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Preface

Analysis of chromosomes and specific alterations on
DNA sequences, detection of infections or alterations
in biochemical and histological parameters from organs,
tissues or cells obtained by ultrasound-guided sampling
procedures has important applications in many areas
of medicine. In the medical care of women, there has
been a wide development of ultrasound-guided tech-
niques with roles in the diagnosis and sometimes treat-
ment of conditions directly related to her reproductive
and urinary systems. Thus far, applications of these
techniques have already broken ground, by broadening
the horizon for ultrasound morphologists and many
other professionals. Ultrasound-guided techniques have
allowed precise intracavitary studies as well as sampling
from alternative sites of the uterus, ovaries, breast or
products of conception. As described in this volume,
interventional ultrasound has also allowed for mini-
mally invasive surgical treatment of a variety of diseases
related to the woman’s reproductive system or the
fetus.

In this book, the major indications and variations of
the ultrasound-guided techniques as they refer to the
field of obstetrics and gynecology are described. Each
chapter has been written by an expert in the field of
ultrasound and related techniques. The authors have
had considerable experience in establishing and per-
forming the procedures. Their experience in the ultra-
sound room is particularly valuable for those who intend
to perform these techniques. This book is organized to
give detailed methods for the preparation and use of
these techniques. The emphasis of this book, however,
is not on theory, but on practical techniques, and it is
anticipated that by following the methods described
here, you too will be able to practice interventional
ultrasound successfully!

I am indebted to the contributing authors who have
shared their expertise and time to make this book

possible. I am also grateful to Ms Anupama Kushwaha
for her excellent copyediting work and to Dr Joaquin
Diaz Recasens, Dr Umberto Nicolini and Dr Antonio
Scommegna for their invaluable input throughout my
medical career.

Joaquin Santolaya-Forgas

Thirty years: the real beginning of an independent and
mature professional life for any doctor after medical
school, residency and fellowship. How many young
obstestricians remember that the very first acts in
interventional fetal medicine are as old as they are. How
many can remember that Sir William Liley performed
the first fetal transfusion 30 years ago using X-rays while
they have known only ultrasound.

Lead by fetal medicine, interventional ultrasound has
been widespread in all the fields of women’s medicine
during the past twenty years. Nowadays minimal
invasive procedures can be performed because of the
help of real-time high-definition ultrasound. Ultrasound
is now merging with endoscopy to create new concepts
in fetal medecine or surgery. Would William Liley have
imagined such evolution thirty years ago?

Interventional ultrasound can initiate and build up a
new friendship. When Joaquin Santolaya and I met in
Chicago in 1992 it became obvious that the hours and
days (and sometimes nights) of discussions we had
about our common passion would link us for a long
time. Even if the initiation of this book is mine, I would
like to thank him for the major part of editing work he
did for this book.

Interventional ultrasound procedures cannot be im-
provised thus we had a common problem: how to teach
itwell .... We had had a dream: what a chance it would
have been for us if we could have learnt each procedure
with one of the best specialists. It would have been

xi
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necessary to travel all over the world for half a life or to
have had all these experts around us ....

This is the reason why we decided to convince some
our friends and colleagues, known worldwide for their
techniques, to help us in realizing our project. We
wanted a handbook of techniques covering in one book
all the fields of a woman’s reproductive life. All the
contributors have made every effort to share with the
reader all details, descriptions, traps and tricks about
the techniques they know best. We hope this book will

xii

be a tool to which any OB-GYN or radiologist can refer
to before performing or learning a new ultrasound-
guided invasive procedure.

The pregnancy of this book has lasted long, delivery
was difficult, we hope the baby will be successfull.
Finally, for Sylvie, Nicolas, Marie and Emmanuelle:
whatever would be the events of life, thank you for being
mine.

Didier Lémery
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Chapter 1/Patient counselling,

ethical and legal issues

BARBARA K.BURTON

This chapter reviews the basic principles of genetic
counselling as well as special questions relevant to the
counselling of patients considering invasive obstetrical
and gynaecological procedures. Some of the many ethical
and legal issues raised by the technologies discussed in
later chapters are also addressed.

Genetic counselling

Many of the procedures discussed in the later chapters
of this book are performed for purposes of prenatal
diagnosis in patients identified as being at increased risk
for birth defects or genetic disorders. It goes without
saying that an integral component of the care of such
patients is genetic counselling. Concepts regarding what
constitutes appropriate genetic counselling vary widely.
Some erroneously believe that genetic counselling is
equivalent to genetic advice-giving. This could not
be further from the truth. There is virtually never a
circumstance that justifies a purely directive approach
to counselling patients in the process of reproductive
decision-making. There is an overwhelming consensus
among geneticists and genetic counsellors that the
appropriate approach to genetic counselling is the non-
directive one {1]. The American Society of Human
Genetics has issued the following statement defining the
appropriate goals and content of genetic counselling.
Genetic counselling is a communication process
which deals with the human problems associated
with the occurrence, or the risk of occurrence, of
a genetic disorder in a family. This process
involves an attempt by one or more
appropriately trained persons to help the
individual or family to (1) comprehend the
medical facts, including the diagnosis, probable
course of the disorder, and the available
management; (2) appreciate the way heredity

contributes to the disorder, and the risk of
recurrence in specified relatives; (3) understand
the alternatives for dealing with the risk of
recurrence; (4) choose the course of action which
seems to them appropriate in view of their risk,
their family goals, and their ethical and religious
standards, and to act in accordance with that
decision; and (5) to make the best possible
adjustment to the disorder in an affected family
member and/or to the risk of recurrence of that
disorder.
Several important observations can be made from this
statement. The first is that there is considerably more
to genetic counselling than simply quoting to a patient
her recurrence risk. At the outset, the patient must
fully understand the medical condition, birth defect or
disorder that is being addressed. This means she must
not only understand the diagnosis but also its signifi-
cance, including natural history, variability (what’s the
worst it could be?, what’s the best it could be?) and
available treatment. Imparting such understanding to
a patient may not be a difficult task when dealing
with couples who have already had an affected child
or close relative and have lived with the condition;
however, it can be quite daunting in dealing with patients
from the general population who have been identified
through such mechanisms as routine carrier testing
or prenatal screening as being at increased risk for a
specific condition that they have often never heard
of. This will become an increasing challenge as carrier
testing becomes more widespread for conditions such
as cystic fibrosis and as maternal serum screening
markers and ultrasonography become increasingly more
sophisticated and more widely utilized. In attempting
to help a patient understand the implications of a
particular diagnosis, it is important to take advantage
of a variety of resources. Printed materials designed for

3



Chapter 1

patients and families and articles from the medical
literature can frequently be helpful. Disease-specific
foundations, such as the Spina Bifida Association, Cystic
Fibrosis Foundation and many others, can often provide
information and put patients in touch with families
actually affected with individual disorders. In the
case of very rare conditions in the USA, the National
Organization for Rare Disorders (NORD) can often
serve the same function. Of course, direct patient-
to-patient contacts can often be arranged within an
individual genetic centre as well. Patients carrying a fetus
with a congenital anomaly or birth defect syndrome
often benefit from consultation with the specialists, such
as neonatologists, paediatric surgeons, neurosurgeons,
etc., who would be involved in the infant’s care after
birth. This can allow them to obtain a realistic picture
of what such care will involve, which helps in decisions
regarding whether or not to terminate a pregnancy. In
continuing pregnancies, such consultation is extremely
helpful in allowing parents to feel more prepared and
in control of their own circumstances.

In emphasizing the importance of discussing the
diagnosis and its implications with a patient, it is implied
that the physician or counsellor has knowledge of the
correct diagnosis and that the diagnosis is accurate, It
has frequently been said that the most common mistake
made in genetic counselling is that very accurate and
appropriate counselling is provided for the wrong diag-
nosis. This can have disastrous consequences. Therefore,
prior to initiating any counselling, the physician must
take every step possible to ensure that an accurate
diagnosis has been established. Diagnoses reported by
patients in themselves or other family members should
not be accepted at face value. Confirmation of diagnosis
first involves exploring the patient’s medical history and
family history in further detail. If the findings described
in a patient or family member seem inconsistent with
the diagnosis reported, this should alert the physician
to investigate the diagnosis further. Medical records
should be obtained for documentation of diagnosis
whenever possible, even when the situation seems quite
straightforward. At times further diagnostic evaluation
of the patient or family member should be suggested.
The physician must be certain to consider all findings
in an individual patient prior to providing counselling.
Consider, for example, the patient who reports that she
had pulmonic stenosis that was surgically corrected
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during childhood, a finding verified by review of medical
records. In the absence of any other family history of
congenital heart disease, the patient with isolated
pulmonic stenosis has approximately a 3% risk of
having a child affected with a similar cardiac defect.
Suppose, however, that the same patient had a webbed
neck and short stature, findings suggestive of the
diagnosis of Noonan syndrome, a dominantly inherited
disorder, but was unaware of the diagnosis because her
only significant problem had been her heart disease. If
the physician failed to note these additional findings or
was unaware of their significance, very inappropriate
and inaccurate counselling could be provided. Rather
than a 3% risk, this same patient would have a 50%
risk of recurrence and this risk would not only
encompass congenital heart disease but potentially other
problems such as short stature and mental retardation
as well.

The third component of genetic counselling involves
a discussion of the patient’s options for dealing with
a risk of occurrence or recurrence of a disorder. The
specific options available will vary depending on the
individual circumstances. For patients at increased
risk of a genetic disorder by virtue of their family history
or carrier testing or at increased risk of congenital
malformations because of maternal conditions (such
as diabetes) or medications (such as anticonvulsants),
the importance of preconceptional counselling cannot
be overestimated. Only then will the patient have
the full range of options open to her, including not
having any children if she feels the risks are too great.
Depending on the individual circumstances and the
mode of transmission of the disorder in question, other
options that might be discussed include simply taking
the risk and accepting the outcome, adoption, prenatal
diagnosis with selective termination of pregnancy,
artificial insemination by donor, in vitro fertilization
with ovum donation or perhaps even i vitro fertilization
with preimplantation diagnosis. Regardless of the
counsellor’s own personal view of any of these options,
if they are available he or she is ethically bound to discuss
them with the patient. It will then be the patient’s own
view of the risks, family goals and ethical and religious
beliefs that will ultimately dictate which course of action
is taken. Finally, the counsellor should help the patient
to make the best possible adjustment to the risks they
are facing or the decision they have made. This may



involve providing ongoing counselling and support,
referral to support groups or mental health professionals
or simple reaffirmation of the fact that whatever course
of action a patient feels is best for herself and her family
undoubtedly is best. If physicians or counsellors cannot
provide this kind of support, regardless of their own
personal beliefs, they should not be involved in this
undertaking. Patients confronting the extraordinarily
difficult and often agonizing experience of having a
child with a birth defect or genetic disorder should not
have to endure the additional stress of feeling the
judgement or disapproval, however subtly conveyed,
of the healthcare professional whose task is to provide
care for them.

However, although the goal should be to adhere to a
non-directive approach in providing genetic counselling,
most experienced counsellors are aware that a purely
non-directive posture may be difficult to achieve. A
patient’s decision can be significantly influenced in very
subtle ways. Patients receiving what on the surface
appears to be the same information may perceive the
circumstances differently and arrive at a very different
decision based on the way in which the information is
presented. To minimize the risk of introducing bias,
physicians and counsellors should be careful not to use
value-laden terms in providing counselling. Risks should
rarely be characterized as ‘high’ or ‘low’ since what is
high to one patient may be low to another. It is far
preferable to present numerical risks and then to assist
the patient in putting these into perspective by presenting
some comparison risks. For example, a patient’s risk
of having a fetus with a particular anomaly may be
5% or 1 in 20. It can be pointed out that this also
means that the chance that the fetus does not have
the anomaly is 95%. Furthermore, this 5% risk of a
specific anomaly can be compared with the general
population risk of 2-3 % of having a baby with at least
one major malformation. The same approach can be
used in discussing procedure-related risks, e.g. the risk
of procedure-induced fetal loss can be compared with
the risk that such a loss would occur in the absence of
any intervention.

Most of the discussion of counselling principles thus
far has made reference to the patient as opposed to the
couple. In cases in which there is an involved husband
or partner, it is always preferable to provide counselling
to the couple together. This relieves the woman of the
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burden of relaying very complex information to her
partner, allows the couple to provide emotional support
to one another and provides each member of the couple
with the opportunity to hear the information presented
in an unedited fashion.

While some genetic counselling is an integral part of
the patient education that occurs during the course of
regular medical care, complex counselling issues are best
addressed by medical geneticists and trained genetic
counsellors. Therefore, obstetricians, radiologists and
others involved in prenatal diagnosis and in fetal therapy
should work closely with a medical genetic centre. While
this is of prime importance for ensuring accurate and
appropriate genetic counselling, it goes without saying
that it is also critically important for providing the
laboratory support essential to genetic diagnosis.

Counselling patients prior to interventional
ultrasound

Very careful consideration must be given to the cir-
cumstances under which it is appropriate for a physician
to offer a particular invasive procedure, with any degree
of risk to mother or fetus, to an individual patient. The
very act of offering a procedure to a patient implies
that acceptance of that offer would be an appropriate
alternative. This issue is particularly important in
offering procedures associated with a relatively high or
unknown risk. Since our capabilities to intervene in
obstetrics and gynaecology are rapidly expanding, such
circumstances will arise with increasing frequency as
new techniques of visualization, diagnosis and treat-
ment are introduced. Until a substantial base of data
is accumulated regarding the long-term risks of such
intervention, these new procedures should be restricted
to patients who have the greatest likelihood of benefiting
from them. For example, first-trimester embryoscopy
with unknown risks might reasonably be offered to a
patient with a 2§ % risk of specific fetal malformations
that could not be diagnosed in any other way, but
it would be clearly inappropriate to even offer the
procedure to a woman at t% risk of spina bifida due
to family history or valproic acid exposure. In the
latter case, not only is the chance that a detectable
malformation is present quite low but there are other
methods available for prenatal diagnosis which have
risks that have been more clearly defined.
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In counselling patients regarding the risks of invasive
procedures, it is essential that a discussion of all known
risks be accompanied by discussion of what is unknown.
If a physician says to a patient ‘there are no known
risks’, this very definitely does not mean the same thing
as ‘the risks are unknown’. The patient should be aware
of the extent of the data on which risk assessment
is based and the limitations of the data. New tech-
niques are often introduced into medical practice on
the basis of early reassuring risk studies that often
lack the power to detect uncommon complications, even
ones that are very serious. This is largely unavoidable
and there is nothing inherently unethical about the
introduction of procedures with potentially unknown
risks, given appropriate patient selection. However,
patients may erroneously assume that the fact that a
procedure is in use clinically means that its risks and
long-term complications are clearly understood. This
is very rarely the case.

Although the emphasis thus far in the discussion of
counselling patients prior to invasive procedures has
focused on risks, both known and unknown, there are
many other important components to such counselling.
These include a realistic appraisal of possible and likely
benefits, accuracy of diagnostic tests to be utilized, and
a discussion of alternatives. Such counselling should not
take place on the ultrasound table. The patient must be
given the time and opportunity to carefully consider all
of the issues related to any such decision before she can
truly provide informed consent.

Prior to initiating a procedure during which there
may be unanticipated or adverse findings, the physician
should consider how this will be addressed with the
patient. Although some discussion of the findings may
be necessary during the course of the procedure, a
detailed discussion is best conducted with the patient
at eye level in a face-to-face encounter. In addition
to considering the possibility of adverse findings, the
physician should also be prepared for the occurrence
of complications during invasive procedures and should
give thought to how such occurrences will be com-
municated to the patient.

Counselling in fetal medicine

Invasive procedures performed during pregnancy differ
from procedures performed in any other medical setting
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since there are two patients potentially at risk, the
mother and the fetus. Although the physician’s primary
obligation is to the mother, he or she must, in preg-
nancies destined to continue, also do everything possible
to safeguard the health of the fetus. There are some
circumstances in which there are several alternative
procedures available that could potentially accomplish
the same reproductive goal. For example, following
counselling regarding her risk of fetal chromosome
anomalies, a 37-year-old patient may have made the
decision to pursue prenatal diagnosis with selective
termination in the case of a positive diagnosis. Although
such a patient should be informed of all diagnostic
procedures currently performed in such circumstances,
with their individual risks and benefits, it is not a
violation of the tenets of non-directive counselling for
the physician to recommend one procedure over another
if he or she feels it is the safest method of achieving the
patient’s own reproductive goals. Those who raise such
an argument fail to distinguish the appropriateness of
non-directive counselling in presenting reproductive
options from its inappropriateness in medical decision-
making. Few would argue that it is appropriate for a
physician to approach a patient with hypertension, lay
out the various options including non-treatment and
treatment with a variety of agents and then, in a non-
directive fashion, ask the patient to choose. Although
such an approach would preserve patient autonomy, it
would clearly not be in the patient’s best interest for
the physician not to make a specific recommendation
in such a case. Some might fallaciously argue that the
37-year-old woman at 18 weeks’ gestation who wants
prenatal diagnosis for chromosome anomalies should
be non-directively offered amniocentesis and percu-
taneous umbilical blood sampling (PUBS) and then
allowed to choose. This would be clearly inappropriate,
however, since the t week shorter time to diagnosis
associated with PUBS is not a great enough advantage
to justify the added risk associated with the procedure.
With regard to the choice between chorionic villous
sampling (CVS) and traditional amniocentesis, the issue
is somewhat more complex since, although the risks
associated with CVS are clearly greater than those
associated with amniocentesis, the diagnosis is achieved
an average of 4—6 weeks earlier in pregnancy and
termination in the first trimester is generally easier than
in the second. It may be difficult for the physician to



weigh these relative risks and benefits for a patient at
high risk of having an abnormality detected and it would
therefore be more appropriate for the patient to do so.
Many factors, such as the patient’s past pregnancy
experience and the perceived importance of procedure-
induced fetal loss or fetal defects, among others, will
influence the patient’s decision. However, for low-risk
patients, such as those in the 3 5~39-year-old age group,
the situation is quite different since 98-99% of these
patients will have normal test results and would never
face the possibility of termination even if second-
trimester amniocentesis were selected. Except in unusual
circumstances, the risk of CVS for such patients clearly
outweighs the benefits.

Counselling patients who have been offered new
techniques for fetal therapy, such as open or endoscopic
surgery or gene therapy, is perhaps the most challenging
task of all. Many procedures that might theoretically
have the potential to make things better for the fetus or
newborn also have the clear potential to make things
worse. Since most of the fetal conditions potentially
approached with such interventions are individually
quite uncommon, there will rarely be a large body of
data on which to base patient counselling regarding
potential risks and benefits. Patients should clearly
understand that they are participating in research when
choosing to undergo such procedures. When there is a
reasonable possibility that a fetal condition could be
successfully treated postnatally, there is little justification
for intervention in utero. Physicians must temper their
instinct to explore new horizons that might possibly
result in benefit with a realistic appraisal of what
probably will occur. Not everything that can be done
should be done.

Ethical issues

Ethical dilemmas abound in this area of medicine and
will only grow as the technical capabilities of inter-
ventional ultrasound increase. It would be impossible
to touch on all of the potential ethical issues related to
such topics as prenatal diagnosis, preimplantation
diagnosis, fetal therapy and malignant pelvic or breast
tumours, so only a few examples are addressed. One of
the most significant of these has already been touched
on in the earlier discussion of counselling issues, i.e.
when it is ethical for a physician to offer a new invasive
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technique, with a relatively high or unknown risk, to
a patient. The potential for harm is so great in such
circumstances that utmost care should be utilized in
arriving at an answer to this question. The burden of
responsibility cannot and should not be shifted to the
patient by saying that the patient will be told that the
risks are unknown. The very act of offering a procedure
to a patient makes a statement that accepting it is
a reasonable choice. If it were not reasonable or
recommended, then a competent physician surely would
not offer it, even under the clearly defined label of
research. Proper preliminary investigation in pregnancies
destined for termination or in animal models and
appropriate patient selection followed by fully informed
consent would appear to be the most critical elements
in satisfying the physician’s ethical obligation in this
regard. Such criteria cannot always be satisfied, however.
For example, PUBS, shunt surgery and needle aspiration
of breast and pelvic cysts were first performed without
the benefit of human data regarding the possible long-
term risks of the procedures. There would obviously be
no way of gathering such data since experience with
animals does not always reflect what will occur in
human beings. The initial patients involved in these
undertakings must therefore have chosen to participate
with the understanding that there was no available
information with regard to whether or not these
procedures would result in long-term consequences in
the patients or in the children born subsequently.
Recognizing that some adverse effects may require many
years to identify, the burden on the physician to counsel
patients appropriately is very great indeed. In this arena,
as in every other, physicians must be careful to make a
distinction for the patient between what they think the
risks may be and what they know.

Prenatal diagnosis

An ethical dilemma that may arise with increasing fre-
quency in the future relates to the issue of controversial
indications for prenatal diagnosis. This has come up
most commonly in the past in the case of couples
requesting prenatal diagnosis for sex selection unrelated
to the existence of X-linked disease. Although the use
of medical techniques for such non-medical purposes
draws an immediate negative response from most
medical professionals in the western world, who find
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the practice morally repugnant, the same is not necessarily
true in other cultures. Furthermore, even though surveys
in the USA suggest that most practitioners of prenatal
diagnosis find sex selection ‘unacceptable’ [2], this
does not necessarily mean that they would not allow it
as an option for their patients. The approach to such
requests in clinical practice appears to vary widely.
Wertz and Fletcher [3] conducted an international survey
of geneticists and genetic counsellors and found that
42% of the respondents overall would either perform
prenatal diagnosis for sex selection or would refer the
couple to another centre offering this service. There
was considerable variation in response from nation to
nation. Although there was a clear consensus against
this practice among most European nations, it is of
interest that 62% of respondents from the USA indicated
that they would either perform prenatal diagnosis for
sex selection or refer. A similarly high percentage of
geneticists from Hungary and India indicated that they
would comply with such a request.

It is relatively easy to mount an ethical argument
against the use of an invasive medical procedure with
a small but finite risk for sex selection by emphasizing
that gender is not a genetic disorder and that such
procedures should be utilized only for the diagnosis
of pathological conditions. A similar argument could
be extended in opposition to the use of prenatal diag-
nosis to select for other normal human traits, such
as eye colour or hair colour, if this ever becomes
possible. The distinction between such normal varia-
bility and conditions such as Down’s syndrome and
spina bifida seems readily apparent but the lines begin
to blur as milder conditions gradually lend themselves
to diagnosis. There can even be debate as to what
constitutes a disorder as opposed to a polymorphic
trait. For example, most physicians consider albinism
to be a disorder because of the existence of a medical
complication, namely visual impairment, in a large
percentage of affected individuals. Many patients with
albinism have argued quite vocally, however, that this
should be considered a recessively inherited trait (like
blue eyes) and not a disorder. If albinism could be
diagnosed prenatally, should it be? What about late-
onset disorders, such as Alzheimer’s disease, or conditions
that confer increased risk of disease (like familial hyper-
cholesterolaemia) but do not invariably result in harm?
It seems clear that this issue will become increasingly
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complex as time goes on but, at present, it is appropriate
to assume that the patients and families confronted with
living with such disorders are in the best position to
determine whether or not a condition is ‘severe’ enough
to justify prenatal diagnosis.

The issue of whether or not to provide prenatal
diagnosis for sex selection could become a moot point
if non-invasive methods of diagnosing fetal chromosome
anomalies, such as those involving separation of fetal
cells from the maternal circulation, eventually become
available. It is likely that such techniques would
also yield information regarding fetal sex. Since any
patient could be carrying a fetus with a chromosomal
abnormality, it would be difficult to deny a test with no
risk to any patient, including those with no specific
indications, providing the patient was willing to pay
the cost of the testing. Her use of the information
subsequently would be impossible to control, as it is
now following CVS or amniocentesis. The only real way
to restrict the practice of sex selection would be to bar
the disclosure of fetal sex in cases with normal test
results. Most geneticists would find this objectionable
since it would be a violation of the patient’s right of
access to her own medical records.

The same type of ethical dilemma may arise in patients
undergoing in vitro fertilization for infertility as the
techniques of preimplantation diagnosis are further
developed. In many cases more embryos are available
for transfer to the uterus than will be utilized in a
given cycle. If the sex of the embryos could be reliably
determined, would selection on this basis for transfer
to the uterus be viewed in the same negative light as
sex selection by prenatal diagnosis? It is likely that it
would not be. The two are clearly not comparable
in the sense that abortion would not be involved in
preimplantation sex selection. Although not widely
utilized, there does not appear to be the same negative
view of preconceptional sex selection through such
techniques as sperm separation as has been observed in
response to requests for prenatal diagnosis with selective
termination of the unwanted sex.

Abortion

Another obvious ethical dilemma that arises in any
discussion of prenatal diagnosis relates to abortion
choices. Although the ethics of abortion can be debated



on a global scale, and the ethics of selective abortion
may be particularly problematic because of the eugenic
implications, the debate should not be catried into the
care of the individual patient. The decision of whether
or not to undergo an abortion in the face of a fetal
anomaly or genetic disorder frequently presents an
agonizing dilemma to the patient. Although sensitive
to the patient’s plight, it should not present a dilemma
to the physician. The physician’s own personal views
on the abortion issue are irrelevant to the individual
patient’s decision of what is best for her and for her
family in a particular case. In a society in which abortion
is a legal option, the physician is obligated to present
it to the patient as an alternative in an objective and
non-directive fashion and to support her in whatever
decision she makes. The physician is not obligated
to participate in the performance of abortions but
is surely obligated to refer the patient to a practitioner
or facility where an abortion may be obtained. If
physicians are not able to perform this function in a
supportive and compassionate fashion, they should
not be practising in a setting in which they will be called
upon to do so.

While those patients who choose to terminate an
abnormal pregnancy should be provided with maximal
support, since their grief and sense of loss is often
overwhelming, it is equally important that patients
confronted with the diagnosis of a fetal abnormality
do not feel compelled by the physician to undergo an
abortion. Continuation of pregnancy in the face of a
fetal abnormality, even a lethal one, must be presented
as a valid alternative. There has been some suggestion
in the past that women in the USA may perceive social
pressure to terminate pregnancy following diagnosis
of a serious fetal abnormality [4]. While presenting
termination as an option, it is never appropriate for the
physician to ‘recommend’ abortion in such circumstances
unless there is a clear risk to the life or health of the
mother. Furthermore, the patient should be helped to
understand that it is her feelings that matter most in
the abortion decision, not those of society, other family
members or even her own husband. The feelings of the
physician surely matter not at all. The patient will live
with her decision forever. The physician will move on
momentarily to another patient in another crisis facing
yet another dilemma.
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Multiple gestations

Complex and unique ethical dilemmas may arise in
caring for patients with multiple gestations in which
one fetus is abnormal and the other or others are not.
Selective termination of the abnormal fetus can be
offered as an option in such cases, but is associated with
greater risk to the mother than in the case of termination
of a singleton and is also associated with some risk to
the normal twin. Therefore, careful consideration must
be given to the potential consequences of such an
attempt. In the case of a disorder that is invariably lethal
at birth, such as anencephaly or bilateral renal agenesis,
it would be inappropriate in most circumstances to place
the normal twin at any increased risk, provided the
parents want the pregnancy to continue. In the case of
non-lethal but serious abnormalities, such as Down’s
syndrome or spina bifida, the patient must weigh the
increased risk associated with a selective termination
attempt of losing the normal twin against her wish
not to give birth to the affected twin. When the first
reports of selective termination appeared in the medical
literature, they were challenged on ethical grounds
from a number of directions. Somerville [5] argued that
the principles governing a woman’s right to abortion,
defined as evacuation of the uterus incidentally resulting
in fetal demise, did not apply to ‘killing a fetus in utero
without its evacuation’. It would appear that most
physicians providing prenatal diagnosis do not share
this view, since the end result of both undertakings is
the same. None the less, there is less acceptance of
selective termination for many indications than there
is for termination of a singleton gestation [2,3].
Ethical issues of a somewhat different nature arise in
consideration of selective termination of normal fetuses
in a multifetal gestation. This typically follows treatment
for infertility and the purpose of termination is quite
different under these circumstances, since the goal is
typically to improve the chances of survival for the
remaining living fetuses. Evans et al. [2] surveyed
physicians, ethicists and clergy on this issue and found
that there was support for selective termination in
pregnancies involving four or more fetuses in which the
chances of successful outcome would be very small
without intervention. There was a general lack of
support for purely elective selective termination in
pregnancies involving twins or triplets if the only reason
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for the procedure was that the parents did not want to
have more than one child.

Legal issues

It is virtually impossible to provide a comprehensive
discussion of the legal issues related to interventional
procedures in obstetrics and gynaecology since the
laws related to this issue vary from nation to nation.
Therefore, only an overview of some of the most
significant legal issues is presented here.

Medical malpractice

A legal issue of pressing concern to physicians involved
in invasive obstetrical procedures and interventions,
particularly in the USA, is that of medical malpractice.
The field of obstetrics and gynaecology has been the
subject of intense legal scrutiny and an ever-increasing
number of lawsuits. Generally speaking, to prevail in a
malpractice lawsuit a plaintiff must demonstrate that
the physician breached the standard of care and that
this action (or inaction) caused injury. Since the standard
of care is so rapidly changing in the field of obstetrics
and gynaecology, the physician must be continuously
alert to new developments.

PRENATAL DIAGNOSIS

Most malpractice lawsuits involving prenatal diagnosis
can be divided into several basic categories. The first
of these includes those alleging failure to obtain, or
appropriately respond to, relevant clinical information.
This would include failure to obtain an adequate family
history or other relevant information leading to failure
to identify factors that place the patient at increased
risk of a specific birth defect or genetic disorder;
failure to arrive at an accurate diagnosis in a patient
who presents with findings that could reasonably
lead to a diagnosis; failure to provide accurate genetic
counselling; and failure to offer prenatal diagnosis to
patients at increased risk of having a child with a
detectable disorder. A closely related but somewhat
different allegation would involve the failure to secure
fully informed consent prior to a diagnostic procedure.

During recent decades, there have been a number of
claims of ‘wrongful birth’ allegedly resulting from the
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failure of the physician to warn a woman of a known
reproductive risk, thereby depriving her of the option
of not having children or of having prenatal diagnosis.
Claims alleging that the physician has a duty to inform
women 35 years or older of the age-associated risk of
Down’s syndrome (Becker v. Schwartz, 1978) and to
inform Ashkenazi Jewish couples of their risk for
Tay-Sachs disease (Howard v. Lechner, 1977) have
been upheld by the courts. Wrongful birth actions in
such circumstances are brought by parents against
physicians and seek to recover extraordinary medical
and educational expenses and special costs of caring
for the handicapped child. In contrast, a number of
‘wrongful life’ actions have been filed with the affected
child as a plaintiff alleging that he or she would not
have been born were it not for the negligence of the
physician and that this would have been preferable.
In most cases, courts in the USA have not recognized
such a claim, thereby averting the need to measure the
value of life impaired by a genetic handicap against
non-existence. There have been exceptions, however,
and several states in recent years have recognized this
course of action. For example, the Supreme Court of
California recognized a wrongful life action on behalf
of a child born with hereditary deafness after a physician
failed to diagnose the same condition in an older sibling.
Similarly, a Washington court held that a child born
with fetal hydantoin syndrome after a physician reassured
a woman with a seizure disorder that her fetus was not
at risk had the right to sue for wrongful life. There is no
claim under English law for wrongful life and this has
been tested and confirmed in a court case [6].

NEGLIGENCE IN THE PERFORMANCE OF
INTERVENTIONAL ULTRASOUND TECHNIQUES

A second general category of malpractice actions are
those alleging negligence in the performance of invasive
procedures that result in a complication causing damage
to the patient. The patient clearly has a legal right to
expect that procedures will be performed using proper
equipment by a skilled operator or at least under the
supervision of a skilled operator. While it may be difficult
in many cases to distinguish a complication that is an
inherent risk of a procedure from one resulting from
negligence, it is imperative that patients be informed in
advance of all known complications that may occur.



MISDIAGNOSIS

The final common category into which malpractice
lawsuits related to interventional ultrasound fall is that
involving allegations of error resulting in misdiagnosis
or no diagnosis. This encompasses errors occurring
within the laboratory as well as inappropriate handling
of samples before they reach the laboratory. It could
also include failure to identify a significant abnormality
by ultrasound examination or diagnosis of an abnor-
mality not actually present. Clearly not all laboratory
errors or misdiagnoses are a result of negligence, just as
not all procedure-related complications are a result of
negligence. For example, there are inherent inaccuracies
in many of the tests used for prenatal diagnosis. Patients
should be clearly informed of the accuracy of individual
tests and possible reasons for inaccuracies prior to
undergoing any diagnostic procedure.

Fetal research

Although a number of states have passed laws restricting
fetal research and there is a ban on federal funding
for fetal research in the USA, there are currently no
legal restrictions on prenatal diagnostic procedures
performed during pregnancy. As diagnosis moves to
the preimplantation embryo, the situation becomes
considerably more complex. The legal complexities
related to the status of the embryo affect not only
preimplantation genetic diagnosis but also iz vitro
fertilization in general. Ethical and legal issues related
to preimplantation diagnosis have recently been
reviewed by Robertson [7]. Many of these derive from
a societal lack of consensus regarding the moral status
of the embryo. Despite the ethical considerations,
Robertson concluded that there are currently few legal
barriers to preimplantation genetic diagnosis or even
to genetic research with embryos, whether followed by
transfer or discard. There are laws in several states that
restrict the disposal of embryos, but even in these states
embryo biopsy with transfer or long-term storage is not
prohibited.

Abortion

Abortion is currently legal in the USA in all states
and the woman’s right to choose abortion, as originally
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established by Roe v. Wade, has been repeatedly upheld
in a number of court challenges. At the same time,
other court decisions have opened the door to placing
restrictions on this right, which is clearly not viewed by
the majority of jurists as an unconditional legal right.
As a result, there is increasing state-to-state variation
in laws governing abortion, which deal with such issues
as waiting periods, parental notification and gestational
age limits. Virtually all states impose a limit on the
gestational age at which abortions can be performed,
even in the face of fetal abnormalities, and this varies
from state to state. Additional legal challenges to the
right to choose continue to be mounted and it cannot
be assumed that all options currently available to
patients in the USA will always be there.

There is wide variation in the legal status of abortion
throughout Europe, ranging from the most restrictive
laws of Ireland, which totally prohibit pregnancy
termination even in the face of fetal handicap, to the
more liberal policies in the UK and the even more liberal
policies in eastern Europe. The UK Abortion Act 1967
provided for legal termination of pregnancies involving
fetal handicap up to the legal age of viability, which
was historically defined as 2.8 weeks but more recently
reduced in practice to 24-25 weeks. More recently,
the Human Fertilization and Embryology Act 1990
removed any restriction based on gestational age for
terminations based on fetal handicap.
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Chapter 2/Overview of interventional ultrasound:
tricks and traps of ultrasound guidance
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Ultrasound has revolutionized the practice of obstetrics.
Prior to ultrasound the clinician had no way to examine
the fetus and had to use signs, symptoms, clinical judge-
ment and experience. Today, however, the precision
needed in modern obstetrics cannot rely on these factors
alone. The use of ultrasound for pregnancy dating,
evaluation of at-risk pregnancies, following fetal growth,
and diagnosing fetal anomalies and abnormalities of
the placenta and amniotic fluid volume have been
well documented. This chapter first reviews the basis
of ultrasound physics and technology, and then uses
this knowledge to understand the basic techniques of
ultrasound guidance for invasive procedures. Finally we
discuss problems commonly encountered in applying
these techniques.

Physics of ultrasound

Sound travels in oscillating waves with alternating cycles
of compression and rarefaction of particles. The distance
sound travels in one of these cycles is referred to as
the wavelength. The frequency of a sound wave is the
number of oscillating cycles per second (c.p.s.). Ultra-
sound is defined as a frequency greater than 20000¢.p.s.
or 20000Hz (20KHz). The frequency of ultrasound
used in clinical practice is between 2 and 1oMHz
(100o0000c.p.s. = 1t MHz).

Ultrasonic imaging is produced by converting sound
waves into electric energy. This is accomplished by a
transducer, which is a device with the ability to transform
energy from one form to another. An ultrasound trans-
ducer uses the properties of a piezoelectric crystal to
transform electrical energy into a sound wave. Similarly,
it has the ability of changing a sound wave back into
electrical energy. This is known as the piezoelectric
phenomenon, which was first described by the Curies
in 1888. When the piezoelectric crystal receives an
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electrical stimulation, it produces an alteration in the
crystal lattice structure that causes the crystal to vibrate
and produce sound waves. Similarly, when the crystal
is struck by a sound wave, the vibration in the lattice
produces electrical energy that can be amplified, recorded
and displayed on a cathode ray tube or video monitor.

Most ultrasound transducers consist of many piezo-
electric crystals arrayed in precise geometric patterns
and electronically sequenced. At a precise moment,
each crystal receives its electrical signal and emits an
ultrasound wave. In continuous-wave techniques, crystals
are continuously transmitting or receiving sound waves.
This technology is useful for continuous-wave Doppler
applications. However, imaging is accomplished with
pulsed-wave technology where multiple crystals fire
short bursts of sound waves in a specific order. In order
to prevent electrical interference between the crystals,
each crystal spends the vast majority of the time
receiving rather than transmitting signals. Commonly,
a transducer has a transmit-to-receive ratio of 1: 1000,
meaning it transmits sound only 0.1 % of the time and
receives returning signals for the remainder of the time.
Sequential stimulation also allows continued updating
of the ultrasound picture, thus allowing update of the
information on the video monitor leading to real-time
imaging.

The image itself is created when the transmitted sound
wave travels through a medium and strikes an object
with a different density, such as soft tissue, amniotic
fluid, cartilage or placenta. When this occurs, some of
the incident wave energy is reflected back while the
remainder of the energy wave is transmitted through
the object, but in an attenuated fashion. Fluid-tissue
and fat-muscle interfaces reflect as much as 1% of the
sound energy. A gas-tissue interface, however, is 99.99%
reflective and thus stops any sound wave from passing
through. This makes the use of sonic coupling gel or oil



necessary. The time interval between transmission of
the signal and reception of the reflected wave and the
intensity of the reflected wave are the parameters
that produce the image. The brightness of the signal is
correlated with tissue density and can be converted into
various shades of grey or colour by a scan converter.
The merging of hundreds of returning signals make up
the eventual real-time grey-scale image.

Advances in technology have allowed fine differen-
tiation of the intensity of the returning sound wave.
Whereas in its earliest form only large differences in
tissue density were detected, such as between fluid
and bone, now small differences in tissue density can
be differentiated, such as between fetal liver and lung.
This ability to differentiate tissue density is referred to
as contrast resolution. Modern equipment also has the
ability to eliminate spurious or artefactual noise. This
low-noise capability allows for sharp contrast between
liquid and solid interfaces and improves diagnostic
capabilities.

The clarity of the ultrasound image is frequently based
on lateral and axial resolution. The lateral resolution
of the ultrasound image is determined by the ultrasound
wave’s beam width. The beam width increases with
distance from the transducer. Therefore, in general, the
greater the distance from the transducer, the poorer
the lateral resolution. This problem can be overcome
with electronic beam focusing, which decreases this
tendency for the ultrasound wave beam to widen. The
axial resolution is determined by the beam frequency.
The lower the beam frequency, the greater the depth of
penetration. In general, the higher the beam frequency,
the better the spatial or axial resolution. It is the spatial
resolution that allows visualization of small anatomic
detail.

Artefacts

This book emphasizes the use of real-time ultrasound
in invasive techniques. Regardless of whether one is
performing a simple amniocentesis, chorionic villous
sampling (CVS), or a cordocentesis, the principles of
ultrasound-guided invasive procedures are all similar.
It is first necessary, therefore, to analyse many commonly
seen artefacts in real-time imaging and then to identify
how these artefacts may compromise one’s ability to
perform an ultrasound-guided procedure.

Overview

The most commonly seen artefact, which is often
taken for granted, is the ‘reverberation artefact’. This
is caused by returning sound waves from superficial
structures that are reflected back into the body at the
tissue—scanner interface. This bouncing back and forth
between internal interfaces at the scanning interface can
occur multiple times. As the sound waves bounce back
and forth multiple times, it is displayed as a grey shading
in the anterior field (Fig. 2.1). This is frequently named
‘near-field artefact’ and may also be confused with the
appearance of an anterior placenta in the inexperienced
operator’s hands. If placental localization is faulty, then
even the most basic invasive procedure cannot be safely
performed. Frequently, an amniocentesis is referred with
the note ‘unable to perform procedure due to anterior
placenta’ when in fact this is merely near-field artefact.
This artefact is usually overcome by decreasing the near-
field gain.

A second type of reverberation artefact is frequently
referred to as the ring-down or ‘comet-tail’ artefact. This
is an important artefact in invasive procedures as it is
frequently associated with metallic structures, such as
needles. It was first identified with metallic surgical clips
and copper intrauterine devices (IUD’s) but is now most
commonly seen with a needle or probe tip. Recognizing

Fig. 2.1 Near field reverberation artefact is shown by
arrows. The grey shading is due to bouncing back and forth
of sound waves at the tissue-scanner interface.
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Fig. 2.2 ‘Ring artefact’ at the tip of the needle during an
ultrasound guided amniocentesis procedure.

this ring-down artefact can be useful in identifying the
precise location of the needle tip. It is caused by sound
waves bouncing back and forth at various metal-tissue
interfaces (Fig. 2.2).

The ‘mirror-image’ artefact is important in invasive
procedures as it displays a virtual image in the wrong
location. This mirror-image artefact is rarely seen with
newer ultrasound equipment, and is mentioned for
historical purposes.

Shadowing artefacts are commonly seen. Although
they may cause problems in identifying fetal structures,
they are not very problematic during invasive pro-
cedures. They may be caused by reflection, absorption
or refraction of the sound waves. The first two are caused
by sound waves being blocked completely by extremely
sonoreflective structures, such as bone or calcification.
Air also causes shadowing, but a hazier or less distinct
pattern. Refractive shadowing is an artefact seen at the
edge of structures. This is very similar to side-lobe or
‘Chinese hat’ artefact (Fig. 2.3).

Beam-thickness artefact may be problematic for
invasive procedures. This is caused by attempting to
make a three-dimensional object lie flat on the two-
dimensional ultrasound screen. Objects near, but outside
of, the imaged plane can interfere with low echo level.
This problem may be lessened by the operator scanning
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Fig. 2.3 The ‘Chinese hat’ or shadowing artefact is due to
refraction of the sound waves at the edge of structures.

perpendicularly across the area in question, so that the
three-dimensional structure becomes clearer.

Invasive procedures

Despite the above artefacts, ultrasound-guided invasive
procedures initially appear simple. A two-dimensional
image is identified, the target seen and all one simply
needs to do is guide the needle percutaneously to the
target. However, one hears with numbing regularity that
the procedure was unsuccessful because of inability to
visualize the needle.

In order to maximize success, the operator must
have enough experience to use the correct transducer,
the correct instruments and, the proper gain settings,
and there must be appropriate coordination between
the operator and the imager.

Although amniocentesis is the most commonly used
ultrasound-guided procedure in obstetrics, numerous
other procedures have been developed based upon the
ability of ultrasound to guide an instrument within the
body. These different procedures are detailed throughout
the remainder of the book but briefly include the
following.

1 Diagnostic amniocentesis, or sampling of amniotic
fluid, was the first ultrasound-guided procedure to be



introduced into obstetrics. This was originally developed
to aid in the management of Rhesus isoimmunization.
With the subsequent advances in cytogenetics and the
recognition of the association of elevated o-fetoprotein
levels with some congenital abnormalities, mainly open
neural tube and ventral wall defects, amniocentesis
was quickly adapted to the role of second-trimester
prenatal diagnosis of chromosomal abnormalities and
many congenital anomalies. It is also useful in the
third trimester for the diagnosis of fetal lung maturity
and to rule out in utero fetal infection. Therapeutic
amniocentesis under ultrasound guidance allows for
relief of severe polyhydramnios and in the treatment of
the ‘stuck twin’ syndrome.

2 Fetoscopy, direct fetal visualization, was also guided
by ultrasound until the target could be visualized.

3 CVS, whether performed transcervically or trans-
abdominally, uses ultrasound to guide either a plastic
cannula or a needle into the placental bed for sampling.

4 Percutaneous umbilical blood sampling (PUBS), also
referred to as cordocentesis, relies on ultrasound guidance
of the needle to the umbilical cord, thus allowing for
puncture of an umbilical vessel for direct haematological
or biochemical analysis of the fetus.

5 Fetal blood transfusions are performed under ultra-
sound guidance, initially through the peritoneum and
subsequently intravascularly through the umbilical cord,
intrahepatic portion of the umbilical vein or directly
intracardiac. In utero transfusions have been described
in a simple or exchange fashion.

6 Additional fetal diagnostic procedures have been
described that utilize ultrasound-guided procedures,
including fetal skin or liver biopsies.

7 Ultrasound-guided procedures have been described
for fetal treatment, including the placement of a double
pigtail catheter into the fetal bladder in the setting of
genitourinary outlet obstruction. Fetal surgery has also
been attempted to treat progressive hydrocephalus and
pleural and peritoneal fluid accumulations.

8 Ultrasound-guided procedures have also been em-
ployed in gynaecological and general surgery both
diagnostically, such as percutaneous organ biopsies, as
well as therapeutically for drainage of cysts and other
fluid collections.

9 Ultrasound guidance has also been employed for egg
collection in various assisted reproductive techniques,
such as classical in vitro fertilization or associated
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procedures such as gamete intrafallopian transfer or
zygote intrafallopian transfer.

10 In the future these procedures will be important for
fetal gene treatment or stem cell transplants.
Although each of these procedures have their tech-
nical differences, which are discussed in their respective
chapters, they are all similar in their use of ultrasound
guidance. The experience and skills gained with any
one of these techniques should be applicable to all of
the others.

Technical aspects

The evolution of amniocentesis techniques over the
last quarter of a century provides insight into all
invasive procedures. When amniocentesis was originally
introduced it was performed in a blind technique. The
operator was guided by either palpation of the fetus
in utero or the hands-on ‘touch technique’, where the
operator tried to feel the needle crossing the different
tissue layers. Unfortunately, both these techniques
were fraught with hazard and dry or bloody taps were
common and caused by the inadvertent placement of
the needle into the placenta, uterine wall or fetus. It is
probably fortunate that there was little documentation
as to why there were so many ‘dry taps’. There have
also been a number of fetal injuries reported from these
early procedures.

In order to avoid fetal injury, fetal head elevation
and suprapubic amniocentesis was then introduced
as an added safety method. With the introduction of
ultrasound, patients began to present for their procedure
with an ‘X’ on the abdomen where an ultrasound-
determined fluid pocket was discovered. When first
introduced, ultrasound guidance was frequently per-
formed anywhere from several minutes to several days
prior to the procedure. Unfortunately, the fetus was
constantly moving and these initial attempts at ultrasound
guidance were in reality identical to the blind technique.

With improvement in skills, equipment and experience,
the ultrasound machine and the operator came closer
together in time and location. Finally, skill, equipment,
operator and machine were able to merge in one room:
one team was able to identify the fluid pocket and
perform the procedure immediately afterwards. Even
s0, the tendency was to put the transducer down just
prior to the procedure. For the most part, where this
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technique persisted the most frequent problem was
having enough trained personnel at hand.

The final development was that of continuous ultra-
sound guidance, where the transducer remains on the
skin in order to provide a continuous ultrasound image
and consequently a continuous guidance for needle in-
jection. This technique allows for instantaneous correc-
tion of needle direction and depth of insertion to take
into account the always changing intrauterine environ-
ment. To anyone who has participated in this technical
evolution it is now practically unthinkable to perform
any invasive procedure without continuous ultrasound
guidance. Furthermore, it is now apparent how crude
and fraught with potential danger the earlier techniques
were.

Two variations of the continuous ultrasound-guided
procedure exist. In the single-operator technique, a
single skilled individual performs the procedure with
his/her dominant hand while guided by the transducer
held in the other hand. Usually an assistant is available
to withdraw the stylet and aspirate the fetal sample.
This ‘single-operator’ technique allows for the closest
cooperation between scanning and ‘needling’ as it is
done by the same individual. Unfortunately, this leaves
the task of actual aspiration to a frequently uninitiated
assistant. This can lead to inadvertent movement or
dislodging of the needle at the time of aspiration, thus
increasing the hazard of the procedure. Although this
is not a major problem during amniocentesis, it can
cause dislodging of the needle or cord laceration during
the PUBS procedure.

The two-operator technique is preferred at our centre,
where an ultrasonographer performs the ultrasound
guidance while the operator places the needle. In this
way, the operator manipulates the needle with necessary
finesse to reach the desired target. However, this technique
is dependent on a close relationship between the scanner
and the operator. This is especially true for the more
technically precise procedures such as PUBS. The operator
and scanner must be able to communicate well and
almost to anticipate each other’s fine movements.

As stated earlier, transducers come in various sizes
and shapes. Original real-time equipment employed
linear scanners. Later, sector-scanning transducers were
introduced. Both of these were able to visualize the needle
tip but were suboptimal in their ability to visualize the
needle in its entirety. This was related to the configuration
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of the transducer head. The linear transducers were
too large and the sector transducers too small, leading
to inappropriate near-field sizes. Transducers were
then developed with ‘needle ports’. Unfortunately, this
provided little help. Similarly on-screen biopsy needle
guide lines were used with limited success. Curvilinear
transducers are the latest transducer configuration and
appear to be best suited for invasive procedures.
Some operators advocate using a fixed needle guide
on the transducer head in order to assure the needle
path. This technique, however, locks the needle and
transducer together, so once the procedure has started
the transducer cannot be moved. At our institution
a free-hand technique is preferred that allows for
fine tuning of the needle position. As the needle and
transducer are not locked together, the scanner has
the ability to adjust its position and to intermittently
check fetal heart rates and other aspects of the uterine
environment without interfering with the needling itself.
There are three free-hand techniques based upon
the orientation of the needle and the transducer. The
first 1s a perpendicular offset approach, where the
transducer is placed off the sterile field at 90° to the
path of the needle (Fig. 2.4). This is only practical with
a protuberant or pregnant abdomen. We have not found
this procedure to be very successful, as the distance
between the transducer and its target is frequently
outside the focal length of the transducer. The second
technique is frequently referred to as ‘parallel’ or ‘side-
on’ approach (Fig. 2.5), where the needle is introduced
at the midpoint of the side of the transducer. Although
this technique usually assures the operator what is
below the transducer, it is unlikely to see more than
a single point on the needle shaft. The point seen is
not necessarily the tip of the needle, but is only the
position where the needle shaft crosses the plane of the
ultrasound beam. We have had the most success with
an ‘end-on’ approach to ultrasonic guidance (Fig. 2.6).
With this technique, the target is identified and the
needle is introduced at the short end of the transducer.
The angle of entry can vary and the transducer can
be rocked along the abdominal wall. It is important,
however, for the operator to be familiar with the focal
plane of the transducer. Each transducer may have a
different focal plane. It is unusual for the focal plane to
be in the precise middle of the transducer; therefore,
the operator should overcome the logical tendency to



Fig. 2.4 Perpendicular offset
approach for ultrasound guidance
of the needle.

