see Ritodrine, 1223

Z
Zactane, see Ethoheptazine, 514
Zactipar, see Ethoheptazine, 514
Zactirin, see Ethoheptazine, 514
Zactrin, see Ethoheptazine, 514
Zadine, see Azatadine, 113
Zadomen, see Mebendazole, 846
Zaffer, see Safflower, 1242
Zafirlukast, 1502, (1532)
Zafran, see Safflower, 1242
Zagam, see Sparfloxacin, 1277



Zalain, see Sertaconazole, 1253
Zalcitabine, see 9th edition
Zaleplon, 1503, (1528)
Zalpon, see Hexachlorophene, 655
Zalvor, see Permethrin, 1093
Zaltrap, see Ziv-Aflibercept, 1516
Zamintol, see Ethoheptazine, 514
Zanaflex, see Tizanidine, 1370
Zanamivir, 1504, (1524)
Zanosar, see Streptozocin, 1285
Zantac, see Ranitidine, 1197
Zarontin, see Ethosuximide, 514
Zaroxolyn, see Metolazone, 903
Zavedos, see Idarubicin, 686
Zavesca, see Miglustat, 920
ZDV, see Zidovudine, 1506
Zebeta, see Bisoprolol, 147
Zedolac, see Etodolac, 518
Zefazone, see Cefmetazole, 223
Zelboraf, see Vemurafenib, 1465
Zeldox, see Ziprasidone, 1515
Zelmac, see Tegaserod, 1319
Zelnorm, see Tegaserod, 1319
Zemide, see Tamoxifen, 1311
Zemplar, see Paricalcitol, 1059
Zemuron, see Rocuronium, 1230
Zenapax, see Daclizumab, 347
Zentel, see Albendazole, 29
Zentropil, see Phenytoin, 1111
Zepine, see Reserpine, 1207
Zerit, see Stavudine, 1279
Zeste, see Estrogens, Conjugated, 501
Zestril, see Lisinopril, 807
Zetia, see Ezetimibe, 529
Zetran, see Chlordiazepoxide, 245
Zevalin, see Ibritumomab Tiuxetan, 681
Ziagen, see Abacavir, 1
Ziconotide, 1505, (1527)
Zide, see Hydrochlorothiazide, 659
Zidovudine, 1506, (1524)
Zienam, see Imipenem-Cilastatin Sodium, 696
Zil, see Tinidazole, 1364
Zilden, see Diltiazem, 410
Zileuton, 1515, (1532)
Zilfic, see Sildenafil, 1261
Zimema-K, see Menadione, 860
Zinamide, see Pyrazinamide, 1171
Zinecard, see Dexrazoxane, 384
Zinger officinale, see Ginger, 623
Zioptan, see Tafluprost, 1309
Zipan, see Promethazine, 1159
Ziprasidone, 1515, (1527)
Ziriton, see Carbinoxamine, 205
Zirtec, see Cetirizine, 238



Zirtek, see Cetirizine, 238
Zitazonium, see Tamoxifen, 1311
Zithromax, see Azithromycin, 117
Ziv-Aflibercept, 1516, (1525)
Zmax, see Azithromycin, 117
Zocor, see Simvastatin, 1266
Zocord, see Simvastatin, 1266
Zoflut, see Fluticasone, 576
Zofran, see Ondansetron, 1026
Zoledronic Acid, 1517, (1526)
Zolin, see Oxymetazoline, 1041
Zoline, see Tolazoline, 1375
Zolinza, see Vorinostat, 1499
Zolmitriptan, 1518, (1527)
Zoloft, see Sertraline, 1253
Zolpidem, 1519, (1528)
Zometa, see Zoledronic Acid, 1517
Zomig, see Zolmitriptan, 1518
Zone-A Forte Lotion, see Hydrocortisone & Pramoxine, 1142
Zonegran, see Zonisamide, 1521
Zonisamide, 1521, (1527)
Zorac, see Tazarotene, 1315
Zosyn, see Piperacillin and Tazobactam, 1316
Zovirax, see Acyclovir, 18
Zuclopenthixol, see 9th edition
Zulex, see Acamprosate, 5
Zyban, see Bupropion, 167
Zyflo, see Zileuton, 1515
Zyloprim, see Allopurinol, 40
Zyloric, see Allopurinol, 40
Zymaxid, see Gatifloxacin, 616
Zyprexa, see Olanzapine, 1013
Zymofren, see Aprotinin, 81
Zyrlex, see Cetirizine, 238
Zyrtec, see Cetirizine, 238
Zytiga, see Abiraterone Acetate, 4
Zyvox, see Linezolid, 802
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