Fig. 2.5 Side-on approach for
ultrasound guidance of the needle.

introduce the needle in the middle of the transducer.
Instead, the operator should be familiar with each
transducer and able to identify its ‘sweet spot’ (determined
using phantoms or during easy procedures); this will
reliably provide assurance that the needle in its entirety
will be visualized. It is also important that the needle
be directed on line with the transducer for maximum
needle visibility. For this reason, we usually recommend
that if a needle smaller than 22 gauge is used then it
should be of increased rigidity; otherwise, the chance
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of the needle bending when crossing through tissue or
of not going in the desired direction because of tissue
density can be problematic.

The use of phantoms to gain experience is quite helpful,
both for the ‘single-operator’ and the two-operator
technique. This allows the operator to gain considerable
expertise without jeopardizing a pregnancy. Although
sophisticated phantoms are commercially available, we
advocate simply putting targets in a jug of ultrasound
gel. The jug can then be scanned and needle-guided
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procedures performed on the phantom. Targets can be
in near field, mid field or far field. Operator and scanner
quickly learn how to accommodate each other.

Before leaving the technical issue of invasive pro-
cedures we should address the issue of optimizing
machine settings in order to enhance visualization. Some
ultrasound machines are set at the factory and the
operator has limited ability to enhance visualization.
More sophisticated equipment gives the operator many
choices to try to enhance visualization. We employ a
series of changes in our equipment to enhance needle
visualization. If machines have colour capacity then
colour enhancement can sometimes be used to visualize
the needle better. Computerized post-processing can be
used with alterations in the settings to increase contrast
and enhance the needle tip relative to surrounding tissue
and fluid. Image preprocessing has not been very helpful.
Total Gam Curve (TGC) settings will need to be adjusted
to meet individual patient needs regarding the depth of
the target, the patient’s body habitus and sonogenicity.
Frequently, the exact ‘knobology’ depends greatly on the
operating team’s personal preferences. Over the past
several years, we have performed ultrasound-guided pro-
cedures with different machines of various sophistica-
tion and have had excellent success with all of them
using curvilinear transducers.

Some manufacturers have promoted the use of
sono-enhanced needles. Usually this implies a needle
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Fig. 2.6 End-on approach for
ultrasound guidance of the needle.

with fine ridging near the needle tip or multiple holes
along its shaft. Although we have used these sono
enhancements in the past, we have found them to be
unnecessary for the most part.

Maintaining sterility in ultrasound-guided procedures
is of paramount importance. Procedures have been
performed with various degrees of sterile technique,
ranging from using only sterile gloves to full operating-
room procedures, including scrub suits, sterile gowns,
hats and masks. In our experience, anticipated brief
procedures are performed in a regular scanning room
in our office. A sterile field is created with Betadine
preoperatively. Sterile gloves are used but no particular
clothing. The transducer is placed in a sterile glove,
allowing for imaging over the sterile field. Sterile
coupling gel is applied to the transducer head. With
transabdominal CVS or PUBS on previable fetuses, we
add the additional precaution of placing the transducer
in a sterile shroud and the scanner also employs sterile
gloves. With fetal blood transfusions, PUBS after fetal
viability, or other involved procedures, we perform the
procedure in the labour and delivery room (L&D) in
order to respond rapidly if an emergency arises. Scrub
suits, masks and hats are added in this setting.

Local anaesthetics are not used for simple am-
niocentesis procedures. It is frequently felt that the
local anaesthetic may be more painful than the pro-
cedure itself. With more involved procedures and with
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Fig. 2.7 a,b: Colour Doppler imaging may be helpful to
differentiate empty/filled pockets of amniotic fluid.

Qverview

transabdominal CVS, local anaesthetics are used. This
serves two very useful purposes: the first is obviously
as a local anaesthetic; secondly, it gives the operator an
opportunity to guide the local anaesthetic needle toward
the intended path. The small anaesthetic needle serves
as a good initial marker for the final procedure.

Systemic prophylactic antibiotics have been advocated,
although we would only use them for particularly
difficult or high-risk situations.

A realistic target size for ultrasound-guided procedures
should be set. Some would advocate deferring am-
niocentesis when the pocket of fluid is less than 1 X Tcm.
Our experience, however, is that if the target can be
visualized, then a needle can be directed into that place.
A final word of caution: colour Doppler imaging may
be helpful to differentiate empty pockets of amniotic
fluid from tempting targets that appear to be pockets
of fluid which actually may be filled with loops of cord
(Fig. 2.7). Detailed informed consent should be obtained
prior to any procedures and risks and benefits need to
be explained, with a clear-cut understanding by patients
and medical team exactly what steps will be taken in
an emergency.

Conclusions

The development of diagnostic ultrasound has opened
the field of invasive ultrasound-guided procedures with
a myriad of applications. The free-hand, two-operator,
end-on technique is preferred in our centre. Local
anaesthetic is used in complex procedures and CVS,
but not in routine procedures. Prophylactic antibiotics
are used only in high-risk situations. Developing skills
and technique with a phantom will be helpful to gain
confidence. The most important aspect of all invasive
procedures is experience and teamwork between operator
and scanner. This is critical.
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Chapter 3/Ultrasound-guided techniques

in fetal medicine

KYPROS H.NICOLAIDES and YVES VILLE

All ultrasound-guided diagnostic and therapeutic invasive
procedures in fetal medicine are best done transab-
dominally by using essentially the same technique. Such
an approach ensures that the risks associated with
the introduction of a new surgical technique will be
minimized: if thoraco-amniotic shunting is performed
in a similar fashion to amniocentesis, then whenever
either technique is catried out, the operator becomes
better at both.

Another prerequisite for invasive procedures is
that the operator should have extensive experience
in ultrasound scanning; although it is possible for
the operator to be guided by another sonographer,
coordination is inevitably better with one cerebellum
rather than two.

Invasive procedures can be performed with curvi-
linear, sector or linear-array transducers, and either the
free-hand technique or needle guides can be used. We
prefer a curvilinear transducer because it combines the
advantages of both linear-array and sector systems (the
needle is visualized throughout its length and the image
of the tip is sharp). Furthermore, the free-hand technique
is preferred because it allows freedom for manipulation
if the position of the target is suddenly altered by a
uterine contraction or fetal movements.

An ultrasound scan is first performed to define the
position of the fetus, placenta and adnexal vessels or
masses. In general, we prefer a lateral entry into the uterus
irrespective of whether the placenta is anterior or post-
erior. In this position visualization and manipulation
of the guided instrument is easier. At the lower pole of
the uterus, access is limited by the maternal iliac bones,
whereas at the upper pole, access is limited by her
umbilicus. Therefore potential sites of skin puncture are
from 1 o’clock to § o’clock on the left and 7 o’clock to 11
o’clock on the right (Fig. 3.1); these sites are examined
systematically to find the most suitable location.
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The transducer is held in the left hand of a right-
handed operator; the desired target is identified and
the transducer is aligned in such a way that the target
is in the centre of the screen while the proposed site
of entry in the maternal abdomen is visualized at the
edge of the screen. Starting from the ‘five past seven’
position, the transducer, which is always kept at right
angles to the operating table, is gradually rotated for
systematic examination of all potential sites of entry
and identification of the most suitable one. Subsequently,
the right index finger is placed on the maternal abdomen,
about 2~3 cm away from the edge of the transducer,
and pressed firmly toward the uterus. Provided the finger
and transducer are within the same plane, the indentation
caused is clearly visible, allowing the operator to simulate
needle insertion.

The chosen site of entry on the maternal abdomen
is cleaned with antiseptic solution and, when required,
local anaesthetic is infiltrated under ultrasound guidance
down to the myometrium. This initial step also provides
an overview of the needle pathway and allows correction
of the angle of entry with the puncture needle.

The needle or instrument is then introduced into
the uterus, ensuring that the whole length is visualized
continuously. This is best achieved when the needle
is directed at 45° from the horizontal plane of the
transducer (Fig. 3.2). Once the needle has entered the
skin, the transducer, maintained in the same vertical
plane, should be angled to clearly visualize the initial
shaft of the needle and to correct its angle before entering
the myometrium.

In amniocentesis, even when the placenta is pos-
terior, a lateral entry into the uterus is preferable to
an anterior one because in this position the pool of
amniotic fluid is always deeper. This is also true for
chorionic villous sampling: even with a posterior
placenta, almost always there is a lateral extension of



Fig. 3.1 Preferred entries to the uterus.

the placenta so that it is unnecessary and risky to
enter the amniotic cavity before reaching the target.
For cordocentesis, when the placenta is anterior or
lateral, the needle is introduced transplacentally into

Fig. 3.2 Technique for ultrasound-guided procedures.

Fetal medicine

an umbilical vessel, which is visualized longitudinally
(Fig. 3.3). Care is taken to avoid going through the
chorionic plate and the amniotic cavity before puncturing
the cord because inadvertent puncture of a chorionic
plate vessel, which lacks Wharton jelly support, could
cause catastrophic haemorrhage. When the placenta is
posteriot, the needle is introduced transamniotically and
the cord is punctured at right angles to the longitudinal
axis of the cord, close to its placental insertion; oc-
casionally, when fetal parts obscure the cord insertion,
appropriate external pressure may be needed to
change the position of the fetus. For fetal skin biopsy
(dermatocentesis), the needle is introduced at right
angles to the longitudinal axis of the fetus and since,
contrary to the commonly held view, there is scarring
of the fetus it is best that the biopsies are taken
from the fetal buttocks or scalp. In fetal liver biopsy
(hepatocentesis), the needle, at right angles to the
longitudinal axis of the fetal abdomen, is directed to
the right hypochondrium. For fetal bladder aspiration
(urodochocentesis), or vesico-amniotic shunting, the
needle/canula is introduced into the bladder at right
angles to the fetal trunk and care is taken to avoid
puncturing the umbilicus: in this respect, an anterolateral
approach is recommended. Similarly, for intraperitoneal
fetal blood transfusions, the needle is introduced

2I



Chapter 3

Yes

(a)

Yes

()

anterolaterally into the lower fetal abdomen. For thoraco-
amniotic shunting, the thorax is best approached
posterolaterally (if the shunts are introduced anteriorly,
the fetus often pulls them out). If drainage of the
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(b)

Fig. 3.3 (a—) Cordocentesis.

contralateral lung is also needed, the appropriate fetal
position is achieved by rotating the fetal body using the
tip of the canula.




Chapter 4/Anaesthesia for

interventional ultrasound in obstetrics

PIERRE SCHOEFFLER and RODIN RAMBOATIANA

Greater resolution and increased specificity explain the
developments in prenatal ultrasonography. Ultrasound
not only makes an early diagnosis of many lesions
possible but also enables an increased number of
lesions to be treated percutaneously during pregnancy.
Most of these treatments, though ‘non-invasive’, require
anaesthesia for the mother and fetus because of the
elevation of plasma concentrations of endogenous
catecholamines caused by maternal anxiety, surgical
stimulation and postoperative pain. Increased secretion
of catecholamines can compromise the fetus by low-
ering placental blood flow and by predisposing to
preterm labour.

In order to limit these events, anaesthesia is required
with special attention to the physiological changes of
pregnancy.

Physiological changes of pregnancy

Many of the maternal physiological changes that
occur during pregnancy can influence the conduct of
anaesthesia. They involve the cardiovascular, pulmonary
and gastrointestinal systems, as well as airway anatomy
and coagulation factors.

Cardiovascular system

The maternal cardiac output at term increases by 30~
40%, the plasma volume by 50% and the red cell mass
by 30%. The systemic vascular resistances are reduced
[1,2].

Aortocaval compression becomes clinically significant
in the supine position after 1o weeks’ gestation, reducing
venous return, cardiac output and uteroplacental
perfusion. Inferior vena cava compression by the
enlarged gravid uterus is associated with venous stasis
in the lower extremities and with an increased risk of

thrombophlebitis. Alterations in the level of several
coagulation factors (increase in factors VIII, XII and
fibrinogen, decrease in factors XI and XIII) may
potentiate the risk of venous thrombosis [3].

Respiratory function

Minute alveolar ventilation increases during pregnancy,
leading to respiratory alkalosis [4]. This is compensated
by renal excretion of bicarbonate in order to maintain
normal acid-base balance. Consequently, pregnancy
creates a decreased ability to buffer an acidotic state.

While maternal oxygen consumption increases,
functional residual capacity decreases, explaining why
hypoxia occurs rapidly in cases of apnoea.

Gastrointestinal tract

As the uterus expands, the stomach is shifted to a
more cephalad and horizontal position. Hence, the angle
of the gastro-oesophageal junction alters, reducing the
competency of the oesophageal sphincter. At the same
time, gastric acid production increases. Both factors
predispose to passive regurgitation and aspiration of
gastric contents during general anaesthesia.

Pharmacology of anaesthetic drugs

The increase in cardiac output, glomerular filtration and
volume of distribution on the one hand and the decrease
in plasma protein level on the other lead to dramatic
alterations of the pharmacokinetics of anaesthetic drugs
during pregnancy [5]. Due to modifications of their
hormonal state (especially an increased level of proge-
sterone), pregnant women are also more sensitive to
the effects of general and local anaesthetic drugs [6,7].

After crossing the placental barrier, these drugs may
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influence the fetus directly. Placental transfer and fetal
drug concentration depend on lipid solubility, ionization,
fetal pH, portal clearance, plasma protein binding
and metabolism. Furthermore, administration of drugs
to pregnant women may induce teratogenic effects and
no agent has been shown to be safer than another. How-
ever spinal anaesthesia, when appropriate, minimizes
fetal drug exposure.

Through their effects on the haemodynamics and
respiratory physiology of the mother, anaesthetic agents
can have an indirect action on the fetus. Fetal well-being
may also be affected by alterations in uterine tone
and/or placental blood flow. Many drugs can increase
uterine tone, e.g. ketamine in doses larger than 1.1 mg/
kg. Toxic concentrations of local anaesthetics (resulting
from accidental intravascular injection) cause direct
uterine artery vasoconstriction [8].

Anaesthetic techniques

Monitoring and positioning

Appropriate intraoperative monitoring consists of pulse
oxymetry, non-invasive blood pressure estimation and
electrocardiographic display. Fetal heart rate and uter-
ine activity must also be monitored throughout the
whole procedure. In our centre complete monitoring is
used in every patient even if local anaesthetic infiltration
of the abdominal wall is the only anaesthetic technique
used.

During positioning of the patient, left uterine tilt is
essential in order to limit aortocaval compression and
to ensure optimal uterine blood flow.

Preoperative period

An informative visit will take place a few days before
the procedure in order to explain in detail every aspect
and the risk of the anaesthesia.

Systematic preoperative screenings are not mandatory,
although assessment of haemostasis (prothrombin time
and partial thrombin time, fibrinogen level and platelet
count) is justified because of the frequent abnormalities
of coagulation factors in pregnancy. A preoperative
electrocardiogram is useful if f-mimetic tocolytic drugs
are to be administered in the postoperative period for
prophylactic control of uterine contractions.
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PREMEDICATION

Premedication with a benzodiazepine on its own or
associated with a narcotic will help relieve maternal
anxiety. Prophylactic indomethacin, 100 mg per rectum,
may help prevent preterm labour [9].

In order to prevent gastric acid aspiration, an antacid
is given per os, in combination with metoclopramide
and cimetidine.

Local and regional anaesthesia

For these percutaneous procedures, local anaesthesia
by skin infiltration is the simplest choice [10]. This
technique is very easy to use and avoids the risk of
maternal aspiration associated with general anaesthesia.
However all local anaesthetics cross the placenta and
diffuse into the fetal circulation {rz]. High plasma
concentrations of local anaesthetics after accidental
intravenous injection may depress the fetal cardio-
vascular system.

The use of large-size needles or/and multiple placement
attempts despite sonographic guidance may result in
stimulation of the maternal autonomic nervous system.
This catecholamine secretion directly increases uterine
arterial resistance and therefore lowers placental blood
flow and causes uncoordinated uterine contractions,
which may lead to preterm labour. Although epidural
or intrathecal regional anaesthesia provides the mother
with better comfort, these techniques may lower maternal
blood pressure, decrease uterine blood flow and induce
a risk of fetal asphyxia [12]. If hypotension occurs, it
must be corrected with vascular fluid loading and with
an indirect-acting agent such as ephedrine, which raises
maternal blood pressure but has no effect on uterine
vascular resistances [8].

Neither local nor regional anaesthesia administered
to the mother provides anaesthesia of the fetus. Late
in gestation, the fetus responds to stimuli such as
noise, pressure or touch [ro]. An unanaesthesized fetus
responds to any surgical manipulation by a dramatic
stimulation of the autonomic nervous system. Direct
infiltration of small amounts of lidocaine into the fetal
surgical site will not always cause an entirely efficient
fetal anaesthesia and does not ensure an immobile fetus.
Fetal anaesthesia can be obtained by sedation of the
mother with benzodiazepines and opiates; however,



these drugs may depress maternal ventilation leading
to fetal hypoxaemia, acidosis and cardiac depression
[13]. Hypercarbia of the mother will also raise her
catecholamine concentration, resulting in a reduction
of uterine blood flow.

General anaesthesia

General anaesthesia allows more accurate control of
maternal ventilation and blood pressure. Maternal an-
aesthesia will also provide appropriate fetal anaesthesia.

INDUCTION

The usual “full stomach’ precautions must be observed
during the induction of general anaesthesia, including
a rapid sequence induction, with cricoid compression
before systematic endotracheal intubation.

Maternally administered intravenous anaesthetics
have indirect effects on the fetus. Due to maternal hypo-
tension and release of catecholamines during airway
instrumentation, there is a fall in intervillous blood flow
following rapid sequence induction of anaesthesia with
thiopental [14].

MAINTENANCE

Nitrous oxide in oxygen and halogenated agents provide
adequate maternal relaxation and fetal anaesthesia.
The halogenated anaesthetic agents can theoretically
affect the fetus by changing maternal haemodynamics.
However, the drop in blood pressure induced by low
or moderate concentrations of these agents is offset by
an increase in urine blood flow secondary to uterine
relaxation together with a decrease in uterine vascular
resistances [15].

Intraoperative narcotics and benzodiazepine also may
be used. These drugs are commonly used to reduce
maternal adrenergic responses to surgical stimulation
that are deleterious for placental blood flow. Narcotics
given to the mother will also produce fetal analgesia
and lack of movement. Benzodiazepines provide the
fetus with amnesia, which may decrease fetal response
to subsequent stressful stimuli [10,16]. Fetal immobility
can also be obtained from muscle relaxants administered
to the mother or directly to the fetus, e.g. pancuronium,
0.5 mg, injected into fetal gluteal muscle will provide 2

Anaesthesia

or 3 hours’ immobility [17]. Reversal of neuromuscular
blockade with anticholinesterases such as neostigmine
can increase uterine tone.

Uterine relaxation is important for both operative
comfort and placental blood flow and can be obtained
from halogenated agents like halothane, enflurane,
isoflurane or desflurane. These anaesthetic agents, at low
to moderate doses, also lower uterine vascular resistances,
helping to maintain uteroplacental blood flow. No one
halogenated agent has a particular advantage over the
others.

In order to maintain normocarbia, a capnograph
is absolutely required to adjust maternal ventilation
parameters during the anaesthetic procedure. Hy-
perventilation, and resulting hypocarbia, produce a
vasoconstriction that impairs uterine blood flow. The
second consequence of hyperventilation is a respiratory
alkalosis, resulting in a leftward shift of the haemoglobin
dissociation curve and a decrease in oxygen availability
for the fetus [18]. On the other hand, hypercarbia due
to hypoventilation will also raise maternal catecholamine
concentrations, resulting in reduced uterine blood flow.

Postoperative period

The B-tocolytics are to be used with strict monitoring
of the maternal electrocardiogram. Fetal heart rate and
uterine activity must also be checked during the whole
postoperative period. When necessary, adequate pain
relief decreases maternal plasma catecholamines and
helps prevent the onset of premature labour.
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Chapter 5/Fetal anaesthesia and analgesia

S.MICHAEL KINSELLA and JOAQUIN SANTOLAYA-FORGAS

Introduction

Pain is an unpleasant subjective sensation usually
associated with actual or potential tissue damage.
Besides this subjective component, nociception is
also associated with behavioural and neurohormonal
autonomic responses. If a subject is not able to com-
municate verbally, only these latter responses, which
can be observed or measured, can be used to gauge the
extent of nociception. When the fetus is considered, we
may never ‘prove’ that he or she can feel pain [1]. Even
s0, the humanitarian approach assumes that if there is
a potential for pain, as shown by objective responses to
stimuli that induce pain in adults and children, then
anaesthesia or analgesia should be provided for the fetus
also.

Our changing attitude to the neonate is a good
example. Only a decade ago, it was considered by many
clinicians that the neonate could not feel pain in
qualitatively the same way as the child or adult [2].
Anand and Aynsley-Green showed that surgical stress
responses lasted longer in preterm than full-term
neonates and were greater in magnitude compared with
adults [3,4]. However major changes in clinical practice
were set in motion after they published a randomized
control trial of anaesthesia for ligation of patent ductus
arteriosus in premature neonates, using either nitrous
oxide, which is weakly analgesic, or nitrous oxide plus
fentanyl, a powerful opioid analgesic [5]. Wilkinson [6],
in the correspondence following this paper, stated that
to withhold the fentanyl analgesia in the control group
was unethical, but the authors pointed out that the
use of nitrous oxide alone was a standard anaesthetic
technique in many centres [7]. There followed editorials
in anaesthetic, paediatric as well as general journals
[8] arguing that the same considerations used for the
provision of analgesia for adults and children should

also be applied to neonates. This important work has
led to much more liberal use of systemic and regional
analgesia for surgery in infants and neonates [9].

However, the neurological development of the preterm
infant parallels that of the fetus. The fetus is able to
interact with his or her environment in a complex
fashion [10], including responses to unpleasant stimuli.
Logic dictates that if anaesthesia and analgesia are
provided for premature neonates in intensive care
from the start of viability, as young as 24 weeks, then
the same considerations should definitely apply to
fetuses of similar or later gestation. At what gestation
this should start is unclear: the philosophical debate
continues [11,12].

Adverse effects of nociception
in the fetus

Fetal anaesthesia as a part of invasive therapy and surgery
may be desirable for two reasons: the avoidance of
physiological responses to unmodified nociception, and
because of possible long-term psychological responses
(pain memory).

The stress response is a hormonal consequence of
tissue damage. Although it has not been proved to have
any adverse consequence in the adult, in the neonate it
has been linked to poor outcomes [13]. Anand et al. [5]
found that two of eight preterm neonates who did not
receive fentanyl analgesia for their surgery, but none of
eight who did, developed intraventricular haemorrhages.
They postulated that fluxes of blood glucose and plasma
osmolality in the first group could explain subsequent
intraventricular haemorrhage, although they stated that
causation could not be proved. Several complications
were more common or found only in the no-opioid
group, including increased ventilation requirements,
episodes of bradycardia, hypotension and metabolic
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acidosis. This suggests that the stress response induced
cardiovascular instability in these infants. The majority
of the infants in the nitrous oxide—fentanyl group,
but none of the nitrous oxide-only infants, developed
impairment in body temperature control. A later trial
that compared low- and high-dose opioid anaesthesia
for cardiac surgery demonstrated a significantly higher
mortality, together with more marked stress responses,
in the low-dose group [13].

A wide variety of cardiorespiratory fluctuations
may also occur during painful stimulation in neonates
[2]. Anand et al. [5] found well-developed stress
responses in neonates at an average gestational age of
28 weeks. The stress response to fetal blood sampling
has recently been examined by Giannakoulopoulos et
al. [14] in fetuses having blood sampling. The site of
cord puncture was either at the intrahepatic umbilical
vein or at the placental cord insertion, the former
approach necessitating passage of the needle through
the abdominal wall and the liver capsule. The choice
of site for vessel puncture depended on technical
factors only, and the fetuses were comparable in other
respects. When the intrahepatic route was used for blood
transfusions, a median increase of 183% was found
in plasma cortisol and §90% in B-endorphin between
samples taken at the beginning and the end of the
procedure. With transfusion via the placental cord
insertion, no change in cortisol and B-endorphin con-
centrations was found before and after the procedure.
Vigorous body and breathing movements were noted
by these workers with needling using the intrahepatic
route but not using the placental cord insertion. The
authors noted the hormonal response in fetuses as early
as 2.3 weeks of gestation.

In a subsequent study, the same workers measured
middle cerebral artery Doppler Pulsatility index in two
groups of fetuses, one having needle puncture of the
trunk and one of the umbilical cord [15]. The former group
had a reduction in Pulsatility index, whereas there was
no change in the latter. This effect in reponse to needle
trauma may have an analogy with the redistribution of
blood to essential organs including the brain, and away
from the carcass, during acute stress in animals [15].

Taddio et al. [16] found higher pain scores during
routine vaccination in 4-6-month-old boys who had
been circumcised at birth compared with uncircumcised
boys, indicating long-lasting effects of prior painful
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experience. Besides behavioural differences, long-term
psychological sequelae have been postulated after circum-
cision without anaesthesia [2]. Premature neonates have
a greater flexion response and increased sensitization
after noxious stimulation compared with full-term
neonates. At present, there is no evidence for a ‘carry-
over’ effect of intrauterine surgical experiences having
long-term effects after delivery.

In the past one of the reasons for a reluctance to
provide powerful analgesia for neonatal surgery has
been the possibility of inducing side-effects. In some
respects these considerations may be less important for
fetal surgery: concerns over impairment of temperature
control [5] or respiratory depression induced by powerful
opioids do not apply to the fetus.

Monitoring of responses

Cycles of fetal activity and quiet develop in the third
trimester, although they become clearly defined only
after 36 weeks’ gestation [17]. The fetus may be aroused
into the active state by stimulation, either innocuous
(e.g. vibroacoustic) or noxious. Vigorous motor activity
follows needling of the body wall [14,18]. In paediatric
practice, a pain scale for infants based on observation
of responses to a stimulus has been developed [19]. This
depends on motor responses of the body, crying and facial
expressions. Some of these changes may be detectable
in utero, either directly or using ultrasound. Spontaneous
and induced truncal, limb, breathing or eye movements
will be abolished with fetal anaesthesia. Although pro-
voked movements during fetal procedures might not
always be due to nociception, absence of movement in
response to noxious stimuli implies adequate anaesthesia,
unless neuromuscular blockers have been used.

Autonomic responses except for heart rate are not
amenable to external measurement in the human fetus.
If the fetus is adequately anaesthetized, it will not
respond with an increase in heart rate. Analysis of heart
rate vatiability has been proposed as an indicator of
anaesthetic depth in adults [20]. There are limitations
to the application of this monitoring, as different
anaesthetic agents induce specific changes. Whether such
an approach is applicable to the fetus is debatable, given
the further variable of gestation-dependent changes in
heart rate control.

Monitoring of fetal physiological state is an issue



that has been addressed for fetal surgery. Invasive
transabdominal monitoring has been developed in an
animal model of endoscopic surgery. This allows the
measurement of heart rate, oxygen saturation with pulse
oximetry, temperature and amniotic pressure [21]. For
a resumé of fetal monitoring during open fetal surgery,
the reader is referred to papers from the San Francisco
group led by Harrison [22,23].

In future, modifications of the hormonal stress
response to fetal procedures induced by anaesthesia
might be studied as an adjunct to blood sampling for
other purposes. The influence of different anaesthetic
techniques on the stress response would also be very
amenable to study in animal models with the use
of umbilical catheters, especially the time course of
responses in the postoperative period.

Requirements for anaesthesia

The requirement for anaesthesia or analgesia will depend
on the type of procedure and its site, invasiveness and
duration of surgery. The umbilical cord at its placental
insertion is not innervated and there is no evidence
for nociceptive stimulation when it is needled. Blood
sampling or transfusion via the intrahepatic vein involves
piercing the body wall with the needle, and locating the
correct site takes longer with this approach than at the
cord insertion [14]. Similar considerations will apply
to placing catheters and shunts in the urinary tract, chest
or head. There are likely to be more developments in
endoscopic surgery [21,24]; at the end of the spectrum
is major open surgery carried out via hysterotomy [22].

Published work has so far concentrated on two areas.
Neuromuscular blockers (muscle relaxants) have been
used to help the operator perform invasive procedures,
and empirical regimens of maternal sedation were de-
scribed at the same time. Open fetal surgery necessitates
maternal general anaesthesia and there are data on
the anaesthetic inhalational agents used to maintain
this condition. With the advent of more extensive
intrauterine therapy using ultrasound or fetoscopy, a
middle ground between these extremes will develop. On
the one hand, maternal drug administration may be
inadequate, and on the other may not be indicated. This
is the territory of fetal anaesthesia and analgesia.

The available routes of systemic drug administration
to the fetus are either by direct parenteral administration

Fetal anaestbesia

or indirectly by administration to the mother and
consequent placental transfer. The approach to fetal
anaesthesia is often conditioned by maternal require-
ments, but the class of drug may also necessitate one
or other route. Neuromuscular blockers are strongly
ionized compounds that do not cross the placenta
freely, and hence the ability to use them in the mother
at Caesarean delivery without clinically significant
paralysis in the neonate. Direct administration to the
fetus is necessary. In contrast, inhalational agents are
absorbed and largely eliminated at the alveolar—capillary
interface in the lungs and maternal therapy is the
only option. Most other anaesthetic and analgesic
agents, being diffusible across lipid membranes, cross
the placenta and can be administered either way.
Concerning maternal administration, the goal should
be to administer appropriate anaesthesia to the mother
for her own needs. In some cases this may be adequate
for fetal requirements also. However when transfer to
the fetus is not adequate, direct administration should
be considered. Only when this option is not feasible
should deliberate maternal overdosage be contemplated.

Systemic therapy by direct fetal administration: routes

Just as intravenous therapy in adults has developed with
the introduction of indwelling cannulae and catheters,
so intravenous therapy in the fetus may follow the
same route [25] (see Chapter r2). This would allow
intermittent injections or even continuous infusions
of short-acting anaesthetic agents if so desired. The
feasibility of intraosseous infusions has also been
explored [23]. Other potential routes of administration
include intramuscular and intraperitoneal. The original
descriptions of neuromuscular blockade to ensure fetal
immobility were via the intramuscular route [26-29]
using D-tubocurarine or pancuronium. These agents
come in solution and there is a limit to the volume
of agent that it is desirable to inject. However, this
objection might be overcome by using an agent such as
vecuronium, which is available in crystalline form and
therefore can be made up in concentrated solutions.
Drugs might also be given intraperitoneally; this site
might act as a ‘depot’, with relatively slow absorption
and therefore more prolonged duration.

Wherever possible, consideration should be given to
administration of anaesthetic agents using the access
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that has been placed for the therapeutic procedure, so
as to avoid the risk of extra needling.

Local anaesthesia

Local anaesthesia for the fetus is readily achievable
during open surgery by infiltration along the incision
[30]. With closed surgery, the limited access reduces
the options for local anaesthesia, but two approaches
are possible. One is infiltration of local anaesthetic at
the puncture site during tube or catheter insertion.
Alternatively, local anaesthetic block of nerve trunks,
such as the intercostal nerves during chest drain in-
sertion, might be feasible with a fetoscopic approach.
However, the precision needed may not be possible using
ultrasound guidance.

High spinal anaesthesia has been used in fetal lambs,
with very effective blockade of the marked stress
response to major fetal thoracic surgery that included
cardiac bypass [31].

Anaesthetic and analgesic agents

Inhalational agents

Fetal anaesthesia for surgery in humans has usually been
provided with halothane [32]. The potency of halothane
in ovine fetuses at 130-13 5 days’ gestation (full term is
145-150 days) has been studied directly. Gregory et al.
[33] found that fetal motor responses to a painful
stimulus were abolished at an average blood halothane
concentration of 48mg/litre and maternal responses
at 133 mg/litre; this equated to a calculated MAC* of
0.33% and 0.69% respectively (Fig. 5.1). This suggests
that fetal anaesthesia may be adequate at approximately
o.5 times maternal MAC. They found in two animals
that MAC increased over the first 8 hours after birth to
reach a plateau of 1.1 %, associated with declining levels
of progesterone. The decrease in MAC during pregnancy
(Table 5.1) [35] is thought to be due to increased levels
of progesterone [3 6] and this probably accounts for the
low MAC during intrauterine life.

Biehl et al. [37,38] found that while ewes breathed a

* Minimum alveolar concentration (MAC) is the concentration
of an inhalational agent in the alveolus that abolishes the motor
response to a painful stimulus in 50% of cases [34].
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constant inspired concentration of either 1.5% halothane
(Fig. 5.2) or 2% isoflurane (Fig. §.3), there was a lag in
the rise of fetal arterial concentrations behind those in
the mother. Fetal and maternal levels stabilized at 50—
6o min, the fetal always remaining lower than maternal.
Using the values for halothane MAC provided by
Gregory et al. [3 3], fetal and maternal MAC-equivalent
would be achieved at approximately 13 and 28 min
respectively of halothane anaesthesia.

Gregory et al. [33] found no significant decrease in
fetal systolic arterial pressure at either fetal or maternal
MAC. This finding is in contrast to the majority of other
studies. Biehl et al. [39] found a significant 27% fall in
fetal mean arterial pressure at $§ min after the start of
administration of 1.5% inspired halothane while the
fetal arterial halothane concentration was o.74 times
fetal MAC, but cardiac output and regional blood
flow were maintained. Palahniuk and Shnider [40]
similarly found a decrease in fetal mean arterial pressure
at MAC or 1.5 times MAC halothane and isoflurane
administered to the mother, but with no change in hind
limb arterial blood gases. Two times MAC halothane
or isoflurane (1.46% halothane and 2.02% isoflurane)
[40] were found to produce fetal hypoxia and acidosis
mediated through maternal hypotension and reduced
cardiac output. They did not find any difference between
halothane and isoflurane but cautioned against deep
maternal inhalational anaesthesia. Biehl et al. [38] found
a significant decrease in fetal axillary artery pH after
48min of 2% isoflurane anaesthesia and a 27% reduction
in cardiac output from baseline at 6omin. This was
in contrast to their earlier study where they found that
halothane was not associated with fetal acidosis [37]
and they concluded that halothane was the preferred
agent to isoflurane.

The effects of inhalational anaesthesia on the acidotic
sheep fetus have also been studied. After asphyxia had
been induced with partial umbilical cord occlusion, 1.5%
halothane was found to reduce cerebral oxygen delivery
and aggravate acidosis [41]. A further study showed
that although 1.5% halothane reversed asphyxia-induced
fetal hypertension, brain blood flow was maintained
(fetal blood halothane 46mg/litre, 0.32 vol%) [42]. When
uterine artery occlusion was used to induce asphyxia
prior to 1% halothane [43] or 1% isoflurane anaes-
thesia [44], cerebral oxygen delivery was maintained
but acidosis was aggravated.



MAC determination in seven 130-135 day old fetuses
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Table 5.1 Minimum alveolar
concentration in ewes. (Data from Change from
Palahniuk et al. [3 5], with Non-pregnant Pregnant non-pregnant to pregnant
permission.)
Halothane 0.97 0.73 -25%
Isoflurane 1.58 1.0I —40%
To summarize, in the chronically instrumented sheep
10 with a normal fetus, high concentrations of inhalational
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agents given to the mother induce maternal hypotension
and fetal hypotension and acidosis. Halothane may
cause less of a problem than isoflurane. Further acidosis
is produced in the situation where the fetus is already
asphyxiated.

These experiments, however, may not reflect adequately
the effects of inhalational agents in the context of fetal
surgical interventions; for instance, major procedures
are unlikely to be performed in a fetus with pre-
existing acidosis. Sabik et al. [31] came to a radically
different conclusion on the use of halothane during fetal
intervention from those who recommend it. They
compared ovine fetal effects of maternal 1% halothane

Fig. 5.2 Maternal and fetal arterial halothane
concentrations during constant administration of 1.5%
inspired halothane. (From Biehl et al. [37] with permission.)

anaesthesia during fetal instrumentation with the effects
of ketamine anaesthesia, as well as with control results
taken from chronically instrumented unanaesthetized
animals. Compared with the chronically instrumented
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Fig. 5.3 Maternal and fetal arterial halothane
concentrations during constant administration of 2%
inspired isoflurane. (From Biehl et al. [38] with permission.)

sheep, both forms of anaesthesia were associated with
reduced fetal cardiac output and placental blood flow
but the extent of this was much greater in the halothane
group than the ketamine group. Furthermore, placental
blood flow as a percentage of cardiac output was reduced
by halothane, shunting blood away from the placenta
and leading to significant hypercarbia. The extent of
fetal acidosis and mortality was related to the duration
of anaesthesia.

With these findings in mind, there is an urgent need
to perform further comparative studies of anaesthetic
techniques at the time of fetal surgery or complex
procedures.

Intravenous anaesthetic, sedative and opioid agents

Intravenous anaesthetics and sedative agents such as
the benzodiazepines, being highly lipid soluble, will cross
the placenta freely if given to the mother. However, after
a single maternal dose, concentrations in blood perfusing
the fetal brain will always be significantly lower than
maternal arterial levels. This is due to dilution of
umbilical venous blood firstly in the inferior vena cava
and then in the right atrium. Thus, unless significant
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maternal sedation or anaesthesia is accepted fetal anaes-
thesia will not be achieved [18,45,46]. Furthermore,
with any parenteral single-dose technique with quick
absorption, such as via intravenous or intramuscular
routes, after a fairly rapid peak the maternal and fetal
plasma levels will begin a steady decline.

As far as duration of action is concerned, there is an
advantage to loading the maternal circulation rather
than administration to the fetus. Lipid-soluble agents
can cross the placenta freely in either direction including
from fetus to mother. Maternal uterine blood flow is
twice that of umbilical blood flow, ensuring rapid
removal; if an appropriate dose is given directly to the
fetus, the amount of drug will not lead to a significant
increase in maternal blood levels and the concentration
gradient will always effectively be zero on the maternal
side. Transplacental clearance to the mother will be
extremely rapid after fetal administration, and single
intravenous injections given to the fetus will have an
evanescent effect. For a more prolonged action, such
drugs would have to be given as an intravenous con-
tinuous infusion or multiple doses, or via some other
parenteral fetal route.

Opioids have a much greater spread of lipid solubilities.
There is a 3000-fold difference between morphine and
buprenorphine. Low lipid solubility may be the limiting
factor in the transfer of morphine across the placenta.
Umans and Szeto [47] infused morphine or methadone
to pregnant ewes in doses that were equipotent for
their sleep-suppressant effect when given directly to the
fetuses. Morphine had only one-third the fetal effect of
methadone when given maternally, which the authors
suggested was due to slow maternal—fetal transfer. This
was confirmed in a further study [48]. The effect of
morphine in the fetuses was also prolonged compared
with methadone, presumably because of similarly slow
fetomaternal transplacental clearance [47]. Direct com-
parisons of opioids, in the high doses needed to reduce
stress responses, must be performed before we can draw
any further conclusions as to comparative usefulness.

Other agents

Neuromuscular blockers (muscle relaxants)

The indication for muscle relaxants is usually to produce
fetal immobility during transfusion and other procedures.



Fetal movements may cause dislodgement of the needle,
with consequences such as cord tamponade or umbilical
artery spasm. These risks may be less when the intra-
hepatic umbilical vein is used. However, as previously
mentioned counteracting this is the marked increase in
fetal body movements with the latter approach as a
result of increased nociception [14].

The use of muscle relaxants in the fetus was initiated
by de Crespigny and co-workers [26,27] (Table 5.2).
They administered 3 mg/kg p-tubocurarine into the thigh
muscle under ultrasound guidance to aid needling of
the intrahepatic umbilical vein or inferior vena cava,
usually for the purpose of blood transfusion. Escape
of part of the injected fluid into the amniotic fluid
was observed in one case and only partial paralysis
resulted. At delivery, there was no evidence of local
damage in the leg. Seeds ez al. [28] used intramuscular
pancuronium o.5mg/kg, which they considered to be
an equivalent dose to 3 mg/kg D-tubocurarine. The intra-
venous route was used soon after [49]. Not surprisingly,
paralysis with this method of administration is quicker,
more reliable and shorter. Moise et al. [51] found
that paralysis tended to be shorter with increasing
gestation, even though doses were adjusted for estimated
fetal weight. They suggested that this reflected more
efficient metabolism of pancuronium as fetal develop-
ment progresses. Although this relationship was not
confirmed on statistical analysis, a strong relationship
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was found between increased duration and decreased
fetal haematocrit, which allows tailoring of the dose of
relaxant to the particular circumstances:

Duration in hours = §5.24 + 10.3 X adjusted dose
(mg/kg) — 0.16 X haematocrit

The future may also see the use of shorter-acting agents
such as atracurium [18].

Chestnut et al. [53] compared the cardiovascular
effects of D-tubocurarine 3 mg/kg and pancuronium
o.5mg/kg in fetal sheep; p-tubocurarine decreased
fetal heart rate and mean arterial pressure, whereas
pancuronium increased both these variables. They
concluded that pancuronium is a more appropriate
agent than p-tubocurarine for fetal paralysis. Fan et al.
[52] preferred pipecurium to pancuronium because of
fetal tachycardia caused by the latter drug. Fetal heart
rate variability and accelerations decrease after intra-
venous pancuronium [46,52] and sinusoidal patterns
may be seen [46].

It is essential to remember that muscle relaxants do
not produce any central depressant effects and there
is no evidence that they obtund the stress response.
References to the fetus ‘awakening’ after the drug
wears off [46] imply a misconception that the fetus
was sedated or asleep while the drug was working,
but of course the fetus is merely unable to move
in response to stimulation. Muscle relaxants may assist

Table 5.2 Onset and duration of neuromuscular blockers in the fetus.

No. of cases Dose (mg/kg) Onset (min) Duration (hours)
(no. of based on estimated
Reference procedures) Route Drug fetal weight Mean Range Mean Range
de Crespigny et al. [26] 5 (12) im. p-Tubocurarine 3 — <30 — 3-5
Seeds et al. [28] 4 (6) im, Pancuronium  o.5 mg—all cases — <1 — <2
Moise et al. [29] 44 im. p-Tubocurarine 3 3.2 1-15 9.0 4.7-16
4 im. p-Tubocurarine 1.5 5.1 4-6.5 3.8 2-4.8
12 im. Pancuronium 0.3 3.8 1.5-16 6.8 2-I1.§
Copel et al. [49] 4(s5) iv. Pancuronium  0.x -~ - 0.7 0.5-1.25
Byers et al. [50] — iv. Pancuronium  o.x — — — -3
Pielet et al. [46] 18 iv. Pancuronium  0.0§-0.1 — Rapid — 0.42-3.5
Moise et al. [51] 12 (34) iv. Pancuronium 0.2-0.3 — — — 1.2~7
Fan et al. [52] 8 im, Pancuronium 0.2 4.6 1.9
8 im. Pipecuronium  o.2 4.5 2.0

i.m., intramuscular; i.v., intravenous.
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the obstetrician to perform surgery safely, but they are
not a substitute for fetal anaesthesia or analgesia!

Blood gases and circulating volume

Carbon dioxide

Increases in maternal blood Pco, will increase fetal
carbon dioxide because it is eliminated down a con-
centration gradient, and therefore fetal acidosis will
occur. When deep general anaesthesia is used for fetal
surgery, controlled ventilation should be provided to
avoid this.

The traditional method of deep maternal sedation
with large doses of depressant drugs used for less
extensive fetal procedures [18,45,46] also risks maternal
hypercarbia, as well as hypoxia and aspiration of
regurgitated stomach contents. Although the maternal
‘intrusion’ might seem less than with a general
anaesthetic, paradoxically any hypoventilation is not
amenable to correction. Berkowitz et al. [18] described
women going to sleep and developing considerable
abdominal wall movement, necessitating waking them.
This movement may well have been associated with
respiratory obstruction. Therefore, a more appropriate
approach might be to use patient-controlled sedation
[54], which precludes oversedation. The woman self-
administers small boluses of a drug; propofol is very
suitable as, used in this way, the half-life is short. If the
patient is too drowsy to press the button, no further
drug is administered and the depth of sedation decreases.

Oxygen supply

Oxygen supply to the fetus depends on two components:
maternal arterial Po, and uteroplacental blood flow.

Fetal umbilical Po, and haemoglobin saturation have
been shown, at Caesarean section under epidural an-
aesthesia, to correlate with the maternal inspired oxygen
concentration [§5]. During maternal general anaesthesia,
fetal oxygenation is also maximum when the maternal
inspired gas contains 100% oxygen [56].

Long-term maternal oxygen administration has been
used in hypoxic growth-retarded fetuses with suggestion
of clinical benefit [57,58]. Cordocentesis has shown
that fetal oxygen levels are increased into the normal
range [57,58]. Oxygen has potent circulatory effects,
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however, and attention must be paid not only to the
alterations during maternal administration but also
upon withdrawal. The response to hypoxia is a diversion
of blood flow to essential organs at the expense of
the carcass, and vice versa for an increase in oxygen
levels: a reduction in vascular resistance to the carcass
[59]. If supplementary oxygen is withdrawn suddenly,
there is the potential for a worsening of supply to vital
organs. Bekedam ez al. [59] found that fetal heart rate
decelerations sometimes occurred in growth-retarded
fetuses when 40 min of maternal oxygen administration
was stopped.

Uteroplacental blood flow is dependent on perfusion
pressure and resistance. Maternal systemic hypotension
is deleterious to the fetus during open surgery {31}, but
is easy to detect and treat. Aortic compression, however,
is not detectable with standard maternal monitoring.
Neither is it as amenable as inferior vena cava com-
pression to prevention with the use of lateral pelvic tilt
[60]. As severe aortic compression with an uncontracted
uterus affects approximately 1 in 10 women while supine
in an unpredictable fashion (the incidence rises to 30%
with uterine contractions) [60,61], consideration should
be given to direct monitoring during long procedures
either with continuous [60] or intermittent blood pressure
in the leg [61] or toe pulse waveforms [61].

Uterine vascular resistance is particularly influenced
by uterine baseline tone and contractions, and tocolysis
is considered in the next section. For the venous-
equilibration type of placenta, such as the sheep, fetal
umbilical vein Po, is linked by a diffusion gradient to
the same variable in the maternal uterine vein. According
to the Fick principle, uterine vein oxygen content (and
therefore partial pressure) will depend on arterial oxygen
content and uterine blood flow if oxygen extraction is
constant:

Venous content = (arterial content — consumption)/flow

It was found by Sabik et al. [3 1] that ovine fetal outcome
was improved by ensuring that the Po, of uterine venous
blood was maintained above 45mmHg. Whether a
similar relationship holds true for human surgery is
not clear. The venous-equilibration model may not
be accurate here, as increases in fetal oxygenation
with maternal oxygen administration are greater than
the predicted increase in uterine venous Po, based on
arterial oxygen content changes [55].



Tocolysis

One of the most significant problems related to fetal
surgery is not the surgery itself but the inability to
prevent preterm delivery of the fetus following the
surgery. Uterine or fetal surgery is invariably followed
by significant uterine contractions, particularly nocturnal,
lasting for 3—5 days post-surgery. One of the major
effects of uterine and/or fetal surgery in primates is a
marked increase in maternal oestrogen levels [62,63].
This is due to the stress of the surgery on the fetus which
results in enhanced release of dehydroepiandrosterone
(DHEA) from the fetal adrenal glands. The DHEA is
in turn converted to oestrogen by the placenta. An
enhanced oestrogen environment contributes to the
appearance of uterotonic factors such as maternal
oxytocin, by increasing oxytocin synthesis and lowering
the threshold for release.

Tocolysis during fetal surgery is a pharmacological
effect of all of the currently used inhalational agents.
This is of benefit during uterine manipulation, surgery
and especially uterine closure. However, this effect is
not sustained after administration finishes, and other
agents such as magnesium sulphate or B-agonists have
been used to continue tocolysis. These agents can be
associated with severe maternal toxicity [64-66].

Other agents have a better therapeutic profile but
do not yet have the same clinical track record. The
formation of prostaglandins after damage to the amnion
is a potent cause of the increased uterine activity after
fetal surgery, and this may be blocked with inhibitors
of prostaglandin synthesis. Initially, indomethacin was
only used preoperatively during human surgery [32],
but now has been used postoperatively in monkeys [30]
and humans [67].

Parenteral nitroglycerin, which has a smooth muscle
relaxant effect via nitric oxide formation, has been
suggested as a possible uterine relaxant after fetal surgery
[22]. Nitroglycerin has many of the attributes of an ideal
tocolytic agent, as it is relatively non-toxic, able to be
administered by infusion and ‘loaded’ to therapeutic
blood levels rapidly and non-cumulative with rapid offset
of therapeutic effects. Its role is yet to be determined
[68].

Newer approaches to suppression of post-surgical
uterine contractions are very promising. Aromatase
inhibitors can be given to block oestrogen formation
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and thus the induction of uterotonic factors by oestrogen
[63,69]. The problem with the use of aromatase inhibitors
is the potentially deleterious effect on the fetal brain
development and sexual differentiation. However, this
is unlikely to be a problem if the aromatase inhibitor is
administered short term (2~3 days). Nocturnal uterine
contractions in primates are driven by maternal oxytocin.
Therefore the use of an oxytocin antagonist, which
blocks the action of oxytocin at the receptor, can be
used for controlling post-surgical nocturnal uterine
contractions. Oxytocin antagonists are a new generation
of tocolytics that are particularly attractive since their
side-effects are minimal compared to the commonly used
tocolytics. Examples of such antagonists are Atosiban
[70] and TT-235 aka ANTAG III [71]. In addition,
morphine is a potent inhibitor of oxytocin release in
primates [72] thus the use of morphine as a post-surgical
analgesic has the additional benefit of suppressing
oxytocin release.

Intravenous fluids

Currently, advice on maternal fluid administration after
hysterotomy and fetal surgery in humans is conditioned
by the fear of maternal pulmonary oedema after high
doses of tocolytic agents [73]. If improvements in this
aspect of therapy are possible, then fluids might be
given as clinically indicated. When pregnant sheep are
given oral and intravenous fluids preoperatively and
peroperatively, both mother and fetus benefit in terms
of blood pressure and placental perfusion [31]. Umbilical
artery Doppler Systolic/Diastolic ratio decreased after
a maternal intravenous fluid load [74], possibly through
a decrease in fetal blood viscosity secondary to hae-
modilution. Transfer of water and electrolytes across
the placenta will occur freely. The corollary of this is
that in the situation of fetal anaemia, care must be taken
not to overdo fluid administration to the mother because
of the chance of fetal haemodilution.

Conclusions

Fetal anaesthesia is easy to achieve in terms of the
sensitivity of the fetus to drugs. However, the difficulty
of access to the fetus has meant that administration has
usually been achieved indirectly via the mother. This
may have led to regimens that were suboptimal for both
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individuals. With potential developments in the systems
available to deliver therapy directly to the fetus, tailoring
of the anaesthetic to the fetus rather than depending on
transfer from the mother is an exciting prospect. The
necessity will increase with the advent of more extensive
intrauterine procedures, not requiring maternal general
anaesthesia but with greater nociception than the simple
procedures that characterized the early development of
fetal medicine.

Many anaesthetic and analgesic drugs are likely to
have only a brief duration of action in the fetus if given
as a single intravenous dose. The exception may be
morphine because of its limited lipid solubility. High

concentrations and prolonged exposure to inhalational

agents may cause fetal problems during open surgery.
An acceptance of these doses has been necessary because
of the reliance on the tocolytic action of halothane.
Development of reliable tocolytic agents with a greater
safety margin is necessary. Maternal sedation should
ideally reflect the mother’s own needs, and reduced
interference in maternal cardiovascular and respiratory
control will benefit the fetus.

There is a growing acceptance that prelabour factors
are more commonly implicated in cerebral palsy than
birth asphyxia [75]. The fetus may be susceptible to
physiological derangements as a result of surgical stress,
which could damage his or her immature organs; if
anaesthesia can reduce the stress response it may have
an importance besides any humanitarian considerations.
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Chapter 6/Coelocentesis: a new invasive technique
for very early prenatal diagnosis

DAVOR JURKOVIC, ERIC JAUNIAUX and STUART CAMPBELL

Introduction

In 1991, two independent teams, based respectively
at King’s College Hospital and St Bartholomew’s
Hospital Medical College, reported the first data
on the biochemistry of the coelomic fluid [1,2]. Both
teams showed that coelomic fluid could be successfully
aspirated by transvaginal puncture between 6 and 12
weeks of gestation and that the coelomic fluid had
different biochemical characteristics from those of early
amniotic fluid and maternal serum. The aim of the first
reports by the St Bartholomew’s team was to establish
normal ranges of a-fetoprotein (AFP) concentrations
in early fetal fluid and to emphasize the importance
of identifying the site of amniocentesis in the first
trimester [3]. Since 1991 we have been investigating
the physiological role of coelomic fluid in maternofetal
exchange at the time of gestation when fetal blood
cannot be obtained. We have also been exploring the
potential role of coelomic fluid for the prenatal diagnosis
of chromosomal and genetic disorders. Advantages
of very early prenatal diagnosis are obvious and there
is a great need for a method that can be used in the
first trimester. Unfortunately, due to increased fetal
risks, both early amniocentesis and chorionic villous
sampling are not being used before 1o weeks’ gestation.
Coelocentesis is theoretically less traumatic to the fetus
and early placenta and may therefore be a safer method
in very early pregnancy. In this chapter, we discuss the
use of coelocentesis for both physiological studies and
early prenatal diagnosis.

Embryology

Transvaginal transducers provide optimal visualization
of the carly anatomic structures that were classically
described by embryologists (Fig. 6.1). The extraem-

bryonic coelom develops during the fourth week after
the last menstrual period [4,5]. It surrounds the blastocyst,
which is composed of two cavities separated by the
bilaminar embryonic disc, i.e. the amniotic cavity and
the primary yolk sac. At the end of the fourth week of
gestation, the developing exocoelomic cavity splits the
extraembryonic mesoderm into two layers: the somatic
mesoderm, lining the trophoblast; and the splanchnic
mesoderm, covering the secondary yolk sac and the
embryo. At approximately 31 days’ menstrual age, the
gestational sac measures 2—-3 mm in diameter and can
be detected by transvaginal ultrasound imaging [6]. At
the end of the fifth week of gestation, the secondary
yolk sac is well developed and has a wide communication
with the ventral part of the flat trilaminar embryo.
From 6 weeks onwards the gestational sac contains the
amniotic and exocoelomic (chorionic) cavity, which can
be visualized on the scan. The exocoelomic cavity is
much larger than the amniotic cavity at this stage.
Its mean volume doubles between 6 and 8 weeks to
reach a maximum of 5-6ml at 9 weeks and then starts
to decrease gradually. The amniotic cavity is very small
until 7 weeks’ gestation. It starts to expand rapidly after
that and from 9 weeks onwards the amniotic cavity takes
up most of the gestational sac volume. Fast expansion
continues until the end of the first trimester, when
amniotic and chorionic membranes eventually become
fused thus completely obliterating the exocoelomic cavity.

Technique of coelocentesis

Coelomic aspiration is performed under ultrasonographic
guidance using a high-frequency transvaginal probe. The
vagina has to be carefully cleansed with an antiseptic
solution such as chlorhexidine gluconate 0.05% and
cetrimide 0.5% to minimize the risk of bacterial con-
tamination. The probe is covered with a sterile rubber
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Fig. 6.1 Transvaginal ultrasonic view of the gestational sac
at 10 weeks’ gestation.

sheath and a transvaginal scan performed to locate the
fetus, amniotic membrane, extraembryonic coelomic
cavity and yolk sac. There is no need for anaesthesia. A
needle guide is then attached to the shaft of the probe
and a 20-gauge needle introduced into the coelomic
cavity under ultrasound control, taking care to avoid
puncture of the amniotic membrane or yolk sac (Fig.
6.2). The needle should be introduced into the uterus
centrally through the anterior wall far from the main
uterine vessels, which run alongside its lateral borders.
In this way the risk of inadvertent bowel puncture is
also reduced. The only pelvic organ close to the needle
route is the urinary bladder and care should be taken
to avoid puncturing it. Although an accidental bladder
puncture is unlikely to be associated with significant
complications, it is better avoided.

Success of coelocentesis depends on the position of
the needle tip in relation to the amniotic membrane and
the yolk sac. The needle should always be nearly parallel
to the amniotic membrane, otherwise the membrane
tends to attach to the needle tip and obstruct coelomic
fluid aspiration. The yolk sac is attached to the umbilical
cord by the vitelline duct. Both structures are relatively
mobile and also tend to adhere to the needle tip during
aspiration. To avoid this the needle should be placed as
far as possible from either structure and the position of
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(b)

Fig. 6.2 (a) Coelocentesis at ro weeks’ gestation.
(b) Schematic representation.

the needle tip should be monitored continuously during
aspiration.

The exocoelomic cavity can be visualized from 5 to
12 weeks’ gestation and coelomic fluid is aspirated



Table 6.x Success rate of coelocentesis at different
gestational ages.

Gestation (weeks) No. of patients Success (%)

6 6 6 (100%)
7 13 12 (92%)
8 13 12 (92%)
9 18 17 (94%)
10 17 17 (100%)
11 12 5 (42%)
12 21 2 (10%)
Total 100 1 (71%)

with a high success rate, close to 100% in pregnancies
between 6 and 10 weeks (Table 6.1). The amniotic cavity
can be clearly identified from the beginning of the
seventh week of gestation and amniotic fluid can be
obtained in all cases from 8 weeks. The volume of
fluid obtained from the exocoelomic cavity varies from
2 to 8ml at 6 and 10 weeks, respectively, whereas
amniotic fluid volume samples increase exponentially
from 3 to 30ml between 7 and 12 weeks (Figs. 6.3 &
6.4). However, for diagnostic purposes only o.5—2.5ml
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Fig. 6.3 Volume of coelomic fluid between 6 and 12 weeks
of gestation measured after transvaginal aspiration of the
entire exocoelomic cavity.
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Fig. 6.4 Volume of amniotic fluid between 7 and 12 weeks
of gestation measured after transvaginal aspiration of the
entire exocoelomic cavity.

of coelomic fluid is usually aspirated. The pressure
during aspiration should be low. High pressure or
aspiration of large fluid volumes is more likely to
drag the yolk sac or amniotic membrane towards the
needle, which will result in a failed procedure. In all
cases, exocoelomic fluid is yellow coloured and more
viscous than amniotic fluid, which is always clear. This
may help recognition of inadvertent puncture of the
amniotic cavity during coelocentesis, although we have
not experienced this complication as yet.

Physiological role of coelomic fluid

Biological substances present in the maternal circulation
in early pregnancy must cross the villous barrier to
reach the embryonic compartments. When the definitive
placenta forms at the end of the first trimester, materno-
fetal transfers may also occur at the level of the free
amniotic membranes. Maternal or placental proteins
filtered in the extraembryonic coelomic cavity are
probably absorbed by the secondary yolk sac, which is
in direct continuity with the primitive digestive system
throughout embryonic development.

A highly significant difference in total protein levels
is found between the exocoelomic and the amniotic
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Table 6.2 Comparison of coelomic versus amniotic fluid
protein composition.

Protein Coelomic fluid ~ Amniotic fluid
Total protein (g/l) 3.5t 0.7 o.2to.2
o-Fetoprotein (kIU/1) 21816+ 12667 27096+ 11822
Albumin (g/1) 1.7t0.5 ND
Prealbumin (g/1) 0.04to0.02 ND

IgG (mg/dl) 32t 21 ND
Human chorionic

gonadotrophin (mIU/ml) 165607 £78543 1752+ 1451

ND, not determined.

fluids, suggesting that the thin membrane separating
these two compartments, which later becomes the
amniotic epithelium, is not permeable to molecules with
a high mole<ular weight (Table 6.2). The total protein
concentration in matched samples decreases gradually
from maternal serum to coelomic and then amniotic
fluid [1,4,5]. Between 6 and 12 weeks of gestation, the
mean level of total protein in coelomic fluid is 18 times
lower than in maternal serum and 54 times higher than
in the amniotic cavity [6]. Total protein concentrations
in the coelomic fluid are not influenced by changes in
maternal serum protein levels during the first trimester.
The total protein concentration in the exocoelomic cavity
increases with advancing gestation while it decreases
in the maternal serum. Furthermore, no correlations
are found between AFP, albumin and prealbumin
levels in coelomic fluid and those in maternal serum,
indicating that the placental transfer rate of these specific
proteins is probably independent of their respective
concentrations on each side of the placental barrier.
During the first trimester, albumin concentration in
maternal serum demonstrates a relative decrease due
to increased maternal blood volume and haemodilution,
while globulin and fibrinogen concentrations demon-
strate both absolute and relative increases. During the
same period, the levels of total protein and prealbumin
increase in coelomic fluid while the levels of albumin
do not vary significantly [6].

AFP is produced by the secondary yolk sac up to 10
weeks of gestation and by the embryonic liver from 6
weeks until delivery. Although its molecular mass is high
(7okDa), it is found in similar concentrations on both
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sides of the amniotic membrane (Table 6.2). Analysis
of concanavalin A affinity molecular variants of AFP
have demonstrated that both exocoelomic fluid and
amniotic fluid AFP molecules are mainly of yolk sac
origin while maternal serum AFP molecules are mainly
of fetal liver origin [3]. These results suggest that human
secondary yolk sac has also an excretory function and
secretes AFP towards embryonic and extraembryonic
compartments. In humans, molecules of AFP are also
synthesized by the vitelline duct (which has the same
cellular constitution as the yolk sac) and are excreted
in the amniotic fluid at the level where the duct fuses
with the primitive umbilical cord. Yolk sac AFP could
also be shifted into the amniotic fluid via the vitelline
duct and the embryonic gut when the anal membranes
break down around 1o weeks after menstruation. By
contrast, most AFP molecules of fetal liver origin are
probably transferred from the embryonic circulation to
the maternal circulation, mainly across the placental
villous membrane.

In normal pregnancies, the concentration of human
chorionic gonadotrophin (hCG) and its subunits is
considerably higher in coelomic fluid than in amniotic
fluid or maternal serum. It has been recently shown
that the a-subunit is a major constituent of embryonic
fluids. Except for one 0-hCG-like immunoreactive band,
immunoelectrotransfer analysis reveals a similar hCG
pattern in coelomic fluid and maternal serum [7]. In
contrast to maternal serum, coelomic levels of intact
hCG and free 0-hCG decrease progressively between
8 and 12 weeks of gestation; free B-hCG levels do
not change significantly. These findings support the
hypothesis that, in the first trimester, there is an excess
of o over B subunit secretion by the villous trophoblast
[7] and suggest that the hCG clearance rate is slower
in the coelomic cavity than in maternal circulation. It is
likely that maternal serum hCG levels are influenced
by both villous and extravillous trophoblastic synthesis.
The coelomic cavity, being completely surrounded by
villous tissue, is only influenced by villous trophoblastic
secretion. The decrease of coelomic levels of intact hCG
and free o-hCG levels with advancing gestation may
be secondary to a simultaneous decline in the number
of differentiating cytotrophoblastic cells and/or to the
disappearance of two-thirds of the original placental
tissue occurring during the same period.



Coelocentesis for prenatal diagnosis

Coelocentesis has a success rate of more than 95%
between 7 and 1o weeks of gestation and, in theory, it
is a possible alternative to early amniocentesis and
chorionic villous sampling because the risk of directly
injuring the growing embryo or damaging its placenta
is very small. Furthermore, the procedure is easy to learn,
induces only minimal discomfort to the mother and is
associated with a very low rate of contamination of the
sample by maternal cells [8]. Although there are still no
data about the relative risks of coelocentesis in ongoing
pregnancies, the rate of fetal loss should be similar or
lower than that associated with early amniocentesis. A
study is in progress in our unit to investigate the short-
term risks of coelocentesis.

Coelomic fluid contains cells that are mostly of
haematopoietic origin, nucleated and predominantly
erythroid lineage. The number of aspirated cells is very
high in early pregnancy but then decreases with advancing
gestation. More than 90% of cells are viable before 7
weeks’ gestation, but between 8 and 10 weeks viability
decreases to 30~50%. Morphological analysis has shown
that after 8 weeks’ gestation a high proportion of cells
contains pycnotic nuclei typical of late normoblasts.
Flow cytometry has also shown an increasing proportion
of subdiploid cells later in gestation, which is consistent
with apoptosis. The viability of the cells is the primary
determinant of cell culture success. Our recent results
show that the number of dividing cells in culture before
7 weeks’ gestation may be sufficient for diagnostic
purposes. However, most cultures fail later in pregnancy
and very few analysable metaphase spreads can be
obtained after 7 weeks.

In one of our early studies we attempted to determine
fetal sex by analysing coelomic fluid and placental tissue.
Polymerase chain reaction (PCR) with Y centromeric
primers was carried out in ro cases. In the other 1o
cases, fluorescence in situ hybridization (FISH) was
performed using the o-satellite repeat probes for X
and Y chromosomes. In all cases FISH and PCR were
successfully performed in samples from the placenta and
coelomic fluid and in each case there was concordance
in fetal sex prediction [8].

Another study investigated the feasibility of coelo-
centesis for the diagnosis of single-gene disorders in the
fetus, using as a model inheritance of the mutation at

Coelocentesis

codon 6 of the human B-globin gene. DNA was success-
tully amplified from all coelomic fluid samples. In 53
cases a normal fetal B-globin genotype was detected. In
three out of five cases, where the maternal haemoglobin
phenotype was HbAS, heterozygosity for the sickle
mutation was demonstrated on analysis of coelomic
fluid. In the remaining two cases a normal B-globin
genotype was observed. Three further coelomic fluid
samples were found to be heterozygous for the sickle
mutation. In these instances the maternal haemoglobin
phenotype was normal (HbAA), indicating paternal
transmission of the sickle gene. The results of coelomic
fluid analysis were compared with the fetal B-globin
genotype determined by placental DNA analysis. In all
cases there was complete concordance between coelomic
fluid and placental DNA analysis [9].

The results of that study have established that the
diagnosis of sickle cell anaemia and, potentially, other
human single-gene disorders is feasible by analysis of
coelomic fluid in early pregnancy. In recessive disorders
such as sickle cell anaemia, the risk of diagnostic error
due to maternal contamination is greatest where the
putative fetal genotype is identical to that of the mother’s,
i.e. heterozygous. In our study this problem did not arise,
but a larger study will be required to confirm this.

Coelocentesis constitutes a new invasive approach
to prenatal diagnosis that can be performed with a high
success rate from as early as 6 weeks’ gestation. Our
experience includes more than 6oo procedures performed
prior to elective termination of pregnancy. No significant
intraoperative complications have been encountered
in the mother or fetus. Specifically, there has been
no evidence of bleeding inside the gestational sac or
alterations in the embryonic heart rate.

At present we believe that coelocentesis may be
successfully used for the diagnosis of genetic disorders
in very early pregnancy. The feasibility of karyotyping
by coelocentesis remains uncertain. By using FISH probes
limited karyotypes may be obtained, but 30—40% of
potentially significant chromosomal defects will be
missed without a full karyotype. The most important
issue is the safety of the procedure, which is currently
being investigated. When its safety is proven the method
may be used for prenatal detection of genetic disorders.
At present it appears that karyotyping before 6 weeks
may be possible. However, further work is necessary to
improve culture success later in gestation.
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Chapter 7/Chorionic villous sampling

RONALD J.WAPNER

Introduction

Amniocentesis has been available for over two decades
as a second-trimester prenatal diagnostic technique. The
safety, efficacy and accuracy of the procedure has been
well documented, allowing it to become the major
prenatal diagnostic tool. However, despite this excellent
record, amniocentesis has been limited by the gestational
age at which it is performed, leading to continued efforts
to develop an equally safe alternative that could be
utilized in the first trimester.

Initial attempts at first-trimester prenatal diagnosis
involved the development of techniques to retrieve
samples of chorionic villi by optically directed biopsy
of the chorion frondosum. One approach used a modified
cystoscopy that was inserted transcervically and then
directed to the chorion frondosum [1-5]. While these
attempts were somewhat successful, they were technically
difficult, frequently complicated by inadvertent biopsy
of the amnion and had an unacceptable risk of mis-
carriage. Alternatively, other investigators attempted to
analyse the trophoblast cells spontaneously shed into
the endocervical canal [6-8]. Unfortunately, there were
not sufficient cells retrieved to be accurately analysed
by the cytogenetic techniques available at that time. To
improve the retrieval of appropriate cell types, Chinese
investigators inserted a small catheter into the lower
uterus [9]. Despite the blind nature of the procedure,
they were able to retrieve adequate trophoblast to allow
fetal sex determination and there was an exceptionally
low risk of pregnancy loss.

Kazy was the first to suggest using ultrasound guidance
to assist in biopsying the chorion frondosum [10]. Almost
simultaneously, this approach was investigated and then
modified by Humphrey Ward [r1] in London and
refined by Bruno Brambatti [12,13] in Milan. Brambatti
demonstrated the advantage of using an ultrasound-

guided catheter as opposed to either an unguided catheter
or direct visualization. Following this, utilization of the
technique spread rapidly throughout the world so that
presently over 200000 ultrasonically guided chorionic
villous sampling (CVS) procedures have been performed.

This chapter discusses the standard techniques of CVS
as well as its safety and efficacy. The present controversy
concerning CVS and congenital abnormalities, specifically
limb defects, is also discussed.

CVS: procedure-related anatomy
and histology

Since anatomical relationships rapidly change with
advancing gestational age, the performance of first-
trimester prenatal diagnosis by CVS requires practical
knowledge of developmental embryology. Figure 7.1
illustrates the anatomical arrangements at 9—12 weeks
from the last menstrual period. At this time, the
gestational sac does not completely fill the uterus and
is composed of an outer chorionic membrane surrounding
a smaller amniotic cavity. The extraembryonic coelom,
which contains a tenacious mucoid-like substance, is
readily evident and separates the thin, wispy, freely
mobile amnion from the thick leathery chorion laeve.
The villi over most of the chorionic membrane have
degenerated, forming the chorion laeve, while those
remaining begin to embed into the decidua basalis,
forming the chorion frondosum, which will ultimately
become the placenta. The individual chorionic villi
float freely within the blood of the intervillous space
and are only loosely anchored to the underlying decidua
basalis.

As the pregnancy progresses beyond 12 weeks, the
gestational sac expands to fill the entire intrauterine
cavity and the extraembryonic coelom disappears as
the amnion and chorion come into direct contact. The
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chorion frondosum becomes anchored more deeply into
the uterine wall and the individual villi interdigitate as
the placenta takes on the appearance of a single organ.

The chorion frondosum contains the mitotically active
villi and, therefore, is the preferred biopsy site. The
individual villi have a distinctive branched appearance
with an outer single cell layer, the syncytiotrophoblast,
bordering the proliferative cytotrophoblast. The surface
of the actively proliferating villi is punctuated by small
buds consisting of an outer syncytial covering and a
core of mitotically active cytotrophoblastic cells (Fig.
7.2b). Within the centre of the villous is the mesenchymal
core, through which capillaries carrying fetal blood cells
course (Fig. 7.2a). It is the cytotrophoblastic buds that
provide the tissue for the direct preparation of karyotypes,
while the embryologically distinct mesenchymal core
serves as the source for tissue culture.
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Fig. 7.1 Diagrammatic
representation of the first trimester
anatomy associated with chorionic
villous sampling. At this gestational
age the amnion and chorion have
not yet fused and are separated by
the extraembryonic coelom.
Beneath the developing chorion
frondosum is the vascular decidua
basilas.

CVS procedure

Procedure preparation

All patients anticipating a CVS should have a cervical
culture that specifically evaluates for the presence of
Neisseria gonorrhoeae since this organism may cause
chorioamnionitis after the procedure. Culture for other
organisms, such as group B Streptococcus, Ureaplasma
or Chlamydia, has not been shown to be of benefit [14]
and is not routinely suggested.

Genetic counselling is mandatory prior to a CVS. The
patient should be informed of the potential risks and
complications of the procedure as well as the limitations
of genetic diagnosis. In order to minimize patient
anxiety, the practical aspects of the procedure should
be explained in detail and the common complications



Chorionic villous sampling

(a) (b)

Fig. 7.2 (a) Low magnification image of a chorionic villus
sampling demonstrating typical branched appearance. Buds
are noted and fetal vessels containing fetal blood cells are
seen coursing through the mesenchymal core. (b) Higher
magnification view demonstrating the multiple buds and
their syncytiotrophoblast shell with an inner
cytotrophoblast.

that occur after the procedure, such as cramping and
bleeding, should be outlined.

Prior to CVS, fetal viability and gestational age should
be confirmed by ultrasound. We usually perform this
initial evaluation 1-3 weeks prior to the anticipated
sampling date. The presence of twins as well as other
pregnancy-related pathology, such as a subchorionic
haematoma or a co-existing blighted ovum, could
potentially affect the procedure and its interpretation
and must be identified. Most importantly, since CVS
should not be performed prior to the 7oth day after the
last menstrual period, the initial screening ultrasound
is used to accurately schedule the procedure.

The procedure is best performed between 70 and 91
days after the last menstrual period. On the day of the
procedure a repeat ultrasound is performed immediately
prior to sampling to confirm continued viability and
appropriate growth of the embryo. At this gestational
age the nuchal fold can frequently be seen and should
be measured. A nuchal fold thickness greater than
3mm has a ro-fold increased risk of being associated
with a fetal chromosomal abnormality, most specifi-
cally trisomy 21 [r5] and its presence should alert

the laboratory to perform rapid karyotyping by direct
preparation.

On the ultrasound, the chorion frondosum appears
as a hyperechoic homogeneous area and its location
must be accurately determined prior to sampling. This
is usually quickly accomplished by experienced operators.
When uncertainty as to the exact location occurs, the
umbilical cord insertion should be identified for con-
firmation. Colour flow Doppler may be helpful in
rapidly accomplishing this.

Uterine contractions may be present prior to sampling
and frequently alter the shape of the uterus and, most
importantly, the appearance and location of the placenta.
It has been our experience that these contractions pull
the placental site into unusual locations, which can make
sampling difficult. When contractions significantly alter
a proposed sampling path, delaying the procedure for
15-30min until they abate is suggested (Fig. 7.3). The
presence of large placental lakes should also be noted,
since sampling through these has been associated with
increased bleeding after the procedure.

The bladder should be sufficiently filled to allow
adequate visualization of the entire sampling path but
overfilling should be avoided since it makes sampling
more difficult. An overfilled bladder will push the uterus
upwards into the abdomen, lengthen and stretch the
cervix, and limit uterine mobility making transcervical
sampling more difficult. If the bladder appears over-
distended the patient should be asked to partially empty;
we use small cups and specifically instruct the patient
on how much urine to release.
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Fig. 7.3 Ultrasound demonstrating uterine contractions of
the entire lower uterine segment that may alter the catheter
path. Waiting 15-30 minutes will allow these to abate and
will make sampling easier.

Sampling devices

TRANSCERVICAL CATHETERS

Transcervical sampling is performed with a polyethylene
catheter through which a metal malleable stylet is
inserted (Fig. 7.4). The most frequently used catheter
(Portex) has a polyethylene outer sheath with an internal
diameter of 0.89 mm. A stainless-steel stylet fits snugly

through the catheter to add sufficient rigidity for adequate
passage through the cervix and into the frondosum. The
stylet has a rounded blunt end that protrudes slightly
beyond the catheter and which prevents sharp edges
from potentially perforating the membranes. The poly-
ethylene catheter itself (Fig. 7.4) has a Luer-Lok end so
that a syringe can be applied at the time of sampling.
Other similar catheters are also available (Cook) and
vary slightly in diameter and design.

A 20-ml syringe is used to apply suction once the
catheter is in place; 5 ml of RPMI with heparin should
be aspirated into the syringe so that the villi can be
retrieved directly into this transport medium. The
heparin prevents clotting of the small amount of blood
that will be unavoidably retrieved.

TRANSABDOMINAL NEEDLES

Two techniques for transabdominal sampling are
presently used. In the single-needle approach, a 20-gauge
spinal needle is employed [16]. In general, a 9-cm needle
is sufficient for most samples but a 13-cm or 15-cm
needle should be available for very obese patients.
Alternatively, the double-needle technique uses an outer
guide needle, either an 18-gauge thin-wall needle or a
16-17-gauge standard spinal needle [17]. A smaller
sampling needle, usually 20 gauge, is then used for the
direct sampling. Once the needle is in place, a syringe

Fig. 7.4 Picture of a CVS sampling
catheter. There is an outer
polyethylene sheath and an inner
metal stylet. Note the blunted tip to
prevent penetration of the
membranes.
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Fig. 7.5 Diagrammatic
representation of hand grip used by
some operators to facilitate
transabdominal sampling.

with transport medium is attached to the biopsy needle
to achieve adequate suction. Some operators attach a
hand grip to the syringe to assist in applying appropriate
pressure (Fig. 7.5).

Sampling techniques

Both transcervical and transabdominal CVS (Fig. 7.6)
are best performed utilizing a two-person technique,
with one individual performing the sampling and the
other doing the ultrasound guidance. Communication
between sonographer and sampler is imperative and the
best results have come from centres in which the number
of team members is limited.

TRANSCERVICAL SAMPLING (Fig. 7.6b)

The patient is placed in the lithotomy position and the
vaginal area prepared with a povidone iodine solution.
A sterile speculum is inserted and the cervix directly
wiped with antiseptic. While the routine placement
of a tenaculum on the anterior lip of the cervix was
historically suggested, most patients find this exceedingly
uncomfortable and it is usually unnecessary. A gentle
bend is made in the distal 3—5cm of the catheter to
accommodate insertion through the cervical canal
and into the frondosum. The catheter is then gently
inserted through the cervix until the internal os is
reached. There is usually a slight loss of resistance at
this point. When the operator feels that the catheter
has progressed through the os, he or she should delay
further advancement until the sonographer is able to
image the tip.

Once the catheter is through the os, the tip must be
pointed in the correct direction. An anterior position
can be approached by pulling the speculum downward,
which will move the catheter tip upward and into the
proper location. A posterior approach is facilitated by
rotating the tip 180° downward and then lifting the
speculum. Once the tip is in place, the catheter is then
gently advanced into the chorion frondosum.

Under direct visualization, the catheter should continue
to be passed parallel to the chorionic plate through
the full length of the frondosum. Once in place, the
stylet is removed, the medium-filled syringe attached
and approximately to—20ml of pressure applied. The
catheter is removed in one gentle motion while suction
is continuously applied. When the catheter is in the
appropriate tissue plane there is no resistance to further
advancement. The catheter should only be advanced
using minimal pressure, since if resistance is felt this
indicates that the tip is either against the membrane or,
more likely, within the decidua.

The chorionic villi can be easily identified in the
syringe by holding it up to a light. The villi are seen as
free-floating, white tissue with fluffy, filiform branches.
In contrast, decidual tissue has a more amorphous
shape and lacks branches. Experienced operators can
easily confirm the presence of villous tissue by visual
inspection. However, if visual identification is uncertain
the pressence of sufficient villi should be confirmed
under a dissecting microscope prior to discharging the
patient. Figure 7.7 demonstrates chorionic villi under
direct inspection and under a dissecting microscope.

If sufficient villi are not obtained on the first pass, a
second attempt should be made. Pregnancy loss rates
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Fig. 7.6 Diagrammatic
representations of (a) transabdominal
and (b) transcervical chorionic
villous sampling.



Fig. 7.7 Gross picture of chorionic villi. The branched
appearance helps visually separate the villi from the more
amorphous appearance of decidua.

increase significantly when more than two insertions
are required, and may be as high as 10% if three attempts
are made [18,19]. Therefore, a third transcervical pass
should only be attempted when retrieval seems certain.
Preferably, the cervical route should be abandoned and
abdominal sampling considered.

TRANSABDOMINAL SAMPLING (Fig. 7.6a)

Single-needle technique

The abdomen is prepared with a povidone iodine
solution as for amniocentesis. The anticipated sampling
path should be chosen such that the needle will pass
parallel to the chorion frondosum and will avoid any
intervening bowel. A biopsy guide with a computer-
generated needle path is quite helpful but its use is not
mandatory. The sampling needle is then inserted through
the abdominal wall and into the myometrium. Since
the majority of discomfort occurs from the insertion
of the needle into the myometrium rather than the
skin, the use of local anaesthesia is not routinely re-
quired although some centres find it useful.

Once the needle is within the myometrium the angle
is readjusted so that the tip will travel parallel to the
chorionic plate and pass through the majority of the
frondosum. Once within the placenta the stylet is removed
and a medium-filled syringe or hand grip attached. To
ensure that sufficient villi are collected, the needle should
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be manoeuvred to and fro making three to four passes
within the frondosum, while continuous suction is
applied. The needle is then removed from the abdomen
while suction is continued. This ‘vacuuming’ technique
allows retrieval of sufficient villous tissue despite the
slightly smaller diameter of the sampling needle compared
with the catheter.

As with transcervical sampling, insertion of the needle
tip in the appropriate tissue plane results in no resistance.
A needle inserted into the decidua or myometrium will
give a ‘gripping’ feeling and adjustment of the tip into
the frondosum should be made.

Visual determination of the chorionic villi is made as
with transcervical sampling. However, both the pieces
of villi and the overall sample size will frequently
be smaller than those retrieved with transcervical CVS
[20,21].

Double-needle technique

The abdomen is prepared with povidone iodine and
draped. The needle path is chosen as with the single-
needle technique. The larger outer guide needle is
inserted through the myometrium just to the edge of
the chorion frondosum. After the stylet is removed,
the thinner sampling needle is inserted through the
guide needle and into the chorion frondosum. The inner
needle is moved to and fro under continuous suction
as with the single-needle technique and then removed.
If insufficient villi are retrieved the sampling needle
can be reinserted through the guide needle without the
necessity for repuncture.

CHOOSING THE APPROPRIATE TECHNIQUE

Transabdominal and transcervical CVS have been shown
to be equally safe [20]. While approximately 97% of
patients can be sampled by either approach [20,21],
CVS operators should be skilled in both techniques to
allow all patients to be sampled by the technique most
appropriate for them. In general, the best approach is
the one in which the catheter or needle can be inserted
parallel to the chorion frondosum with the smallest
amount of uterine or placental manipulation. While
experience is required to identify the ideal approach
for an individual patient, certain general guidelines are
helpful.
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An anteverted or midposition uterus with a posterior
placenta is most easily sampled by the transcervical
route. Alternatively, an anteverted uterus with an anterior
or fundal placenta may be more easily sampled by the
transabdominal approach. An anterior placenta in a
midposition uterus can usually be sampled by either
approach.

A retroverted uterus with an anterior placenta can
frequently be sampled by transcervical CVS. However,
if the placenta is posterior, sampling by either route
may be difficult. In these cases, some operators have
suggested using either a transvesical needle approach
through the abdominal wall or sampling through the
vaginal fornix. We have found both of these to be
markedly painful and we therefore prefer to manually
antevert the uterus to allow easier sampling.

If a simple straightforward sampling approach is
not initially present, waiting 15—20min for a uterine
contraction to develop may alter the anatomy and
facilitate the CVS procedure. Filling or emptying the
bladder can also be used to change the uterine position.

Certain anatomical or pathological conditions may
dictate against one approach. For example, if the patient
has large, necrotic, cervical polyps, transcervical CVS
should be avoided if possible. Alternatively, bowel or
bladder may intervene between the abdominal wall and
the uterus and would contraindicate transabdominal
sampling. In most cases, however, either approach
can be performed and patient or physician preference
will dictate. In general, although the discomfort with
transabdominal CVS in usually well tolerated, patients
find transcervical CVS almost painless.

CVS sampling in twin gestations

CVS can be successfully and safely performed in twin
gestations [22—24]. However, a number of pitfalls not
present with a singleton exist. For example, when
performing an amniocentesis on twins, dye is usually
instilled to allow confirmation that both fetal com-
partments have been entered separately. No such marker
is available for CVS. Therefore, the operator must
use meticulous ultrasound guidance to be certain that
villi from each individual placental site is retrieved.
To accomplish this we sample near the cord insertion
sites which, in our experience, has consistently led
to correct information about the fetal karyotypes. If
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uncertainty exists that both fetuses have been sampled,
an amniocentesis should be offered at 16-17 weeks.
With experience this should occur very rarely.

Contamination of one sample with villi from the
coexisting fetus can result in significant confusion-
and potential error. This is best avoided by choosing
sampling routes that do not pass through both placental
sites. A combination of abdominal and cervical sampling
makes this possible. For biochemical testing, analysis
of individual villi rather than combining them into
one sample will also diminish the possibility of an
error.

Discordant results and subsequent requests for selective
pregnancy termination are inevitable when high-order
gestations are sampled. Because of this, an accurate and
detailed diagram of fetal and placental position should
be drawn at the time of sampling so that an aneuploid
fetus can be identified 1-2 weeks later. Even when
this is done accurately, there will be cases in which
subsequent identification of the affected fetus may be
inconclusive. When this occurs, a repeat CVS should
be performed immediately preceding the termination
and a rapid direct chromosome preparation utilized to
confirm the karyotype.

Recent prospective comparisons between CVS and
amniocentesis in twin gestations have confirmed that
CVS is equally safe and reliable [22]. Miscarriage of
the entire pregnancy following a twin CVS occurs in
approximately 2—3 % of cases [22,23], which is similar
to that for amniocentesis.

Since twins present unique difficulties in prenatal
diagnosis, it is suggested that only very experienced
operators sample these gestations. Multiple pregnancies
of higher order, such as triplets and quadruplets, have
also been successfully sampled but in these cases the
patient must be completely informed of the potential
risks of such a procedure.

Safety and complications of CVS

CVS has been used as a clinical tool for over 12 years
with more than 200000 procedures having been
performed [25]. While early evaluation of CVS was
limited to the experiences of single centres, there have
now been three large prospective comparisons with
second-trimester amniocentesis [19,26,27] that have
demonstrated a low pregnancy loss rate and minimal



complications. Recently, there has been sporadic contro-
versy about whether under certain circumstances, such
as sampling prior to 9 weeks’ gestation, there may be
an increased risk of fetal malformation [28,29].

Pregnancy loss

The desired advantage of an earlier diagnosis must
be weighed against any increased risk of fetal loss that
CVS may induce. However, determining the rate of
procedure-induced pregnancy loss is complicated by
relatively high background miscarriage rates. In addition,
the background loss rates increase with maternal age
and are highest precisely in the age range most likely to
present for prenatal diagnosis [30-32].

The largest demonstration of data evaluating the rela-
tive safety of CVS comes from three recent collaborative
reports. In early 1989, the Canadian Collaborative CVS/
Amniocentesis Clinical Trial Group documented its ex-
periences with a prospective randomized trial comparing
CVS with second-trimester amniocentesis [26]. The
results confirmed the safety of CVS as a first-trimester
diagnostic procedure. There were 7.6% fetal losses
(spontaneous abortions, induced abortions and late
losses) in the CVS group and 7.0% in the amniocentesis
group. Thus, in desired pregnancies an excess loss rate
of 0.6% for CVS over amniocentesis was obtained, a
difference that was not statistically significant.

Two months after the publication of the Canadian
experience, the American collaborative report appeared.
This was a prospective, though non-randomized, trial
of over 2200 women who chose either transcervical CVS
or second-trimester amniocentesis [19]. Patients in both
groups were recruited in the first trimester of pregnancy.
When the loss rates were adjusted for slight group
differences in maternal and gestational ages, an excess
pregnancy loss rate of 0.8% for CVS over amniocentesis
was calculated, which again was not significant.

While both North American trials revealed no
statistical difference in pregnancy loss when CVS was
compared with amniocentesis, a prospective randomized
collaborative comparison of over 3200 pregnancies
sponsored by the European MRC Working Party on
the Evaluation of CVS demonstrated a 4.6% greater
pregnancy loss rate following CVS compared with
amniocentesis (95 % confidence interval (CI) 1.6-7.5%)
[27]. This difference reflected more spontaneous deaths
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before 28 weeks’ gestation (2.9%), more terminations
of pregnancy for chromosomal anomalies (1.0%) and
more neonatal deaths (0.3 %).

The factors contributing to the discrepant results
between the European and North American studies
remain uncertain. It is probable that operator experience
accounts for a large part of this difference. While the
US trial consisted of seven centres and the Canadian
trial 11 centres, the European trial included 31 sampling
sites. There were, on average, 325 cases per centre in
the US study, 106 in the Canadian study and only 52
in the European trial. While no significant change in
pregnancy loss rate was demonstrated during the course
of the European trial, it appears that the learning curve
for both transcervical and transabdominal CVS may
exceed 400 or more cases [33,34]. Operators having
performed less than 100 procedures may have two to
three times the loss rate of operators who have performed
more than 1ooo procedures [34].

Multiple reports from individual centres have con-
firmed, and even improved upon, the results of these
collaborative trials [35-39]. After adjustments for
background loss, many of these studies have suggested
that in experienced centres only minimal increases in
pregnancy losses are attributable to CVS.

Randomized trials have recently compared the trans-
cervical and transabdominal approaches [18,34,40-43].
With over 1000 patients randomized to each technique,
our centre has demonstrated comparable loss rates with
each approach [34,40]. In addition, equivalent numbers
of patients required only one attempt to retrieve tissue
(87%) or had unsuccessful procedures (<1%). Most
recently, the US collaborative CVS project completed a
randomized prospective study comparing transcervical
and transabdominal CVS and also found no difference
in the pregnancy loss rates between the two approaches
(transcervical = 2.5%, transabdominal = 2.3%) [20].
Equally importantly, the overall spontaneous loss rate
following CVS in this study (2.5%) was 0.8% lower
than that in the initial US study comparing CVS with
second-trimester amniocentesis. Since 0.8% was the
quantitative difference in loss rates between amniocentesis
and CVS in the original study, this suggests that when
centres become equivalently experienced, amniocentesis
and CVS may have the same risk of pregnancy loss.
Smidt-Jensen {42] has confirmed this. In a prospective
randomized study he found no difference in pregnancy
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loss between transabdominal CVS, the procedure with
which his centre was most experienced, and second-
trimester amniocentesis. It appears safe to speculate that
fetal loss rates will be similar in most centres once
equivalent expertise is gained with either approach.
Integration of both methods into any single centre’s
programme will offer the most complete, practical and
safe approach to first-trimester diagnosis [44].

Bleeding

All series have demonstrated an increased risk of vaginal
bleeding following CVS. This may occur following
7-10% of transcervical CVS procedures but is rare
following transabdominal procedures [19,22]. In the
majority of cases, the bleeding is self-limited; while a
small subchorionic haematoma may frequently be seen
on ultrasound [45] (Fig. 7.8), these usually resorb prior
to 16 weeks.

Failure to retrieve adequate tissue

Most centres are able to retrieve adequate tissue in over
99% of cases, with over 85% of procedures requiring
only one pass [19,20]. Experienced operators require
a third pass in less than 1% of cases. Utilizing a

Fig. 7.8 Ultrasound appearance of a subchorionic

hematoma identified following CVS sampling. These are
almost always self-limited and will resolve in 3—5 weeks.
This occurs more frequently following transcervical CVS.
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combination of both transcervical and transabdominal
procedures, we have performed over 13 ooo consecutive
procedures without a retrieval failure [34].
Contamination of a sample with maternal decidual
tissue occurs in approximately 3% of cases [46,47]
but is usually detectable and rarely leads to diagnostic
errors. Small sample size is the most common con-
tributing factor to clinically significant maternal cell
contamination; as samplers become adept at retrieving
adequate tissue, contamination becomes even less
frequent [46]. In order to minimize the risk of maternal
cell contamination and to allow the laboratory adequate,
whole, typical material to analyse, a second pass of the
catheter is preferred to risking inaccurate results.

Rupture of membranes

Spontaneous rupture of membranes occurring within
2 weeks of the CVS procedure is rare with either
transcervical or transabdominal sampling [20,27]. The
membranes in the first trimester are thick and buoyant
and perforation by the blunt transcervical catheter is
unlikely. While the sharper transabdominal needle may
be more likely to pierce the chorionic membrane, this
also is unlikely when direct ultrasound visualization is
used.

Intentional penetration of the sac to transabdominally
sample a posterior placenta should be avoided, since
fluid leakage and subsequent oligohydramnios may
follow [48]. In our experience of over 13 ooo procedures
this has never been required. Posterior placentas can
usually be sampled transcervically or, in cases where this
approach is unavailable or contraindicated, a sufficient
portion of the frondosum is usually accessible, either in
the fundus or lateral to the sac.

Oligohydramnios

The observation of severe second-trimester oligo-
hydramnios has been seen following transcervical CVS.
This usually is preceded by vaginal bleeding and is
associated with a significantly elevated maternal serum
o-fetoprotein (MSAFP) {49]. Once the oligohydramnios
has been demonstrated, the prognosis is usually grim;
however, in a few cases fluid has been seen to reac-
cumulate. Oligohydramnios, following CVS, occurs in
approximately 4.5 of every Too00 transcervical procedures



in experienced centres. However, inexperienced centres
have seen this complication in as many as 2.7% of
procedures [49]. The exact aetiology has not been
definitively elucidated; however, it is theorized that
haematoma formation is the aetiological stimulus. The
haematoma can then either serve as a nidus for low-
grade chronic infection leading to subtle rupture of
membranes or, alternatively, may alter transmem-
brane diffusion and lead to the development of
oligohydramnios by altering amniotic fluid production.

Infection

Infection is a rare complication following either trans-
cervical or transabdominal CVS and occurs in less
than 13 per Tooo procedures [19,26,50,51]. Most cases
of infection have occurred in inexperienced centres or
when a single catheter was used for more than one
pass. While rare, chorioamnionitis following CVS can
present with subtle signs including low-grade maternal
fever and myalgia. These nondescript symptoms can
frequently be confused with flu. If left unattended severe
chorioamnionitis and uterine infections have developed
and cases of sepsis have been reported [52,53]. Therefore,
a high index of suspicion should be maintained when
a patient presents within a week of a CVS procedure
with febrile symptoms unexplained by other aetiologies.
Although successful antibiotic treatment of mild uterine
infection following CVS has been described, in most cases
this is not sufficient and termination of the pregnancy
is required.

Elevated MSAFP and Rh sensitization

An acute rise in MSAFP after CVS has been consistently
reported, implying a detectable degree of fetal maternal
bleeding [54,57]. The elevation is transient, occurs more
frequently after transabdominal CVS and appears to be
dependent upon the quantity of tissue aspirated [56,57].
Some studies have also demonstrated a correlation
between the level of elevation and the incidence of
pregnancy loss [57]. Levels will drop to normal ranges
by 16-18 weeks, thus allowing serum screening for
neural tube defect to proceed according to usual prenatal
protocols.

In Rh-negative women, this otherwise negligible
bleeding accrues special importance since Rh-positive
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cells in volumes as low as 0.1 ml have been shown to
cause Rh sensitization. Since all women with even a
single pass of a catheter or needle may show detectable
rises in MSAFP, it seems prudent that all Rh-negative,
non-sensitized women undergoing CVS receive Rh,
(anti-D) immunoglobulin subsequent to the procedure.

The potential for a CVS-induced maternal fetal
transfusion to worsen already existing Rh immunization
has been described, suggesting that sampling previously
sensitized patients represents a contraindication to the
procedure [59]. The only exception to this would be red
cell antigen incompatibility, in which CVS is specifically
performed to evaluate the fetal blood type.

Perinatal complications

The incidence of perinatal complications, such as preterm
labour, pre-eclampsia, abruptio placenta and intrauterine
growth retardation, do not occur more frequently
following CVS than in unsampled pregnancies [60)].

Risk of fetal abnormalities following CVS

While initial reports demonstrated no increased risk of
structural abnormalities following CVS, it has recently
been suggested that CVS may be associated with specific
fetal malformations. The first suggestion of this was
reported by Firth et al. [28]. In their series of 539
CVS-exposed pregnancies, they identified five infants
with severe limb abnormalities, all of which came from
a cohort of 289 pregnancies sampled at 66 days’
gestation or less. Four of these infants had the unusual
and rare oromandibular-limb hypogenesis syndrome
and the fifth had a terminal transverse limb reduction
defect. Oromandibular-limb hypogenesis syndrome
occurs with a prevalence of 1 per 175000 live births
[61]; limb reduction defects occur in 1 per 1690 births
[62]. Therefore, the occurrence of these abnormalities
in more than 1% of CVS-sampled cases raised strong
suspicion of an association. In this initial report, all
of the limb abnormalities followed transabdominal
sampling performed between 55 and 66 days’ gestation.

Subsequent to this initial report, others added
supporting cases to this list. Using the Italian multicentre
birth defects registry, Mastroiacovo et al. [63] reported,
in a case-control study, an odds ratio of 11.3 (CI 5.6—
21.3) for transverse [imb abnormalities following first
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trimester CVS. When stratified by gestational age at
sampling, it was demonstrated that pregnancies sampled
prior to 7o days had a 19.7% increased risk of transverse
limb reduction defects while patients sampled later did
not demonstrate a significantly increased risk. Since that
time, there have been additional reports of transverse
limb defects following very early CVS. Most notably,
Brambati et al. [64], an extremely experienced group
with no increased risk of limb defects in patients sampled
after the ninth week, reported a 1.6% incidence of severe
limb reduction defects in a group of patients sampled
at 6 and 7 weeks. This decreased to 0.1% for sampling
at 8—9 weeks.

Using the extensive experience of the eight centres
participating in the US collaborative evaluation of CVS,
Mahoney [65] reported no cases of oromandibular-limb
hypogenesis syndrome and no overall increase in the
incidence of limb defects. CVS centres from Philadelphia
and Milan have combined 10000 CVS procedures and
were unable to confirm the association when CVS was
performed beyond the 1oth week of gestation [66].
Alternatively, Burton et al. [29] reported a cluster of
distal limb reduction defects occurring at their centre.
Of 260 procedures, they had four babies with limb
reduction defects. All were transverse distal defects
involving hypoplasia or absence of fingers and toes.
Sampling had been performed at 9.5, 10, 10.§ and 11.5
weeks. Unlike other clusters, three of the four abnorma-
lities followed transcervical sampling. While this centre’s
report remains unique in that the patients were of more
advanced gestational age, it raises the question of poten-
tial operator-specific contributing factors since this centre’s
spontaneous miscarriage rate following transcervical
sampling was 10.9%.

The question remains whether CVS sampling after
10 weeks has the potential to cause more subtle defects,
such as shortening of the distal phalanx or nail hypoplasia
[67]. Presently, there are few data to substantiate this.
On the contrary, most experienced centres performing
CVS after 1o weeks have not seen an increase in limb
defects [68].

At the present time, patients should be told of the
controversy. However, the risk must be put into proper
perspective and the patient should be counselled using
outcome data that relates to the centre performing the
procedure. Sampling prior to 10 weeks’ gestation should
be limited to exceptional cases.
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Techniques for avoiding
procedure-related complications

The incidence of miscarriage can be minimized by
performing an atraumatic procedure. With transcervical
CVS, this requires the insertion of the catheter directly
into the chorion frondosum without penetration of
the underlying vascular decidua basalis. Perforation of
these large veins will lead to haematoma formation
and bleeding that, if excessive, could cause miscarriage;
this may also be an aetiological factor in certain cases
of unexplained oligohydramnios. While ultrasound
visualization is important in avoiding this complication,
placement of the catheter into the appropriate tissue
plane also requires tactile guidance that comes with
experience. Advancement of the catheter through the
more vascular decidual tissue will be met with resistance
and a gripping sensation.

Spontaneous miscarriage can also be minimized by
decreasing the number of catheter insertions, which
can be accomplished in a number of ways. Waiting
for contractions to abate when they interfere with the
sampling path will make sampling easier and will decrease
the need for a repeat insertion. The catheter must
also be inserted parallel to the chorionic plate, whether
transabdominal or transcervical CVS is performed.
While insertion perpendicular to the membrane will only
occasionally result in membrane injury, it will frequently
limit the amount of tissue through which the instrument
will pass and lead to smaller samples and more repeat
attempts. Also, accurate demarcation of the placental
location and boundaries is mandatory. Inserting the
sampling instrument too lateral to the bulk of the
villous tissue will lead to sampling failure. Scanning in
a transverse plane in addition to the routine sagittal
plane is helpful in avoiding this problem. Finally, the
use of a tenaculum on the anterior lip of the cervix
can be of help in difficult procedures. Specifically,
an anteverted uterus with an anterior placenta can be
straightened by gentle traction, hence allowing easier
access.

Inadvertent injury of the membranes can also be
avoided. It should be cautioned that the tip of the
catheter/needle must be imaged rather than a portion
of the shaft. This differentiation can be made by
the operator watching the scan as the catheter is
advanced. If the ultrasound image of the tip moves when



the catheter is advanced this ensures a correct view.
However, if a portion of the shaft is being imaged, no
instantaneous movement will be seen. Only the operator,
not the sonographer, can appreciate this and therefore
constant communication is required. Additionally, the
catheter should be held in the fingertips and only
advanced slowly and gently; using this technique in-
advertent advancement against the membrane can be
detected as a buoyant feeling.

Chorioamnionitis following CVS can be avoided by
adequate preparation of the cervix and attention to
sterile technique. Is it likely that infection following
CVS occurs very rarely unless a haematoma forms
or significant tissue trauma occurs. Therefore, this
complication can be minimized by atraumatic sampling.
Cases of infection after transabdominal CVS have pre-
dominantly been secondary to bowel flora. To avoid
this, attention must be paid to the sampling path and
the operator must be certain that bowel has been
removed from the sampling approach.

Avoiding haemorrhage is also possible with both
transcervical and transabdominal CVS. With trans-
cervical sampling, as stated above, the catheter must be
in the appropriate sampling plane. With both sampling
techniques, sampling should avoid perforation of visible
placental lakes or areas of slow flow. Direct perforation
of these lakes frequently leads to significant haemorrhage
following the procedure.

Conclusions

CVS has dramatically improved women’s reproductive
options by providing a method for first-trimester
prenatal diagnosis. As with any operative procedure, a
learning curve is required, but operators experienced in
ultrasound-guided procedures should be able to quickly
add this technique to their armamentarium. Outcome
following the procedure appears to be maximized in
experienced centres in which a team consisting of a
limited number of sonographers and operators perform
the procedure on a regular basis. Centres in which the
procedure is performed infrequently appear to have a
higher miscarriage rate and increased risk of other
untoward outcomes.
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Introduction

Amniocentesis was introduced in clinical practice in
the 19th century for the treatment of polyhydramnios
[1-3]. The technique was subsequently used in the
1930s for amniography [4] and elective termination
of the pregnancy [5,6], whereas the specific interest in
obtaining amniotic fluid for prenatal diagnosis began
in the 1950s with the management of pregnancies
complicated by isoimmunization [7]. Following prenatal
determination of fetal gender by Fuchs and Riis [8]
in 1956, Jeffcoate et al. [9] reported the first prenatal
diagnosis of a metabolic disorder, adrenogenital syn-
drome, in 1965, and in 1966 Steele and Breg [10]
successfully determined the fetal karyotype from cultured
amniotic fluid cells. The first prenatal diagnosis of a
chromosomal anomaly, a balanced translocation, was
reported by Jacobson and Barter [11] in 1967. Trisomy
21 was diagnosed prenatally for the first time by Valenti
etal in 1965 [12].

Real-time ultrasound added refinement and safety
to the procedure, allowing continuous monitoring of
the needle position inside the amniotic cavity [13,14].
The relative simplicity of the method and widespread
availability of ultrasonographic equipment and expertise
made amniocentesis the most widely used invasive
method for prenatal diagnosis [15].

In this chapter we discuss the indications, tech-
nique and complications of amniocentesis, with special
emphasis on early amniocentesis, isoimmunization,
amniocentesis in twin pregnancies and the diagnosis of
intrauterine infection.

Indications

The indications for amniocentesis are listed in Table
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8.1. The most common indication is prenatal diagnosis,
more specifically the diagnosis of chromosomal anomalies
and neural tube defects in the early second trimester. In
the third trimester, most of the procedures are performed
to assess fetal lung maturity. The role of amniotic fluid
analysis in the diagnosis of intrauterine infection has
increased over the past few years and is discussed in
more detail later in this chapter.

Amniocentesis for cytogenetic diagnosis

Cytogenetic diagnosis is routinely offered to women 3 5
years of age and older, to couples with chromosomal
rearrangements, to women with a previous offspring
affected by a chromosomal disorder, to women carrying
an X-linked disease and to parents with a recessive
gene for a metabolic disease or haemoglobinopathy [16].
When amniocentesis is used for cytogenetic diagnosis
it is usually performed after 15 weeks, most com-
monly between 16 and 18 weeks. Cytogenetic studies
are usually completed in 1—2 weeks, allowing timely
interruption of the pregnancy in case of a positive
diagnosis [17]. Although an amniocentesis may be
performed at any time during gestation, cytogenetic
studies of cord blood lymphocytes are usually preferred
when rapid karyotyping is required since the results
are available in approximately 48 hours [18]. The
increased maternal risks involved in late second-
trimester terminations and the psychological trauma of
terminating a pregnancy that is both visible and felt led
to the search for alternative procedures for earlier
prenatal diagnosis, namely chorionic villous sampling
(CVS) and early amniocentesis [15-17,19—49]. Early
amniocentesis is discussed in detail below. For a dis-
cussion of CVS, see Chapter 7.
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Table 8.x Indications for

amniocentesis. Purpose

Indication

Late first and second trimester diagnosis

Late second and third trimester diagnosis

Therapeutic

Cytogenetic diagnosis
Diagnosis of neural tube defects
Diagnosis of metabolic disorders

Evaluation of the severity of
isoimmunization

Evaluation of fetal lung maturity

Diagnosis of intra-amniotic infection

Confirmation of ruptured membranes

Drainage of polyhydramnios
Medical treatment of fetal disorders

Midtrimester amniocentesis

TECHNIQUE

Selecting a puncture site. Ultrasound is performed prior
to amniocentesis to determine the number of fetuses,
viability, placental location and the amount of amniotic
fluid. The presence of uterine and fetal anomalies are
specifically sought, since they may interfere with per-
formance of the procedure. A site of puncture avoiding
placental tissue or umbilical cord in the needle path is
selected. Transplacental punctures are associated with
an increased risk of pregnancy loss and maternal cell
contamination and should only be performed as a last
resource [50,51]. In case a transplacental puncture is
necessary, the place with the least amount of placental
tissue should be selected.

Selecting a needle. Needle selection is dependent upon
the size of the patient and the amount of fluid to be
retrieved. In the majority of cases we use a regular 20
to 22-gauge spinal needle with a standard length of
8.89 cm excluding the hub. Obese patients require longer
needles. Smaller-bore needles prolong the time required
to obtain amniotic fluid, whereas larger-bore needles
have been associated with an increased fetal loss rate
[52,53]. Needles with specially prepared tips designed
to improve ultrasonographic visualization and side
orifices to accelerate fluid withdrawal are commercially
available. Although in vitro studies have shown that
the flow rate during aspiration doubles with 22-gauge
needles with side holes compared with standard spinal

needles of the same calibre, the use of these new needle
types is strictly dependent upon personal preference until
an adequate clinical trial is performed [54].

Monitoring the needle insertion and placement. Once a
puncture site is selected, asepsis of the skin is performed
with wide boundaries and the field is draped. Two ap-
proaches may then be used: (i) ultrasonographic-guided
ammniocentesis and (ii) ultrasonographic-monitored am-
niocentesis. Ultrasonographic-guided amniocentesis refers
to the preselection of a puncture site with ultrasound
before proceeding with blind insertion of the needle.
Ultrasonographic-monitored amniocentesis refers to the
continuous monitoring of needle insertion and fetal
movements with real-time ultrasound. Monitoring the
needle position with ultrasound reduces the frequency
of bloody and dry taps and the risk of fetal injuries.
Convex, sector or linear-array transducers may be
used to monitor the procedure with slight modifications
of the technique. Irrespective of transducer selection, a
non-sterile coupling agent is applied to the transducer
surface before placing it inside a sterile glove or plastic
bag. A sterile coupling agent is then applied to the
patient’s skin and the puncture site is re-evaluated.

When convex or sector transducers are used. Convex,
and to a lesser extent sector, transducers have the
advantage of allowing visualization of the entire needle,
all the way from the patient’s skin to the amniotic
cavity. When these probes are used, the puncture site
will be located in front and a few centimetres away from
the transducer. The needle must enter the skin at an
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angle so as to reach the amniotic fluid pocket underneath
the transducer and, consequently, in the centre of the
ultrasound image. Gentle pressure applied with the
gloved finger to the selected puncture site produces a
shadow in the ultrasound image that allows approxi-
mate identification of the needle path [55~56]. This
technique requires expertise with needle—transducer
spatial orientation since both of them must be aligned
in the same plane in order for a successful procedure.
Alternatively, a needle guide may be attached to the
transducer (Fig. 8.1), thereby eliminating much of the
‘guesswork’ involved in proper alignment of transducer
and needle [18]. Finally, the needle is inserted and
directed to the selected pocket of amniotic fluid under
direct ultrasonographic visualization.

When linear-array transducers are used. When a linear-
array transducer is selected, a gloved finger is placed at
the puncture site directly under the transducer, causing
decoupling of the skin’s surface and a shadow that
allows identification of the needle path (Fig. 8.2). Then,
under direct visualization, the needle is inserted along
the side of the transducer and the tip, which appears as
a bright echo, and is continuously monitored throughout
the procedure (Fig. 8.3).
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Fig. 8.1 Transducer with an
attached needle guide device.
(Reproduced with permission from
Corometrics Medical Systems, Inc.)

Ammniotic fluid aspiration. Once the stylet is removed,
an extension tube (which allows the needle to float free
in the amniotic cavity, decreasing the likelihood of fetal
injury) is attached to the hub of the needle and connected
to the syringe. The first o.5ml of amniotic fluid is
discarded in order to avoid maternal cell contamination.
After obtaining the fluid, the stylet is relocated, the
needle removed and fetal cardiac activity documented.
The same technique is used for procedures performed
during the late second and third trimesters.

Early amniocentesis

Early amniocentesis refers to procedures performed
before 1§ weeks of gestation. Early amniocentesis is, at
present, a valid alternative to midtrimester amniocentesis,
allowing the diagnosis of anomalies at a time when
suction termination is still possible and before fetal
movements are perceived [15-17,19—49]. Other potential
advantages include the opportunity to screen for neural
tube defects, by measurement of amniotic fluid o-
fetoprotein (AFP) and acetylcholinesterase after 13
weeks, and the fact that there is no need for major
changes in the operative technique, contrary to CVS
[18,29,30,39]. In a study of 3325 pregnancies, Wald



Fig. 8.2 Placing the gloved finger at
the puncture site, underneath the
linear transducer, produces a
shadow in the ultrasound image
that allows identification of the
needle path.

Fig. 8.3 Ultrasound guided amniocentesis procedure.

and Cuckle [57] demonstrated that amniotic fluid AFP
obtained between 13 and 15 weeks had 100% sensitivity
for the diagnosis of anencephaly and 96% sensitivity
for the diagnosis of spina bifida using cut-off levels
greater than 2.0 and 2.5 multiples of the normal median
respectively. The question of whether amniocentesis is

Ammniocentesis

a valid alternative to CVS will only be answered by a
randomized clinical trial comparing the two procedures.
Preliminary results of the first 650 patients of such a
trial do not provide evidence comparing the safety of
both procedures with regard to the rate of spontaneous
fetal loss [58]. There was no difference in the rates
of successful cell cultures and chromosomal analysis
when early amniocentesis was compared with CVS
(98.1% [318/324] vs. 99.4% [321/323], NS). Cultures
obtained by early amniocentesis had fewer mosaicisms
than cultures obtained by CVS (0% [0/324] vs. 1.55%
[5/323]), although this difference was not statistically
significant.

GESTATIONAL AGE AT WHICH EARLY
AMNIOCENTESIS MAY BE PERFORMED

Early amniocentesis has been performed as early as
the seventh week of gestation [39]. However, Stripparo
et al. [34] reported an increase in the spontaneous fetal
loss rate for chromosomally normal fetuses within 2
weeks of the procedure and also before 28 weeks of
gestation when the amniocentesis was performed before
13 weeks of gestation (11.1% [6/54] vs. 0.9% [3/330]
within 2 weeks of the procedure, P < 0.001; 14.8%
[8/54] vs. 2.1% [7/330] before 28 weeks of gestation,
P < 0.001). The combined experience of seven centres
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for which data are available for comparison (Table
8.2) show an overall fetal loss rate of 1.32% (44/3296)
within 2 weeks of the procedure, with a significant
increase when amniocentesis is performed before 12
weeks (6.94% [5/72] vs. 1.21% [39/3224]; P < 0.001)
[22,29,33,34,38,40,44,48]. Similarly, the combined
spontaneous fetal loss rate before 28 weeks of gestation
in four centres for which data are available for com-
parison is shown in Table 8.3. The overall fetal loss
rate before 2.8 weeks of gestation was 1.44% (43/2982),
increasing significantly when the amniocentesis was
performed before 12 weeks of gestation (9.26% [5/49]
vs. 1.30% [38/2928]; P < 0.001 [22,29,34,40,44].

From the point of view of cellular viability, Nelson
and Emery [59] have demonstrated that the largest
percentage of viable cells are present from 13 to 16
weeks of gestation.

TECHNIQUE

The technique for early amniocentesis is basically the
same as for midtrimester amniocentesis, with minor
modifications. Most authors recommend the use of a
smaller-bore (22-gauge) spinal needle [15—41]. The
recommended amount of fluid to be withdrawn is 1 ml
per week of gestation [29]. The first 0.5—1ml of fluid
aspirated should be discarded in order to decrease the
risk of maternal cell contamination or, as an alternative,
the first 2ml of amniotic fluid could be sent for AFP
and acetylcholinesterase determinations [16]. The fluid
should be aspirated slowly in order to prevent collapse
of the amniotic sac [34]. Because the amniotic membrane
may not be completely fused with the chorion at this
stage in pregnancy, membrane tenting (separation of
the chorioamniotic membrane from the anterior uterine
wall during needle insertion) is a more frequent com-
plication than with midtrimester amniocentesis. This
difficulty may be overcome by a more vigorous thrust,
twisting or redirecting the needle during perforation of
the amniotic membrane. If these manoeuvres fail, the
needle may be advanced into the posterior uterine wall,
physically displacing the obstructing membrane down
the shaft and away from the tip [18,30,40,60-63].
Transvaginal aspiration of amniotic fluid has been
proposed as an alternative to the transabdominal
approach for early amniocentesis [39,49]. Potential
advantages would include the high resolution of the
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transvaginal probe and easy access to the amniotic sac.
Jorgensen et al. [39] attempted the procedure in 36
women between 7 and 12 weeks of gestation. Although
amniotic fluid was obtained in all cases and the patients
tolerated the procedure well, culture was unsuccessful
in six cases (16.7%) because of bacterial or fungal
overgrowth compared with culture success in all 96
control samples obtained via the transabdominal route.
Shalev et al. [49] compared the clinical and laboratory
results of first-trimester transvaginal amniocentesis with
those of transcervical CVS and midtrimester amnio-
centesis. Transvaginal amniocentesis was performed in
355 women who voluntarily asked for the procedure
between 1o and 12 weeks of gestation using a 20-cm,
22-gauge needle. The volume of amniotic fluid retrieved
was 1 ml per week of gestation. The controls comprised
356 consecutive patients undergoing transcervical CVS
and 3 56 consecutive patients undergoing midtrimester
amniocentesis matched for maternal age and indication
for the procedure. Amniotic fluid was successfully
retrieved in 99.7% (355/356) of patients undergoing
first-trimester amniocentesis and 100% (356/356) of
patients undergoing midtrimester amniocentesis. In
comparison CVS was successful in only 97.8% (346/
356) of the cases (P < 0.05 compared with first-trimester
and midtrimester amniocentesis respectively). No signifi-
cant difference in culture success rates was observed
between patients undergoing early transvaginal amnio-
centesis (96.9% [344/3 55]), midtrimester transabdominal
amniocentesis (97.8% [348/356]) and CVS (96.5%
[334/346]). However, the total pregnancy loss after ex-
cluding pregnancy terminations was significantly higher
in patients submitted to early transvaginal amniocentesis
compared with patients submitted to midtrimester
transabdominal amniocentesis (3.2% [11/345] vs. 0.9%
[3/350], P <0.05). No differences in total pregnancy
loss were observed between either group described
above and patients submitted to CVS (2.9% [10/344]).

Amniotic fluid cell filtration (amnifiltration) has been
proposed as a means to retrieve amniotic fluid cells
in early amniocentesis without removing a relatively
large proportion of amniotic fluid [15,37,64,65]. The
basic principle is to interpose a filter membrane with
appropriate pore size between the syringe and the needle,
recirculate the amniotic fluid back to the amniotic cavity
and retrieve the amniotic fluid cells directly from the
filter membrane (Fig. 8.4). A three-way tap is interposed
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between the syringe and the filter membrane and a
second one between the filter membrane and the needle.
Both three-way taps are connected through a bypassing
T tube. Fluid is aspirated through the bypassing tube
until air is drawn into the syringe; the three-way taps
are then directed to allow aspiration of fluid through
the filter membrane; once the desired amount of fluid
is aspirated, the three-way taps are redirected to permit
the amniotic fluid to bypass the membrane through the
T tube back into the amniotic cavity. The process may
be repeated as many times as necessary. Amniotic fluid
cells are retrieved for culture by reverse flushing [37].
A o.8-um cellulose acetate membrane was compared
with a 1.2-um cellulose acetate membrane and a 1.2-
um polyamide membrane by Byrne et al. {37]. The
0.8-um cellulose acetate membrane proved to be the
most efficient filter in their experiment because it not
only trapped all amniotic fluid cells but also allowed
easy release of the trapped cells once the membrane
was reverse flushed. Kennerknecht et al. [r5] com-
pared the prolongation in culture time for amniocytes
obtained by amnifiltration using four different sets of
filters: (i) 5.0-ium polyvinylidene difluoride filter (70%
porosity); (ii) 0.45-wm polyvinylidene difluoride filter
(75% porosity); (iii) 5.o-tm mixed cellulose ester filter
(84% porosity); and (iv) 0.4 5-im mixed cellulose ester
filter (79% porosity). They used the culture time for
amniocytes obtained directly from the amniotic fluid
in 9o patients as a control group in their experiment.

Fig. 8.4 Amniotic cell filtration
apparatus.

Ammniocentesis

The mixed cellulose ester and polyvinylidene difluoride
filters with 5.0-m pore size had the shortest mean
prolongation in culture time for filtered amniocytes
compared with amniocytes cultured directly from the
amniotic fluid (2.4 and 3.0 days respectively vs. 6.5
and 6.3 days for the 0.4 5-um mixed cellulose ester and
polyvinylidene difluoride filters).

Byrne and Nicolaides [65] studied changes in amniotic
fluid temperature during amnifiltration in 10 women
undergoing surgical termination of pregnancy between
9 and 12 weeks of gestation. They observed a gradual
decrease in temperature from a mean of 36.8 °C before
amnifiltration to 36.5°C after one fluid circuit (8 ml),
36.3 °C after two fluid circuits (16 ml) and 36.2°C after
three fluid circuits (24 ml). The authors speculate that
although fetal cooling (unlike hyperthemia) has not
been implicated in teratogenesis, measures to avoid a
decrease in amniotic fluid temperature, such as increasing
the room temperature or using isolated syringes and
tubing, should probably be undertaken when performing
amnifiltration.

Complications

FETAL LOSS

Fetal loss can be idiopathic or a result of direct fetal
injury with subsequent exsanguination or infection.
The term ‘idiopathic’ refers to unexplained fetal death
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that occurs during the procedure, with post-mortem
examination yielding no demonstrable reason for the
demise. In these cases, fetal heart activity is detected
before but not after the amniocentesis. A neurogenic
mechanism has been postulated; however, there is no
evidence to support this mechanism.

Amniocentesis may lead to intra-amniotic infection
by introducing microorganisms into the amniotic cavity
(i.e. contaminated instruments, passage of the needle
through contaminated skin or intra-abdominal viscera).
Alternatively, if amniocentesis results in rupture of
the membranes, ascending infection may occur. The
midtrimester period seems particularly vulnerable to
microbial invasion, as the antibacterial activity of
amniotic fluid is at its nadir [66]. Antibiotic prophylaxis
is not a routine practice. Blood cultures obtained around
the time of the procedure were negative in a small study
by Ager and Oliver [67].

The prevalence of intra-amniotic infection after mid-
trimester amniocentesis is unknown. The nature of the
evidence implicating infection as an aetiological factor
for pregnancy loss after midtrimester amniocentesis is
anecdotal. There have been case reports in which there
was a temporal association between the procedure and
clinical chorioamnionitis. Positive microbial cultures
of amniotic fluid obtained at the time of midtrimester
amniocentesis in asymptomatic patients suggest that
in some cases intra-amniotic infection may precede
rather than follow the procedure [68,69]. In a series of
2641 second-trimester genetic amniocentesis procedures
reported by Gray et al. [69], all of which were cultured
for mycoplasmas (Mycoplasma hominis and Ureaplasma
urealyticum), nine patients had a positive culture for
U. wrealyticum. One patient was excluded from the
analysis because of a subsequent therapeutic abortion.
The perinatal outcome of the other eight patients
was compared with 86 patients with complete follow-
up who had genetic amniocentesis during the same
study period and negative cultures for mycoplasmas.
Among the eight patients who cultured positive for
U. urealyticum, 75% (6/8) had a spontaneous abortion
within 4 weeks of the procedure compared with only
1.2% (1/86) of the patients with negative cultures. The
other two patients in the positive culture group delivered
prematurely at 24 and 30 weeks and only one of the
infants survived. All eight placentas had evidence of
chorioamnionitis on histological examination. Of the
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samples obtained from Ureaplasma-positive patients
50% (4/8) were discoloured compared with 2.3% (2/86)
of the samples obtained from Ureaplasma-negative
patients. Discoloured amniotic fluid was significantly
associated with the presence of Ureaplasma (P < o.001)
and an adverse perinatal outcome.

Fetal loss rates for midtrimester amniocentesis range
from 0.3 to 2.8% [27]. A randomized clinical trial of
genetic amniocentesis involving 4606 low-risk women
provides the best fetal risk estimation available in the
literature to date [70]. Patients were randomized to have
either an amniocentesis or an ultrasound in midtrimester.
All amniocentesis procedures were performed under
ultrasound guidance by five physicians at the same
institution using a 20-gauge needle. The study group
had a higher rate of spontaneous abortion compared
with the control group (1.7% vs. 0.7%; relative risk
2.3 [95% confidence limits 1.3—4.0]; P < 0.01). Also, a
shorter interval between the procedure and spontaneous
abortion was found for the study group compared
with the control group (median time interval 21.5 days
vs. 46.5 days). Risk factors for spontaneous abortion
included a maternal serum AFP greater than two
multiples of the median for gestational age, perforation
of the placenta and discoloured amniotic fluid. The
authors have pointed out that the 1% increased risk of
spontaneous abortion after midtrimester amniocentesis
may be an underestimation of the real risk. Pregnancy
termination in fetuses affected with chromosomal abnor-
malities (identified in the study group and not in the
control group) may have artificially reduced the rate of
spontaneous abortion of the study group.

Multiple needle insertions and intra-amniotic bleeding
have also been implicated as causes for an increased
pregnancy loss rate [27,50~52]. The use of continuous
ultrasonographic monitoring and increased operator
experience have been shown to reduce the number of
attempts needed to obtain amniotic fluid as well as
the number of bloodstained taps [14,70,71]. A history
of haemorrhage in the present pregnancy, a previous
abortion or stillbirth and infertility have all been shown
to predispose to spontaneous abortion regardless of the
performance of an amniocentesis.

FETAL INJURY

A wide range of fetal injuries, from mild skin dimples to



fetal death due to exsanguination, have been attributed
to amniocentesis [72-103]. Although fetal injuries are
generally associated with bloody taps, they have also
been reported after clear taps and even with the use of
the sonographically monitored technique.

Several ocular injuries have been attributed to amnio-
centesis [76,80,91,95,99,101,103-105]. Typically, these
are unilateral lesions detected after birth. In one case,
the newborn had a small and cloudy eye, a coloboma
of the upper lid and a hazy and oedematous cornea.
The combination of lesions in the eyelid and cornea
suggests that the injury occurred before separation of
the eyelids. The mother had an amniocentesis at 19
weeks; the first 2ml of fluid were bloody, but the
subsequent 3oml were clear [91]. In two cases, a red
and photophobic eye in the newborn period was
subsequently associated with the development of an
enlarged cystic mass in the anterior chamber of the
eye. The cystic lesion evolved over a period of several
months and was lined by stratified squamous epithelium
[76,80]. Similar findings have been recently reported
for two children with unilateral and progressively large
epithelial iris cysts occupying nearly half of the pupil.
The lesions were diagnosed at 8 months and 5 years of
age respectively and both mothers had an amniocentesis
performed at 18 and 43 weeks. The children had no
history of postnatal ocular trauma [103]. Five other
children were reported with lesions attributed to ocular
perforation during amniocentesis: the first child had an
amniocentesis at 16 weeks and was found at birth to
have a cystic lesion communicating with the right lateral
ventricle, left homonymous hemianopia and possible
damage to the right optic tract; the second child had an
amniocentesis at 30 weeks and presented in the neonatal
period with a distorted left pupil towards the 3 o’clock
position and a small tag of iris drawn up towards a
full-thickness corneal scar; the third child had an
amniocentesis performed at 16 weeks and presented at
birth with left esotropia, limitation of abduction and
microphthalmia; the fourth child had an amniocentesis
performed at 15 weeks and was noted at 3.5 years to
have a small adherent leucoma near the limbus at 7
o’clock; the last child in this series had an amniocentesis
performed during the second trimester and was found
at § years of age to have a small chalazion on her right
upper lid with a small full-thickness scar near the limbus
at 9 o’clock [1o1].

Ammniocentesis

A porencephalic cyst has been reported in a newborn
with two subcutaneous nodules in the right and left
occipital region (suggesting a needle tract) [92]; an
amniocentesis had been performed at 18 weeks. In utero
injection of contrast in the ventricular system during the
course of amniograms has also been reported [74,75].

Thoracic lesions associated with amniocentesis in-
clude haemothorax [77,96], pneumothorax [74,77]
and fetal cardiac tamponade [75]. In the abdomen,
injuries have ranged from laceration of the liver, kidney
and spleen to ileo-cutaneous fistula with ileal atresia
[78,84,85,90,93]. In one case, a fragment of tissue
retrieved during amniocentesis grew small bowel mucosa
in culture, confirming intraoperative bowel injury [93].

Limb lesions have included disruption of the patellar
tendon [89], gangrene of one arm (perforation of the
subclavian artery) [81] and an arteriovenous fistula be-
tween the popliteal artery and vein [ro2]. Amniocentesis
has been implicated by some authors in the aetiology
of amniotic band syndrome [77,87,88,94]; however,
there is no agreement regarding cause and effect between
this syndrome and amniocentesis.

Two cases of umbilical cord haematoma have been
reported [77,98]. Fetal exsanguination due to vascular
puncture have also been reported [73,86].

The most frequent lesion associated with amniocentesis
is skin puncture. Although cause and effect is difficult
to establish, needle injuries should be suspected if the
shape of the lesion resembles a needle tract or a depressed
punctiform scar [82,83,89].

The British [104] and American [105] collaborative
studies in amniocentesis reported an increased incidence
of orthopaedic abnormalities (talipes equinovarus, con-
genital hip dislocation and metatarsus abductus) in
fetuses submitted to midtrimester amniocentesis. A case—~
control study in which amniocentesis had not been
performed more often in mothers of newborns with
orthopaedic abnormalities than in a control group failed
to demonstrate such an association [106]. This finding
is supported by a randomized controlled trial of genetic
amniocentesis in 4606 low-risk women by Tabor et al.

{70l.

PREVALENCE OF RESPIRATORY COMPLICATIONS

Experimental studies in monkeys (Macaca fascicularis)
specifically designed to examine the effect of amnio-
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centesis on lung development indicate that a reduction
in the number of alveoli and lung volume can occur
after amniocentesis at a period equivalent to 14-17
weeks of gestation in humans [107,108]. The British
Collaborative Study [104] demonstrated an increased
incidence of respiratory distress syndrome (RDS) (defined
as respiratory difficulties requiring oxygen and lasting
more than 24 hours) in neonates born to mothers who
had an amniocentesis compared with those in the
control group (1.27% [30/2370] vs. 0.38% [9/2402]).
Tabor et al. [70] also observed a higher prevalence of
RDS and pneumonia in neonates born to mothers who
had an amniocentesis in the second trimester compared
with women having an ultrasound in the midtrimester
only (1.1% vs. 0.5% for RDS, P < 0.05; 0.7% vs. 0.3 %
for pneumonia, P < 0.05).

Thompson et al. [109] evaluated the prevalence of
respiratory distress and lung growth by measuring the
functional residual capacity (FRC) in 74 newborns
of mothers who had an amniocentesis at To-13 weeks
and 86 newborns of mothers who had a CVS during
the same gestational age interval. Six infants in the
CVS group but none in the amniocentesis group required
admission to the intensive care unit because of respiratory
distress (P < 0.005). The FRC was not different between
the two groups. However, the overall incidence of FRC
values below the 2.5th centile for the normal range
was higher than expected (9%), indicating that both
amniocentesis and CVS performed in the first trimester
of pregnancy may impair antenatal lung growth. This
study is in agreement with the findings of Vyas et al.
[z10], who used the crying vital capacity as a measure of
lung volume. In this study the crying vital capacity was
lower than the normal range in To neonates of mothers
who had a midtrimester amniocentesis compared with
none in the control group [110].

AMNIOTIC FLUID LEAKAGE

Membrane rupture or amniotic fluid leakage are potential
complications of amniocentesis. It has been suggested
that the perinatal and maternal outcomes for mem-
brane rupture and amniotic fluid leakage are better than
the outcomes for patients who experience spontaneous
rupture of the membrane in the second trimester
of pregnancy. Although we lack enough data at the
present time to support definitive conclusions, expectant
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management was employed successfully in six of seven
patients who experienced amniotic fluid leakage within
24 hours of a genetic amniocentesis in a series of
603 patients reported by Gold et al. [111]. All patients
were placed on bed rest and had digital cervical exam-
ination prohibited, daily white blood cell counts with
differential analysis and close maternal surveillance
for clinical evidence of choricamnionitis. Six patients
delivered healthy neonates at term and one patient had
an intrauterine fetal demise at 25 weeks. In this case,
an unsuccessful amniocentesis was attempted 6 weeks
before delivery.

BLOODY TAPS

Bloody amniotic fluid can be the result of contamination
with maternal and/or fetal blood. As mentioned above,
the prevalence of this complication also decreased
with the use of ultrasonographic monitoring. Ron et al.
[t12] studied 706 women undergoing midtrimester
amniocentesis in which the first 2ml of fluid were
examined for the presence of blood after centrifugation;
25% (180/706) of the samples were found to be
contaminated with blood and in 84.4% of the cases
the blood was of maternal origin. The incidence
of spontaneous abortion was significantly higher for
patients with bloody taps compared with women
with clear taps (maternal blood contamination, 6.6%;
fetal blood contamination, 14.3%; clear taps, 1.7%).
The incidence of pregnancy loss when fetal blood
contamination occurred was double that observed
when maternal blood contamination was documented.
However, this difference did not reach statistical
significance.

FETOMATERNAL TRANSFUSION

Fetomaternal transfusion is important because it may
lead to isoimmunization (see below) and an increased
risk of pregnancy loss. Fetomaternal transfusion can
be detected by performing a Kleihauer-Betke test after
the amniocentesis or by determining maternal serum
AFP before and after the procedure [113,114]. AFP
determinations are more sensitive than the Kleihauer—
Betke test [115].

Menutti et al. [114] reported a significant difference
in the incidence of spontaneous abortion in patients with



an elevated maternal serum AFP after amniocentesis
compared with women with no elevation (14.2% vs.
0.98%).

DISCOLOURED AMNIOTIC FLUID

Brown- and green-stained amniotic fluids are occasionally
obtained during midtrimester amniocentesis [T 16-127].
Although the possibility that some green-stained amniotic
fluid could be due to meconium passage (the human
fetus produces and can pass meconium before the 20th
week of gestation) [128], compelling evidence sug-
gests that green- and brown-stained amniotic fluids are
the result of an intra-amniotic haemorrhage [84,128].
Green- and brown-stained amniotic fluids have a similar
spectrophotometric pattern, consistent with the presence
of oxyhaemoglobin and free haemoglobin. In vitro
experiments, in which amniotic fluid was contaminated
with blood, indicate a sequential colour change. Green-
coloured fluid was seen after 3 days and brown-coloured
fluid after 7 days of incubation [124]. This interpretation
is consistent with the clinical observation that women
with green or brown amniotic fluid have a positive
history of vaginal bleeding. However, little is known
about the aetiology of the bleeding episode. Cassel
et al. [68] reported the recovery of M. hominis and
U. urealyticum in 4 of 33 samples with discoloured
second-trimester amniotic fluid. Similarly, Gray et al.
[69] found the amniotic fluid to be discoloured in four
of eight amniotic fluid samples positive for U. urealyticum
(see above). It is possible that an intrauterine infection
may lead to bleeding and clot formation, providing an
adequate nidus for microbial growth. Although the
evidence is not consistent, most studies that have
examined the prognostic significance of dark-stained
amniotic fluid suggest an increased risk of pregnancy
loss. The relative risk of spontaneous abortion after
retrieval of discoloured amniotic fluid has been reported
to be 9.9% by Tabor et al. [70]. King et al. [119] have
suggested that the prognosis is poorer if discoloured
fluid is associated with elevated maternal serum AFP
determined before the amniocentesis. These findings
are at variance with those of Hankis ez al. [124] who
did not find an increased frequency of poor pregnancy
outcome after examining data from 83 patients with
dark or green fluid (77 green and 6 brown) from a total
of 1227 women undergoing midtrimester amniocentesis.

Ammniocentesis

DIFFICULTIES

The performance of early amniocentesis may pose extra
difficulties compared with midtrimester amniocentesis.
These difficulties are mainly related to the small amniotic
cavity and the presence of the extracoelomic space.
When the amniotic membrane is not totally adherent
to the uterine wall, dry taps may occur since the amniotic
membrane will be tented by the needle and not per-
forated (see above) [18,30,40,48]. An increased risk of
amniotic fluid leakage has also been reported for early
amniocentesis [42].

When chorioamniotic separation is noted during ultra-
sound, most of the authors recommend rescheduling
the procedure. A small or retroverted uterus, the
presence of overlying bladder or bowel, a decreased
amniotic fluid volume, a history of recent bleeding or
cramping, the presence of severe contractions prior
to the procedure and obesity may all pose additional
difficulties and are considered additional indications for
rescheduling amniocentesis in some patients [40,42].

AMNIOTIC FLUID CULTURE

Success rates for amniotic fluid culture are similar
for early and midtrimester amniocentesis. Depending
on laboratory experience, the interval between am-
niocentesis and culture harvest ranges from 6.4 to 21
days [17,28,29,31-33,37,3941].

Byrne et al. [129] studied 125 pregnancies at 8—18
weeks of gestation undergoing diagnostic amniocentesis.
Live cells were identified by the vital stain trypan blue
and counted using light microscopy. Although the number
of total cells increased exponentially with gestational
age, the number of viable cells remained the same,
explaining why cell culture from early amniocentesis is
as successful as traditional amniocentesis. The authors
speculate that the increase in the number of dead cells
is possibly due to exfoliated cells from the genitourinary
tract, since this increase is coincident with the increasing
contribution of fetal urine to the amniotic fluid volume.

Amniocentesis and isoimmunization

Fetal red blood cells contain the D antigen on their
surface and are capable of immunizing the Rh-negative
mother after a fetomaternal transfusion in the mid-
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trimester. This event can occur spontaneously during
pregnancy or after an amniocentesis. The World Health
Organization (WHO) and the American College of
Obstetrics and Gynecology (ACOG) have recommended
the administration of anti-D IgG to women after mid-
trimester amniocentesis. There is no agreement on
the dose; WHO recommends soug, while the ACOG
recommends 300Ug [130].

The basis for this recommendation is that midtrimester
amniocentesis has been associated with an increased
incidence of transplacental haemorrhage, a risk factor
for isoimmunization. However, the precise risk of iso-
immunization after midtrimester amniocentesis has not
been well defined. The incidence of Rh isoimmunization
in the randomized controlled clinical trial reported by
Tabor et al. [70] was 0.3% (7/370) in the study group
and 0.1% (3/347) in the control group (anti-D IgG was
not administered to Rh-negative patients undergoing
amniocentesis). Although this difference is not significant,
the number of patients required to detect a difference
of 1% between the amniocentesis and the control group
would be 2896 in each group [70]. The analysis of
previous reports suggest that midtrimester amniocentesis
is associated with an increased risk of isoimmunization.
The magnitude of the increased risk seems to be
approximately 1% [67].

Murray et al. [131] have provided a comprehensive
analysis of the pros and cons of anti-D IgG admin-
istration. The objections that have been raised against
the routine use of anti-D IgG are unproven efficacy
and unproven long-term safety. Isolated case reports
indicate that sensitization can occur after anti-D IgG
administration [132,133]. Anti-D IgG crosses the placenta
and coats Rh-positive fetal red cells. It is unclear if
this could have adverse effects. The theoretical risk of
augmentation has been suggested. This phenomenon
consists of an enhancement of the immune response in
the context of small amounts of antibody. Furthermore,
the long-term effects of exposing the immunologically
‘naive’ fetal immune system to human immunoglobulins
are unknown [134].

Although there is no incontrovertible evidence to
support the routine administration of anti-D IgG after
midtrimester amniocentesis, this has become the standard
of practice in the USA.
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Amniocentesis in multiple gestation

Multiple pregnancy was once considered a contra-
indication for midtrimester amniocentesis; however, this
is no longer the case. The prevalence of chromosomal
anomalies is estimated to be higher in twins than
in singleton pregnancies (for advanced maternal age
indication) [13 5]. Similarly, the incidence of neural tube
defects in patients with history of a previous child with
a neural tube defect is higher in twin (as high as doubled)
than in singleton gestations [67,135].

Before amniocentesis is carried out in a multiple
gestation, the possible outcome, risks and management
alternatives need to be discussed with the patient. The
major problem to be considered is the possibility of
discrepant results regarding cytogenetic diagnosis. If
only one fetus is affected, the options available to the
patient include abortion of both fetuses, continuation
of the pregnancy or selective feticide of the affected fetus.
Feticide is associated with potential complications, such
as infection, disseminated intravascular coagulation and
spontaneous abortion [136]. Under these circumstances,
pregnancy termination implies the abortion of an
unaffected fetus.

The technique for amniocentesis in multiple gestation
is different from that in singleton pregnancies. The
number of fetuses, location within the uterine cavity,
presence of an intra-amniotic membrane, placentation,
sex, fetal biometry and anatomy need to be documented.
An important step is the topographic location of the
fetus. This becomes critical in cases where discrepant
results are reported and selective feticide is considered.
Identification of the fetuses should be based upon
their relationship to the maternal hemipelvis (left/right,
anterior/posterior and superior/inferior). We recommend
that a diagram of the procedure be drawn and kept in
the medical record for reference.

Several techniques have been proposed to ensure that
fluid is retrieved from each amniotic cavity [137-141].
In the majority of centres, after amniotic fluid is obtained
from the first sac and before removing the needle, an
indicator dye is injected into the cavity. Indigo carmine
is presently the dye of choice [137,142-152]; alternatives
are Congo red and Evan’s blue. The use of a solution
of maternal haemoglobin as a dye has also been reported
[153]. The use of methylene blue is discouraged because
of the risk of fetal haemolytic anaemia due to



methaemoglobinaemia and a possible association with
gastrointestinal obstruction. The association between
the use of methylene blue and multiple ileal occlusions
was first reported by Nicolini and Monni [152] in
seven babies born to mothers who had a midtrimester
amniocentesis and the injection of 10-30 mg of methylene
blue into one of the amniotic sacs. Pruggmayer et al.
[150] compared the incidence of gastrointestinal ob-
struction among 474 twin pregnancies who had either
indigo carmine (# = 351) or methylene blue (7 = 123)
injected as a dye during midtrimester amniocentesis. Of
the fetuses who had their sac injected with methylene
blue 17% (21/123) required a postnatal operation
to correct jejunal atresia compared with 0.3% (1/351)
of the fetuses who had their sacs injected with indigo
carmine and who presented with duodenal atresia in
the neonatal period (P < 0.0001). Clear amniotic fluid
should be obtained when the second sac is punctured.
The same procedure is applicable to amniocentesis for
a multiple gestation with more than two fetuses. The
technique consists of sequential injections of dye into
different sacs before removal of the needle. The number
of clear amniotic fluid aspirations should equal the
number of fetuses.

A technique for single-needle insertion in twin am-
niocentesis was described by Jeanty et al. [140]. Briefly,
a puncture site clear of placental tissue demonstrating
both gestational sacs and the interamniotic membrane
is selected with real-time ultrasound. The most proximal
sac is tapped first; the stylet is then replaced into the
needle and advanced under ultrasound guidance through
the interamniotic membrane into the second sac; finally,
fluid is aspirated from the second sac. Amniotic fluid
was successfully retrieved from both sacs in 17 of the
18 patients included in their study and no adverse
perinatal outcomes were reported. Alternatively, two
needle insertions may be performed simultaneously
by two operators into two separate sacs under direct
ultrasonographic guidance [141]. The procedure has
been reported in a series of seven patients with success-
ful retrieval of fluid in all cases and no perinatal
complications [141]. A shortcoming of this technique
is that it may not be used by a single operator. The
overall success rate in obtaining fluid from both sacs
is over 90%. A challenging situation occurs when
one sac is behind the other. In this case we sample the
second sac by advancing the needle to penetrate the
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intra-amniotic membrane under direct visualization
as described above. The first 2ml of amniotic fluid
retrieved from the second sac are discarded to decrease
the likelihood of contamination.

Another difficult situation arises when an intra-
amniotic membrane cannot be identified. This can occur
in the setting of polyhydramnios and in monoamniotic
twins. A practical approach consists of sampling two
sites in close proximity to each fetus but distant from
each other. We have found it helpful to place a linear-
or convex-array transducer along the transverse axis of
the uterus and to monitor the turbulence created by the
injection of the indicator dye. Before injection, the dye
is diluted with roml of amniotic fluid. The mixture
is then injected into the amniotic cavity, producing a
typical particulate image that identifies the boundaries
of that sac. The operator must be ready to proceed with
the second puncture because the image is short-lived.
Another interesting approach was described by Tabsh
[139]. After aspirating the amniotic fluid sample from
the first sac, o.1ml of air and o.5ml of dye are drawn
through a 15-um filter into a 6-ml syringe. The syringe
is then reattached to the needle hub and 5 ml of amniotic
fluid is aspirated into the syringe. The mixture of dye,
air and amniotic fluid is then reinjected into the amniotic
sac with gentle pressure, enough to create microbubbles
that will serve as an ultrasonographic contrast within
the amniotic sac. If the microbubbles are seen around
both fetuses, the diagnosis of monoamniotic twinning
is made and no further attempts are necessary.

The risk of pregnancy loss in multiple gestations has
been addressed in several reports [143,145,146,148—
151,153-160] (Table 8.4). Anderson et al. [160]
compared the risk of spontaneous abortion following
midtrimester amniocentesis in 3 53 twin pregnancies and
687 singleton pregnancies matched for gestational age
and indication for prenatal diagnosis (one preceding
and one following each twin); 14 cases were excluded
because of congenital anomalies, growth retardation,
twin-to-twin transfusion or death of one twin at the
time of the procedure, leaving 339 patients for sub-
sequent analysis. The groups were not different with
regard to maternal age or experience of the physician
performing the procedure. Three pregnancies were
terminated following the diagnosis of aneuploidy in
one of the fetuses. After terminations for chromosomal
abnormalities were excluded, the spontaneous fetal

73



Chapter 8

98¢ 6Fe1/gY 69t T9£1/ET ¥y z9tf1j09 641 6V6/LT  T9fT p10],
00"oI L b1 I 98'T ka (248 b ol SyooM §I-9T 06-¥g61 [1€1] v 72 3oudey
98§ 1€ go'T II gL ¢ oz LTz zr 67§ s)9om 61-F1 16-8g61  [0S1] v 12 10AeWISINIY
681 I 000 o L1°¢ z 6§°1 I €9 $}eam 91 — [£§1] v 12 smyeag
oo T 6L'1 9 LS-¢ zT - — 9¢¢ I31SWLIPIA 06-6961 [091] v 72 uOSIDPUY
19°¢ ¢ 00°0 o k2: 84 14 oT'I I ¢g $9oM 0T—91 $g—0g61 [6¥1] v 12 s3adilg
00°0 o 00°0 o Sz1 9 — — gt J19)SoWILIIPIN £8-0861 [981] v 72 2ddey]
zvror S 000 o 80T 1 000 o g JI9ISAWILIIPIA £g—tl6I [8¥1] 1w 12 ysqel,
000 o 1L§ ¥ 14§ ¥ 6T¥ 3 oL SYoam L1-9T £g—Tl6X [o¥1] v 12 Yoraqr
00’0 o [eTole] o 12282 1 $9 < 1t SYoom §I—LI 78-9L61 [S$¥1] w10 supyyig
fele¥e} o 13354 I $S¥ it 000 o zT I2ISOWLIIPIA T8-8L6T  [£¥T] s[mg 29 uldISp[OD)
[eleXe} o [eleXe} o 69°07 9 S¢or € 67 Syoom LI1-91 6L-£L6T [$81] v 12 9[Td

- — 000 o 69°L I 000 o €1 I21SAWILNIPIA Tg—6L61 [¥S1] v 12 1[[a0180g
00°'01 < 00°0 o [ele}e) o [ele}e} o ot oM LI<  6L6T duIg [£€1] v 12 seng

% u %, u %, u % u U SISAIUADOTUUIE potng ERlEREIEMN

30 Suruy,
uml SYoaM 8T < SP2M 87> $Yoom 0z >

auo AUO JO $SOT

SUIM] (30q JO ssO7T

SUIM] Y10q JO SSO]

SUIM] 430q JO $SOT

*SIS9IUDOIUWE Ia)sowLripiur SutoSopun saoueusard spdnjnw ur swoano [ereutsag vg sqey,

74



loss rate before 28 weeks was significantly higher for
multiple pregnancies compared with singleton preg-
nancies (3.57% [12/336] vs. 0.6% [4/671]; P < 0.001).
The perinatal mortality rate, however, was not dif-
ferent between the two groups (12.6/1000 [8/633] vs.
12.1/1000 [8/659]; NS). In another large series assessing
the perinatal outcome of 529 twin pregnancies under-
going genetic amniocentesis, the combined fetal loss rate
before 28 weeks was 3.7% (20/529) [150], comparable
to the 3.57% rate reported by Anderson et al. [160].
Both studies concluded that although there is an
increased risk of spontaneous pregnancy loss for twin
pregnancies undergoing amniocentesis, it is unlikely that
this increased risk exceeds the normal biological loss
rate in twins. This conclusion is also supported by the
analysis of the risks of midtrimester amniocentesis in
twin gestations conducted by Ager and Oliver [67],
although they used a different outcome measure, total
fetal loss rate. Total fetal loss rate is defined as total
spontaneous abortions plus stillbirths plus neonatal
deaths. According to their analysis, the total fetal loss
rate is 10.8% (range 3.6-22.2%), which is not different
from the natural fetal loss rate for twin gestation after
17 weeks as estimated from 12392 twin pregnancies
collected in Japan [161].

Amniocentesis for the diagnosis of
microbial invasion of the amniotic cavity

The amniotic cavity is normally sterile and isolation
of any microorganisms from the amniotic fluid there-
fore constitutes evidence of microbial invasion. The
traditional diagnosis of intra~-amniotic infection relied
on the recognition of chorioamnionitis, a clinical syn-
drome characterized by a combination of maternal
fever, uterine tenderness, foul-smelling amniotic fluid,
leucocytosis, and maternal and fetal tachycardia.
However, microbial invasion of the amniotic cavity
(MIAC) can exist even in the absence of clinical signs
and symptoms of infection and has been implicated
as a causative phenomenon for both preterm labour
with intact membranes and premature rupture of the
membranes (PROM) [162,163].

The combined experience in the diagnosis of MIAC
with amniocentesis in women with preterm labour and
intact membranes is presented in Table 8.5 [163,164—
184]. Only 37.2% (51/214) of the women with a positive
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amniotic fluid culture developed clinical chorioamnio-
nitis. Likewise, combined data show that only 32.8%
(42/298) of the patients with PROM and MIAC
had clinical evidence of chorioamnionitis (Table 8.6)
[180,182,185—191]. Early identification of MIAC is a
desirable goal since neonates born to mothers with intra-
amniotic infection are at higher risk for infectious
complications [162,165-168,185]. Since it is clear that
clinical chorioamnionitis is neither a sensitive nor
specific criterion to identify MIAC, the modern dia-
gnosis of intrauterine infection relies upon examination
of the amniotic fluid [162,192].

The method of amniotic fluid collection for micro-
biological studies is critical. The two techniques that
have been used are transabdominal amniocentesis
and transcervical retrieval either by needle puncturing
of the membranes or by aspiration through an intra-
uterine catheter. Transcervical amniotic fluid collection
is associated with an unacceptable risk of contamination
with vaginal flora and is contraindicated in patients
with preterm labour and patients with PROM but
not in labour [193]. Successful retrieval of amniotic
fluid by ultrasonographically monitored amniocentesis
is possible in virtually all patients with preterm labour
with intact membranes and over 90% of patients with
preterm PROM, making it the method of choice to
obtain amniotic fluid from these patients.

Amniotic fluid culture

Amniotic fluid culture is the gold standard against which
all other methods for the detection of microbial invasion
of the amniotic cavity are tested. The prevalence of
intra-amniotic infection, as assessed by positive amniotic
fluid cultures obtained by amniocentesis, is presented
in Tables 8.5 and 8.6 [163-191]. Infection is more
prevalent among women with preterm PROM than with
preterm labour and intact membranes (33.8% [298/882]
vs. 12.8% (215/1675); P <o0.001). The reason why
infection leads to PROM in some cases and to preterm
labour in others remains to be answered, but probably
lies in the regulation of the different components of
the decidual inflammatory reaction. Decidual inflam-
mation leads to the generation of proteases capable of
degrading the extracellular matrix of the chorioamniotic
membranes and to the formation of agents that induce
myometrial contractility (i.e. prostaglandins). Differential
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expression of these two distinct biological functions
(protease and uterotonic activity) could result in either
PROM or preterm labour. Preterm PROM without
preterm labour associated with infection may occur
when the main effect of inflammation is degradation of
extracellular matrix components. Under these circum-
stances, prostaglandins or other uterotonic agents
are not produced in sufficient quantities to simulate
myometrial contractility or, alternatively, the myo-
metrium does not respond to these agents. On the
other hand, preterm labour with intact membranes in
the setting of infection may be viewed as a condition in
which the myometrium is the most responsive tissue to
the inflammatory phenomenon. This may result from a
preferential expression and bioavailability of uterotonic
agents (i.e. prostaglandins) rather than proteolytic activity
during the course of the intrauterine inflammatory
reaction.

Once the amniotic fluid is obtained it should be
immediately transported to the laboratory in a capped
syringe. Keeping air from the specimen and plating as
soon as possible maximizes the recovery of anaerobic
microorganisms. The fluid should be cultured for aerobic
and anaerobic bacteria as well as for Mycoplasma sp.
Institutions that do not have a microbiology laboratory
open 24 hours a day can use either an oxygen-free
transport system or bedside plating with a portable
anaerobic jar.

The most common microbial isolates from the amniotic
cavity from women with preterm labour and intact
membranes are U. urealyticum, Fusobacterium sp. and
M. hominis [192,194,195]. Of patients with microbial
invasion §0% have more than one microorganism
isolated from the amniotic cavity. The inoculum size
varies considerably and in 71% of the cases more than
10° colony-forming units (cfu)/ml are found {163]. It
is noteworthy that the most common microorganisms
responsible for neonatal sepsis are not frequently
isolated from the amniotic fluid. The role of Chlamydia
trachomatis as an intrauterine pathogen has not been
clearly elucidated. This microorganism is an important
cause of cervicitis and has been recently isolated from
the amniotic fluid [196,197]. A case of congenital
pneumonia caused by C. trachomatis suggests that this
microorganism may be capable of causing ascending
intra-amniotic infection [196]. The uncertainty about
the role of C. trachomatis in the aetiology of microbial
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invasion and intrauterine infection may be related to
difficulties in isolating the microorganism from am-
niotic fluid with standard culture techniques. The use
of polymerase chain reaction to detect specific sequences
of this microorganism should help resolve this question

[198].

Rapid diagnosis of intra-amniotic infection

Although amniotic fluid culture is considered the gold
standard for the diagnosis of intra-amniotic infection,
the results take several days and are not immediately
available for clinical management decisions. This has
led investigators to search for alternative rapid methods
to detect MIAC. Currently, Gram stain, white blood
cell count and glucose concentration in the amniotic
fluid are the most widely used tests for the rapid
diagnosis of MIAC. Other tests, such as the acridine
orange stain [199,200], Limulus amoebocyte lysate assay
[201-204], gas-liquid chromatography of bacterial
products [205—-208] and evaluation of leucocyte esterase
activity {209—213], have also been proposed as rapid
diagnostic tests for the diagnosis of intra-amniotic
infection. However, either they are more difficult to
perform or they have a lower diagnostic accuracy
compared with the other tests mentioned above and
have been abandoned from clinical practice. Assessment
of the concentration of cytokines in the amniotic
fluid has recently emerged as a powerful indicator of
MIAC, amniocentesis-to-delivery interval and neonatal
complications in both preterm labour and PROM. These
tests are discussed in detail below.

AMNIOTIC FLUID GRAM STAIN

Gram stain is an inexpensive test available in every
medical institution. It is the most frequently used rapid
diagnostic test for detecting intra-amniotic infection.
The slide should be prepared with fluid obtained directly
from the syringe because swabs absorb both fluid and
cells, decreasing the likelihood of observing organisms
in a smear or culture. Although centrifugation of
amniotic fluid at low speed does not improve the
detection of bacteria with Gram stain [180], the use of
a cytocentrifuge increases the concentration of bacteria
in the sediment and probably improves the sensitivity
of the test [193].



Table 8.7 shows the accuracy of Gram stain as a
diagnostic tool to detect microbial invasion of the am-
niotic cavity according to 20 published reports [163~
167,169,170,172,178-182,184,185,188,190,191,214].
The overall sensitivity of the method was 48.5% (196/
404), the specificity 97.6% (1526/1563), the positive
predictive value 84.1% (196/233) and the negative
predictive value 88.0% (1526/1734). In one report,
the sensitivity increased from 44.8% to 80% with an
increase in the inoculum size to more than ro’cfu/ml
[178]. It is important to note that Mycoplasma organisms,
which are frequently isolated in the amniotic fluid of
patients in preterm labour with intact membranes or
PROM, are not visible with Gram stain. In spite of the
wide range of diagnostic accuracy indexes (see Table

Ammniocentesis

8.7), Gram stain continues to be the standard against
which other tests are compared [183].

AMNIOTIC FLUID WHITE BLOOD CELL COUNT

Neutrophils are not normally present in the amniotic
fluid of women who are not in labour. Their presence
in the amniotic fluid indicates the existence of an inflam-
matory reaction, usually caused by an intra-amniotic
infection.

In a study of 195 patients in preterm labour and intact
membranes who underwent amniocentesis for assessment
of the microbiological status of the amniotic cavity, a
white blood cell count >s0/mm? had a sensitivity of
80% (20/25) and a specificity of 87.6% (149/170) to

Table 8.7 Sensitivity, specificity, positive predictive value and negative predictive value of Gram stain in detecting microbial
invasion of the amniotic cavity in patients with preterm labour and intact membranes and patients with premature rupture of

membranes.

No. Positive Negative

of Sensitivity Specificity predictive predictive
Reference Year patients (%) (%) value (%) value (%)
Garite et al. [185] 1979 30 55.6 100.0 100.0 84.0
Miller et al. [169] 1980 37 84.6 87.5 78.6 9T1.3
Bobitt et al. [170] 1981 31 75.0 100.0 100.0 92.0
Garite & Freeman [164] 1984 86 70.0 97.0 87.5 91.4
Cotton et al. [165] 1984 41 83.3 97.1 83.3 97.1
Zlatnik et al. [214] 1984 29 25.0 95.2 66.7 76.7
Hammed et al. [172] 1984 37 50.0 100.0 100.0 94.2
Broekhuizen et al. [186] 1985 53 60.0 94.7 81.8 85.7
Feinstein et al. [188] 1986 50 75.0 92.1 75.0 92.1
Duff & Kopelman [166] 1987 18 0.0 100.0 0.0 94.4
Romero et al. [178] 1988 114 44.8 97.7 86.7 83.8
Skoll et al. [167] 1989 127 28.6 95.8 28.6 95.8
Romero et al. [163] 1989 264 79.2 99.6 95.0 98.0
Romero et al. [179] 1990 168 65.2 99.3 93.7 94.7
Gauthier et al. [180] 1991 204 29.9 97.8 87.0 74.0
Romero et al. [181] 1991 19§ 48.0 98.8 85.7 92.8
Coultrip & Grossman [182] 1992 136 84.6 93.8 65.0 90.5
Gauthier & Meyer [190] 1992 117 39.0 97.0 92.0 63.0
Romero et al. [184] 1993 120 63.6 99.8 87.5 96.4
Romero et al. [191] 1993 110 23.8 98.5 90.9 67.8
Total 1967 48.5 97.6 84.1 88.0

(196/404) (1526/1563) (196/233) (1526/1734)

* The criteria for the diagnosis of intra-amniotic infection in this study included both a positive amniotic fluid culture and a
placental pathological condition that revealed polymorphonuclear leucocytes that extended through the fetal membranes and/

or the umbilical cord.
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detect those patients with a positive amniotic fluid
culture [181]. Although the sensitivity was higher than
Gram stain (80% vs. 48%, P < 0.05), the trade-off was
a lower specificity (87.6% vs. 98.8%, P < o0.05) and
thus a high false-positive rate (12.4%). An important
observation of this study was that 88% (15/17) of all
patients with an amniotic fluid white blood cell count
>so/mm? and 66.3% (10/13) of patients with histo-
logical evidence of chorioamnionitis but a negative
amniotic fluid culture had a spontaneous preterm
delivery. Therefore, independently of the culture result,
an elevated amniotic fluid white blood cell count
identified a subset of patients at risk for failure to
respond to tocolysis and impending preterm delivery.
Possible explanations for this include microbiological
invasion of the amniotic cavity undetected by the
microbiological techniques employed in the study or
neutrophil recruitment into the amniotic cavity driven
by a non-infectious process. In spite of the high sensitivity
of the test, its high false-positive rate may result in the
withholding of tocolysis for fetuses who would benefit
from the therapy. The visualization of white blood cells
in conjunction with bacteria in a Gram stain reduces
the possibility that a stain is false-positive because of
contamination.

GLUCOSE CONCENTRATION IN THE
AMNIOTIC FLUID

Glucose determination is a rapid inexpensive test that
does not require sophisticated interpretation by trained
personnel and has been extensively used to diagnose
infection in other body fluids (i.e. cerebrospinal fluid,
pleural fluid and synovial fluid) [215,216]. Amniotic fluid
glucose concentration is significantly lower in patients
with intra-amniotic infection (identified by a positive
amniotic fluid culture or clinical signs of infection) and
in patients with PROM who develop clinical infection
[182]. The mechanism involved in the decrease of
amniotic fluid glucose concentration during infection
is unclear but probably involves glucose metabolism by
both microorganisms and polymorphonuclear leucocytes
[182].

In a study of 168 patients with preterm labour and
intact membranes we were able to demonstrate that
patients with a positive amniotic fluid culture for micro-
organisms had significantly lower median amniotic fluid

8o

glucose concentrations than patients with negative
amniotic fluid cultures (median 11 mg/dl, range 2-30
vs. median 28 mg/dl, range 3-74; P < 0.001) [179]. An
amniotic fluid glucose concentration below 14 mg/dl had
a sensitivity of 86.9% (20/23), a specificity of 91.7%
(133/145), a positive predictive value of 62.5% (20/
32) and a negative predictive value of 97.8% (133/136)
for the detection of a positive amniotic fluid culture.
Of interest, 75% (9/12) of the patients with a low
amniotic fluid glucose concentration and a negative
amniotic fluid culture delivered prematurely despite
intravenous tocolysis and 85.7% (6/7) of the placentas
examined in this group had histological evidence of
inflammatory lesions in the placenta.

These results were independently confirmed by other
investigators, although using different cut-off levels
[180,182,217]. The efficacy of amniotic fluid glucose
concentration in diagnosing intra-amniotic infection is
displayed in Table 8.8. As in the case of white blood
cell count, the false-positive rates with amniotic fluid
glucose concentration were high. Again, the seriousness
of a false-positive result is dependent on the action
taken after an abnormal test result. If the course of
action is to perform a Gram stain of the amniotic fluid,
then a false-positive result is not clinically problematic.
However, if the course of action is to deliver a preterm
neonate that is believed to be infected, then there is the
potential for serious consequences [180].

AMNIOTIC FLUID MACROPHAGE-DERIVED
CYTOKINES

A growing body of evidence indicates that preterm
parturition in the setting of infection is associated
with dramatic alterations in the amniotic fluid con-
centration of several cytokines. These cytokines are
produced during the course of macrophage activation
by microbial products and include interleukin (IL)-1
[218,219], tumour necrosis factor (TNF) [220,221],
IL-6 [168,184,191,222] and IL-8 [223,224].

IL-6 has been studied as a rapid test for the
detection of microbial invasion of the amniotic cavity
[168,184,191,222]. In a group of 146 patients with
preterm labour and intact membranes, patients with a
positive amniotic fluid culture had a significantly higher
median amniotic fluid IL-6 concentration than patients
with a negative culture (median 91.2ng/ml, range 0.9~
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Table 8.8 Sensitivity, specificity, positive predictive value and negative predictive value of amniotic fluid glucose
concentrations in predicting microbial invasion of the amniotic cavity as assessed by positive amniotic fluid culture.

No. of Cut-off level Sensitivity*  Specificity* Positive predictive  Negative predictive
Reference patients (mg/dL) (%) (%) value* (%) value* (%)
Romero et al. [179] 168 <14 86.9 (20/23) 91.7 (133/145) 62.5 (20/32) 97.8 (133/136)
Gauthier et al. [180] 204 <16 79 (53/67) 94.2 (129/137) 86.9 (53/61) 90.2 (129/143)
Kirshon et al. [217] 39 <10 75 (9/12) 100 (27/27) 100 (9/9) 90 (27/30)
Coultrip & Grossman [182] 107 <10 85 90 57 97
Coultrip & Grossman [182] 107 <1y 92 75 36 98
Coultrip & Grossman [182] 29 <10 85 90 57 97
Coultrip & Grossman [182] 29 <15 92 75 36 98
Romero et al. [184]1 120 <14 81.82 (9/11) 81.65 (89/109) 53.85 (7/13) 96.26 (103/107)
Romero et al. [191]% 110 <14 71.4 (30/42)  §51.5(35/68) 47.6 (30/63) 74.5 (35/47)
Romero et al. [191]% T10 <10 57.1 (24/42)  73.5 (50/68) 57.1 (24/42) 73.5 (50/68)

* Figures in parentheses refer to actual numbers of samples.

1 All patients enrolled were in preterm labour with intact membranes.

f All patients enrolled had premature rupture of the membranes.

437 vs. median 0.4 ng/ml, range <0.3-195; P < 0.0001)
[222]. A cut-off level of 211.3ng/ml had a sensitivity
of 93.3% (14/15), specificity of 91.6% (120/131),
positive predictive value of §6.0% (14/25) and negative
predictive value of 99.1% (120/12.1) in the detection of
MIAC. The sensitivity of amniotic fluid IL-6 deter-
minations was higher than the amniotic fluid Gram stain
but the difference did not reach statistical significance
(93.3% [14/15] vs. 73.3% [11/15], P = 0.33). Also, a
shorter amniocentesis-to-delivery interval was observed
in patients with high amniotic fluid IL-6 concentrations.
Finally, amniotic fluid IL-6 concentrations were found
to be significantly higher among pregnancies ending
in neonatal death compared with those with surviving
neonates (median 19.7 ng/ml, range <0.3—437 vs. median
0.4 ng/ml, range <0.3-280; P < 0.005). Therefore, IL-6
has been proposed as a sensitive indicator of microbial
invasion of the amniotic cavity, amniocentesis-to-delivery
interval and neonatal complications in both preterm
labour and PROM.

The diagnostic performance of amniotic fluid IL-6 in
detecting microbial invasion of the amniotic cavity was
compared to the amniotic fluid glucose concentration,
white blood cell count and Gram stain in patients with
preterm labour and intact membranes [184] and patients
with PROM [r91]. Figure 8.5 shows the receiver—
operator characteristic (ROC) curves for amniotic fluid
white blood cell count = 50/mm?, glucose <14 mg/dl,

IL-6 211.3ng/ml and Gram stain in the detection of
a positive amniotic fluid culture in patients with preterm
labour and intact membranes. IL-6 was the most sensitive
test for the detection of MIAC (100%), followed by
glucose concentration (81.8%), white blood cell count
(63.6%) and Gram stain (63.6%). The most specific
test was Gram stain (99.1%), followed by white blood
cell count (94.5%), IL-6 (82.6%) and glucose (81.6%).
However, among the four tests evaluated, only IL-6
had a significant relationship with the amniocentesis-
to-delivery interval and the development of neonatal
complications as described above.

Figure 8.6 shows the ROC curves for amniotic fluid
Gram stain, white blood cell count > 5o/mm?, glucose
concentration <14mg/dl and IL-6 >7.9ng/ml in the
detection of a positive amniotic fluid culture in patients
with preterm PROM. Once again, IL-6 was the most
sensitive test for the detection of microbial invasion of
the amniotic cavity (80.9%), followed by white blood
cell count (57.1%), glucose concentration (57.1%) and
Gram stain (23.8%). The most specific test for the
detection of microbial invasion of the amniotic cavity
was Gram stain (98.5%) followed by white blood cell
count (77.9%), IL-6 (75%) and glucose concentration
(73.5%). IL-6 was the only test that had significant
clinical value in the prediction of amniocentesis-to-
delivery interval and neonatal complications in this
series.
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Fig. 8.5 Receiver—operator
characteristic curves for amniotic
fluid white blood cell count, glucose
and IL-6 in the detection of a
positive amniotic fluid culture in
patients with preterm labour with
intact membranes. Area under the
curve: for amniotic fluid white
blood cell count 0.846, SE 0.065,
P < 0.000001; for amniotic fluid
glucose concentration 0.873, SE
0.054, P < 0.000001; and for
amniotic fluid IL-6 concentration
0.927, SE 0.024, P < 0.000001.
(From Romero et al. [184] with
permission.)

Fig. 8.6 Receiver~operator
characteristic curves for amniotic
fluid white blood cell count, glucose
and IL-6 in the detection of a
positive amniotic fluid culture in
patients with preterm premature
rupture of membranes. Area under
the curve: for amniotic fluid white
blood cell count o.70, SE .05,

P < 0.000005; for amniotic fluid
glucose concentration 0.68, SE
0.0§, P < 0.000005; and for
amniotic fluid IL-6 concentration
0.80, SE 0.05, P < 0.000001. (From
Romero et al. [191] with
permission.)



Although, at the present time, the concentration
of IL-6 in the amniotic fluid is the rapid test with the
best diagnostic performance, Gram stain is currently

the

only rapid test upon which clinical decisions can

be made while waiting for culture results. Whether
administration of antibiotics to patients with a high
index of suspicion for microbial invasion of the amniotic
cavity would prolong the interval from amniocentesis
to delivery is a question that awaits further evaluation.
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Chapter 9/Ultrasound-guided fetal blood sampling

JOAQUIN SANTOLAYA-FORGAS, DANIEL GAUTHIER,
JEAN-ALAIN BOURNAZEAU and DIDIER LEMERY

Throughout this book it is demonstrated that ultrasound
is a principal diagnostic tool in the medical field of
obstetrics and gynaecology. Also, by using ultrasound-
guided procedures relatively safe diagnostic and surgical
interventions can be performed. Within this field, fetal
blood sampling has become important because it has
expanded the spectrum of fetal diseases that can be
diagnosed prenatally: it allows prenatal comparison of
haematological determinations obtained from undis-
turbed appropriate-for-gestational age and metabolically
normal fetuses and those obtained from fetuses affected
with specific ultrasonographically determined patho-
logical conditions. Access to the fetal circulation has
also permitted the prenatal treatment of some of these
fetal diseases and determination of the accuracy of
non-invasive prenatal tests to diagnose fetal acidaemia.
In this chapter we briefly review the history, indi-
cations, technical modalities and methods of monitoring
the complications and failure rate of percutaneous
ultrasound-guided fetal blood sampling techniques. We
use the database of the fetal medicine unit in Clermont-
Ferrand as well as published reports. At the fetal
medicine unit in Clermont-Ferrand, 1000 percutaneous
ultrasound-guided fetal blood sampling procedures
were performed from 1984 to 1992 in 802 fetuses of
~79 mothers (eight sets of twins and seven successive
pregnancies). Mean gestational age at sampling was 2.8.5
weeks (SD 4.6, range 16—39). Chromosomal analysis
(57.9%), prenatal diagnosis of congenital infection
(25.2%) and maternal alloimmunization (12.5%)
accounted for the majority of the indications in this
series (D. Lémery, unpublished data). In addition, in
this chapter we comment on alternative diagnostic
techniques that have recently been developed and
that are making an impact on the indications for
percutaneous ultrasound-guided fetal blood sampling.

Historical review of percutaneous
fetal blood sampling

Fetal blood sampling procedures were initially described
in 1973, although fetoscopy made possible the with-
drawal of pure fetal blood only in 1978 [1,2]. Fetoscopy
was indicated for the diagnosis of haemoglobinopathies,
coagulopathies and white cell disorders. It was per-
formed using a 1.7-mm diameter endoscope that had
a poor field of view and was associated with a 5-7%
rate of pregnancy wastage. In 1982, the sharper axial
and lateral resolution of ultrasound equipment made
possible the catheterization of the fetal left ventricle
and the intra-abdominal part of the umbilical vein
through an ultrasound-guided trocar [3]. In 1983,
Daffos et al. [4] described the technique of ultrasound-
guided percutaneous umbilical blood sampling (PUBS
or cordocentesis) using a 20-gauge needle and this led
to a new era in the field of fetal medicine. Intracardiac
fetal blood sampling and blood transfusions are no
longer considered as initial approaches to the fetal
circulation due to their unacceptably high mortality and
the damage that may be caused to the cardiac valves
and coronary arteries [5]. However, the intracardiac
approach should be considered in desperate situations
in which intrauterine fetal resuscitation may be required.

Indications for PUBS

Chromosomal analysis and detection of
Mendelian genetic diseases

Both amniocentesis and chorionic villous sampling
(CVS) may not allow a karyotype report until 7-14
days after tissue sampling. A rapid karyotype result,
available within 48-72 hours after sampling, may be
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provided from fetal lymphocytes obtained by PUBS.
PUBS may be indicated in order to provide quick
genetic information to patients referred for evaluation
of fetal malformations or to confirm or refute mosaicism
seen after CVS or amniocentesis. This may be par-
ticularly important near the gestational age where
elective pregnancy termination is no longer an option.
Approximately one of four fetuses in which mosaicism
is detected on CVS has two cell lines on their white
blood cells. Confirmation of mosaicism confined to
the extraembryonic tissue is therefore important for
counselling patients with regard to the significance
of the CVS result [6]. Fetal blood sampling may
also be indicated later in pregnancy, in situations in
which a clinical decision must be made with regard to
the time and mode of delivery of a severely growth-
retarded or malformed fetus. In a study of 936 fetuses
with structural anomalies, the overall incidence of
chromosomal aberrations was reported to be 12.1%
if the anomaly was isolated and 29.2% in cases with
multiple anomalies [7]. Trisomies 21, 18 and 13,
monosomy X and triploidy accounted for 84% of all
chromosomal abnormalities. In this same study, the
prevalence of structural chromosomal abnormalities
in 108 patients with isolated fetal growth restriction
was 6.7%. This increased to 27% if growth restriction
was accompanied by polyhydramnios, 31.5% when
associated with structural anomalies, and 47% if
associated with both polyhydramnios and congenital
anomalies. Once again, the most frequent anomalies
were trisomies 2r, 18 and 13 and triploidy. Similar
results have been reported by other authors and have
been summarized elsewhere [8]. Knowledge of the
fetal karyotype may alter management decisions, both
intrapartum and throughout the neonatal period, since
the majority of the associated chromosomal abnor-
malities in viable growth-restricted or malformed fetuses
are semi-lethal or carry with them a significant burden
to the newborn, family and society.

At the University of Illinois at Chicago, in addition
to PUBS we offer patients confronted with these clinical
situations an amniocentesis and fluorescence in situ
hybridization (FISH) for evaluation of the number of
chromosomes 21, 18, 13, X and Y. The chromosomal
abnormality rate has been 31.8% (7/22 fetuses with
structural anomalies). We are finding that the acceptance
rate, both for patients and referring physicians, of
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this alternative diagnostic technique is progressively
increasing, the reasons being that the results can be
provided within a similar time range as PUBS, the test
is less expensive and the technical complication rate is
significantly lower (J. Santolaya-Forgas, unpublished
data).

Inherited haematological disorders, such as haemo-
globinopathies, coagulopathies and certain congenital
immunodeficiencies, can be diagnosed by analysing
DNA obtained from chorionic villi or amniocytes [9].
Direct fetal haematological studies may still be the
technique of choice for those haematological disorders
in which DNA studies on family members are not
available or are non-informative. For example, the
severe combined immunodeficiency (SCID) syndrome
includes a wide range of disorders that can have
autosomal recessive or X-linked inheritance. Prenatal
diagnosis relies on:

1 enzymatic activity in CVS cells to diagnose those
autosomal recessive disorders where there is deficient
enzymatic activity [1o];

2 nitroblue tetrazolium dye reduction test using fetal
neutrophils for the diagnosis of chronic granulomatous
disease [11]; and

3 counting specific fetal lymphocyte subpopulations
and functional assays for the majority of the remaining
disorders [12].

Deficiency of factors V, VII and XIII are associated with
a risk of intrauterine or early postnatal haemorrhage.
Normal values for the activity of these coagulation
factors provide the framework for prenatal diagnosis

[13,14].

Diagnosis of congenital viral and parasitic infections

Infections occur in 5~1 5% of pregnancies and structural
damage as a consequence of congenital infection may
occur in up to 1-2% of exposed fetuses. Most non-
bacterial infections are diagnosed either by isolating the
infectious organism or by documenting seroconversion
with acquisition of specific antibodies suggestive of
recent infection. Intrauterine viral infections usually
have more severe consequences when they occur early
in gestation and at the time of organogenesis. A study
of 103 pregnant women with evidence of rubella infection
has shown intrauterine infection rates of 1o, 11.8, 2.9
and 6.5% after maternal infection at 1-1o, 11-14,



15-19 and 20-29 weeks gestation respectively [15].
Therefore, the risk of congenital viral infection in
seropositive pregnant women is relatively low and
dependent on gestational age. However, once a viral
infection is established little can be done to alter its
clinical course and this may be significant. During
the second and third trimester, the major concern
is disruption of the normal development of the
neurological system. Currently, one exception to the
lack of opportunity to alter the course of a viral infection
is infection with human parvovirus Brg, which causes
a transitory aplastic crisis that may lead to fetal anaemia,
myocarditis, hepatic fibrosis, fetal hydrops and intra-
uterine demise. Although spontaneous resolution of
non-immune hydrops caused by parvovirus has been
observed, fetal blood transfusions can be used to support
the fetus during the aplastic crisis [8,16].

Antimicrobial therapy is beneficial in some parasitic
diseases. Congenital infection will occur in 5% of
pregnancies exposed to Toxoplasma gondii and prenatal
diagnosis of this infection is possible. Furthermore, if
the fetus is infected treatment with pyrimethamine and
sulphadiazine has been shown to reduce the incidence
of the severe sequelae of the disorder [17].

Direct isolation of organisms from fetal blood or
amniotic fluid is still used to diagnose congenital
infection. Until recently, indirect ultrasonographic
markers were followed throughout pregnancy in an
attempt to assess the severity of congenital infections.
These indirect markers included growth restriction,
cerebral calcifications, hydrocephaly, microcephaly,
limb hypoplasia and cardiac defects. Beyond the 20th
week of pregnancy, evidence of fetal infection may be
supported by quicker but also indirect methods such as
the presence of specific IgM antibodies in fetal blood,
changes in fetal blood cell count (e.g. thrombocytopenia,
erythroblastosis, leucocytosis and eosinophilia) or
elevated serum levels of lactic dehydrogenase, y-glutamyl
transferase or interferon [8,17—21]. For example, the
combination of these tests can identify 92.% of cases of
congenital toxoplasmosis. Currently, and in the future,
the diagnosis of fetal exposure to an organism will rely
on molecular techniques because they are faster and
more sensitive. Polymerase chain reaction studies on
amniotic fluid have been shown to be highly reliable in
detecting certain antenatal viral (e.g. cytomegalovirus,
parvovirus) and parasitic (e.g. T. gondii) infections
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[22,23]. Using hybridization, rubella virus-specific
antigens and RNA sequences have also been detected
in CVS material [24,25]. However, the rate of false-
positives and of actual clinical fetal infection after
exposure has not yet been determined. Thus in the
diagnosis of fetal infection PUBS is used to assess the
severity of fetal involvement, which is important for
counselling the patient with regard to the prognosis.

Red blood cell alloimmunization

In Rh(D) alloimmunized mothers, fetal red blood cell
D antigenic status can be determined very early in
pregnancy by DNA analysis of amniocytes. When
amniocentesis is performed for this purpose care should
be taken to avoid the placenta since this would greatly
increase the risk of fetomaternal haemorrhage, which
is known to aggravate the disease process [26-28].
Knowledge of fetal antigenic status before any indirect
signs of fetal haemolysis are present allows the
preparation of a strategy for clinical management
based on the particular obstetrical history and changes
of maternal indirect Coombs’ titre. At the University of
Illinois we perform amniocentesis for determination of
Rh(D) status from the 14th week of gestation and offer
PUBS for complex alloimmunizations or in the presence
of any of the reported indirect signs of fetal haemolysis,
since fetal anaemia is the ultimate test of which fetus
requires treatment [29] (see Chapters 7 & 9).

Evaluation for fetal thrombocytopenia

Amegakaryocytic thrombocytopenia [30], thrombo-
cytopenia with absent radii (TAR syndrome) [31] and
Wiskott—Aldrich syndrome have all been diagnosed
using PUBS. Prior to the onset of labour PUBS may
also be offered to patients with a positive antiplatelet
antibody test and idiopathic thrombocytopenia with
normal Ivy bleeding time. Knowledge of the fetal
platelet count in this condition may be useful in
determining the optimal route of delivery: elective
Caesarean section has been recommended for fetuses
with a platelet count <soooo/mm® [32]. However,
this management plan is not accepted by all authors
because the probability of the fetus being severely
thrombocytopenic (< 50 0oo/mm?) is only about 10%,
and also because there is a risk of fetal exsanguination
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during PUBS if the fetus happens to be severely affected.
The latter situation would certainly lead to either
pregnancy loss or an emergency, instead of elective,
Caesarean delivery with a higher risk of traumatic
haemorrhage [33,34]. PUBS should always be used to
assess fetal platelet antigenic status and count in those
cases in which the mother is alloimmunized to fetal
platelet antigens. Usually, the mother is PLA1 antigen
negative and HLA-B8,DR3 positive with the father
being PLAT1 positive [35]. If the fetus is PLA1 positive
there is a high risk for fetal thrombocytopenia, with
intracranial haemorrhage occurring in up to 10% of
cases during pregnancy.

Currently two management strategies have been
advocated for alloimmune thrombocytopenia.

1 Diagnostic PUBS is performed at 28 weeks’ gestation
and serial fetal platelet transfusions at approximately
weekly intervals until fetal maturity [36].

2 Diagnostic PUBS and platelet transfusion if necessary
at 20 weeks and weekly maternal intravenous y-globulin
administration (1 mg/kg) with or without prednisone.
In this plan a second PUBS is repeated at 24 weeks and
a third prior to delivery to assess fetal response to the
maternal treatment [37].

The controversy is due to the fact that thrombocyto-
penic fetuses are at higher risk of exsanguination from
the cord puncture and therefore the patient should be
aware of the increased risk of the procedure in these
circumstances.

Evaluation of non-immune hydrops

Ultrasonically, both immune and non-immune hydrops
fetalis are similar and characterized by extensive
accumulation of fluids in fetal tissues or body cavities,
reflecting a massive disturbance of fetal water balance.
Because the condition is multifactorial, clinical outcome
can be predicted only if the correct aetiology is identified
[16,38]. Most cases of non-immune fetal hydrops are
due to fetal abnormalities also detected by ultrasound.
However, PUBS can help in determining the overall fetal
status and its karyotype or possible infectious aetiology.
If some understanding of the pathogenic mechanism
involved in the development of hydrops is obtained,
individualized management plans for the hydropic fetus
may be implemented.
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Perinatal fetal assessment

Without a doubt PUBS has allowed a better under-
standing of the types and pathophysiology of intrauterine
growth retardation (IUGR). The value of non-invasive
testing for the evaluation of antenatal acidaemia and
fetal well-being has also been demonstrated.

In fetal life, different tissues of the body grow during
periods of rapid cell division. The timing of these
periods differs for different tissues. Fetal growth depends
on nutrients, hormones, growth factors and oxygen.
The main adaptation of the fetus to lack of these is
to slow the rate of cell division, especially in those
tissues undergoing rapid cell division.

Growth-restricted fetuses have higher serum erythro-
poietin concentrations than adequate-for-gestational age
fetuses [39], and can be hypoxaemic, hypercapnic, hyper-
lacticaemic and acidotic [40]. A significant correlation
has been demonstrated between fetal Po, and both
maternofetal gradient of glucose and fetal glucose
[41,42]). In hypoxaemic growth-restricted fetuses, this
suggests an intrinsic limitation of placental transfer over
the entire range of maternal glucose concentrations. Low
fetal insulin concentrations and blunted insulin response
to intravenous glucose loading has been described in
growth-restricted fetuses [43]. The hyperglucagonaemia
found in growth-restricted fetuses is probably due to
chronic activation of pancreatic A cells by long-term
hypoglycaemia since it is inversely correlated with
glucose, a finding not seen in normal fetuses [44].
Pregnancies complicated with ITUGR and hypoxaemia
also present a disturbance in both maternal and fetal
plasma amino acid profile. Fetal plasma concentration
and the fetomaternal ratio of essential amino acids
are decreased because of reduced umbilical uptake or
perhaps increased fetoplacental consumption, as sug-
gested by increased lactate production. In hypoxaemic
growth-restricted fetuses the ratio of non-essential to
essential amino acids is increased, suggesting intrauterine
starvation [45]. Blood cell membrane fluidity is lower
in control fetal cells than in adults and lower in TUGR
than control. The mechanism may involve a low chol-
esterol concentration and a low unsaturated/saturated
free fatty acid ratio in fetal blood cell membranes and
plasma, in part reflecting nutritional status [46].

Antepartum fetal heart rate monitoring can be per-
formed from the 20th week of pregnancy. Approximately



45% of hypoxaemic 20—26-week fetuses have tachy-
cardia, a baseline fetal heart rate variability of < 5 beats/
min and prolonged fetal heart rate decelerations. The
biophysical profile score significantly correlates with
prenatal acidaemia and we know that fetal heart rate
reactivity and fetal breathing movements are the first
biophysical activities to disappear in the presence of
acidaemia. Lack of fetal tone or gross body movements
may identify the most severely acidaemic fetuses [47].
In response to fetal hypoxaemia there is redistribution
of fetal blood flow, which may be reflected by decreased
urine production and oligohydramnios [48].

Not all ultrasonographically diagnosed growth-
restricted fetuses have abnormal umbilical artery blood
velocity waveforms. However, we know that IUGR
is a significant factor for increasing umbilical artery
Doppler indices, and that Doppler indices can predict
which of the growth-restricted fetuses are at higher risk
of perinatal distress and adverse outcome [49]. Doppler
evaluations can help in the identification of growth-
restricted fetuses with antepartum hypoxia, acidosis and
thrombocytopenia, and therefore those that need close
perinatal surveillance [50-53].

Despite all this information, there is no available
evidence demonstrating that the biochemical identi-
fication of the acidotic fetus by cordocentesis reduces
the perinatal mortality and/or morbidity of these growth-
restricted fetuses. The decision to deliver such a fetus
is still based on protocols that depend on gestational
age, fetal weight and non-invasive evaluations of fetal
well-being.

Recently, the role of PUBS in the diagnosis of fetal
infection in patients with preterm premature rupture
of membranes has been investigated and in the majority
of cases with positive fetal blood and/or amniotic
fluid cultures there is fetal leucocytosis, which indicates
active fetal infection that could perhaps be treated with
antibiotics [54].

Evaluation and treatment of
twin-to-twin transfusion syndrome and
twin-reversed arterial perfusion sequence

When severe discordant fetal growth with abnormal
amounts of amniotic fluid are detected too early in a
multiple pregnancy to allow a safe delivery, the survival
is poor [55~57]. Evaluation of discordant growth in
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multiple pregnancies is reviewed in Chapter 14; however,
the authors have reported that when ultrasound and
Doppler cannot determine the presence of blood
shunting within a monochorionic placenta, a single PUBS
determination of serum erythropoietin concentration in
the large co-twin may be sufficient to allow the dif-
ferentiation of discordant twins with placental vascular
communications and those with growth discordance due
to other causes [58]. Expectant management, amniore-
duction, selective feticide and laser ablation of superficial
placental vessels in cases with classical signs of twin-to-
twin transfusion syndrome are very controversial and
selection of the option will depend on gestational age,
degree of polyhydramnios, fetal health status and
location of the placenta [59].

Twin-reversed perfusion syndrome is a rare anomaly
developing during the early stages of pregnancy, with a
perinatal mortality in the normal twin as high as 55%
[60]. Once again management options are currently
controversial, ranging from expectant management to
obliteration of the umbilical artery or removal of the
acardiac fetus [61].

Technical modalities of PUBS

PUBS is usually performed from the 18th week of
pregnancy. PUBS should be performed in referral centres
experienced with the technique and in a room prepared
for ultrasound-guided interventional procedures. In
patients with a viable fetus, the authors perform PUBS
in an area with access to an operating room so that a
rapid caesarean delivery can be accomplished if fetal
distress necessitating delivery occurs. The physician
performing the PUBS should (i) be familiar with the
patient and her medical history; (ii) have previously
performed an ultrasound examination of the patient;
(iii) have determined the appropriate diagnostic tests
to be performed; and (iv) have counselled the patient
on the risks and benefits of PUBS. The ultrasound
equipment may vary from centre to centre, although
both §-MHz and 3.5-MHz probes should be available
and used according to the characteristics of the patient
to allow the optimal visualization of the sampling target.
We prefer curvilinear transducers because of their
manoeuvrability. Selection of the sampling site basically
depends on optimal target visualization, which in turn
depends on the patient’s body habitus, placental
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location, fetal position and amniotic fluid volume. PUBS
can be performed where the umbilical vein inserts in
the placenta, at the intrahepatic portion of the umbilical
vein, or in a free loop of umbilical cord. If the placenta
is anterior or lateral and the cord insertion is clearly
seen and accessible, we prefer sampling the umbilical
vein at its placental insertion (Fig. 9.1). If the cord
insertion into the placenta is not well seen, operator
preference will determine if the alternative target will
be the intrahepatic portion of the umbilical vein or a
free loop of umbilical cord. At the University of Illinois
at Chicago, we use the intrahepatic portion of the
umbilical vein because it has the advantages of ensuring

a pure fetal blood sample without additional testing,
and because in the case of haemorrhage this will occur
intraperitoneally and therefore will behave as an
autologous transfusion. The intrahepatic portion of the
umbilical vein may be used electively in multiple
pregnancies to avoid confusion with regard to the origin
of the sample [62]. The success rate of sampling the
intrahepatic portion of the umbilical vein has been
reported to be 91% [63]. On the other hand, while
traditional thinking has been that there are many
difficulties in sampling a loop of cord, this has not been
the experience at the University of Clermont-Ferrand.
In our series of 1000 cases, PUBS was performed in a

(a)
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(b)

Fig. 9.1 (a) Anterior placenta, direct access into the
umbilical root. (b) Posterior placenta, access to the cord
insertion. (c) Free loop puncture.



Fig. 9.2 Puncture sites used at the Maternal Fetal Medicine
Division, Clermont-Ferrand. 1, Anterior placenta, direct
transplacental access to the insertion; 2, anterior placenta,
transplacentoamniotic access to the insertion; 3, posterior
placenta, access to the insertion; 4, any placental location,
free loop access; §, any placental location, immobilization of
a loop.

free loop of cord in 38% of cases, with a failure rate
similar to that of the direct anterior approach. To
achieve good results the cord must be immobilized
between the bevel of the needle and any fetal part,
placenta or uterine wall (Fig. 9.2).

Different types of needle guides fixed to the transducers
can be used and are optional [64]. Needle guides provide
easier access to the sampling site according to some
authors [65]; however, others feel that this is true only
if the sampling site remains fixed, ideally when PUBS is
done through the placenta [66]. In conditions where
the target is not fixed, or a transamniotic approach
to the cord root is attempted, fetal movements may
dislodge the needle. A free-hand technique has the
advantage of providing greater flexibility to move the
needle and keep the needle path within the ultrasound
beam, allowing reinsertion or correction of the path.
Also, we prefer the free-hand technique because it allows

Fetal blood sampling

the operator to move the transducer independently from
the needle and therefore monitor the fetal heart during
the procedure. Another advantage with the free-hand
technique is that the ultrasound probe may be held by
a second operator. Of course, this technique works best
if the team has experience in working together with
ultrasonographic-guided procedures. If not, the single-
operator technique is preferable, since perception of
three dimensions and coordination of adjustment will
be better. If fetal blood sampling ultrasound guidance
are performed by the same operator, a trained assistant
should aspirate the blood. The two-operator technique
may be preferred when PUBS is foreseen to be difficult
or for more prolonged procedures such as intrauterine
transfusions.

The fetus can be temporarily immobilized by intramus-
cular or intravenous injection of curare or pancuronium
[67,68]. If the fetus is very active, we prefer the intra-
vascular route since it avoids an additional needle
insertion. However, this may not always be possible
given the position of the fetus and placenta.

For PUBS, the patient should be placed on the
examination table in the wedge supine position under
no or mild (diazepam) sedation. We do not routinely
give prophylactic antibiotics for an anticipated short
diagnostic procedure but consider a broad-spectrum
antibiotic, such as a second- or third-generation
cephalosporin, when a more prolonged procedure is
expected. A careful ultrasonographic examination is
then performed to confirm the ideal sampling site. The
authors would like to stress the importance of this
step: taking adequate time to ensure that the target is
optimally visualized will usually simplify the procedure
greatly and reduce its risk. Colour Doppler may aid in
accurately visualizing the cord insertion into the placenta
or intrahepatic portion of the umbilical vein and in
differentiating the umbilical arteries and vein. Once the
operator has determined the target, entrance site and
needle path, the maternal abdomen is cleansed with a
povidone iodine solution in the same manner as for a
laparotomy. A sterile field is prepared and the ultrasound
transducer inserted in a sterile plastic sheath. A local
anaesthetic may be administered in the selected site
for puncture and a small skin incision may be made
at the entrance site with a scalpel. Finally, the needle
is advanced under continuous ultrasound guidance to
the selected target. Most PUBS can be done using a
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20- or 22-gauge spinal needle (8.89 cm long). In cases
complicated by maternal obesity or polyhydramnios, a
longer 20-gauge needle may be needed.

At the time of fetal blood sampling, the venous or
arterial origin of the blood can be determined by
the direction of the turbulence that is generated after a
small infusion of saline. The umbilical vein should be
the sampling site, thus avoiding the risk of arterial
vasospasm; 2~5ml of fetal blood are then aspirated
using dry or heparinized disposable 1-ml syringes,
depending on the tests to be performed. If fetal blood
sampling is performed at the placental cord insertion
or in a free loop of cord, the fetal origin of the sample
must be immediately assessed by evaluating the mean
corpuscular volume (MCV) of the fetal sample and
comparing this with the MCV of a previously obtained
maternal blood sample [69]. Contaminated fetomaternal
blood cannot be used for genetic or other diagnostic
purposes and dilution with amniotic fluid will clearly
alter some of the fetal haematological parameters.
Therefore, depending on the indication, determination
of white blood cell differential, blood and Rh grouping,
anti-I and anti-i antigen, Kleihauer-Betke test, con-
centration of B-human chorionic gonadotrophin, factors
IX and VIIC, and a-fetoprotein levels in maternal and
fetal blood may be necessary [8,70]. Sampling from the
intrahepatic portion of the umbilical vein avoids the
necessity of checking the origin of the sample. Once the
purity of the fetal blood sample has been established,
the blood should be immediately placed in the appropriate
microcontainers for diagnostic and perhaps storage
purposes.

Monitoring complications and
failure rate of PUBS

It is important to obtain a diagnosis when fetal blood
sampling is indicated but it is also important for
physicians to evaluate their technical success. An attempt
of PUBS should be defined as a single transuterine
needle insertion. For technical evaluation, the failure
rate should be defined with regard to each attempt
rather than with regard to each fetus. Success rate at
the first attempt in the rooo cases presented in the
Clermont-Ferrand series (1986-92) was 92.5%. Only
two cases were complete failures after two PUBS sessions.
Failure includes the inability to obtain fetal blood or
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the aspiration of contaminated blood. In 6.7% of
the cases performed for rapid karyotyping, there was
failure of lymphocyte culture requiring a repeat PUBS
or amniocentesis. The PUBS procedure lasted < 5min
in 74% of cases, and > 20 min in only six cases (0.76%).
Interestingly, the mean duration of PUBS in patients with
subsequent preterm premature rupture of membranes
was 17min while in those cases in which pregnancy
continued normally it was 4.8 min (P < 0.001). The 1991
North American PUBS registry [71], which contained
data from 7462 diagnostic procedures performed on
602.3 patients, reported a mean rate of PUBS failure of
5.7% (range per centre 2—9.4%). The procedure is more
difficult early in pregnancy. Boulot et al. [72] have
reported a 50% failure rate before 20 weeks, which
decreases to 9% after 30 weeks. A failure rate per attempt
below 10% may therefore be acceptable depending
on maternal characteristics, gestational age at sampling
and indications. As reported by others, we feel that
experience is one of the main parameters of success,
helping to shorten the procedure and to decrease the
risks to the pregnancy. In the Clermont-Ferrand series,
and analysing data from a single operator, pregnancy
loss rate and preterm premature rupture of membranes
occurred in 8% and 5% of cases during the first Too
procedures and in 1.5% and 1% of cases during the
subsequent 333 procedures (P < o.01 for both parameters
analysed). In case of PUBS failure, the patient should
be offered a repeat PUBS attempt within the next
2~7 days depending on gestational age and indication.
We would recommend avoidance of immediate serial
needling insertions because they may be associated with
a higher risk to the pregnancy.

The procedure-related risk of fetal death after PUBS
has been estimated at 2% [73]. In the Clermont-Ferrand
series, the overall fetal loss rate was 4.34% (range
1.43-9.3% depending on indication: 1.7% for the
combination of genetic/infection; 6.2% in IUGR and
9.3 % in hydropic fetuses). Elective termination of preg-
nancy occurred in 15.5% of the cases referred for
prenatal diagnosis. The North American PUBS registry
reported in 1991 an overall pregnancy loss rate of
1.13% per procedure (range of losses in participating
centres 1-6.7%). Maxwell et al. [74] in 1991, also
reported that pregnancy loss related to fetal blood
sampling differed depending on the indication: (i) prenatal
diagnosis in fetuses with normal ultrasound findings,



1%; (ii) prenatal diagnosis in fetuses with structural
abnormalities, 7%; (iii) fetal metabolic status assess-
ment, 14%; and (iv) fetuses with non-immune hydrops,
25%. The presumed causes of pregnancy losses following
PUBS are chorioamnionitis, premature rupture of mem-
branes, fetal exsanguination, severe bradycardia and
thrombosis. Indeed, fetal blood sampling has been
associated with risks of fetal bradycardia, amnionitis,
premature onset of labour, acute or subacute fetal distress
or death due to haematoma of the cord producing
tamponade, fetomaternal haemorrhage, abruptio, air
embolism and exsanguination into the amniotic cavity
[75-80]. Once again, strict asepsis and duration of
the procedure are dependent on the experience of the
operator and are significant factors for pregnancy
loss. In addition, the gestational age at which fetal
blood sampling is performed will determine not only
the success rate but also the pregnancy loss rate, since
a viable fetus may survive premature labour or an
emergency Caesarean section if fetal distress is detected
during the PUBS procedure or immediately after. In the
series reported here, fetal bradycardia was observed by
ultrasound in 12.38% of cases and resolved by placing
the mother in lateral decubitus and/or administration of
oxygen and occasionally maternal intravenous injection
of 0.5 mg of atropine sulphate. After an uncomplicated
PUBS has been completed, the needle should be gently
removed from the sampling site. If a free loop of cord
was used, this can be done slowly to try to obtain a
little clot in the Wharton’s jelly in order to limit the
amount of bleeding into the amniotic fluid. If bleeding
occurs after PUBS, the type and duration should be
recorded noting that bleeding longer than rmin is
abnormal and pulsatile bleeding is of arterial origin. In
the Clermont-Ferrand series, bleeding was not observed
in 36.8% of cases and lasted < 1 min in 61.8% of cases.
Fetal heart rate should be monitored for at least 1 hour.
In this series the recording was reactive in 85.66% of
cases, bradycardia below 100 beats/min was present in
12.38% of cases and tachycardia above 180 beats/min
in 1.96% of cases. Intrauterine fetal demise following
an abnormal heart rate recording occurred in 10% of
cases, while this occurred in 2.6% of cases with reactive
non-stress tests (P < o.0o1). If the recording is normal
the patient may be discharged, with a return visit
scheduled within a week either at the same centre
or the referring centre. The patient should be able

Fetal blood sampling

to contact the unit where the PUBS was performed
at any time after the procedure in order to discuss
possible complications. If the recording is abnormal the
patient should remain in hospital, have continuous
fetal monitoring and be counselled with regard to the
likelihood of an emergency Caesarean section. Anti-D
immunoglobulin should be administered when a Rh(D)-
positive fetal blood phenotype is diagnosed in a non-
alloimmunized Rh(D)-negative mother.

Conclusions

The risk to the fetus of a PUBS procedure can be
anticipated by taking note of the circumstances and
indications. After complete information is obtained,
patients should be offered several sampling procedures
comparing the benefit-risk ratio of each.
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Chapter 1o/Intrauterine fetal transfusion

MARIE HELENE POISSONNIER

The purpose of transfusing fetuses or adults is to correct
deficits in blood components. Fetal transfusion carries
two major difficulties: the first relates to the transfusion
itself and necessitates perfect preparation of the blood
products to ensure haemato-immunological safety;
the second relates to fetal accessibility. Liley proposed
the X-ray-guided approach to perform fetal peritoneal
transfusions. Charles Rodeck then performed fetal
intravascular transfusions using a fetoscope. In 1983
Daffos reported a new alternative, puncturing the fetal
cord under ultrasound control.

Indications for fetal transfusions (sce ref. 1)

Fetal anaemia

The most common reason for fetal anaemia is allo-
immunization. Prophylactic use of specific Rh(D)
immunoglobulins has decreased the number of alloim-
munizations due to the Rh(D) antigen. In our centre,
maternal antibody titres, obstetrical history and con-
centration of bilirubin dictates the indication and timing
of percutaneous umbilical blood sampling (PUBS) and
fetal transfusion.

Fetomaternal bleeding has been reported as another
indication for fetal transfusions [2]. The diagnosis
is made by demonstrating the presence of hydrops
fetalis, a sinusoidal fetal heart rate pattern and a
positive Kleihauer—Betke smear or high o-fetoprotein
concentration in maternal blood.

Parvovirus Brg infection represents the third indi-
cation; 50% of pregnant women are parvovirus Brg
seronegative and 2% of them will be infected during
pregnancy. Fetal infection by parvovirus Brg may
generate an aplastic crisis, leading to severe fetal
anaemia, myocardial lesions and hydrops. Spontaneous
recovery is exceptional in such cases. In a multicentre

study of the French fetal medicine group, including 2
fetuses of 2.4 pregnancies (one set of twins), the infection
was clinically not apparent in 14 patients. However,
hydrops fetalis was found during an ultrasonographic
evaluation in 24 of the fetuses and polyhydramnios
in one. These ultrasonographic diagnoses were made
between 18 and 28 weeks’ gestation. In 22 cases, a
fetal blood sample was obtained and in 21 of these the
presence of B1g was demonstrated by polymerase chain
reaction (haemoglobin concentration ranged from 1.2

to rog/dl).

Fetal thrombocytopenia

Fetal thrombocytopenia may be associated with greater
perinatal morbidity and mortality if fetal intraventricular
haemorrhage develops. Fetal thrombocytopenia may be
due to autoimmune antibodies or to alloimmunization.
In the latter case, the antigen most commonly in-
criminated is PLA1. In such cases, the diagnosis is
made after a first perinatal complication; during the
second pregnancy, PUBS is performed at 24 weeks for
platelet typing and count. Serial platelet transfusions
or corticotherapy are then proposed if the fetus is PLA1
positive. However, most centres try to avoid serial
invasive procedures during pregnancy and only repeat
PUBS at 37 weeks’ gestation in order to perform a
platelet transfusion, to increase the fetal platelet count
to 2150000/mm?, and then induce labour. In cases of
autoimmune thrombocytopenia, platelet transfusions
are not indicated since transfused platelets will be
destroyed.

Other indications

Other blood products that have been infused include
immunoglobulin and albumin [3,4]. Erythropoietic stem
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cells have also been transfused intraperitoneally [5] for
correction of immunodeficiencies.

Technique

In this section the route for fetal access and the technique
of transfusion will be reviewed.

Fetal access

As previously mentioned donor blood may be infused
into the fetal peritoneal cavity or intravascularly.

INTRAPERITONEAL TRANSFUSIONS (IPT)

An IPT may be performed from 14 weeks’ gestation.
The path of entry in the fetal abdomen depends on fetal
position, limb interposition and placental location.
If possible, a transplacental route must be avoided.
The needle (20-gauge, spinal) is introduced into the
peritoneal cavity under continuous ultrasonic control.
We recommend insertion of the needle in the pelvic
area in order to avoid liver injury. Infusion of saline
after the abdominal wall puncture will confirm the
correct location of the needle tip in the peritoneal
cavity (‘ascites-like aspect’). The blood is then infused
in variable quantity depending on gestational age. This
procedure can be repeated once a week until term.
Although the efficiency of this technique is limited in
cases of hydrops fetalis, it should be considered a good
alternative for early management of fetal anaemia.

INTRAVASCULAR TRANSFUSIONS (IVT)

An IVT may be given via three main sites of puncture:
umbilical cord, intra-abdominal portion of the umbilical
vein and, exceptionally, the left cardiac ventricle. Access
to the first two sites have been described in Chapter 9.
Umbilical cord catheterization has also been proposed
in certain circumstances (see Chapter 12). Intracardiac
access is indicated in desperate situations. A transverse
section of the fetal thorax, showing the four chambers
of the heart, is the only acceptable plane in which the
needle should be introduced. The site of entry of the
needle through the maternal abdomen must be selected
to permit a direct path into the left ventricle.
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Technique of transfusion

Both a bolus transfusion or an intra-uterine exchange
transfusion (IUET) can be performed intravascularly.
When the needle is in the lumen of the vessel, the first
step is to determine the purity of the fetal blood sample
(mean cell corpuscular volume, ©’-antigen determination)
and the severity of the deficit that indicated the fetal
blood sampling procedure. During a bolus transfusion
a single infusion of donor blood is given. For IUET,
successive aspirations and infusions of equal volumes
of blood are performed.

Potential risks of fetal transfusions and
preventive operating guidelines

Invasive procedure-related risks

Difficulties while accessing the fetal targets may lead
to fetal death. As in other procedures described in this
book, a good training in interventional ultrasound is
required as well as perfect cooperation between the
ultrasonographer and the operator. The site of entry
must be chosen carefully prior to the intervention. The
patient and the operator’s positioning are conditioned
by this choice [6].

All techniques share certain risks, which include
premature onset of labour, premature rupture of mem-
branes, chorioamnionitis and fetal bradycardia. It is
mandatory to perform fetal transfusions in an operating
room and under aseptic surgical conditions. Fetal heart
rate should be monitored throughout the procedure.
Fetal well-being as well as uterine activity are checked
before and after the procedure by the non-stress test.
Since these risks remain the same in each procedure
performed during the pregnancy, it is important to
perform the minimum number of transfusions. IUET
may extend the interval between procedures because it
replaces fetal cells that are immunologically sensitive
to donor cells that are immunologically similar to
maternal cells. There are other complications which are
specific to the previously described transfusion tech-
niques. For example, bowel injuries may occur during
intraperitoneal transfusion or after accessing the
intrahepatic portion of the umbilical vein; all vascular
access routes carry a risk of laceration of the umbilical
vein or of creating a Wharton’s jelly haematoma and



cord tamponade [7-9]. One of the reasons for umbilical
vein laceration is complete or partial dislodgement of
the needle due to fetal movements. This can be prevented
by fetal intravascular or intramuscular injection of
pancuronium bromide or by the fetal umbilical cord
catheterization procedure (see Chapter 12). Fetal bleed-
ing into the amniotic cavity may also occur secondary
to chorionic plate vessel puncture or after removing the
needle, especially in presence of thrombocytopenia.
Bleeding after intra-abdominal intravascular transfusions
may be of less concern because the blood can be
reabsorbed through the peritoneum.

Transfusion risks

The preventive attitude should focus on the risks related
to blood products and those related to potential overload.
The use of blood products carries a risk of infection
with cytomegalovirus, HIV or hepatitis [10]. Therefore,
cautious preparation and testing regarding these viruses
is mandatory. The bacteriological risk must also be
considered and may be diagnosed by fetal and donor
blood cultures. Immunological problems such as graft-
versus-host disease will be prevented by 25-Gy irradiation
of the blood and, if possible, by separating the white
cells in order to infuse red cells or platelets only. The
cells to be transfused must be compatible and cross-
matched with the mother. If possible, these cells are
obtained from compatible donor pools; if this is not
possible, it is recommended to transfuse the fetus with
maternal cells.

The risks due to overloading the fetal intravascular
compartment are dramatically increased in cases of
hydrops fetalis due to red cell alloimmunization.
Anaemic hydropic fetuses may be haemodynamically
unstable most likely due to myocardial ischaemia and
caution must be taken to avoid the overload. Fetal
bradycardia or tachycardia, as alterations of cardiac
function, have been observed during intravascular
transfusions and have been related to the increase in
fetal blood volume [11]. Tolerance to intravascular
transfusions may be achieved by transfusing smaller
volumes of blood concentrated to 70—-80% haematocrit.
Alternatively, to avoid the problem of overload, intra-
vascular injection of furosemide in these solutions has
been considered. However, this may also lead to an
increase in fetal blood viscosity and abnormal

Intrauterine fetal transfusion

myocardial contractility. No matter what transfusion
technique is used it is therefore important to have
permanent control of the fetal heart rate during the
procedure. This can be done by ultrasound, non-stress
test or pulsed Doppler. IUET has also been used to avoid
overload problems because it theoretically keeps a
constant fetal volaemia since similar quantities of blood
are infused and aspirated.

The determination of the volume of donor blood to
infuse is based on gestational age, which correlates with
fetoplacental blood volume, and on fetal haemoglobin
concentration:

Vf (Hz - H1)
H

t

V=

where V is volume to transfuse, V, fetal blood volume,
H, fetal haemoglobin concentration at beginning (g/dl),
H, fetal haemoglobin concentration expected (g/dl) and
H, haemoglobin concentration in transfused blood.

The final haemoglobin concentration should be
14g/dl in the presence of hydrops fetalis and 16g/dl in
the absence of hydrops. However, this rapid correction
of fetal anaemia in the presence of hydrops remains
a matter of discussion and some centres prefer to
repeatedly transfuse small volumes until the hydropic
signs resolve.

Alloimmunization risk

Any fetal invasive procedure has a risk of fetomaternal
haemorrhage which may further activate the im-
munization, increasing the maternal antibody titre as
well as occasionally inducing sensitization to another
antigen. For example, platelet alloimmunization has
been reported after fetal transfusion [12]. The only
way to reduce this risk is to limit the number of fetal
transfusions. Knowledge of the previous perinatal
history and current maternal antibody titre will help in
the decision of when to perform the first amniocentesis,
PUBS or transfusion. A severe history of alloim-
munization involves perinatal death or neonatal and/
or fetal exchange transfusions. In such circumstances,
a fetal transfusion may be indicated before 24 weeks
unless the fetal Rh(D) positive genotype has been
determined through chorionic villous or amniotic fluid
sampling. When the previous history is less severe, it is
preferable to follow the antibody titre every other week
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and not to be invasive until it reaches 1 pg. The presence
of the ultrasonic signs of fetal anaemia is currently an
important finding in the flow chart of decision-making.
Finally, in certain cases, the use of the mother as donor
may prevent the risk of further maternal immunization
[10].

In summary, intrauterine fetal demise may be second-
ary to the severity of the immunization or due to a com-
plication of the transfusion procedure.

Results and follow-up of
red cell transfusions

Red cell alloimmunization (see ref. 13)

In our institution, 817 IUETs have been performed
in 338 fetuses between 1985 and 1994. It must be
noticed that fetal status (i.e. hydropic or not hydropic)
prior to the first procedure influences the outcome
during both intrauterine life and the neonatal period.
In cases of twin pregnancies each fetus must be
considered a single patient except when placental
anastomosis is suspected and the transfusion is given
via one of the twins. In such a situation, we transfuse
alternately into each of the cords.

Fetomaternal haemorrhage

Prenatal treatment of fetomaternal haemorrhages
have been reported in the literature. Success in the
management of such a complication of pregnancy is
more related to the ability in making the diagnosis than
to the transfusion procedure itself.

Fetal anaemia secondary to parvovirus B1g infection

As previously discussed, in the French fetal medicine
group collaborative study (1994) 24 patients had a
parvovirus B1g infection during pregnancy; 13 of these
fetuses received in utero exchange transfusions, all of
them except one having severe anaemia (haemoglobin
<é6g/dl). Sixteen of these 2§ fetuses died iz utero or in
the neonatal period: one died before PUBS, three before
transfusion and nine after invasive procedures; three
patients elected to terminate the pregnancy. Seven fetuses
survived, five after IUET and four spontaneous regres-
sions (including the set of twins). These results suggest
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that only symptomatic fetuses should undergo active
and invasive management in the presence of maternal
parvovirus B1g infection. The potential risk of myocardial
lesions should lead to consideration of maintaining a
constant blood volume (i.e. IUET) rather than bolus
transfusions in cases of severe anaemia. Not to transfuse
may be a good alternative in cases of mild fetal anaemia
since spontaneous recovery from the aplastic crisis may
occur.

Follow-up after fetal transfusion should include
fetal growth [14] and complete neonatal evaluation;
Musemeche and Reynolds [15] have reported a case of
necrotizing enterocolitis after fetal transfusion.

Conclusions

Ultrasound-guided fetal blood sampling has made
possible diagnosis and treatment of fetal anaemia and
thrombocytopenia. In the future, this technique may
allow treatment of genetic disorders. However, the
maternal and fetal risks described need to be presented
to the parents during the counselling session and prior
to any intervention.
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Chapter 11/Fetal Shunts

CLIVE ALDRICH and CHARLES RODECK

Introduction

Together with the widespread use of obstetric ultra-
sound, the significant advances in technology and
clinical expertise that have occurred over the past decade
have allowed a rapid increase in the antenatal detection
and management of fetal structural abnormalities. A
number of non-invasive and invasive treatments have
been developed; of the latter, percutaneous intro-
duction of a catheter or shunt has been applied to a
number of conditions [1—5]. Fetal shunting should only
be contemplated for conditions frequently associated
with significant neonatal morbidity or mortality and if
there is sufficient evidence, from both animal and human
studies, that the natural history of the anomaly can be
altered by the procedure. Furthermore, reliable antenatal
predictors are needed in selecting cases for intervention,
so that fetal surgery is withheld from those who would
otherwise have a satisfactory outcome and from those
in whom the pathology is irreversible and the prognosis
poor. The principles governing invasive fetal therapy
are summarized in Table 11.1.

Fetal shunting has been performed for a variety
of problems, such as obstructive uropathy, pleural
effusions, pulmonary cysts, ventriculomegaly and fetal
ascites (Table 11.2). These attempts at improving fetal
outcome have met with variable success: to date the
results of vesico-amniotic and pleuro-amniotic shunting
procedures suggest that in carefully selected cases it is
an effective and safe method for the chronic drainage
of fetal fluid collections [3,4]. This is quite unlike the
intrauterine treatment of fetal ventriculomegaly, which
was abandoned a number of years ago [2,5].

Pathophysiology
In certain cases, an uncorrected fetal malformation
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may result in progressive damage in utero. Increased
pressure caused by pathological fluid collections can
cause damage to adjacent organs or tissues and inter-
fere with fetal development. The pressure within the
abnormal fluid collection almost always exceeds that
of the amniotic fluid and insertion of a fetal~amniotic
shunt allows drainage into a sterile environment, at
the same time relieving the pressure within the fetal
cavity. This can arrest the destructive or deleterious
consequences of the underlying defect and allow normal
development to continue [1].

Urinary tract

In cases of lower urinary tract obstruction (i.e.
posterior urethral valves or urethral atresia) the bladder
is enlarged and its wall is often thickened, although
this may not be obvious on ultrasound scans until
after bladder decompression. Other ultrasound features
include dilatation of the upper urethra and a variable
degree of hydroureter with or without hydonephrosis,
which is often asymmetrical. There may also be vesico-
ureteric reflux, which frequently accompanies gross
obstruction. The rationale for vesico-amniotic shunting
is to prevent progressive renal damage and correct
the associated oligohydramnios, which in turn may
prevent pulmonary hypoplasia [6-9].

Pleura and lungs

Pleural effusions and pulmonary cysts (i.e. cystic aden-
omatoid malformation (CAM) type 1) can result in fetal
lung and mediastinal compression and lead to the de-
velopment of fetal hydrops and polyhydramnios, which
are associated with a high risk of premature delivery
and intrauterine or neonatal death. Polyhydramnios is
frequently observed and this may be a consequence of



Table 11.1 Principles of invasive fetal therapy.

The natural history of the condition should be known

The condition should be severe enough to interfere with
normal development and cause death or disability

The treatment should be capable of improving the natural
history of the condition

Evidence from an animal model should support this

Other fetal abnormalities must be excluded as far as possible

Reliable prognostic tests should be available, to detect
appropriate cases for treatment

The fetus should be too immature for delivery and postnatal
treatment

The benefits to the fetus should outweigh the risks to the
mother and fetus

The parents must be counselled and informed

After treatment antenatal monitoring must continue

Postnatal follow-up is essential

The treatment should be evaluated scientifically

Table 11.2 Fetal shunting.

Pathology Type of shunt

Obstructive uropathy
Posterior urethral valves
Hydronephrosis

Hydrothorax or chylothorax

Pulmonary cyst (CAM type 1)

Ascites

Cerebral ventriculomegaly

Vesico-amniotic
Pyleo-amniotic
Pleuro-amniotic
Cysto-amniotic
Peritoneo-amniotic
Ventriculo-amniotic

CAM, cystic adenomatoid malformation.

a reduction in fetal swallowing due to oesophageal
compression and/or an increase in fluid production
by abnormal lung tissue. When there is compression
of the heart and major blood vessels in the thorax,
fetal hydrops may develop [10,11]. Thoraco-amniotic
shunting may be effective in relieving lung compression
and any coexisting mediastinal shift. This too may
prevent pulmonary hypoplasia and in addition reverse
fetal hydrops and polyhydramnios, thereby reducing the
risk of fetal death or preterm delivery [4,12].

Fetal shunts

Cerebral ventricles

The rationale for chronic cerebral ventricular decom-
pression was to reduce ventricular pressure and size,
thus preserving cerebral tissue [2,5,13]. Ventriculomegaly
develops when there is an imbalance of cerebrospinal
fluid production and drainage and the most frequent
causes of obstructive hydrocephalus include spina
bifida, aqueduct stenosis, Dandy-Walker syndrome,
chromosomal abnormalities, viral infections and isolated
(idiopathic) cases [14]. Postnatal shunting improves
survival and reduces mortality in these infants, although
data reported to the International Fetal Medicine and
Surgery Society (IFMSS) registry indicate that only fetal
survival is improved with in utero therapy; they do not
indicate any obvious improvement in survivor morbidity
and indeed shunting may have increased the survival
of severely handicapped infants [15]. Furthermore,
animal models cannot answer the critical question of
whether prenatal therapy can preserve intact intellectual
development among survivors and the procedure has
been abandoned by most centres.

Ascites

This can cause gross distension of the abdominal wall,
leading to a ‘prune-belly’ appearance, and pressure on
the diaphragm may reduce space in the chest, leading
to pulmonary hypoplasia. It may be part of a generalized
hydrops or secondary to increased pressure in the
thorax, or rarely due to escape of urine from the urinary
tract [1]. Shunting has only been rarely used.

Case selection

Recognition of fetuses who will not benefit from i utero
therapy is the most important step in case selection.
This is determined mainly by the detection of other
anomalies and of evidence for severe compromise of
organ function. Consequently, those selected for treat-
ment have had other defects excluded as far as possible
and show evidence of at least reasonably healthy organ
function. They are also unlikely to be beyond 3 4 weeks’
gestation since postnatal treatment is then the better
option. These decisions are best made in collaboration
with the relevant paediatric specialists. The criteria for
shunting are included in Table 11.1.
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Detailed high-resolution sonographic examination for
the exclusion of other anatomical defects is essential,
as up to 50% of these fetuses may have cardiovascular,
gastrointestinal, skeletal and central nervous system
abnormalities [16]. An assessment of the degree of
associated abnormalities, such as oligohydramnios in
fetal uropathy and skin ocedema or ascites in cases of
fetal hydrops with pleural effusions, is also useful in
determining the severity and prognosis of the condition.
A diagnostic amnio-infusion may improve the image
quality in cases of oligohydramnios [17]. There is also
a high incidence of chromosomal abnormalities and
the fetal karyotype should be obtained by fetal blood
sampling, amniocentesis, chorionic villous sampling
or aspiration of urine/cyst fluid prior to shunt inser-
tion [15,18]. Additional tests, such as infection screen
and haematological, biochemical and acid-base blood
analysis, should also be considered. This enables a
more accurate diagnosis and hence prognosis to be
given to the parents, who may then wish to consider
termination of pregnancy. It could also provide valuable
information about the risks in any future pregnancies.
This assessment should not be confined to the second
trimester, as the results will influence decisions regarding
shunt placement and the timing of delivery and may
avoid unnecessary interventions both antepartum or
intrapartum. Multiple pregnancies require special
consideration, especially if only one of the fetuses is
affected. If treatment is considered, the prognosis for
the affected fetus must be fully assessed and the potential
benefits of shunting weighed against the harmful effects
on the unaffected fetus [19]. Contraindications to shunt
insertion are shown in Table 11.3.

Obstructive uropathy

Posterior urethral valves (PUV) are the most frequent

Table 1.3 Contraindications to shunt insertion.

There are associated ultrasonically detectable lethal
abnormalities or aneuploidy

The parents wish a termination of pregnancy

The pregnancy is early (< 16~17 weeks) and the fetus is
physically too small for the shunt

The fetus is mature and postnatal treatment is a better
option

IIo

cause of lower urinary tract obstruction in the fetus and
occur almost exclusively in males [20]. Obstruction can
result in bladder enlargement (megacystis), which may
be detectable as early as 11 weeks [21]. The differential
diagnosis should be considered, especially in a female
fetus, and includes cloacal anomalies, urethral atresia,
vesico-ureteric reflux, megacystis—-microcolon—intestinal
hypoperistalsis syndrome (MMIH) and the prune-belly
syndrome [3]. Most of these are unlikely to benefit from
any type of prenatal decompression and shunting is
usually not indicated. The sonographic recognition of
the typically dilated posterior urethra in PUV is of crucial
importance and is illustrated in Fig. 11.1.

Fetal intervention is not usually required either for
bilateral hydronephrosis or unilateral disease, unless
hydronephrosis is present in a solitary kidney in con-
junction with oligohydramnios. The presence of a
normal amount of amniotic fluid has previously been

Fig. 11.1 Ultrasound of posterior urethral valves. Dilated
bladder and proximal urethra in a fetus with posterior
urethral valves demonstrating the ‘keyhole sign’.



regarded as a contraindication, although this may
change in the future. Poor selection and shunting of
hopeless cases is probably the most important factor
for the poor results in the literature and if intrauterine
intervention is to be advocated as a method of pre-
venting further deterioration of renal function in a fetus
with obstruction, it is vital that fetal kidney function is
assessed accurately. Ultrasound findings of renal cysts
are visualized in only 44% of dysplastic kidneys, and
hyperechogenicity of the renal parenchyma only predicts
dysplasia with a sensitivity and specificity of 73% and
80% respectively [22]. In view of this' inaccuracy,
biochemical analysis of urine obtained from the fetal
bladder [23] and/or from each renal pelvis [24] has
been recommended and become an accepted predictive
parameter [25]. However, some values are dependent
upon gestational age and this must be taken into account
during assessment of renal function [26] (Fig. 11.2). At
gestations below 20 weeks, fetal urine normally has a
high sodium concentration, making prediction more
difficult. Sodium, calcium, phosphate and sodium/
creatine levels show a significant correlation with the
degree of renal impairment, with the best sensitivity
achieved by calcium and the highest specificity by
sodium [26]. Another parameter, B,-microglobulin, has
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Fig. 11.2 Reference ranges for fetal urinary sodium used at
University College Hospital, London. Mean and 95%
confidence limits throughout gestation [26].

Fetal shunts

been suggested to be highly predictive of renal dysplasia
[27].

A single evaluation of fetal urine may not accurately
reflect current or long-term renal function and serial
sampling at 1—2 weekly intervals may give a better
idea of the degree of renal damage [24]. This should
precede the decision about whether or not to offer
prenatal shunting. Rarely, simple percutaneous bladder
aspiration with a 22-gauge spinal needle may be enough
to open up a urethral obstruction. Renal function may
also appear to improve after bladder decompression and
this should be the first attempt at interventional therapy.
We have also seen significant improvement in fetuses
who have undergone serial bladder decompression.
Since bladder aspiration is technically easier than shunt
insertion and also not associated with the same long-
term complications, serial sampling as both a diagnostic
and therapeutic procedure should be considered in
a fetus, especially at gestations less than 20 weeks.
Another reason for initial conservative, i.e. obser-
vational, management is that megacystis sometimes
resolves spontaneously. This appears to happen in
fetuses with muscular, thick-walled bladders that may
be able to generate the pressures required to overcome
the urethral obstruction.

Fetuses with persistent megacystis who have ultra-
sound and biochemical evidence of adequate renal
function represent the group most likely to benefit from
shunting [28] and until the value of shunting procedures
is established, treatment should be restricted to this
group. Intervention in a fetus with significantly impaired
renal function is unlikely to be beneficial and is not
advisable [29]. Antenatal detection of lung hypoplasia
remains difficult and it is not yet possible to accurately

Table 11.4 Aims of vesico-amniotic shunting.

Reduce pressure in the urinary tract

Prevent further damage due to raised pressure

Promote normal growth and maturation of nephrons

Allow the formation of amniotic fluid

Improve the freedom of fetal movements and reduce
compression

Promote pulmonary growth and maturation

Prevent gross distension of the urinary tract and abdominal
wall (prune belly)
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predict those fetuses at risk [3]. Oligohydramnios is
associated with poor pulmonary function and should
be regarded as a poor prognostic sign, unless serial
ultrasound scans have proved that it had a short
duration. The aims of vesico-amniotic shunting are
summarized in Table 11.4 (p. 111). The last aim, pre-
vention of gross distension, has been previously under-
estimated and is very significant. The atonic, dilated
urinary tract may present more management difficulties
postnatally than renal failure, for which dialysis and
transplantation are available and successful. A number
of patients with a poor fetal prognosis refuse termination
of pregnancy and insist on shunting in order to give the
fetus every possible chance. This requires careful con-
sideration, but can occasionally result in a surprisingly
favourable outcome.

Thoraco-amniotic shunting

Pleural effusions and cysts may be an isolated uni-
lateral or bilateral finding or be associated with other
abnormalities, such as generalized skin oedema and
ascites, pericardial effusions and polyhydramnios (Fig.
11.3). In neonates, the commonest cause of an isolated
pleural effusion is chylothorax, which is diagnosed
by demonstrating chylomicrons in a milky-coloured
pleural fluid after the first feed [30]. However, in the
fetus the pleural fluid is a clear golden colour and it is
not possible to distinguish between cases of congenital
chylothorax and hydrothorax from other causes.
Some authors have claimed to have made an antenatal
diagnosis of congenital chylothorax by demonstrating
high mononuclear cell counts in aspirated pleural fluid
[11,31]. However, we have not been able to detect
any difference in lymphocyte count and lipoprotein
electrophoresis between fetuses confirmed neonatally
to have chylothoraces and those with hydrothoraces
from other causes (C. Aldrich & C. Rodeck, unpublished
observations). Hydrops fetalis may occur in a wide
variety of fetal and maternal disorders, including haema-
tological, cardiovascular, pulmonary, gastrointestinal,
metabolic and chromosomal abnormalities, congenital
infections, neoplasms and malformations of the placenta
and umbilical cord [32]. Even after a detailed assessment
with ultrasound and fetal blood sampling, the cause
frequently remains unknown. However, most cases
of massive unilateral or bilateral pleural effusions are
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Fig. 11.3 Ultrasound of large bilateral pleural effusions.
Gross hydrops and skin oedema was present.

chylothorax, and the presence of hydrops or ascites is a
secondary effect.

Pulmonary cysts may be seen in cases of CAM
(type 1), which is a rare malformation that may also
result in pulmonary hypoplasia, hydrops and perinatal
death. Other causes of pulmonary cysts, such as
pulmonary sequestration, bronchogenic cysts and
mediastinal cystic teratoma, may be rarely diagnosed
antenatally [33]. These and associated effusions may
also require treatment should they reach a significant
size.



Serial ultrasound assessment of any intrathoracic fluid
collection should be performed, as isolated pleural and
pericardial effusions or pulmonary cysts may resolve
spontaneously [3 4,3 5]. In some instances they have been
managed conservatively and treated effectively during
labour [36], or after birth [37], with no evidence of
pulmonary hypoplasia.

In certain cases, when there is significant compression
and mediastinal shift, simple percutaneous aspiration
with a 22-gauge spinal needle may be required to allow
the diagnosis of an underlying cardiac abnormality or
other intrathoracic lesion to be made. Aspiration may
also be useful in the prenatal diagnosis of pulmonary
hypoplasia when the lung often fails to expand after
decompression [12]. Spontaneous resolution has also
been demonstrated after thoracocentesis [11], and short-
term drainage by single or repeated aspiration should
be considered, especially in cases of low gestational age
when the chest may be too small for the shunt. In the
majority of cases, however, the fluid reaccumulates
within 24 hours and repeated procedures are required,
which are likely to be more traumatic cumulatively than
thoraco-amniotic shunting [12].

Shunt insertion should be considered, irrespective
of the cause, in cases where the fluid reaccumulates
and is large enough to produce significant pulmonary
compression and/or mediastinal shift that has resulted
in hydrops and polyhydramnios. Thoraco-amniotic
shunting in these circumstances can allow the rapid
expansion of the lungs and a simultaneous shift of the
heart to its normal position, with resolution of fetal
hydrops and polyhydramnios. The aims of thoraco-
-amniotic shunting are summarized in Table 11.5.

Table x1.5 Aims of thoraco-amniotic shunting (drainage of
pleural effusions and pulmonary cysts).

Remove fluid and reduce intrathoracic pressure
Promote resolution of hydrops and polyhydramnios,
reducing risk of preterm delivery and fetal death
Prevent development of hydrops and polyhydramnios

Promote pulmonary growth and development
Prevent pulmonary hypoplasia
Assist respiration and ventilation in the neonate

Fetal shunts

Ventriculomegaly

Shunting is not indicated for the reasons mentioned
earlier and because a suitable shunt that will remain
in situ without becoming blocked is not available.

Ascites

Peritoneo-amniotic shunts have been inserted in only a
few cases with variable results. We have on occasion
used it for urinary ascites after the amniotic end of
a vesico-amniotic shunt has been pulled back into
the peritoneal cavity, and there has been a high risk
of pulmonary hypoplasia due to diaphragmatic com-
pression. The main worry is the shunt coiling around
and damaging gut or mesenteric vessels.

Techniques of shunt insertion

Shunting procedures should only be performed in
centres with sufficient expertise and workload to main-
tain skills, i.e. a tertiary or quaternary referral centre.
Before giving written consent, both parents must be
counselled about the procedure and understand fully
the risks and benefits, and be willing to attend for
follow-up studies. Consultation with an appropriate
paediatric specialist may be helpful, as is psychological
support.

Fetal shunting may be performed as an outpatient
procedure and only rarely is maternal and fetal sedation
required. Diazemuls (5—tomg i.v.) may be administered
to the mother, and if fetal movements are vigorous
fetal paralysis can be achieved with pancuronium (1—
2mg) injected into the umbilical vein. Some centres give
prophylactic antibiotics and tocolytic agents but this
has not been our practice. Whether the fetus should
specifically be given some form of analgesia may also
require consideration [38].

Types of shunts

We use the Rocket fetal catheter developed in 1982
[39] (Rocket of London Ltd, Watford, UK). It is
a double-pigtail silastic catheter with external and
internal diameters of 2.1 and 1.5 mm respectively, with
radio-opaque stainless steel inserts at each end and
lateral holes around the coils (Fig. 11.4). The amniotic
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coil is at right angles to the rest of the catheter and is
therefore less likely to be removed by the fetus or become
entangled with the umbilical cord. This shunt is available
in one size and we have found it suitable for both
thoraco-amniotic and vesico-amniotic shunting. It is
introduced down a cannula, now made by D.C. Ellis
Instruments (Coulsdon, Surrey, UK). The external dia-
meter is 2.5 mm and it is 18cm long. The trocar must
have a very sharp tip in order to make introduction
through the maternal and fetal abdominal walls easier
and less painful.

Alternative shunts are available and include the
following.
1 Harrison fetal bladder stent (Cook Urological,
Spencer, Indiana, USA), a polyethylene catheter that is
introduced over the outside of a needle. It has side holes
at both ends, a flare at the amniotic cavity end and
resumes a curled end once inserted [9]. It is available
in different lengths and calibres, but there have been
many technical problems with this catheter.
2 The Denver shunt was developed for the treatment
of ventriculomegaly but has been found to be unsatis-
factory. It is made of silicone rubber and has a rubber
flange to maintain its position within the ventricle.
Unlike other shunts it has a one-way valve to prevent
reverse flow [13].

Procedure

High-resolution ultrasound scanning should be used
to obtain the best transverse section of the fetal target.
Curvilinear transducers are particularly convenient.
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Fig. 11.4 Cannula, trochar, long
and short obturators and double
pigtail catheter used in shunting
procedures. (De Elles Instruments,
Coulsdon, Surrey, UK.)

Holding the transducer in one hand, parallel to the
intended course of the cannula, an entry site in the
maternal abdomen is chosen. The placenta should not
be transversed and the site should be away from the
maternal uterine vessels, with the needle trajectory as
short as possible.

The site is cleaned with antiseptic solution
(chlorhexidene o.5% in spirit) and the mother’s lower
abdomen draped with sterile towels. Local anaesthetic
(1% lignocaine) is infiltrated into the maternal skin and
subcutaneous tissue, down to the myometrium. If there
is oligohydramnios a 20-gauge needle is first passed into
the amniotic cavity and an amnio-infusion given with
1 50—200ml of warmed normal saline. This may improve
the image and allow the anomaly scan to be finished,
but its main purpose is to facilitate the deposition of
the intra-amniotic end of the catheter.

Under continuous ultrasound guidance the fetal
target is fixed on one side of the ultrasound screen and
the metal trocar and cannula are introduced into the
amniotic cavity and then inserted through the chest or
abdominal wall into the target fluid collection. After
ensuring that the cannula is in the correct position, the
trocar is removed and the drainage of fluid confirms
the correct positioning of the cannula. Only minimal
drainage should be allowed as decompression will
reduce the size of the target and may result in the cannula
becoming dislodged. To prevent this, the end of the
catheter can be blocked temporarily with the operator’s
thumb. The fetal catheter is straightened out on its
guide wire and inserted into the cannula. After the guide
wire has been withdrawn, the shorter obturator pushes
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(c)

half of the catheter out and this coils up in the fetal
fluid collection. The cannula is then slowly drawn back
into the amniotic cavity, where the other half of the
catheter is deposited by the longer obturator. This is
the most difficult part of the procedure and requires
the presence of fluid in the amniotic cavity. The
technique of shunt insertion is illustrated in Fig. 11.5.

BLADDER SHUNTING

Oligohydramnios is a frequent finding in cases of

(b)

Fig. 11.5 Technique of shunt insertion. (a) The trochar and
cannula have been inserted transamniotically into the fetal
target. (b) The double pigtail catheter has been passed into
the cannula and the short obturator used to deposit half the
catheter within the fluid collection. (c) The cannula and long
obturator have been withdrawn leaving the shunt iz situ.

obstructive uropathy; in severe cases, amnio-infusion
as a first step greatly facilitates the procedure and avoids
the outer end of the catheter being inadvertently left
extra-amniotically. To avoid other anatomical structures
the site of fetal insertion should ideally be suprapubic
and away from the midline (Fig. 11.6). After the shunt
has been inserted there should be a rapid decompression
of the bladder, which subsequently cannot usually be
identified; indeed only the presence of the inner tip of
the shunt allows its localization. Intravesical pressure
may be measured but its value is uncertain [40]. A
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Fig. 11.6 Ultrasound of pleuro-amniotic shunt iz situ.

sample of urine should be sent for biochemical analysis
and possibly for karyotyping.

THORAX

In cases of polyhydramnios, amnio-drainage may

Fig. 11.8 Neonate with
pleuro-amniotic shunt in situ.
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initially be performed to improve both visualization and
access to the fetal target. The shunt should be inserted
in the mid-thoracic region, extreme caution being taken
to avoid the fetal heart, which ideally should be on the
side furthest away from the cannula (Figs. 11.7 and 11.8).
In cases of bilateral hydrothorax, if drainage of the
contralateral lung is required the appropriate fetal
position may be achieved by rotation of the fetal body
using the tip of the cannula, avoiding a repeat puncture
of the mother. A sample of pleural fluid should be sent
for lymphocyte count and/or karyotyping.

ASCITES

A lateral approach to the fetal trunk is best, so as to

Fig. 11.7 Neonate with vesico-amniotic shunt iz situ.




avoid the umbilicus. The target should be just above
the bladder where the depth of ascites is greatest,
reducing the risk of trauma and of the intrafetal coil
snaring bowel.

Complications

The procedure-related death rate of vesico-amniotic
shunting has been reported by IFMSS to be in the
order of 4.8% and that of ventriculo-amniotic shunting
10.25% [15]. No multicentre figures are available for
thoraco-amniotic shunting but in our centre the pro-
cedure is associated with a 2% fetal loss rate, which is
similar to that of vesico-amniotic shunting.

Elder et al. [41] reported a complication rate of
44% following shunting for obstructive uropathy.
However, this report was a collection of several small
series and case reports and reflects poor case selection
and inexperience with the technique. The most com-
mon complications were inadequate shunt drainage
or migration (19 %), followed by preterm labour (12%),
urinary ascites (7 %) and choricamnionitis (5 %). These
problems and fetal trauma are minimized by operator
experience, careful site selection and continuous moni-
toring throughout the procedure. Poor drainage is
a frequent complication and blockage of the shunt
may occur due to vernix, blood or protein exudate.
Fetal movement and growth may also result in
shunt displacement. Qur experience with the technical
performance of the Rocket shunt has been very good
and complications have been rare. Intrauterine infection
is rare and may be reduced by ensuring a ‘sterile’ non-
touch technique. Prophylactic antibiotics are unlikely
to be helpful. Precautions against uterine stimulation
and the ensuing premature labour may be taken by
the administration of a tocolytic to the mother but is
also unlikely to be useful unless there is considerable
polyhydramnios. :

Other specific complications have been described
in the literature and include the formation of fetal
urinary ascites, which can be managed by insertion of a
peritoneo-amniotic shunt [1]. Uteroperitoneal amniotic
fluid leakage following thoraco-amniotic shunting has
been reported [42]. This can result in gross maternal
ascites and acute fetal distress due to oligohydramnios
and cord compression. Vesico-amniotic shunting has
also been associated with a fetal paramedian abdominal
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wall defect and herniation of the small bowel has been
described [43]. Shunts are occasionally drawn into the
peritoneal or thoracic cavities and may have to be
removed surgically postnatally.

Follow-up

Following shunt insertion close observation is essential.
However, not all cases need to be seen at the treatment
centre and frequently serial ultrasound scans can be
performed at the referring hospital. These should be
done at weekly intervals to determine whether the fluid
collections have reaccumulated and also to monitor
other features, such as improvement of fetal hydrops
and normalization of amniotic fluid volume. When
necessary, reassessment in the treatment centre is
performed in order to evaluate progress. If there are
signs of shunt malfunction (due to migration or
blockage), such as reaccumulation of urine or fluid, a
further shunt placement will have to be considered.
After vesico-amniotic shunting, fetal hydroureter
and hydronephrosis frequently persist, whereas renal
parenchymal hyperechogenicity tends to progressively
reduce, although this echographic pattern does not
necessarily indicate good renal function [3]. Reaccu-
mulation of amniotic fluid also suggests that major
renal impairment has not occurred, although this too is
not a specific sign. Failure of amniotic fluid to collect
indicates severe irreversible renal failure. Antenatal
prediction of pulmonary hypoplasia remains difficult,
but improvement of amniotic fluid volume after de-
compression is likely to be an important factor in fetal
lung development and maturation [28].
Thoraco-amniotic shunting should result in a rapid
resolution of pulmonary compression, mediastinal shift,
polyhydramnios and fetal hydrops within 1—3 weeks.
It may also help to differentiate between hydrops due
to a primary pleural effusion, in which case the ascites
and skin oedema may resolve after shunting, and other
causes of hydrops, in which drainage does not necessarily
prevent worsening hydrops. In cases of thoraco-amniotic
shunting, a poor prognosis has been associated with
the presence of associated malformations, bilateral
effusions, hydrops and polyhydramnios that did not
resolve within 1-3 weeks of shunt insertion [12].
Persistence of the effusion with failure of the lungs to
expand and fill the chest indicates pulmonary hypoplasia
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and a poor prognosis, whereas the reverse suggests
normal-sized lungs and a good prognosis [12,44].

Delivery and shunt removal

Providing no serious complications arise after shunt
insertion, the pathology is corrected and the fetus
continues to grow normally, delivery should be at term
and ideally spontaneous and by the vaginal route. If
paediatric surgery is required soon after birth, then
an elective delivery may be more appropriate either by
induction of labour or Caesarean section. An experienced
neonatologist should always be present at the birth.

The neonate with urinary problems may need im-
mediate ventilatory support, but the urinary tract and
renal function can usually be investigated at leisure. The
shunt may continue to function until definitive treatment
has been achieved and can be left in situ. At delivery,
there is only limited experience with chest drains and
their management remains controversial. Immediate
clamping and removal to avoid the development of
pneumothoraces has been advocated [1]. In our hospital,
the baby is electively intubated and transferred to the
neonatal unit where an early chest X-ray is performed.
Once the position of the shunt is confirmed, it is removed
in a more controlled manner with local anaesthetic. We
have found a very low incidence of pneumothoraces
using this protocol. The shunt may be used to drain
further collections of pleural fluid. A shunt that is not
found at birth may be in the baby, in the mother or it
may have been thrown away inadvertently. The mother
and baby should undergo radiography as the steel tips
of the shunt are radio-opaque.

Outcome

Obstructive uropathy is treated surgically by urinary
bypass or diversion in postnatal life and it is illogical to
assume that this should not be appropriate in prenatal
life. Indeed, if it is believed that treatment is more
successful at an early stage of a pathological process,
then prenatal treatment is to be preferred to postnatal.
The difficulty is in the selection of cases. There are some
in whom surgical treatment is not required, and others
in whom the pathology is so severe that treatment is
hopeless. Many of the reports in the literature deal
with such cases and this has led to a pessimistic view
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of the value of shunting [41,45]. It is clearly futile to
try to assess a treatment in cases that have no chance.
Most centres have experience of some patients in whom
shunting was unquestionably beneficial, but much
evidence is anecdotal.

There are unfortunately no randomized trials and
no detailed long-term follow-up studies, despite the
efforts of IFMSS. Several facts emerged from the
register that was kept for some years [15]: firstly,
the correct diagnosis was often not made antenatally,
particularly when urinary reflux was present as well;
secondly, the neonatal survival rate was 76% in cases
of PUV, which was better than expected; and lastly,
many of the cases that were submitted were from
centres that had experience of only one or two cases.
Crombleholme et al. [46] looked at their experience
with low urinary tract obstruction and found a higher
survival rate in the groups (both good and poor prognosis)
that had intervention compared with those that did not.

Unfortunately, the best human evidence that shunting
can modify the natural history in a beneficial way still
remains uncontrolled and anecdotal. A major worry is
that if shunting does have a therapeutic effect on the
urinary tract, could cases that would have died without
treatment be converted into chronically ill survivors?
This consequence probably happens and is in general
undesirable. However, shunting has other beneficial
effects on organ distension, amniotic fluid volume and
lung growth as well. Some follow-up information is
now becoming available through our collaboration
with the Department of Paediatric Urology at Great
Ormond Street Hospital, London. A number of fetuses
with urinary tract dilatation but normal amniotic
fluid volume have done worse than expected. This
would argue for in utero shunting at an earlier stage
of pregnancy and in fetuses less severely affected
than before. However, if such a policy was adopted
randomization into treated and untreated groups would
be important.

In some respects, shunting for thoracic fluid and cysts
is more straightforward. In all centres, reversal of
hydrops and polyhydramnios has been observed and
neonatal respiration is trouble-free in the majority of
cases [12,44] with a better survival rate than expected
from the literature. The contrary view is that if the lungs
are already severely hypoplastic, shunting is unlikely
to be able to reverse this. However, there are again no



randomized studies and we do not know the long-term
effects of treatment.

Conclusions

It is obvious that much more information is needed
about the issues surrounding whether to treat, how and
when. There has been much debate over whether to
divert the urine percutaneously by shunting or by open
surgery [47,48]. The latter has to some extent been
encouraged by the problems that some centres have had
with shunt patency and migration. As mentioned above,
we have had excellent experience with our shunts and
we do not regard obstructive uropathy, chest fluid or
thoracic cysts as an indication for open fetal surgery.

New developments in endoscopic and laser technology
may have an impact in the future. An Angiocath optic
fibre bundle of 0.8 mm diameter can now be passed
down an 18-gauge needle for investigation. A laser has
been used to create a suprapubic cystotomy [49] and
fetal suprapubic cystoscopy has been performed and
enabled both fulguration of the valves and insertion of
a stent into the posterior urethra [50]. We are also
hopeful that proton nuclear magnetic resonance
spectroscopy of urine will be useful in the assessment
of renal function [51].

Improved selection of cases for treatment remains
important and more information about developmental
physiology is required. Finally, it can be speculated that
studies in basic developmental biology may open up
possibilities for treating damaged and dysplastic kidneys
and lungs with embryonic precursor cells and growth
factors.
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Chapter 12/Fetal umbilical cord catheterization

under ultrasound guidance

DIDIER LEMERY, JOAQUIN SANTOLAYA-FORGAS,
LAIRD WILSON, ANDRE BIENIARZ,
PHILIPPE VANLIEFERINGHEN and BERNARD JACQUETIN

Percutaneous umbilical blood sampling (PUBS) is a
diagnostic procedure used in most fetal medicine units
and is described elsewhere in this book. PUBS allows
direct access to the fetal circulation for diagnostic
and therapeutic purposes, including fetal transfusions,
exchange transfusions and intravascular infusions of
drugs. The authors have described a technique of
catheterization of the umbilical cord under ultrasound
guidance for human intrauterine exchange transfusions
[1,2]. Ultrasound-guided chronic catheterization of um-
bilical vessels and chronic intra-amniotic tolerance in
animal studies have also been reported [3—5]. Recently,
an artificial training model for endoscopically guided
cord catheterization has been reported but is very
difficult to perform (Yves Ville, personal communica-
tion). In this chapter the operative guidelines, technique
for human exchange transfusions and description of
an animal model for testing chronic fetal tolerance of
the catheters are reviewed.

Indications for
umbilical vein catheterization
in humans

In humans, ultrasound-guided fetal cord catheterization
has only been reported for blood transfusion purposes.
Several fetal medicine units (M.H. Poissonnier & Y.
Brossard unpublished data) have used fetal intravas-
cular catheters for long-term infusion of albumin in cases
of hydrops fetalis. The technique was developed to avoid
cord and/or placental injuries due to dislodgement of
the needle after fetal movements while performing
intrauterine exchange transfusion [6]. Although fetal
curarization can be used to inhibit fetal movements [~],
it cannot control iatrogenic and operator-dependent
dislodgements due to small needle movements during
long procedures. Needle dislodgements may lead to fetal
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exsanguination [8] or to the infusion of blood into
Wharton’s jelly leading to cord tamponade [9].

Operative guidelines for
human umbilical cord catheterization
(see ref. 6)

Fetal umbilical cord catheterization under ultrasound
guidance has been performed only in cases of anterior
insertion of the placenta. The technique may be possible
in lateral or fundal insertion if there is a direct path to
the root of the umbilical vein without any transamniotic
passage. A posterior placental insertion precludes the
use of this technique because it makes necessary a
transamniotic passage of the catheter, which can then
be removed from the cord by the fetus. If necessary,
a direct path to the root of the umbilical vein can be
made possible by moving the uterus after a laparotomy.
However, due to the current limited experience we
recommend using the technique in the less invasive
mannet.

Guidelines for chronic fetal catheterization are similar
to those described for PUBS. However, umbilical cord
catheterization must be performed in an operating room
under complete sterile conditions. General anaesthesia
is only required if a laparotomy or a more invasive
procedure is anticipated.

Technique of cord catheterization

Prior to the procedure, a fetal non-stress test is performed,
which will allow comparison with intraoperative and
postoperative tests. Throughout the procedure a con-
tinuous heart rate recording is obtained by attaching
the fetal heart rate transducer to the maternal abdominal
wall with sterile adhesive tape. Syringes containing
prediluted solutions (xrml/soog of fetal weight) of



atropine, furosemide, adrenaline, isopropyl noradrena-
line and vecuronium are prepared and ready to use [2].

The technique is best performed by a team of two
operators experienced in diagnostic and interventional
ultrasound, which allows one of them to have both
hands free at certain points of the intervention. A key
step in the procedure is to choose the correct site of
entry of the catheterization device. It should be chosen
in such a way that direct access to the vein is possible
and the maternal bowel avoided. A local anaesthetic
(lignocaine 1%) is administered at the chosen site.
Two alternatives are then possible: (i) direct placement
of the catheter through a needle or (ii) a modified
ultrasound-guided Seldinger technique. PUBS is then
undertaken, adjusting the tip of the needle through the
placenta into the root of the umbilical vein and avoiding,
as previously mentioned, any transamniotic passage. A
fetal blood sample is obtained, the purity confirmed and
appropriate testing performed according to indication.

Umbilical cord catheterization

If the direct technique is used, an epidural Tuohy
needle (16 gauge) is required. A 1-mm epidural catheter
(Périfix) is then introduced through the needle and the
needle is removed when fetal blood has been aspirated,
confirming the intravascular location of the catheter.
Alternatively, a thin-walled 18-gauge spinal needle with
a 1-mm lumen (Becton Dickinson) may be used. For
the modified Seldinger technique, a 20-gauge regular
spinal needle that has been previously sheathed with a
short 16-gauge peripheral Teflon catheter is used. The
sheathed needle is then introduced in the vessel root via
a 1-mm skin incision. After blood sampling, a guide
wire from a 1-mm diameter central venous catheter
(Seldiflex 1 x 300 mm, Plastimed) is introduced into the
vein. The echogenicity of the metal allows good control
of its progress (Figs 12.1 & 12.2). Once this wire is
correctly inserted, the needle is removed leaving the
peripheral catheter in the abdominal wall and the
wire in the cord. The central catheter is then pushed
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(a)

Fig. 12.1 (a) After regular PUBS the guide wire of the
catheter (1) is introduced into the umbilical vein through a
20-gauge needle (2).

(b)

(b) The needle (2) has been removed. The guide wire
remains in the umbilical vein (1). The catheter (3) is pushed
into the vein and guided by the wire.
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Fig. 12.2 Echogenic visualization of the guide wire during
placement.

toward the vein guided by both wire and peripheral
catheter. Finally, the wire is pulled out, while the short
catheter will protect the intravascular line from bending
and compression by the abdominal wall or uterine
contraction. In both techniques, approximately 5cm of
catheter are threaded into the umbilical vein. After
catheter insertion an infusion of saline will create some
echogenic turbidity in the vein, allowing visualization
of the catheter and confirmation of its correct location.

Non-human primate animal model

For research purposes, chronic open cannulation of fetal
vessels is commonly performed. The majority of animal
fetal catheterization models require a fetal part to be
exteriorized through a hysterotomy: we have found only
one report of ultrasound-guided cannulation of the
umbilical vein [5]. Nevertheless, this method is clearly
a less invasive approach to the study and evaluation
of the fetus and therefore had to be considered. The
authors chose the baboon (Papion anubis) model to
test the feasibility of chronic umbilical vein cathet-
erization because these primates have a haemochorial
monodiscoid placenta similar to the human and different
to that of the rhesus monkey, which normally has a
bilobed placenta [10]. Baboons have a mean duration
of pregnancy of 184 * 2 days. In this study all animals
were operated on between 134 and 161 days. Before
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the operation, ultrasonographic evaluation of the fetus
was performed to determine fetal viability, fetal size,
amniotic fluid volume, placental location and umbilical
cord insertion. All animals had an ultrasonographically
proven anterior placenta. During the operation, an-
aesthesia was maintained with halothane. A midline
laparotomy was then performed. A 5-MHz ultrasound
probe within a sterile plastic sleeve was used to carefully
locate the umbilical cord insertion. The umbilical vein
was then cannulated with a 0.52 X 0.82 mm vinyl cannula
via an 18-gauge thin-walled spinal needle (Becton-
Dickinson). The needle was introduced transplacentally
into the vein under continuous ultrasound guidance.
Approximately 1o cm of cannula were threaded into the
umbilical vein. Two additional cannulae were inserted,
also under ultrasound guidance, into the amniotic cavity
to allow for amnio-infusions (before cord catheterization
to improve visualization of the cord) and to monitor
uterine contractions after the procedure. The three
intrauterine cannulae were then anchored to the uterine
serosa with 3-o silk suture and were exteriorized via a
midlateral flank incision. The abdominal incision was
then closed with Vycril suture. The maternal femoral
vein and artery were then dissected in the groin area of
the leg and cannulated. These cannulae were anchored
and exited subcutaneously toward the midlateral flank
incision with tunnelling needles. The five cannulae were
then led subcutaneously to a midline dorsal incision
at the level of the scapula with a tunnelling needle.
The incisions for tunnelling were then closed. A nylon
mesh jacket was placed on the animal and the cannulae
led out through a 6o-cm flexible stainless steel tether
connecting the back of the jacket to a swivel on the
side of the cage. The amniotic fluid cannulae were
connected to a pressure transducer and pressure changes
recorded on a four-channel polygraph. The cannulae
in the umbilical vein, femoral vein and artery were
attached to syringes on an infusion pump. Heparin was
infused to keep the cannulae patent; Cephazolin 1 g daily
was also infused. The postoperative follow-up of the
mother consisted of evaluation for potential infection
and bleeding. Fetal viability was determined ultra-
sonographically twice daily and fetal blood samples
obtained daily. Uterine contractions were monitored 2.4
hours per day and throughout labour and delivery. Figure
12.3 shows maternal and fetal haematological values
after chronic umbilical vein catheterization in a baboon.
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Fig. 12.3 Maternal and fetal haemoglobin (Hb)
concentrations in baboon model of chronic umbilical cord
catheterization. Parallel evolution of Kleihauer-Betke smears
in mother also shown. Single arrow, fetal death; double
arrow, delivery. Frc = fetal red cells; Mrc = maternal red
cells.

Follow-up, tolerance and complications
in humans

Umbilical vein catheterization for short periods of
time is feasible and a safe procedure in humans. This
technique has only been used to perform fetal blood
exchange transfusions. The indication for the first
attempt at this procedure was to transfuse a fetus
haemorrhaging due to a cord root injury caused by
fetal movements at the beginning of an intravascular
transfusion procedure [2]. Eight other catheterizations
in four fetuses between 27 and 34 weeks’ gestation
have since followed. Time to place the catheter has
always been <smin and catheters have remained
within the umbilical vein for 30-210min. The catheter
to be used should be selected according to the indication.
If epidural catheters instead of central venous catheters
are used we have experienced difficulties infusing, and
more so while aspirating, blood. Blood cultures per-
formed before catheter removal were always negative.
No thrombosis or haematomas within Wharton’s jelly
or the placenta nor histological findings of chorioam-
nionitis were detected after birth. Three fetuses were
delivered by Caesarean section and one vaginally
between 9 and 64 days after the first catheterization
procedure {6].

Umbilical cord catheterization

Conclusions

Experimental fetal medicine using non-human primate
animal models will be the final arbiter in determining if
this technique can be safely used in humans. Animal
experiments and research in fetomaternal physiology,
endocrinology, haematology, immunology, nutrition,
fetal surgery, etc. are needed before such a technique is
attempted in humans. Umbilical cord catheterization,
subcutaneous tunnelling of the catheter and connection
to an infusion chamber, such as those used for chemo-
therapy, may be foreseen as an alternative treatment
modality in the following circumstances.

1 Parenteral supplementation of growth-restricted
fetuses. The use of nutrient supplementation as well as
the restoration of normal oxygenation and metabolic
status may improve fetal growth in cases of placental
insufficiency.

2 Intraoperative and postoperative monitoring of fetal
metabolic status and treatment of fetal pain and infection.
Chronic fetal catheterization performed preoperatively
may become indispensable for open fetal surgery as well
as for endoscopic fetal surgery.

3 Gene therapy may also benefit from this technique,
which could allow administration of several doses of
stem or transfected cells. Monitoring the fetal reaction
to these treatments may also be possible using only one
interventional procedure.
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Introduction

The study of human fetal physiology has, until re-
cently, been limited by the relative inaccessibility of
the intrauterine environment. Direct evaluation of
the intrauterine and fetal environment began in the
1960s with the first invasive procedures [1] and
expanded in the 1980s with the increase in indications
for ultrasound-guided needling procedures [2,3].

Prior to this, studies of intra-amniotic pressure in
the human concentrated almost entirely on its change
with uterine activity and therefore on labouring women
at term. They were achieved via a needle or catheter
inserted transabdominally into the amniotic cavity
[4-6] or transcervical catheters inserted either extra-
amniotically or in patients with ruptured membranes
[7-9]. It was not until the mid to late 198os that
oligohydramnios [10,11] and polyhydramnios [12,13]
came to be recognized as specific indications for in-
vasive procedures. The resultant studies paved the way
for better understanding of the effects of normal and
abnormal amniotic fluid volume and pressure on fetal
well-being [14-16].

Early animal [17,18] and human [19] studies attempted
to evaluate fetal pressures, but in many cases failed to
account for alterations in surrounding intra-amniotic
pressure, which varies with gestation, uterine activity
and maternal and fetal movements [14].

Intrauterine manometric technique in
human pregnancy
Definition

Pressure is defined as force per unit area with units in
pascals (N/m?). These are very small units and thus

kilopascals (kPa) are more usually used in medicine. To
get a feel for this unit consider the following: 1ml of
water weighs about 1g. If four walls, 1cm wide were
glued to a surface to form a container and then filled
with water to a height of 1cm, the water would exert
a pressure of 1g/cm? anywhere over the area of that
surface contained within the walls. If the level were
raised to tocm, 10g of water would be pressing on the
same area and the pressure would be o g/cm?, which is
approximately 1kPa [20]. Thus the pressure in a fairly
tall mug of coffee varies from nothing at the surface to
about 1kPa at the bottom.

Although a variety of geometric shapes have been
used to describe the uterine cavity [21], most authors
accept that in order to apply Laplace’s law the uterus
may be considered as equivalent to a sphere [22—24], a
mathematical simplification of the composite radii of
little consequence for intrauterine pressure. Pressure
within the sphere is a function of T/r, where T is the
wall tension and 7 the radius. The initial application of
this law to non-living matter held that pressure fell with
increasing 7, and this was the basis for an assumption
that resting amniotic pressure (AP) falls in late gestation
[25]. This simple hydrostatic model, however, is
complicated within a musculo-elastic structure like the
uterus by the effects of stretch (increasing r) or T. This
in turn is modulated by wall thickness, myocyte length
and the effects of pregnancy hormones. Furthermore,
distension (implying an increase in pressure) is an
important stimulus for uterine growth and thus further
increase in r. Therefore the development of AP in
pregnancy reflects the relative rate of change of T/r. On
this basis it has alternatively been suggested that AP
rises in late pregnancy with tension increasing at a
greater rate than radius [21]. These theoretical conflicts
highlighted the need for direct pressure studies.
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Materials and methods

AMNIOTIC PRESSURE

Different studies have used different apparatus to
measure AP. Older studies of basal intrauterine pressure
were performed via transcervical catheters inserted in
early labour either extra-amniotically or in patients with
ruptured membranes, and therefore were not standard-
ized [9,24]. New invasive techniques allow measurement
of pressures in pregnant women undergoing clinically
indicated invasive procedures in ongoing pregnancies
or at termination of pregnancy. Two main types of

transducers can be used: fluid-filled transducers with
a fluid-filled line to transmit pressure from the measured
part to the transducer, or pressure-tip transducers.
Our group used a 20-gauge needle inserted under
ultrasound guidance into the amniotic cavity and
attached to a saline-filled catheter. This was linked to a
silicon strain-gauge transducer, although more modern
disposable transducers have recently been used (Fig.
13.1) [14,15]. Initially, the output was observed on a
chart recorder for 60-90 seconds to ensure stable
readings free of artefact before reading actual pressures
by meter. It was then found that AP reading instability
could be adequately discerned from observation of the

Uterine
wall

Maternal
abdomen

Amniotic
cavity

Pressure
transducer

000
|
|

D

Fig. 13.1 Fluid-filled manometry system for measurement of
amniotic pressure (AP) in human pregnancies undergoing
invasive procedures. For ease of interpretation of the
components of measured AP, this example shows the
transducer positioned beneath the amniotic cavity: the
pressure recorded at the level of the transducer equals, in
addition to that due to uterine tone (AP), the sum of the
height of the fluid column in the catheter below the needle
(Z) and the height of the fluid column within the amniotic
cavity above the needle (Y). X represents the distance
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between skin and amniotic cavity. Given that the density of
overlying fat and muscle approximates that of water, fluid
pressure at the transducer equals AP + X + Y + Z. When the
transducer is elevated on the sliding attachment pole to be
level with, and thus referenced to, the maternal skin,

X +Y +Z = o and the recorded pressure will equal AP.
Referencing the apparatus at the maternal skin surface

thus eliminates the gravitational component. (From Fisk

et al. [15], with permission).



meter, and subsequent readings were then taken directly
from the meter when stability had been maintained.
Fluid-filled manometer systems self-compensate for the
position of the needle within the amniotic cavity, as
discussed below.

AP is defined as the pressure within the amniotic
cavity over and above that exerted gravitationally by
the height of the amniotic fluid column. The pressure
measured by a fluid-filled system will, in addition to
the pressure due to uterine tone, reflect the sum of the
gravitational pressure in the column of fluid above the
needle plus the gravitational pressure in the tubing
between the needle and transducer. If AP was zero this
would be the same as if the open end of the needle was
laid on top of the mother’s abdomen. The system is in
fact zeroed using this as a reference point. Any extra
pressure registered when the needle is inserted must
therefore be due to uterine wall tension.

Thus variation in position of the needle within the
amniotic cavity will not alter the pressure recorded at
the transducer. Referencing at the top of the amniotic
cavity is impractical and potentially inaccurate; this
point would need to be determined ultrasonically, and
then somehow translated laterally to reference the
transducer. However, as the maternal soft tissue over-
lying the top of the amniotic cavity comprises both
muscle (more dense than water) and fat (less dense),
their combination is considered to approximate the
density of water. Accordingly the skin surface has
been chosen as the reference point, and considered
the highest point of a virtual amniotic cavity whose
vertical dimension is larger by the overlying soft tissue
thickness.

Other groups have used different techniques. Weiner
et al. [26] used the fetal heart as the reference point.
This technique depends on the position of the fetal
heart, which may vary between pregnancies and within
any single pregnancy with fetal movement. In another
method [27,2.8], the needle’s hub was attached directly
to a pressure-tip transducer. Pressure was displayed
digitally and the angle of the needle measured by a digital
meter. Before any measurement was taken, the solid
pressure transducer with attached needle was zeroed at
an angle of 45° from the horizontal. Actual AP was
then calculated after correcting for angle deviations from
45° because the angle determines the vertical distance
between transducer and tip of the needle. This essentially

Intrauterine pressure

measures pressure at the needle tip, whose position may
obviously vary depending on its location.

Our group prefers the use of fluid-filled transducers
because the sitaple referencing system reduces variability
from the use of different measurement locations within
the uterine cavity. Indeed for accurate measurement with
the pressure-tip transducer one would need to insert
the transducer into the amniotic cavity, via a thin
probe for example, which is not very practicable with
ultrasound-guided invasive procedures.

INTRAFETAL PRESSURES

Just as intravascular pressure recordings in adults
and children are referenced to atmospheric pressure at
the level of the heart, intravascular and intracavitary
pressures in fetuses should be referenced to the sur-
rounding AP [29]. Subtraction recordings of supra-
amniotic pressure are thus necessary [14], not only
as a means of reference but also to control for the
considerable fluctuations in AP that occur with uterine
contractions and maternal respiratory activity. The usual
technique in human fetuses consists of two separate
20-gauge needles with fluid-filled lines connecting each
to a pressure transducer. The first is located within
the amniotic cavity to record AP on one channel of a
multichannel recorder, and the second positioned within
the fetus (umbilical vein, peritoneal cavity, bladder, etc.).
The resultant absolute and relative pressures can then
be displayed on a meter or chart recorder.

Another technique [26] uses a single catheter to
measure both fetal and amniotic pressures. After
insertion into the fetus, the first pressure is measured,
then the needle is withdrawn from the fetus into the
amniotic cavity where AP is also measured. The second
pressure is then subtracted from the first. Although less
invasive, this technique may be less accurate, being based
on the assumption that AP remains stable throughout
the invasive procedure.

When measuring vascular pressure, care must be
taken to identify the vessel accurately and to be sure
that the needle aperture is not up against the vessel wall
otherwise the pressure measured will be higher.

Sources of error

Potential sources of error are plenty, and the lack
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of standardization of technique as well as recording
method accounts in no small part for the disparate
findings reported.

One source of error is the reference point. The ideal
system for measuring AP would involve subtraction
of amniotic fluid pressure from surrounding maternal
intraperitoneal pressure. Although suitable for animal
studies, the additional insertion of a paracentesis needle
[30] in women is now considered unethical. Caldeyro
et al. [30] circumvented this problem by measuring
intravesical pressure via a urethral catheter considering
this to reflect maternal intra-abdominal pressure when
intravesical volume was <20ml. Subtraction of intra-
abdominal from intrauterine pressure was deemed
important in these older studies of uterine activity
during labour, in order to distinguish contractions
from maternal straining and respiratory effort. In
the non-labouring patient at rest, it seems unlikely
that maternal intra-abdominal pressure comprises a
significant component of measurement of stable AP.
However, pressure recordings made through a single
needle system require a reproducible reference point,
such as the top of the maternal abdomen. The accuracy
of readings zeroed at the level of anatomical land-
marks in the fetus is likely to be impaired by variations
in maternal and fetal position, and by changes in
uterine and fetal size with gestation. Nevertheless,
changes in maternal position may alter the height of
the amniotic “fluid column’ necessitating re-zeroing of
the system.

Fluid-filled transducers, in contrast to pressure-tip
transducers, may produce damping if the tubing is
of excessive length. However, this is only a problem
with respect to pulse pressures and is not considered to
affect stable pressures [29]. Another disadvantage of
fluid-filled systems is the potential for inaccuracy in the
presence of bubbles, which can be avoided by repeated
flushing and visual inspection of both the transducer
dome and pressure lines.

A further potential source of error is electrical drift,
usually due to changes in transducer temperature and
so is relatively slow. Re-zeroing the system before
each reading and recalibrating before each patient can
minimize this type of error.

Artefacts causing elevated pressures include con-
traction provoked by the introduction of any needle
through the uterine wall, artefactually high readings in
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anxious women who tense their abdominal muscles, and
pressure exerted if the operator inadvertently leans on
the maternal abdomen while scanning.

There are thus two components to AP: firstly, that
due to uterine tension, which according to Pascal’s
law is equal and uniform within the uterus; and secondly,
a gravitational component that varies vertically. AP
referenced to a variable point will thus vary with the
position of that point within the cavity.

Amniotic pressure

Amniotic pressure in normal pregnancy

Although AP has been extensively investigated over
the last four decades, the emphasis has been almost
exclusively on its change with uterine activity. Numerous
studies of intrauterine pressure have been performed
in labouring women at term. AP has also been studied
in the first and second trimester prior to or during
termination of pregnancy. The rationale for these
investigations was the characterization of pressure
changes during spontaneous and pharmacologically
induced contractions. Resting AP has only been studied
as a baseline against which the effects of oxytocic
drugs were assessed. Such reports present AP readings
graphically, with typical scales of o to too—-250mmHg,
rendering accurate interpretation of resting AP im-
possible. Another problem has been the lack of uniform
reference point as discussed above. Although some
authors standardized readings at the maternal umbilicus
[31] or against maternal intraperitoneal or intravesical
pressure [ 5,3 2], most deemed no reference point necessary
to calculate changes in AP with contractions.

Two groups [14,16,26] have recently reported AP
measurements at ultrasound-guided needling to show
that intra-amniotic pressure increases linearly over the
last half of gestation, presumably due to an increase in
uterine tone secondary to stretching of myometrial fibres
(Fig. 13.2). The results from our group are consistent
with data obtained at term of basal AP (8—12 mmHg)
in early labour [32]. However they are only half as high
as those of Weiner et al. [26] who recorded AP after
fetal blood sampling and used a variable reference point
(fetal heart). In contrast we measured AP before other
procedures to avoid stimulating contractions and used
a fixed reference point comparable between subjects [16].
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Fig. 13.2 Amniotic pressure in 171 singleton pregnancies
with normal amniotic fluid volume. The line represents the
estimated mean (log_ (y + 1) = 0.12 + 0.23% — 0.010X% +
0.00015x%, R?* = 0.19, P < 0.001 where y is amniotic
pressure in mmHg and x is gestation in weeks) and the
shaded area the 95% reference range. (From Fisk et al. [16],
with permission.)

In contrast to these results, Sideris and Nicolaides
[27] found that the mean AP decreased exponentially
with gestation, from 9 mmHg at 10 weeks to a plateau
at smmHg from 30 weeks. However, as discussed
above, their methodology involved a pressure-tip trans-
ducer attached to the needle hub with measurements
referenced to its tip; consequently, they measured
pressure at the variable position of the needle tip, rather
than gravity-independent pressure within the amniotic
cavity attributable to uterine tone. Accordingly, it is
understandable that they found a decline in pressure
with gestation, given that with advancing gestation it is
likely that an increasingly larger proportion of the needle
would be introduced beneath the reference point used
by others.

The reference range in Fig. 13.2 is independent of
maternal age, parity and gravidity; allowing for limited
numbers studied, it may also be applicable to twin
pregnancies [16]. In that study, there was no correlation
of AP with amniotic fluid index, which reflects amniotic
fluid volume [33], suggesting that intrauterine volume
is not a primary determinant of AP. Instead it seems

Intrauterine pressure

that gestational age is the main factor influencing AP.
Furthermore, the relationship of AP to increasing
gestation is different from that of amniotic volume,
which increases to 22 weeks and does not change
significantly thereafter [34]. This study demonstrated
that AP rises in late pregnancy, whereas it had previously
been assumed to fall, due to a stable uterine radius and
thus volume. If development of AP with advancing ges-
tation is assumed to reflect the relative change of Tl7,
the weakly sigmoid-shaped normal AP curve suggests
that P, and thus T relative to 7, increases more rapidly
in the first and third trimesters than in mid-pregnancy.
T could not be deduced, since uterine radius was not
measured. However, a planimetric ultrasound study has
suggested that uterine radii increase in a near-linear
fashion throughout pregnancy [35]. AP thus appears
mediated by gestation-specific anatomical and hormonal
influences on gravid uterine musculature.

Amniotic pressure in abnormal fluid volume
POLYHYDRAMNIOS

Ampniotic pressure and effect of fluid drainage

Polyhydramnios is associated with a high rate of ma-
ternal and fetal complications. Maternal ones include
abdominal discomfort, respiratory embarrassment and
uterine irritability. Preterm delivery occurs more
frequently, with a rate of 22% corrected for congenital
anomalies, as also does premature rupture of the
membranes [36]. The incidence of pre-eclampsia is also
increased [37]. Similarly there is an increased incidence
of postpartum haemorrhage, attributed to uterine atony
[36], and gross enlargement of the uterus may rarely
result in ureteric obstruction [38]. The above maternal
complications are similar to those encountered in
high-order multiple pregnancies, and many authors
have attributed them to uterine distension [39]. The
incidence of Caesarean section is also increased in
polyhydramnios [40], due largely to unstable fetal lie.
A further risk is abruption, which has been associated
with rapid decompression of the uterus as amniotomy
[41,42].

Three main variables influence perinatal survival in
polyhydramnios: presence of congenital anomalies, ges-
tational age at delivery and severity of polyhydramnios
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[43,44]). The most severe form of polyhydramnios
occurs in mid-trimester fetofetal transfusion syndrome
[45]. Untreated perinatal mortality rates are 8o-100%
[46], although these have fallen to around 33% in
recent series employing aggressive management [46-49].
Approximately one-third of the losses are intrauterine
deaths, and in this regard fetal hypoxaemia and acid-
aemia have been demonstrated at fetal blood sam-
pling [15]. The remainder are due to prematurity and
consequently much attention has recently focused on
developing therapies against polyhydramnios.

Treatment of polyhydramnios, usually only considered
in severe or acute cases in the mid or early third-
trimester, has two aims: relief of maternal symptoms
and prolongation of gestation. Polyhydramnios sec-
ondary to fetofetal transfusion syndrome is the most
frequent indication.

The first description of therapeutic drainage of am-
niotic fluid [5o] came from Queen Charlotte’s Hospital
in London in 1933. Numerous case reports and small
series have since described relief of maternal symptoms
and prolongation of gestation with this procedure in
both singleton and twin pregnancies [51]. Although
some authors have found that rapid reaccumulation of
amniotic fluid rendered drainage of little benefit [52,53]
without significant improvement in outcome [54],
recent series of polyhydramnios secondary to fetofetal
transfusion syndrome suggest that it may be beneficial
in prolonging gestation [48,55,56]. The small number
of such patients seen in any one centre renders it
unlikely that the efficacy of this procedure, known
as amnioreduction or therapeutic or decompression
amniocentesis, can be evaluated without a multicentre
randomized trial.

Initially, most authors removed only small quantities
of fluid at amnioreduction [51], in view of concerns
regarding precipitation of abruption or preterm labour
[57]. However the good results of the Phoenix group
[46,49,58] in draining volumes of 1—5 litres without
significant complications led to widespread adoption
of their practice of aggressive therapeutic amnio-
reduction, whereby all the excess fluid is removed to
restore amniotic fluid volume to normal. Elliot et al.
[58] reported only three complications in a series of
200 therapeutic amnioreductions (1.5%): one rupture
of the membranes 24 hours after the procedure at 26
weeks, one chorioamnionitis at 31 weeks 18 hours
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after the procedure and one abruptio placentae at 38
weeks in an anencephalic fetus after removal of 10.2
litres. The last case prompted them to restrict therapeutic
amnioreduction to a maximal removal of 5 litres per
procedure.

An alternative to drainage is medical amnioreduction
with prostaglandin synthetase inhibitors [59]. Although
the reduction in urine output is less with sulindac than
indomethacin, in general the former is now preferred
because of the lower incidence of side-effects, in particular
premature closure of ductus [60,61].

Almost all authors attribute the complications of
polyhydramnios to uterine distension. Implicit in the
concept of distension of a sealed container is a rise
in internal pressure. Csapo et al. [62] incrementally
increased intrauterine volume in postpartum rabbits
and although there was little initial change in resting
pressure, an exponential increase accompanied further
increase in volume. There have been reports evalu-
ating intrauterine pressure in polyhydramnios [63,64].
Notwithstanding the difficulties discerning exact details
from such observational reports characteristic of the
older literature, it appears that some cases of poly-
hydramnios had normal pressure, while in others it
was markedly raised to 25 mmHg. Recent studies on
ultrasound-guided needling in ongoing pregnancies
[14,16,26] have clearly shown that resting AP is
raised in polyhydramnios. As shown in Fig. 13.3 AP in
polyhydramnios lies above the reference mean and
exceeds the upper limit of the reference range in just
over half of cases; this may explain previous conflicting
reports of AP in polyhydramnios. In contrast to Caldeyro-
Barcia et al. [32], who contended that there were two
separate types of polyhydramnios (normal and high
pressure), our group has suggested that raised pressure
simply reflects the degree of increased amniotic fluid
volume. AP appears a linear function of severity, as
assessed semi-quantitatively by both the deepest pool
measurement and the amniotic fluid index (AFI) (Fig.
13.4). In those with mildly increased amniotic fluid
volume (deepest pool <12cm or AFI <40cm) AP often
lay within the reference range, while gross elevations in
AP were found only where the deepest pool exceeded
15cm and the AFI s5ocm. This is consistent with the
known properties of skeletal and uterine muscle, in
which resting tension increases initially only slightly
with increasing length as the elastic and inelastic muscle
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Fig. 13.4 The acute effect of drainage of too-1100ml of
amniotic fluid on amniotic pressure @, before drainage; O,
after drainage; shaded area, reference range). (From Fisk
[65], with permission.)

fibres slide over each other, until the resting length is
exceeded producing a large rise in tension due to
stretching of inelastic fibres.

(b)

with polyhydramnios, between amniotic pressure in z scores
and semi-quantitative amniotic fluid volume expressed as
the deepest vertical pool measurement (y is amniotic
pressure z score and x is deepest pool in cm). (From [65],
with permission)

Elevated AP in gross polyhydramnios is consistent
with the clinical features of this condition and can be
normalized by drainage of excess fluid [15]. Indeed, it
is possible that normalization of pressure rather than
volume could be the more appropriate therapeutic aim,
at least in the short term. AP in pregnancies with
polyhydramnios with high basal AP (above the upper
limit of reference range) can be restored towards normal
by drainage of amniotic fluid (Fig. 13.5). In contrast,
no significant change in AP occurs with drainage in
those with normal AP (within the reference range) [65].
The volumes drained in the group with raised AP
were relatively small (mean 679 ml), considering that
amniotic fluid volumes (and their drainage) of up to
7—10 litres have been reported in association with gross
polyhydramnios.

Impaired uteroplacental perfusion

Tabor and Maier [66] speculated that raised AP impairs
uteroplacental perfusion in polyhydramnios, based on
their observation of cardiotocographic changes in a case
of transient iatrogenic polyhydramnios during intra-
partum amnio-infusion. Indeed, in twin—twin transfu-
sion syndrome it has recently been suggested that raised
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Fig. 13.5 Amniotic pressure in pregnancies complicated by
oligohydramnios shown against the reference range for
pregnancies with normal amniotic fluid volume. @, severe
oligohydramnios. (From Fisk [65], with permission.)

pressure in the recipient’s sac secondary to polyhydram-
nios impairs placental perfusion in the donor twin, and
that this results in further hypovolaemia and oliguria in
the donor. This suggestion arose from an unexpected
observation in recent series of fetofetal transfusion
syndrome treated by serial amniocenteses, whereby
removal of sufficient fluid to normalize volume in the
recipient’s sac was accompanied by normalization of
amniotic fluid volume in the previously anhydramniotic
donor’s sac [46,48,49,5 5] and, in some cases, resolution
of hydrops.

Qur group [67] have suggested that raised AP might
explain the high frequency of fetal hypoxaemia and
acidaemia and therefore the 6-14% of antenatal death
in normal (without congenital anomalies or preterm
labour and rupture of membranes) singletons with
polyhydramnios. Of 22 fetuses from pregnancies with
polyhydramnios investigated by fetal blood sampling,
eight (36%) had a pH value and 16 (73%) a Po,
value below the reference range. Both fetal pH and
Po, were significantly negatively linearly correlated
with the degree of elevation in AP. Although some of
these fetuses were hydropic, had congenital anomalies
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or were from multiple pregnancies, univariate and
multiple logistic regression analyses indicated that the
above associations could not be accounted for by these
potentially confounding variables. In order to determine
the effect of raising AP on fetal blood gas status in the
absence of confounding variables, 5-15 litres of saline
were infused intra-amniotically in sheep, producing a
rise in AP of 1.0to0.013 (mean+SE) mmHg/litre
infused but no significant change in fetal acid-base
status [68]. This failure to impair normal fetal blood
gas status may have been due to the modest rise in AP
achieved or instead might reflect species differences
in placentation. Animals studies have indicated that
uteroplacental perfusion needs to be reduced by 50%
before any major effect on fetal blood gas status is
demonstrated [69]. Increases in uterine pressure during
contractions have been shown to produce alterations
in uterine artery Doppler waveform [70]. Two groups
[71,72] studied the effect of therapeutic amniocentesis
on uterine artery velocimetry, using measurement of
impedance index values from Doppler flow-velocity
waveform, to demonstrate acute changes in amniotic
fluid volume alter uteroplacental perfusion. They
concluded that severe polyhydramnios can result in
reduction in uterine blood flow, as fluid removal
improves it.

Amnioreduction is currently performed in cases of
polyhydramnios associated with maternal symptoms
and as standard treatment for twin—twin transfusion
syndrome. Measuring the AP in polyhydramnios has
been useful in terms of understanding the complications
of this phenomenon. It has been demonstrated that
largest vertical pocket of amniotic fluid greater than
15 cm was always associated with elevated AP and most
of the time with some maternal symptoms.

OLIGOHYDRAMNIOS

Ammniotic pressure

Perinatal mortality is significantly increased in oligo-
hydramnios, as a result of the underlying aetiology, such
as congenital malformations and intrauterine growth
retardation, of preterm delivery and of the sequelae of
oligohydramnios, such as pulmonary hypoplasia (PH)
[73,74]. The severity of oligohydramnios influences
prognosis, with a mortality rate of 88% in severe



compared with 11% in mild/moderate mid-trimester
oligohydramnios [75].

Some of the fetal complications in oligohydramnios
may be attributed to reduced amniotic fluid volume,
such as PH and skeletal deformities, while others result
from the underlying condition, such as intrauterine
growth retardation or premature rupture of membranes.

Oligohydramnios is also associated with an increased
risk of fetal distress and birth asphyxia [76]. Vari-
able decelerations in oligohydramnios are attributed
to umbilical cord compression as shown in rhesus
monkeys, in which acute drainage of amniotic fluid
resulted in variable decelerations that were eliminated
by restoration of amniotic fluid volume [77].

The complications of oligohydramnios have been
widely attributed to compression of the fetus and
umbilical cord. Implicit in this concept is a rise in the
surrounding AP. In contrast, several studies [14,15,26]
have now demonstrated that AP is in fact low in oligo-
hydramnios (Fig. 13.6). Indeed, descriptive data in
labouring rabbits suggest that removal of 300-700ml
of amniotic fluid by amniocentesis results in a fall in
basal AP [78]. This finding, that AP is decreased with
reduced amniotic fluid volume, is broadly consistent
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Fig. 13.6 The effect of infusion of normal saline on
amniotic pressure (mmHg) in 60 pregnancies complicated by
oligohydramnios; mean 4.3 mmHg. (From Fisk [65], with
permission.)
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with hydrostatic principles governing contents within
inelastic confines. However, abnormal AP in oligo-
hydramnios is confined to severe degrees of derange-
ment in amniotic fluid volume, as it is in pregnancies
complicated by polyhydramnios. This further supports
the suggestion that the relationship between AP and
intrauterine volume is non-linear, presumably reflecting
the different physical principles determining pressure
within a musculoelastic structure like the human uterus,
as discussed earlier.

The finding of low AP in oligohydramnios is not
surprising if the law of Laplace is considered [79].
A decrease in the quantity of amniotic fluid sufficient
to cause persistent contact between fetal parts and
the uterine wall isolates pockets of amniotic fluid. As
the theoretical radius of these amniotic fluid pockets
increases with decreasing amniotic fluid volume, AP
should thus fall and approach infinity.

Low amniotic pressure and concept of
fetal compression

Prolonged oligohydramnios is associated with a variety
of fetal manifestations including PH, characteristically
flattened facies and postural deformities such as con-
tractures and talipes equinovarus. These phenomena
were first considered, with bilateral renal agenesis, to
be part of a specific syndrome [80]; however reports
of their presence in association with reduced amniotic
fluid volume from other causes, and their absence in
fetuses with bilateral renal agenesis and normal amniotic
fluid volume, led to their recognition as sequelae of
oligohydramnios [81]. Accordingly many authors have
attributed the sequelae of oligohydramnios to com-
pression of the fetus by the uterine walls in the absence
of amniotic fluid [82-84].

Clinical studies indicate that the likelihood of PH after
oligohydramnios depends on three variables: gestation
at onset, duration and severity of oligohydramnios
[84~86]. Amniorrhexis is unlikely to result in PH when
membrane rupture occurs after the second trimester
[84,87]. Although a causal relationship between oligo-
hydramnios and PH has been well established, the
mechanism involved remains controversial [88,89].
Different hypotheses have been suggested.

Compression by intrathoracic space-occupying lesions,
such as viscera in diaphragmatic hernia, pleural effusions
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and tumours, is known to impair fetal lung growth.
The fetus is widely held to be compressed in prolonged
oligohydramnios, and thus extrathoracic compression
has been assumed as the mechanism for oligohydramnios-
related PH [90]; however, it is now known that AP is
decreased in that situation [r5]. Furthermore, resto-
ration of amniotic fluid volume is not accompanied by
any change in fetal breathing movement or umbilical
artery Doppler indices, biophysical variables considered
affected by fetal compression in oligohydramnios
[91,92]. The finding in oligohydramnios of low AP in
the presence of soft-tissue manifestations considered
indicative of compression (talipes, flattened facies,
arthrogryposis, etc.) appears paradoxical. However,
amniotic fluid no longer completely surrounds the
fetus in severe oligohydramnios. Thus with decreasing
amniotic fluid volume, the entire tension of the uterine
wall becomes exerted over some fetal parts (head,
extremities) that happen to be the internal ‘pillars’ of
the uterus. Fetal compression by the surrounding uterine
wall could thus still be mediated through these pillars,
even though pressure in the amniotic fluid pockets
is low. However, Harding et al. [93] have recently
shown in sheep that pressures within fetal body
cavities (i.e. pleural, peritoneal) do not change with
removal and then restoration of amniotic fluid volume,
which suggests that direct transmission of uterine tone
to the fetal trunk via splinted extremities does not
occur. Accordingly, fetal soft-tissue manifestations of
oligohydramnios may instead be due to restriction of
movement by the uterine wall. Indeed several authors
have implicated immobility of fetal extremities in the
aetiology of these sequelae [94].

Impairment of fetal breathing is now known not
to be the mechanism for oligohydramnios-related PH
{95-97], whereas loss of lung liquid from the airways
into the amniotic cavity could be implicated in this
condition. During gestation, lung liquid travels from
the alveolae down the upper airways (the direction of
net flow being always away from the lung) from where
it is either swallowed or drains into the amniotic cavity
[98]. Retention of this liquid within the future airways
is required to maintain the lungs at an appropriate level
of expansion in order to stimulate their growth [99].
This has been demonstrated by experimental tracheal
ligation on fetal sheep, which leads to increases in
lung weight and volume [100,101] and reverses PH
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associated with oligohydramnios [102]. This pheno-
menon can be found in human fetuses with Fraser
syndrome [103]. Normally, the upper airways produce
resistance to the egress of lung liquid, creating a standing
tracheal pressure of 1.5-3.0mmHg above AP, and lung
liquid acts as an internal stent around which the lung
grows.

This last hypothesis is based on the fact that net
outflow of lung liquid along the trachea must adhere to
principles of fluid dynamics (tracheal pressure must
exceed AP). Therefore, increased escape of lung liquid
in oligohydramnios could be due to an increase in the
tracheal pressure-AP gradient, secondary to a reduction
in AP [79]. However, Fisk et al. [104] using an animal
model have demonstrated that this might not be true
because mimicking low AP in the upper airway by
chronic fetal pharyngeal drainage does not impair lung
development in fetal sheep.

Notwithstanding this, the pathogenesis of
oligohydramnios-related PH is not fully understood.
Indeed, Harding et al. [105] have reopened the debate
by demonstrating that tracheal flow rates during non-
labour uterine contractions were more than doubled in
the presence of oligohydramnios due to increased fetal
intrathoracic and intra-abdominal pressures, although
these pressures do not change with oligohydramnios
when the uterus is quiescent.

Effect of amnio-infusion

Amnio-infusion has both a diagnostic and therapeutic
role in oligohydramnios. In cases of severe oligo-
hydramnios, accurate sonographic visualization of fetal
anatomy can be difficult and amnio-infusion is thus used
for diagnostic purposes [11,106,107]. Fisk et al. [95]
reported that diagnosis of the underlying aetiology was
revised in 13 % as a result of the procedure, unsuspected
anomalies were revealed in 9-18% and ruptured
membranes was demonstrated by liquor leakage and/
or membranous detachment. Concomitant fetal blood
sampling can be done for fetal karyotyping.
Oligohydramnios is responsible for complications
that theoretically should be obviated by amnio-infusion.
Our group [15] showed that amnio-infusion in preg-
nancies with oligohydramnios significantly increased
AP (Fig. 13.7). The rise in AP with infusion was greatest
in those with severe oligohydramnios and those with a
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Fig. 13.7 Scattergram of 45 fetuses in which umbilical
venous and amniotic fluid pressure were measured. Two
distinct populations are seen: 7 = 12 refers to those fetuses
with an umbilical venous pressure >2SD above the norm
(i.e. > tommHg); 7 = 33 are all normal. (From Weiner et al.
[26], with permission.)

preinfusion AP beneath the reference range, consistent
with preinfusion AP being the main variable determining
this rise and the suggestion, made earlier with reference
to polyhydramnios, that restoration of fluid volume
restores AP towards normal.

Amnio-infusion, by restoring normal AFI, can prevent
PH as established in animal models [108], in which
restoration of amniotic fluid volume in fetuses with
bladder outlet obstruction has significant beneficial
effects on lung development. Our group [106] reported
that serial amnio-infusion may be associated with a
low incidence of sequelae of oligohydramnios. In this
uncontrolled study 51 patients underwent a single
amnio-infusion and nine patients serial infusions.
Talipes occurred in 15% of pregnancies in the first
group compared with none in the second group. There
was also evidence of a degree of hypoplasia in 22%
of pregnancies complicated by severe oligohydramnios
diagnosed at or before 22 weeks compared with the
60% reported in severe oligohydramnios diagnosed
at or before 28 weeks [ro9]. In a preliminary report
of a cohort study, Vergani et al. [110] found that
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prophylactic transabdominal amnio-infusion is associated
with a significantly lower risk of PH than with expectant
management. The prevalence of PH was significantly
lower among the amnio-infusion cases compared with
the controls (46% vs. 86%).

We previously recommended that because ruptured
membranes have been noticed after amnio-infusion,
AP should be measured intraprocedurally to avoid an
excessive rise in AP. However our recent experience is
that this is no longer necessary, providing one takes care
to infuse only sufficient fluid to restore amniotic fluid
volume to within the lower end of normal range.

Van den Wijngaard et al. [111] attributed normal-
ization of a highly resistant umbilical artery waveform
after amnio-infusion in a patient with severe oligo-
hydramnios to relief of cord compression, documenting
recurrence of the Doppler abnormality with return of
oligohydramnios 5 days later. An alternative explanation
to cord compression for these cardiovascular changes
might be fetal head compression, which in fetal lambs
is also followed by bradycardia [112]. In this light, the
same group [r11] have shown increased peripheral
resistance in Doppler studies of the cerebral arteries
in human fetuses with oligohydramnios. Although
considered to be the result of fetal head compression in
that study, these changes can also be induced by excessive
transducer pressure [113], an unwitting possibility in
any study requiring high ultrasonic resolution in the
presence of severe oligohydramnios.

Oligohydramnios is also responsible for fetal dis-
tress during labour due to umbilical cord compression.
Intrapartum restoration of amniotic fluid volume has
been shown to reduce the frequency of fetal heart
rate deceleration patterns [114-116] and to decrease
morbidity from meconium aspiration [117]. The intro-
duction of an intrauterine pressure catheter to allow
intrauterine pressure readings, in addition to both AFI
and fetal heart rate monitoring, has been advocated
during intrapartum amnio-infusion in order to minimize
complications such as uterine overdistension, elevated
AP [118] and amniotic fluid embolism [119].

Fetal pressures

Vascular pressures

Access to human fetal compartments and evaluation of
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different intrafetal pressures began only recently with
the development of clinically indicated fetal invasive
procedures. Animal experiments started earlier [17,18]
and largely concentrated on physiology. Human studies
of fetal pressures using subtraction manometry (see
Introduction) allowed investigation of naturally occurting
pathologies like hydrothorax [120] and urinary tract
obstruction [121].

The development of ultrasound-guided fetal blood
sampling has facilitated access to the circulation of
the human fetus. The umbilical vein is the vessel most
commonly punctured. Weiner et al. [26] found a mean
umbilical venous pressure (UVP) of 5.3 + 2.3 mmHg
(range 2~11) in normal fetuses, and abnormal fetuses
with a UVP >1ommHg had either heart failure or
hepatomegaly. Nicolini et al. [14] reported similar
values, (both studies reported UVP unrelated to
gestational age) with a mean UVP of 4.5 mmHg. They
also measured intrahepatic vein pressures, which ranged
from 2 to 11 mmHg, and arterial pressure, which ranged
from 14 to 22mmHg. UVP should approximate to
central venous pressure in the inferior vena cava.
Because of the parallel fetal circulatory system and the
preferential streaming of umbilical venous blood to the
left atrium, UVP measurements may be even more
sensitive to left ventricular dysfunction than the inferior
vena cava [26]. UVP was higher than both intervillous
space and fetal intraperitoneal pressure, which is
consistent with continuous forward umbilical venous
flow from the placenta to the fetus.

Most studies have failed to account for the effects
of intra-amniotic pressure [122,123] and few used sub-
traction manometry. Castle and MacKenzie [124] in
1986 found lower values than the two previous studies,
mean 2.2 mmHg, probably due to methodological and
calibration differences.

Weiner [r25] also applied the measurement of
UVP, during diagnostic cordocentesis, to the evaluation
of non-immune hydrops fetalis. Cardiac dysfunction,
presumably inadequate cardiac output, resulted in an
elevated UVP. The finding of a normal UVP essentially
eliminates the heart as the cause of hydrops even if a
cardiac malformation is present, although one must be
aware, in a non-hydropic fetus with tetralogy of Fallot,
that a cardiac malformation that permits transmission
of arterial pressure to the venous system will also elevate
the UVP in spite of adequate cardiac output.
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Intrauterine transfusion

Early attempts at intrauterine therapy of anaemic fetuses
were by intraperitoneal transfusion [126]. Mean intra-
peritoneal pressure (IPP) (2.5 mmHg) is normally lower
than mean intraumbilical pressure (IUP), necessarily to
enable flow along the umbilical vein from the placenta
to the inferior vena cava. Animal studies indicate that
embarrassment of umbilical venous return results from
increased IPP (IPP > IUP) secondary to intraperitoneal
transfusion, as the umbilical vein in its intra-abdominal
portions traverses the peritoneal cavity [17]; Dunnihoo
[123] measured IPP during intraperitoneal transfusion
in monkey fetuses and found that bradycardia occurred
only when IPP exceeded 10cmH,O. This explains the
risk of complications in 20% of procedures associated
with intraperitoneal transfusion compared with the
1-3 % perinatal loss rate associated with intravascular
transfusion [127]. Nicolini et al. [128] reported 11 cases
of IPP measurements during transfusions. IPP before
transfusion in fetuses without ascites was 2.5 mmHg
and no correlation was observed with gestational age.
Mean IPP increased to 8.3 mmHg after transfusion.
In transfusion unassociated with complications or
ascites, IPP rose by 1-9 mmHg (Fig. 13.8). In patients
in whom fetal tachycardia or bradycardia occurred
during transfusion, the rise in IPP was much greater
(16—26 mmHg) than the maximum rise in IPP seen in
uncomplicated procedures. Thus pressure monitoring
may have a role in obviating undue pressure rises during
intraperitoneal transfusion, although this information
may be more simply inferred from fetal heart rate
changes. The latter is our usual practice.

The intraperitoneal route was the only method of
fetal transfusion until 1981, when Rodeck et al. [129]
performed the first direct fetal intravascular transfusion
under fetoscopic visualization. Then Daffos et al. [2]
developed the ultrasound-guided technique of umbilical
vein blood sampling. Two methods of fetal intravascular
transfusion have been described: direct (with or without
adjunctive peritoneal transfusion) [130] and exchange
[131]. The direct technique is easier to perform and the
procedure time shorter, but it may compromise the
cardiovascular system of the fetus by rapidly increasing
intravascular volume. Nicolini et al. [128] and Weiner
et al. [132] showed that the direct or bolus technique
increases umbilical pressure. Nicolini et al. [128]
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Fig. 13.8 Increase in intraperitoneal pressure with
transfusion in uncomplicated procedures (A intraperitoneal
pressure = 5.8 mmHg, P < 0.0005; stippled area, range).
Changes in intraperitoneal pressure before and after
transfusion are also shown for fetuses with fetal heart rate
changes during transfusion (M) and one with pre-existing
ascites ([1). (From Nicolini et al. [128], with permission.)

reported a rise of mean UVP from 4.5 to 9.1 mmHg
after transfusion. This rise in UVP correlated positively
with the increase in haematocrit and negatively with
gestational age. This elevation of UVP may have been
caused by acute filling of a limited vascular capacitance
with a large volume of blood or, alternatively, by
generalized vasoconstriction possibly mediated by
catecholamines in response to either hypoxia or triggering
of baroreceptors. The greater increase at earlier ges-
tational ages may be due to the maturational asynchrony
of sympathetic and parasympathetic development or
the reduction in catecholamine sensitivity that occurs
with gestation. Moise ez al. [133] showed that the mean
UVP rise of 1.7+ 2.8mmHg during transfusion was
associated with a decline in left and right ventricular
outputs of 19 and 22%, respectively.

Nicolini et al. [134] and Moise et al. [13 5] reported
that a combination of intravascular and then intra-
peritoneal transfusion allows a greater quantity of blood
to be administered so that the interval between trans-
fusions may be safely increased. The volume infused
into the peritoneal cavity is considerably less than
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that used for intraperitoneal transfusion alone, which
reduces the related risk of this procedure alone. The
direct intravascular route for fetal transfusion, with or
without intraperitoneal transfusion, is now preferred
to the intraperitoneal route alone.

Hallak et al. [136] evaluated whether abnormal ele-
vations in UVP during intravascular transfusion predict
adverse fetal outcome and whether this elevation could
be used to direct therapy. They studied 14 fetuses with
Rhesus incompatibility; after intravascular transfusion,
five fetuses died within 24 hours after transfusion and
nine survived. The only difference between the groups
was the change in UVP during transfusion (5.ommHg
for survivors, 18.1mmHg for non-survivors). They
concluded that an increase in UVP of rommHg or
more predicted fetal death with a sensitivity of 8§0%
and specificity of 89%. Similar values were reported by
Radunovic et al. [137]. Several groups advocate UVP
measurement during transfusion. If the change in UVP
approaches tommHg, the procedure is discontinued;
if the change exceeds rommHg, blood is removed and
replaced with an equal volume of saline. In general, how-
ever, most fetuses that begin intravascular transfusion
with a normal UVP have a pressure < tommHg at the
end of the procedure [125,138].

Nicolini et al. [139] have demonstrated that fetal
complications may be predicted by abnormal changes
in acid-base parameters during intravascular transfusion
but only in some cases not in all. This technique
might not be reliable. On the contrary, pressure-guided
intravascular transfusion is effective but fetal intolerance
to a large and rapid intravascular volume load is
generally manifested in fetal heart rate abnormalities
[140].

We do not think that it is necessary to perform a
pressure measurement when it would seem simpler
instead to monitor fetal heart rate changes. Fetal distress
can be detected by the monitoring of fetal heart rate
by observation of the umbilical artery pulsations on
colour flow Doppler or, using regular Doppler, by
the loss of the end-diastolic flow during the procedure
[141].

As all the above studies have shown a rise in venous
pressure, it may be that in future this can be deduced
from central venous waveforms, such as in the ductus
venosus. Further studies are indicated.
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Pressures within fetal body cavities

Pressures in different body cavities have been measured
essentially to understand better the pathophysiology of
disease states such as obstructive uropathies. Nicolini
et al. [14] also recorded fetal urinary pressures in
fetuses with low obstructive uropathies to be around
6-8 mmHg, similar to those seen in control subjects.
Low bladder pressure was even found in fetuses with
high urinary sodium, suggestive of major renal damage
[121]. In another study, Nicolini et al. [142] concluded
that there was no correlation between bladder pressure
and the degree of impairment of renal function in fetuses
with urinary obstruction, suggesting that intravesical
pressure measurement was of no clinical value. In
addition, to facilitate the sometimes difficult differential
diagnosis by ultrasound of multicystic kidney from
hydronephrosis Nicolini et al. [143] recorded intrarenal
pressures. Readings within hydronephrotic kidneys
were similar to those in the bladder, whereas the cystic
spaces of a multicystic kidney had very low pressures.
In general, urine biochemistry appears a more reliable
guide to distinguishing the two conditions.

The aim of management of fetuses with primary fetal
hydrothorax is to take the fetus to a safe gestational
age to be delivered without hydrops. Vilos and Liggins
[144] have shown that intrapleural pressure during
apnoea is negative in fetal sheep. Nicolini et al. [14]
described a technique for measuring pressure within the
fetal pleural space using subtraction manometry and
found the same data in a human fetus after complete
aspiration of a bilateral hydrothorax. They reported
raised baseline pressures of 2-rommHg with a decrease
of those pressures with fluid drainage. The higher
pressure was found on the side punctured first, as if
decompression of the first side also decompressed the
other side. Vaughan et al. [145] showed no relationship
between the initial intrapleural pressure and gestational
age in 11 fetuses with hydrothorax. They found raised
intrapleural pressure before drainage of pleural fluid
in all cases. In those that survived, the intrapleural
pressures remained at or above zero after complete
aspiration; in those that were subsequently diagnosed
as having PH at autopsy, the postaspiration pressures
were negative with respect to AP. These techniques
contribute to our understanding of why some fetuses
develop PH and why some develop hydrops.
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Antenatal diagnosis of PH is still unreliable but some
prognostic factors exist, such as age at diagnosis and at
delivery, spontaneous resolution, hydrops and bilat-
erally. Shunting allows lung expansion and alleviates
hydrops and polyhydramnios, but when the lungs do
not expand after shunting, the fetus is likely to have
PH [r20,145]. There are too few data to suggest that
intrapleural pressure monitoring could be of use in
predicting the potential for lung re-expansion or the
presence or absence of PH. We do not recommend
clinical measurement of intrapleural pressure in cases
of fetal hydrothorax but continue to use it for research
purposes.

Conclusions

Human amniotic and intrafetal pressures have been
studied over the last 10 years using simple fluid-filled
transducer systems attached to ultrasound-guided
needles. AP has been chiefly studied, and is known
to increase with advancing gestation. AP is elevated
in polyhydramnios in direct relation to its severity;
this high AP is considered to mediate most of the
complications of polyhydramnios. It appears that raised
AP may impair uteroplacental perfusion, adding a
further reason for restoring normal amniotic fluid
volume as a therapeutic measure. AP measurements
have also contributed to our understanding of the
pathophysiology of the normal and abnormal fetus;
for example, the time-honoured concept of fetal com-
pression in oligohydramnios is not consistent with the
finding of low AP, suggesting that other mechanisms
such as increased lung liquid loss may be more relevant
in generating sequelae of PH.

Intrafetal pressure studies have shown that the normal
mean UVP is about s mmHg but rises with intravascular
transfusion. IPP rises during intraperitoneal transfusion
are associated with fetal heart rate changes; IPP ex-
ceeding fetal intra-abdominal pressure may explain the
high loss rate associated with intraperitoneal transfusion.
Pressure measurements within fetal body cavities
have shown that obstructive uropathy is associated with
low intravesical pressure, and that negative pleural
pressure post aspiration of hydrothorax is suggestive of
PH.

Although the above studies have been useful in
understanding fetal pathophysiology and improving



interventions such as manipulating amniotic fluid vol-
ume or intrauterine transfusion, manometry techniques,
at this time, remain primarily a research tool.
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Chapter 14/Prenatal diagnosis and
therapeutic techniques in twin pregnancies

YVES VILLE and KYPROS H.NICOLAIDES

Before 1974 a twin pregnancy was considered a con-
traindication for amniocentesis. Since then, a strong case
has been made for obtaining fluid from both sacs based
on the evidence that the risk of fetal anomaly in a twin
pregnancy, meaning in at least one twin, is higher than
that of a singleton [x].

Diagnosis of chorionicity

Before 8 weeks, monozygotic twins will appear within
the same gestational sac and the intertwin membrane
might be difficult to visualize. From 9 to 12 weeks’
gestation, dichorionic twins will be separated by a
thick membrane whose insertion on the placenta or the
uterine wall will have a characteristic Y shape, whereas
monochorionic twins will be separated by a thin hairy
membrane inserting sharply on the placenta [2]. After
15 weeks, differentiating between monochorionic
and dichorionic twins will be less accurate: different
fetal genders will confirm dizygosity, whereas separate
placental masses and thickness of the membranes will
not be sufficient criteria. In these situations or situations
in which the determination of chorionicity is needed in
early prenatal diagnosis before gender is apparent, DNA
techniques or invasively collected fetal tissue may be of
use [3]. These indicate zygosity and thus are only of
value in denoting dichorial placentation in the presence
of dizygous results.

Amniocentesis

Traditionally, amniocentesis in a twin pregnancy has
involved puncture of the first sac, withdrawal of am-
niotic fluid, injection of a dye and then a new needle
insertion to puncture the second sac [4]. The dye allowed
the operator to check that fluid aspirated after the
second puncture was dye-free. The disadvantage of this
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method is that two skin and uterine entries are required,
increasing the potential for complications. The rate of
fetal loss is related to the number of insertions required
to obtain amniotic fluid; in addition, with the injection
of dyes, a foreign substance is introduced into the
amniotic cavity of one of the fetuses, and neonatal bowel
occlusions have been reported after intra-amniotic
injection of methylene blue.

In order to avoid a second puncture, which could
enhance uterine activity and increase the risk of intra-
amniotic infection, we recommend the single-needle
insertion technique. The site of needle insertion is
determined mainly by the position of the membrane
separating the two sacs. After entry into the first sac
and aspiration of amniotic fluid, the needle is advanced
through the dividing membrane into the second sac.
To avoid contamination of the second sample with any
amniotic fluid from the first sac still in the needle, the
first 1 ml of fluid from the second sample is discarded.
This method is simple and potentially less traumatic
than the traditional procedure.

Despite a large number of small uncontrolled studies,
the safety of amniocentesis in twin gestations is still
debated. In early studies, the reported rate of fetal
loss following amniocentesis in twins ranged from s
to 17%. However, some of these studies did not use
ultrasonographic guidance during the procedure and
may have overestimated the risk of the procedure.
Furthermore, it is uncertain whether fetal loss rate after
invasive testing is due to the procedure itself or to
the twin gestation. One retrospective study [5] matched
twin pregnancies undergoing amniocentesis for genetic
purposes and others undergoing ultrasonographic
examination at the same gestational age that were
conducted over a limited period of 5 years, when
amniocenteses were performed with a consistent pro-
tocol entailing ultrasonographic guidance and separate



needle insertions. Given a background fetal loss rate of
3.2% in their control population and that 20 times as
many cases would be required for statistical analysis,
this study suggested that procedure-related fetal loss rate
is probably of the same magnitude as that in singletons.

Chorionic villous sampling

A combination of ultrasound, fetal sex determination
and genetic studies using polymorphic markers may
be required to differentiate the two samples; however,
a single sample should be performed when the twins
are obviously monochorionic with a single placental
mass and a thin intertwin membrane with a sharp
attachment to the placenta. When performed at 9—
12 weeks, Pergament et al. [6] reported successful
sampling in 99.2% of 128 procedures. There is no
evidence for an increased fetal loss rate when compared
with chorionic villous sampling (CVS) performed on
singleton pregnancies.

CVS has several advantages and potential pitfalls.
Chorionicity is theoretically easily determined at this
stage of pregnancy (<14 weeks). However, even when
the two placental masses are clearly separated, the
procedure can be technically difficult for one of the two
biopsies. When chorionicity is uncertain, sampling at
the insertion site of the umbilical cord can be helpful,
although it could theoretically increase the risk of fetal
loss.

At the time of the procedure, a detailed transabdominal
ultrasound evaluation to determine chorionicity and
amnionicity is most important for the indication and
accuracy of prenatal diagnosis in twins. Crown—rump
length of each fetus, location of each placenta and its
margins relative to any other gestational sac, location
and thickness of the dividing membrane and the
sampling method (one or two needle insertions) can then
be determined. Pregnancies with two distinct placental
sites of implantation separated by a thick membrane
will have each chorion sampled individually. A single
sample will be performed in pregnancies with only one
placental site and in which the dividing membrane is
either thin or not seen.

Fetal blood sampling

Fetal blood sampling is facilitated by precise cord
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localization and therefore facilitates identification of a
malformed or chromosomally abnormal fetus. Blood
subgroup determination in each sample can be a useful
adjunct to the rapid diagnosis of zygosity.

Twin to twin transfusion syndrome

Ultrasound examination demonstrates monochorionic
diamniotic twin pregnancies with fetuses that are
discordant in size. The larger twin (presumed recipient)
has a distended bladder and is surrounded by poly-
hydramnios, whereas in the smaller twin (presumed
donor) the bladder is always empty and the fetus appears
to be fixed to the placenta or the uterine wall because
of anhydramnios. The fetal biparietal diameter, head
and abdominal circumferences and femur length are
measured and the estimated fetal weight and intertwin
difference in weight, expressed as a percentage of the
weight of the recipient, are calculated. The degree of
polyhydramnios is assessed by measurement of the
deepest vertical pool of amniotic fluid.

Amniodrainage

For amniodrainage an 18-gauge needle is introduced
into the uterus under ultrasound guidance. The amniotic
fluid is allowed to drain freely into a sterile bag through
a plastic tube attached to the hub of the needle over a
period of 4o-120min until there is subjective normal-
ization of amniotic fluid volume on ultrasonographic
examination. Patients are assessed every week and
further amniodrainage is performed if there is recurrence
of polyhydramnios [7].

Laser coagulation of
placental anastomoses

For laser coagulation, a detailed ultrasound examination
including colour flow mapping is first performed to
localize the placenta, the intertwin amniotic membrane,
the placental insertion of the umbilical cords and the
communicating blood vessels on the chorionic plate [8].
The appropriate site of entry on the maternal abdomen
is chosen to avoid injury to the placenta or fetuses
and to allow access to the suspected area of vascular
communications. Under continuous ultrasound visual-
ization, a rigid 2-mm diameter fetoscope (field of vision
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75°) housed in a 2.7-mm diameter canula (KeyMed,
Southend, UK or Storz, Tuttlingen, Germany) is intro-
duced transabdominally into the amniotic cavity of the
recipient twin. A 400-um diameter Nd:YAG laser fibre
(MBB, Munich, Germany) is passed down the side-arm
of the cannula to 1cm beyond the tip of the fetoscope.

A combination of ultrasonographic and direct vision
is used to examine systematically the chorionic plate
along the whole length of the intertwin membrane and
identify the crossing vessels, which are coagulated by
the administration of a total of 1000—4500] delivered
by 3-s shots using an output of 30-50W at a distance
of 1cm [8]. Subsequently, amniotic fluid is drained
through the fetoscope cannula over a period of 1o—20min
to obtain subjective normalization of the amniotic fluid
volume on ultrasonographic examination. The total
procedure takes 30—9omin to complete.

Acardiac twins: selective feticide in
monochorionic pregnancies

Acardiac twins is the most extreme manifestation of
twin to twin transfusion syndrome and is found in
approximately 1% of monozygotic twin pregnancies.
This twin disorder has been named the twin-reversed
arterial perfusion (TRAP) sequence because the under-
lying mechanism is thought to be disruption of normal
vascular perfusion and development of the recipient
twin due to an umbilical artery-to-artery anastomosis
with the donor or pump twin. At least 50% of donor
twins die due to congestive heart failure or severe
preterm delivery as a consequence of polyhydramnios.
All perfused twins die because of the associated multiple
malformations.

Moore et al. [9] reported that the outcome of the
donor twin depends on the weight of the acardiac fetus;
when the percentage weight compared with the donor
was >70, 50—70 and < 50% the risk for congestive heart
failure in the donor was 100, 70 and 8% respectively.
However, the value of these data in the antenatal
management of affected pregnancies is limited by our
current inability to estimate accurately the weight of
acardiac-anencephalic fetuses with varying degrees of
hydrops.

Prenatal treatment has been attempted by serial
amniodrainages or the administration of indomethacin
to the mother [ro,11]. Although such therapy can
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potentially prevent polyhydramnios-related preterm
delivery, it does not reduce the risk of congestive heart
failure and consequent intrauterine or neonatal death
of the donor twin. More recently, attempts at therapy
have concentrated on surgical removal of the acardiac
twin or occlusion of its umbilical cord.

Selective removal of the acardiac fetus by hysterotomy
was performed in seven cases at 19—26 (mean 22) weeks’
gestation [12-14]. The patients remained in hospital
for 5—34 days and received rigorous tocolytic therapy.
In one case there was placental abruption and fetal
death within 2 hours of the procedure and in the other
six the healthy donor twins were delivered by Caesarean
section at 27—37 (mean 33) weeks’ gestation and sur-
vived. Emergency delivery was undertaken because of
placental abruption in five cases, premature labour in
two and preterm prelabour amniorrhexis in one.

The first attempts to arrest blood flow in the umbilical
cord vessels of the acardiac twin were by ultrasound-
guided injection of thrombogenic coils or fibrin. In one
case there was immediate cessation of blood flow in
the recipient cord and after an uneventful pregnancy
the normal twin was delivered at term [15]. In two other
cases, however, the donor twin also died [16].

Another technique for arresting flow in the umbilical
cord vessels of the acardiac twin is endoscopic laser
coagulation [17]. In four cases of TRAP sequence,
presenting at 17, 20, 26 and 28 weeks’ gestation
respectively, an endoscope was introduced into the
uterus under local anaesthesia and a Nd: YAG laser was
used to coagulate the umbilical cord vessels. Laser
coagulation was successful in the cases treated at 17
and 20 weeks and healthy infants were delivered after
spontaneous labour at 29 weeks. The main limitation
of the technique seems to be the size and water content
of Wharton’s jelly, which prevents laser coagulation after
20 weeks. Since in TRAP sequence perinatal mortality
for the donor twin is at least 50% and the condition
can be diagnosed easily by routine ultrasound exam-
ination in early pregnancy, it could be argued that in all
cases prophylactic treatment should be considered at
early or mid gestation. In patients presenting at later
gestation with polyhydramnios and evidence of heart
failure in the donor twin, early delivery or alternative
techniques should be considered to interrupt the blood
flow within the cord vessels. Embolization of both
the arterial and the venous system can be achieved



by ultrasound-guided cordocentesis using different ap-
proaches (primary right heart embolization versus direct
cord tamponade) and different materials (thrombogenic
coils or histoacryl glue); these rely on cordocentesis-
related techniques [15,16]. The hazard to the healthy
twin is the main risk with this technique, with a reported
mortality rate in the healthy twin of approximately
50%. This is probably at least partly due to the learning
curve of the procedure and of the embolization material.

The technique of endoscopic cord ligation involves
the use of two ports introduced in the uterus under
general analgesia, one for the endoscope and one for
introduction of the suture. The suture must be passed
around the cord and both ends brought outside for an
extracorporeal knot to be tied and pushed on to the
cord; the knot will be cut by scissors passed down one
of the cannulae. In the first case, both fetuses died within
24 hours of the procedure, but in the second case
the operation was successful and a healthy baby was
delivered at 36 weeks’ gestation [18,19]. Another four
cases have recently been reported by Deprest et al.
[20] with a 50% neonatal death rate, mainly due to
prematurity as a consequence of preterm prelabour
rupture of the membranes (PPROM) that complicated
about 30% of the cases reported so far; the authors
speculate that the use of two or more access ports is
a risk factor for PPROM. In one case, cord ligation
was achieved through a single port under ultrasound
guidance only; this report showed the feasibility of
the technique through a long-lasting procedure (45—
6omin) [21]. This should be borne in mind when
such a procedure is required and emphasis should be
on early diagnosis and management with less invasive
techniques.
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Chapter 15/Pregnancy reduction in

multifetal pregnancies
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Introduction

Multiple pregnancies of high order almost always
result from infertility therapies, including ovulation
induction by parenteral gonadotrophins [1,2] with or
without assisted reproductive technologies such as
gamete intrafallopian transfer and iz vitro fertilization
but also by less powerful agents such as clomiphene
citrate [3,4]. Perinatal mortality and morbidity are
positively correlated to the number of fetuses [s],
mainly due to a high rate of premature deliveries. The
aim of multifetal pregnancy reduction (MFPR) is to
improve perinatal outcome of multiple pregnancies of
high order by reducing the risk of premature delivery.
MFPR can be achieved by several techniques, including
transcervical aspiration and intrathoracic KCl injection
either transabdominally or transvaginally. All MFPR
techniques are ultrasound guided and can be performed
under local anaesthesia on an outpatient basis.

Although there is no definitive consensus regarding
the optimal gestational age for MFPR, our opinion
is that it is optimally done at to-t1 weeks. At this
gestational age, the odds for spontaneous in utero
death of one of the embryos are small and some gross
birth defects can be identified or suspected, which may
contribute to the choice of which embryos should be
terminated.

Ultrasound guidance

The aim of preoperative sonography is to assess the
number of live embryos and their growth, to map
their respective locations and to check for interovular
membranes (monochorial vs. multichorial type). The
embryos not to be terminated should be precisely
identified to avoid any trauma of their ovular cavities
throughout the procedure. Careful mapping of the

embryos to be reduced is also crucial, since survival
after a failed attempt of feticide can potentially result in
survival with sequelae. Therefore any attempt should
be thoroughly completed. If there are no fetal abnor-
malities, the choice of the embryos to be terminated
is mainly based on topographic criteria, and the easiest
to reach should be chosen. If a set of monochorial
embryos is recognized within a multiple pregnancy, both
monochorial fetuses should be terminated together.

Transcervical aspiration

This technique was first published by Martene-Duplan
et al. [6] in the early 1980s and we have been using it
routinely since 1987 [7].

The patient is placed in the lithotomy position and
ultrasound control is obtained using an abdominal
probe. The uterine cervix is exposed by a single valve
speculum, cleansed and gently grasped using a Pozzi
tenaculum. Progressive cervical dilatation is achieved
using Hegar dilators. A Karman cannula, connected
to a 20-ml syringe, is then inserted transcervically
and brought in contact with the embryo located next
to the internal cervical os. The embryo is aspirated by a
brisk depression operated manually. The corresponding
placenta is not aspirated. The operation can be repeated
if more than one embryo is to be terminated [3,6-8].

This technical approach has many disadvantages.
Cervical dilatation is often required. Significant pre-
operative bleeding may occasionally occur. The procedure
is easier with smaller embryos, i.e. at 9 weeks or earlier,
a gestational age at which screening for fetal anomaly
is not possible. In our hands, the miscarriage rate of
the whole pregnancy following transcervical MFPR
was twice that via the transabdominal route [3].
However, some authors have reported good results
following transcervical MFPR [8].
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Transabdominal needling

Under sonographic guidance by an abdominal probe,
a 20-gauge needle is inserted through the mother’s
abdomen into the thorax of the embryo. In the earliest
attempts, fetal demise was achieved by mechanical
trauma or the injection of air or saline. However,
mechanical trauma and saline injections were not
always effective and air injection altered sonographic
images. Therefore, transabdominal MFPR is now
achieved by KCl injection [9-12], at a concentration
of 1.3—2mEq/ml. Fundal embryos are usually easier
to needle than lower-lying ones. After the needle has
been inserted into the embryo, a 2-ml syringe is attached
to the needle. It is possible to check that the tip of the
needle is located in the embryo and is not displaced
into the amniotic cavity by operating a mild depression
with the syringe. Then, r-2ml of KCI are injected
gently, to prevent the embryo from being pushed away
from the needle tip by the pressure of the fluid injected.
Occasionally the fluid injected into the embryo can be
seen as a trans-sonic image in the fetal mediastinum and
pleura. When the needle is correctly inserted, the fetal
heart stops within a few seconds following the injection.
After the needle has been removed, the terminated
embryo often seems to ‘sink’ passively in its amniotic
cavity. The success of the procedure should be rechecked
by ultrasound a few hours later or the following day, to
avoid the risk of misdiagnosing a failed attempt.

Transvaginal needling

This approach is similar to the latter technique, but the
needle is inserted through a transvaginal needle guide
attached to a vaginal ultrasound probe and advanced
through the vaginal and uterine wall into the gestational
sac.

Although transvaginal needling can be done at earlier
gestational ages, it is usually performed at 9.5-10
weeks. Originally a 17 to 19-gauge needle was inserted
manually through the vagina and the myometrium into
the embryo, and KCl was then injected into the fetal
thorax. More recently, a thinner 21-gauge needle has
been used, and insertion by an automated spring-loaded
device has been described [13].

Earlier in gestation, at 7-8 weeks, MFPR can be
achieved by mechanical trauma using the same trans-
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vaginal route. The tip of a 25-cm long needle with an
external diameter of 1.6 mm connected by a catheter to
a 20-ml syringe is placed in contact with the embryo. A
brisk suction is applied, resulting in cessation of fetal
heart activity [14]. This technique has the potential
disadvantage of being performed at a gestational age at
which sonographic evaluation of the structure of the
embryo is not yet possible. However, performing MFPR
earlier may be psychologically more acceptable to some
patients. In addition, preliminary reports have suggested
that the fetal loss rate is lower in early transvaginal
procedures [15].

Postoperative follow-up

Spotting is usually noticed following transcervical
aspiration, but not after transvaginal or transab-
dominal MFPR. The usefulness of prophylactic anti-
biotics, tocolytic agents or cervical suture has not been
demonstrated. The major goal of subsequent obstetrical
follow-up is to achieve prevention of prematurity.
Since the risks of premature delivery are decreased
but not completely eliminated by MFPR, this concern
should be clearly explained to the patient. In addition,
centres performing MFPR should obtain extensive
perinatal follow-up of all their cases in order to provide
continuous self-evaluation.

Preoperative counselling

The need for careful counselling prior to MFPR should
not be underestimated. It is important to provide
information both on the natural history of multiple
pregnancies and on the expected obstetrical and perinatal
results of MFPR, including the risk of premature delivery
associated with multiple pregnancies of high order.
Obstetrical benefits of MFPR should be weighed against
potential drawbacks of the procedure, including fetal
loss and maternal stress. The motivation of the couple
should also be evaluated, and medical history should
also be taken into account. For example, the subjective
experience of a triplet pregnancy is likely to be extremely
different in a young fertile multipara following a cavalier
ovulation induction as opposed to a couple with a long
history of infertility.

Following MFPR, spontaneous in utero death of one
of the surviving embryos is infrequent. In contrast,



miscarriage of the whole pregnancy before 24 weeks
occurs in a significant number of cases (9-15%) [11],
and these miscarriages often take place 4-8 weeks after
the procedure. However, this relatively high pregnancy
loss rate must be compared with the incidence of
miscarriages in multiple pregnancies of high order.
For example, in our institution, pregnancy loss before
24 weeks occurs in up to 10% of triplet pregnancies
without MFPR.

The risk of miscarriage following MFPR has been
shown to increase with the initial number of embryos,
but also with the number of fetuses reduced [11].
It should also be stressed that there is a learning
curve and that the miscarriage rate decreases with the
experience of the operator [16].

While maternal complications are not infrequent
in multiple pregnancies of high order, no significant
maternal morbidity is associated with MFPR, apart
from miscarriages. The use of local anaesthesia is
recommended to avoid the potential side-effects of
general anaesthesia, which is not used by the majority
of centres.

Since in multiple pregnancies prematurity is the major
factor of paediatric morbidity, gestational age at birth
should be the prominent criterion to evaluate the efficacy
of MFPR. MFPR has not been found to be associated
with an increase in the incidence of intrauterine growth
retardation or malformations in surviving fetuses. In
the absence of MFPR, prematurity, as well as neonatal
mortality and morbidity associated with multiple preg-
nancies, are correlated with the number of fetuses [5].
Nearly all quadruplets are delivered before 37 weeks;
30—-40% of them are born before 32 weeks [17]. In our
institution, 78% of potentially viable triplets deliver
before 37 weeks, and 21% before 32 weeks. Similar
results have been found by others [1].

The obstetrical follow-up of over 10oo MFPRs
performed since 1981 [11,16] has shown that among
potentially viable deliveries (>2.4 weeks), mean gestational
age at birth was 36 menstrual weeks. However, nearly
half of the patients delivered after 37 completed weeks
and more than 85% delivered later than 33 weeks.

The major factor correlated with gestational age at
birth is the number of embryos left following MFPR
[3,11]. Following a reduction to three embryos, 89%
of patients delivered before 37 weeks and 33 % before
32 weeks. With a reduction to two embryos, 52% of

Pregnancy reduction

patients delivered before 37 weeks and 13% before 32
weeks. In contrast, with a reduction to one embryo,
30% of patients delivered before 37 weeks and 10%
before 32 weeks.

These data and the results presented above suggest
that MFPR clearly produces a major decrease in the
risk of premature delivery in quadruplets or more.
Benefits can also be expected from MFPR in triplets
but this is more debatable than in pregnancies of
higher order. Therefore, we feel that MFPR should be
offered to patients with quadruplet pregnancies. In the
case of triplets, parental autonomy should be given a
high priority in the decision process after thorough
counselling on the potential risks and benefits of MFPR.
We do not perform MFPR in twins except in very
exceptional circumstances.

The final number of embryos to be left following
MFPR has also been debated. While leaving a single
embryo is the most effective way of preventing pre-
maturity, this approach is associated with a higher
risk of miscarriage. Moreover, most couples with a
long history of infertility wish to keep twins despite
an increased risk of premature delivery.

The psychological distress of couples considering
MFPR should never be underestimated. These preg-
nancies are extremely desired by parents who often
undergo stressful and expensive infertility therapies,
sometimes over many years. However, the birth of
triplets or quadruplets is also perceived negatively.
Many couples originally consider MFPR mainly for
‘social’ reasons and do not realize that maternal and
paediatric outcomes may be significantly compromised
in multiple pregnancies of high order. The tremendous
guilt experienced by these parents is at least partly
ameliorated when they receive accurate information.

Conclusions

The choice of a particular technique cannot be based
on objective criteria only. While we and others have
had better results with transabdominal MFPR than
with transcervical aspiration [3,9], this has not been
universally confirmed [8]. Whatever technique is used,
the experience of the operator is an important factor in
the safety of the procedure and we believe MFPR should
be performed by experienced physicians. However,
despite the relatively good results of MFPR, it must
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be stressed that this technique reduces but does not
completely eliminate the increased risk of prematurity
associated with multiple pregnancies of high order.
Therefore, our major goal remains prevention of iatro-
genic multiple pregnancies. During in vitro fertilization,
this can be easily achieved by limiting the number of
embryos transferred. However, despite careful monitor-
ing, induction of ovulation can result in the recruitment
of multiple follicles. In such cases, follicle aspiration is
a potential alternative. It is clear that to obviate the
need for MFPR, infertility specialists must continue to
be vigilant in the use of fertility drugs.
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Chapter 16/Interventional ultrasound in
daily obstetrical-gynaecological practice
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Introduction

The bimanual examination is still the mainstay of the
gynaecological examination. Gynaecologists use their
experience and knowledge of anatomy to subjectively
assess the status of the patient. They obtain information
from the size and consistency of the pelvic structures
and from any pain initiated by slight movement of
the uterus and ovaries. Even with experienced hands,
the bimanual examination can only furnish a limited
assessment of the pelvic structures. Ultrasonography
has improved the gynaecological examination by adding
an objective component. While bimanual examination
describes ovarian cysts in very limited terms, the
ultrasonographic examination adds precise information
on their size, internal structures and appearance.
Under the bimanual examination the uterus can only
be felt from the outside, whereas ultrasonography can
add information regarding the myometrium and uterine
cavity [1,2]. Furthermore, often bimanual examinations
cannot be performed in patients with vaginal bleeding
and chronic medical conditions (Fig. 16.1), or in children
and young girls who have not experienced intercourse.
For example, it is not uncommon to see girls with
foreign bodies in the vagina causing pain, discharge
and bleeding. Prompt diagnosis is important to prevent
severe complications and ultrasound and vaginoscopy
are easy to perform, well tolerated and may complement
each other in the detection of foreign vaginal bodies.
In these situations, ultrasonography has become an
invaluable diagnostic aid.

In this chapter we discuss the different applications
of office ultrasonography as related to invasive pro-
cedures performed by the gynaecologist.

The uterine cavity

Intrauterine device (IUD)

The most common uses of ultrasonography in as-
sociation with an intrauterine device (IUD) are to
confirm proper insertion of an IUD, to localize an
IUD in the case of ‘lost strings’ and to evaluate the cause
of pain and bleeding in patients using this type of
contraception [3]. Ultrasonography may be employed
to locate IUDs both within the uterus and outside the
uterus in the case of perforation. Although trans-
vaginal ultrasonography is superior in the accurate
location of an IUD involved in a perforation, abdominal
ultrasonography has a significant advantage over the
transvaginal route in guiding the removal of an IUD
with lost threads [4]. With the help of ultrasonography,
the exact location and type of IUD can be determined.
The device is frequently imaged as a hyperechoic density
with shadowing and ring-down (Fig. 16.2). Myometrial
invasion is diagnosed when any part of the IUD extends
beyond the endometrium into the myometrium. Studies
have demonstrated that the IUD is considered correctly
positioned if the fundal distance measured on the
longitudinal scan is no more than one-third greater
than the thickness of the anterior or posterior uterine
wall [4]. A common problem with IUDs is difficulty in
extraction due to it being embedded in the endometrium.
In these cases, the tip of the IUD often breaks and
ultrasonography can be used to ensure the complete
removal of the device (Fig. 16.3).

Minor uterine surgery

With the improved resolution offered by transvaginal
ultrasonography, the uterine cavity and its contents can
be easily recognized. This has been demonstrated to be
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(a)

Fig. 16.1 (a) Visualization of the uterus and endometrial
cavity in a patient with chronic renal failure referred for
vaginal bleeding. (b) The nature of any free fluid within the
peritoneal cavity can be safely determined under ultrasound
guidance.

important in assisting in the performance of intrauterine
surgical procedures, such as curettage, excision of polyps
or intracavitary fibroids, and in the accurate location
of instruments in the case of uncertainty of their position
within the uterus (Fig. 16.4). Ultrasonography is
also important in the evaluation of the uterine cavity
during and following diagnostic curettage or pregnancy
termination. In these patients this technique will assist
in determining completion of the procedure, i.e. an
empty uterine cavity.

Postpartum evaluation of the uterine cavity

Ultrasonography is frequently used to visualize the
uterine cavity in cases of excessive postpartum bleeding
ot during the puerperium. This technique allows better
indications for curettage and frequently eliminates the
need for this invasive procedure, which is associated
with a risk of infection and perforation. However,
when retained parts of the placenta are detected,
ultrasonographic guidance of the curette will reduce the
risk of uterine perforation (Fig. 16.4).
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(b)

Hysterosonography

A new approach to the anatomical evaluation of the
uterine cavity is fluid-enhanced transvaginal ultra-
sonography or ultrasonohysterography (Fig. 16.5). With
this technique the gynaecologist can distinguish between
minimal intracavitary tissue and significant polyps or
fibroids in women complaining of prolonged uterine
bleeding [5].

Ultrasound-guided prenatal diagnostic procedures

Chorionic villous sampling, amniocentesis and fetal
blood sampling can establish the presence or the
aetiology and pathophysiology of fetal diseases and the
reader is referred to previous chapters.

The fallopian tube

Ultrasonographically guided transcervical tubal cath-
eterization can be performed in an ambulatory setting.
This procedure has reduced the risk and morbidity of
some surgical procedures on the fallopian tubes. Tubal
catheterization has captured a permanent place in the
treatment of tubal occlusion by replacing more invasive
procedures, such as abdominal and laparoscopic surgery,
and by enhancing in vitro fertilization procedures in
patients with tubal obstruction. Visualization during the
procedure can be performed with endoscopy, fluoroscopy
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(a)

Fig. 16.2 Ultrasonographic demonstration of different
intrauterine devices: (a) sonographic picture of a copper-T;
(b) image obtained with a Lippes loop; and (c) scan of a
triangular intrauterine device inserted in the Far East.

or ultrasonography. Tubal catheterization performed
under fluoroscopic visualization must be very carefully
monitored so that the radiation dose to the ovaries
does not exceed the acceptable limit. Ultrasonographic
monitoring is inferior in resolution to that of fluoro-
scopy but, because of the elimination of radiation, this
technique is quickly gaining popularity [6]. The use of
ultrasonographic contrast media and Doppler imaging
have improved the accuracy of this modality in the

(b)

diagnosis of tubal disease during fertility work-up [7].
In addition to diagnosis of tubal disease, transcervical
tubal catheterization has also been employed in the
treatment of tubal occlusion. This procedure, called
transcervical balloon tuboplasty, has been performed
with both fluoroscopy and ultrasonography (Fig. 16.6).
Fallopian tube catheterization has been successful in
80~90% of cases and pregnancy rates range from 20
to 40% [8,9]. Ectopic pregnancy has been reported to
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Fig. 16.3 Transvaginal ultrasonographic image of the tip
(arrow) of an intrauterine device broken off at time of
removal.

Fig. 16.4 During a dilatation and curettage procedure,
ultrasound can safely guide the curette. (a) The curette is
clearly seen within the uterine cavity, which is not empty of
fetal tissue. (b) The curette is now emptying the uterine
cavity.

occur in §-15%. The main complications associated
with the procedure are those related to anaesthesia
and infectious processes. If pregnancy is established,
close monitoring by hormonal levels as well as high-
resolution transvaginal ultrasonography is advocated
to demonstrate location of the developing sac (Fig. 16.7).
With the early detection of tubal gestations, conservative
treatment can be instituted to save the tube from
irreversible damage.

Permanent contraception

Transcervical tubal catheterization has also been suc-
cessfully employed for sterilization [ro0]. This can be
performed in a similar way to balloon tuboplasty and
different methods have been used for occlusion of the
tubes. The reported methods include cryocoagulation,
electrocoagulation, silicone plugs and chemical injection.
These methods all suffer from high failure rates and do
not yet compete successfully with surgical sterilization

[xx].

Assisted reproduction

Ultrasonographically guided tubal catheterization can
also be performed for tubal placement of embryos and
gametes. The main advantage of this procedure is the
elimination of radiation and a relatively simple procedure.

(a)
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(a) (b)

B mn

(@ - | (d

Fig. 16.5 Transvaginal scan demonstrating the use of
ultrasonohysterography in evaluation of intrauterine masses.
(a) The catheter has been inserted through the cervix. (b)
After instillation of normal saline a pedunculated fibroid
was delineated. (c) Irregular endometrium seen on
transvaginal scan. (d) After saline infusion, a polyp can
clearly be seen.

Ectopic pregnancies

As mentioned in Chapter 19, conservative treatment of
tubal gestations is increasing in popularity due to the
possibility of conserving the tube for future fertility [12].
In ectopic pregnancies detected early by transvaginal Fig. 16.6 Following dilatation of a proximal tubal occlusion
ultrasonography, local deposition of cytodestructive  (arrow) the balloon catheter is guided through the ostium
agents may reduce the amount of medication delivered and patency is confirmed.
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Fig. 16.7 Transvaginal scan detecting early intrauterine
gestational sac.

Fig. 16.8 Visualization of an ectopic pregnancy after the
interruption of fetal heart activity following the transvaginal
injection of 2 ml of potassium chloride.

and avoid serious side-effects (Fig. 16.8). The success
of this technique depends on early detection of the
pregnancy.
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The cervix

Cervical incompetence is the inability of the uterus
to maintain a pregnancy until term due to a cervical
defect. The incidence is estimated to be 1-1.5% of all
pregnancies and is generally based on a prior history of
late abortions or preterm deliveries. The main aetio-
logical factors are congenital anomalies of the cervix,
cervical trauma due to instrumental cervical dilatation
for pregnancy termination or dilatation and curettage,
cone biopsy and cervical tumours [13-17]. In asympto-
matic pregnant women with significant obstetrical
history transvaginal ultrasonography is an objective
method for assessment of cervical length and dilation
and the presence or absence of fetal membranes within
the cervix (Fig. 16.9). Cervical dilation of 2—2.5cm or
more and shortening of the cervix by over 50% indicates
cervical incompetence [18]. However, several studies
have demonstrated that in multiparous women and in
the final weeks of pregnancy there may be an increase
in cervical dilation without an increase in preterm
delivery and these findings are therefore considered
normal in these women [19]. It must be emphasized
that vaginal examination is not a sensitive method for
evaluating the cervix. Only part of the cervix can be
palpated and the internal os is not assessed if the dilation
does not involve the whole cervical length. The evidence
from transabdominal ultrasound studies indicates that
an internal os diameter of 2 cm or more is indicative of
cervical incompetence [18]. However, the degree of
bladder filling can alter the ultrasonographically mea-
sured internal os diameter and cervical length; therefore
measurements should be made with both a filled and
partially filled bladder [20]. Cervical length in pregnancy
has been determined to be as high as 6cm [21].
Shortening of the cervix occurs during the second half
of pregnancy and more important than the actual length
are the dynamic changes on serial examinations.
Transperineal ultrasonography is performed with an
empty bladder and has been shown to be more accurate
than the transabdominal route [22]. In a study using
the transperineal approach the mean cervical length in
primiparous women was 4.7 cm. There was no increase
in preterm deliveries when the cervical length was more
than 2.5cm [23]. Transvaginal ultrasonography is
superior to both previous methods. With the close
proximity of the probe to the scanned organs, a more
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(a)

(c)

Fig. 16.9 (a,b) Assessment of cervical length in normal
gestations. (c,d) Prolapse of fetal membranes (m) into a
dilated cervical canal in cervical incompetence.

detailed anatomical evaluation can be performed and
more accurate measurements obtained. The transvaginal
route eliminates sound absorption by the symphysis and
provides optimal delineation of the entire cervical length.
This route also eliminates the need for a full bladder,
which can hamper the evaluation. Using this technique,
it has been established that the most important predictor
of preterm birth before 30 weeks’ gestation was an
internal os dilation of § mm or more [24] and cervical

(b)

(d)

length of less than 2 cm. Cervical effacement begins at
the level of the internal os and the effacement changes
precede clinical manifestations by several weeks. With
the help of ultrasonography, these early changes can be
detected and patients treated with bedrest and tocolytics
before the membranes protrude through the cervix and
into the vagina. In cases of ruptured or collapsed mem-
branes, abdominal ultrasonography is probably safer
and reduces the risk of infection. Cervical cerclage has
been the mainstay of treatment for cervical incompe-
tence since Shirodkar first described its use in 1955 [25].
The procedure is performed at 13~14 weeks’ gestation,
except for rare cases where an emergency cerclage is
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placed in the second trimester due to bulging mem-
branes. Ultrasonography has been employed to guide
the placement of the suture and determine if the internal
os is closed and good cervical length achieved. The use
of ultrasonography is advantageous in providing the
exact location of the internal os, the location of the
membranes, decreased risk for puncturing of the
amniotic sac and visualization of the actual closure
of the cervix after placement of the suture [26]. The
transabdominal approach is the most frequently em-
ployed method of directing the placement of the suture
but a transrectal technique has also been reported
[27]. These authors discussed that due to the close
proximity of the probe to the cervix, the suture could
be placed higher with this method than with the
traditional transabdominal approach. Ultrasonographic
follow-up after cervical cerclage has also been employed
to detect early failure of the cerclage [28].

Conclusions

Ultrasonography has brought about an unprecedented
change in the clinical practice of obstetrics and gynae-
cology. This imaging modality has become an integral
part of patient care and is used daily in the evaluation
of both obstetrical and gynaecological patients. Ultra-
sonography is used in general diagnoses, the evaluation
of pelvic pain, bleeding disorders, infertility work-up,
follow-up of treatments, screening for malignancies
and as an aid in many surgical interventions. The
employment of ultrasonographic guidance for common
obstetrical and gynaecological procedures has also re-
duced their complication rate some common obstetrical
and gynaecological procedures, resulting in greatly
improved patient care.
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Over the last few years several alternatives to the classical
management by laparotomy of adnexal diseases such
as adnexal cystic masses and ectopic pregnancies have
been developed [1-8]. These changes are due to the
development of endoscopic surgery and new ultrasound
technologies including endovaginal probes. Together
with these new techniques, the concept of minimal
or even non-invasive surgery has been reported and
advertised in the media, so that the classical treatment
by laparotomy would nowadays appear unacceptable
to many patients and even to many physicians.

Obviously these advances are very attractive for
patients who wish to avoid surgery. However the
problems associated with adnexal diseases have not
changed: an ectopic pregnancy may still be a life-
threatening condition. Therefore when using these
new approaches we should not forget that treatment
should be simple, reliable and safe.

Ultrasound-guided puncture of
adnexal cystic masses

Puncture of malignant tumours

When proposing ultrasound-guided treatment of adnexal
cystic masses, the controversies encountered in the devel-
opment of laparoscopic surgery should not be obscured.
Indeed the risk of spillage is probably the same whatever
the technique used. Several conclusions can be drawn
about the consequences of surgical puncture and/or
rupture of malignant adnexal masses. The prognostic
consequences are related to the delay between the
puncture and the surgical treatment of the tumour.
When the tumour is removed immediately, all the studies
of the treatment of low malignant potential ovarian
tumours have failed to demonstrate any incidence of
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intraoperative puncture or rupture of the tumour [9—
14]. Despite the controversial results of univariate analysis
[15-22], five studies [23—-27] have reported that when
an invasive tumour is removed immediately the risks of
surgical puncture are more theoretical than real. This
conclusion appears reasonable when studying the sensi-
tivity of ovarian cytology in the diagnosis of malignancy:
if many malignant cells were to be disseminated by
the puncture, the cytological diagnosis would probably
be much easier and more reliable [28-33]. However
this conclusion should be regarded with caution as all
the results available nowadays come from studies on
drainage performed at laparotomy, not at laparoscopy
or under ultrasound guidance. Moreover definitive con-
clusions about spillage are difficult, since the importance
of a puncture is probably different for epithelial and
germ-cell tumours, for small tumours of 3cm and for
large masses of 2ocm in diameter, for well or poorly
differentiated tumours, etc. Obviously the prognosis
of a malignant tumour will never be improved by a
puncture, which should be avoided whenever possible.
Unfortunately several case reports and several national
surveys have recently demonstrated that if the tumour
is not removed immediately the prognosis of a malignant
ovarian tumour is worsened by laparoscopic puncture
or biopsy [34~41]. The two national surveys have also
shown the following.
1 Many cases of unexpected malignant tumours have
been adequately managed by an immediate vertical
midline laparotomy.
2 Many patients were managed laparoscopically by
surgeons not trained in oncological surgery, although
the diagnosis of cancer was obvious.
3 Perfect preoperative selection appears very difficult
since malignancy can be encountered among ultra-
sonographically benign masses [34].



Inadequate management is explained by the lack
of expertise of the surgeon not by the technological
approach used. Indeed inadequate surgical procedures
were also performed by laparotomy as in a report
from Helawa et al. [42] which included 40% of cancer
not diagnosed at laparotomy and three cases treated
inadequately by puncture, biopsy and cystectomy. How-
ever, the complications encountered when endoscopic
surgery was being developed should be avoided during
ultrasonographic management and therefore careful
preoperative selection is essential. The rule proposed
by Maiman et al. [34] should be followed: ‘the ability
to treat immediately and effectively an ovarian cancer
is a prerequisite to the surgical management of adnexal
cystic masses’. It should be emphasized that when using
cytological examination and ultrasound puncture to
diagnose a malignant ovarian tumour, the ovary is not
removed immediately so that the risk of dissemination
may be real. Secondary abdominal wall implants
have also been reported after laparoscopic biopsy of
borderline tumours [40]. Interestingly, Bonilla-Musoles
et al. [43] reported that in seven cases they found no
dissemination at laparotomies performed 2 days after
an ultrasound puncture, whose site could even not be
identified in six of the seven cases. They suggested
that ultrasonographic puncture is safer since the needle
is much smaller than that used at laparoscopy. Some
authors are convinced that puncture and cytology will
become a major tool in the diagnosis of ovarian cancer,
as it is in the diagnosis of breast, kidney or liver cancer
[43,44]. However there are differences between these
tumours and ovarian cancer, which develops in the
peritoneal cavity, where it spreads easily and early. Also,
the cytological diagnosis of ovarian cancer is not reliable
even in expert hands [28,33].

Puncture of benign masses

From laparoscopy we also learned that puncture of
benign ovarian neoplasms is not a satisfactory treatment
[45]. Indeed recurrence rates of 30-40% were reported
as early as 1983. Moreover several recent papers
have argued in favour of surgical treatment of benign
ovarian neoplasms, the authors suggesting that benign
neoplasms may be the precursors of ovarian cancer
[46,47]. In the same way, Bourne et al. [48] recently
reported that benign ovarian neoplasms are more
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common in women with a familial history of ovarian
cancer. Finally we observed three malignant recurrences
after laparoscopic cystectomy performed to treat benign
serous cysts in postmenopausal patients [49]. As these
three malignant recurrences occurred more than 5 years
after the initial laparoscopic treatment in a small group
of 15 patients, we suggest that these patients may be at
risk for ovarian cancer and that their ovaries should be
removed. Ultrasound puncture appears unacceptable in
such cases.

From the results of laparoscopic surgery, it should
be emphasized that the classical complications attributed
to the puncture have all been encountered. Granuloma-
tous peritonitis after the puncture of teratomas occurs
in about 1% of cases [1]. We observed only two cases
of abdominal wall endometrioma after the treatment
of 200 ovarian endometriomas, [50]; one was located
on a previous suprapubic trocar site and can be
attributed unequivocally to the laparoscopic procedure.
This complication is rare and may be the consequence
of an inadequate extraction of the cyst wall rather
than that of the puncture. Finally we observed no case
of pseudomyxoma peritonei following laparoscopic
puncture and treatment of a benign mucinous cyst-
adenoma, confirming that peritoneal dissemination of
mucinous tumours occurs only in malignant masses and
is almost never induced by a surgical puncture [§1-56].
However, we recently treated by laparotomy one case
of pseudomyxoma peritonei; we found sooml of a
mucinous peritoneal fluid associated with a 1 5-cm benign
mucinous cyst that had been punctured, diagnosed but
not removed 18 months earlier in another department.

All these data emphasize that puncture and aspiration
of benign masses is not a satisfactory treatment and
cannot be proposed as an alternative to the classical
or laparoscopic surgical treatment. In contrast, all
the surgical series of adnexal cystic masses included
10-20% of functional cysts [57,58]. Although some func-
tional cysts will always be encountered at laparoscopy
performed for other indications, most of these lesions
could have been treated with a non-surgical approach.
Therefore there are indications for ultrasonographic
management of adnexal masses.

Indications

Indications for ultrasound-guided puncture of adnexal
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cystic masses can be summarized by answering three
questions:

1 Is it necessary?

2 If necessary, is it possible and/or acceptable?

3 Is it enough?

IS ANY SURGICAL APPROACH NECESSARY?

Obviously, any surgical approach including ultrasound-
guided puncture should be delayed to the next men-
struation. In the same way, it is not necessary to puncture
an uncomplicated, entirely cystic adnexal mass diagnosed
in a pregnant patient, particularly if she has undergone
ovarian hyperstimulation. Most cysts are functional
and will disappear spontaneously without any surgical
procedure.

In contrast, ultrasound puncture can be proposed
as an alternative to expectant management or the
3-month treatment with the birth control pill often
administered to patients diagnosed with entirely cystic
masses. Several arguments can be advanced against
expectant management.

1 The classical delay of 3 months will appear much
too long in patients whose adnexal mass was in fact
early ovarian cancer.

2 Follow-up may be difficult to obtain in young
patients.

3 It may be simpler for a patient to have her cyst
punctured than to comply with the rules of an adequate
follow-up, which should include a monthly clinical and
ultrasonographic examination.

Wolf et al. [59] recently demonstrated that using
vaginal ultrasonography cystic adnexal masses were
found in 14.8% of menopausal patients; however 16
of the 22 cysts found were less than 2 cm in diameter. It
seems that such small lesions should not be punctured
or operated. However prospective studies are required
to demonstrate that this management, which sounds
clinically reasonable, is valuable and safe.

Similarly, several authors have proposed expectant
management for entirely cystic masses of less than 5cm
diagnosed in postmenopausal patients [3,60]. Although
very attractive, this management should be used care-
fully. Indeed our results reported above demonstrated
that the consequences of conservative treatment of
ovarian masses in postmenopausal patients should be
evaluated only with long-term results. At the moment,
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only one group has reported long-term follow-up after
expectant management [3]. Their results are promising,
as all the entirely cystic masses operated on immediately
were benign and only one of the 32 cysts followed
increased in diameter and required surgical treatment.

IS IT POSSIBLE AND/OR ACCEPTABLE?

Preoperative selection is essential to make ultrasound-
guided puncture safe and acceptable.

Clinical criteria

Clinical data, and particularly the previous medical
history, can be very useful in understanding the aetiology
of an adnexal mass discovered at ultrasound. A history
of pelvic inflammatory disease suggests that a recently
discovered cystic mass may be a hydrosalpinx rather
than an ovarian tumour. In the same way, a history of
endometriosis may be helpful in identifying an adnexal
mass with echogenic contents. Clinical data are also
essential to diagnose a functional cyst. In order to decide
whether to perform a puncture the ultrasonographic
appearance should be interpreted according to data such
as age, date of the last menstrual period, previous surgical
history, and diameter and bilaterality of the cyst.

An ultrasound-guided puncture should not be
proposed in:
1 patients more than § years after the menopause except
if bilateral oophorectomy has been performed under
satisfactory conditions and a peritoneal cyst is suspected;
or
2 patients whose ovarian activity is stopped by a
medical treatment, except those who began a
gonadotrophin-releasing hormone analogue treatment
less than 2 months previously.

In contrast, ultrasound-guided puncture can be
proposed in:
1 patients whose ovarian activity is not inhibited by
any treatment;
2 pregnant patients before 14 weeks of gestation;
3 patients diagnosed previously with extensive pelvic
adhesions and/or peritoneal cysts;
4 postmenopausal patients whose adnexal cyst was
diagnosed after clinical signs similar to those observed
by the patient when she was menstruating regularly.

Ultrasound-guided puncture has also been proposed



in very old patients in poor general condition [33,44].
This last indication is more controversial, since ex-
pectant management is also valuable in patients who
would not be operated on even if the cyst was suspicious.

Ultrasound criteria

As ultrasound-guided puncture is generally proposed
only in entirely cystic masses, ultrasonographic exam-
ination is the key step in managing adnexal cystic
masses. The ultrasonographic appearance is clearly
related to the pathological diagnosis, although most
large series included some false-negative and a larger
number of false-positive diagnoses of malignancy [61—
63]. The results of ultrasonographic diagnosis have
been improved by the development of the vaginal
approach. However, in our recent experience, the
incidence of malignant tumour among entirely cystic
masses diagnosed with vaginal ultrasound was 1.9%
(4 of 319 patients). Three of these tumours were of low
malignant potential and one was a well-differentiated
serous cystadenocarcinoma. All cases were diagnosed
at laparoscopy. In two cases small intracystic veg-
etations (less than 1mm in diameter) not visible at
ultrasonography were found at laparoscopic inspection
of the internal cyst wall. In one case the lesion was
suspicious because of a thickened area on the cyst
wall. In the fourth patient an unusually vascularized
small cyst of Tcm diameter was found beside a typical
functional cyst of 3 cm diameter. The smaller lesion was
a low malignant potential serous cystadenocarcinoma
that was not seen at the preoperative ultrasonographic
examination.

These data obtained from patients treated surgically
suggest the following.
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1 The incidence of malignant tumour is low among
entirely cystic adnexal masses; indeed it is probably
much lower than that reported here, as many anechogenic
lesions are managed without surgery. In this study the
incidence of functional cysts was only 13.2%, much
lower than the incidence reported among entirely cystic
masses [64].

2 Whatever the improvement of ultrasonographic trans-
ducers, some false-negatives will always be encountered
in large studies.

3 The surgical diagnosis is still essential today.

4 An ultrasound-guided puncture should be considered
as a surgical procedure and should be performed in an
operating room.

Conflicting attitudes have been reported in the ultra-
sonographic management of septated masses. Although
in our experience the incidence of malignant tumours
among septated masses is not different from that found
among entirely cystic masses, we think that septated
masses should be managed cautiously as suggested by
others [60,65,66]. A puncture is acceptable when the
diagnosis of a functional cyst is very likely, in patients
with previous ovarian hyperstimulation or in patients
whose previous surgical history suggests that severe
pelvic adhesions may explain the mass. However, many
authors have included masses with thin septae in their
ultrasonographic management [2,30,43,44,67,68].

Ultrasonographic puncture is contraindicated in masses
with thick septae or with more complex appearances.
Puncture of more complex masses has been used by
Dordoni et al. [44] to confirm the diagnosis of malig-
nancy in high-risk patients but this management should
be further evaluated.

In the future the development of colour Doppler
assessment and ultrasound scoring systems will improve

Table 17.1 Incidence of malignancy when combining an ultrasound scoring system and colour Doppler.

High score High score Low score Low score
Reference Incidence low resistance high resistance low resistance low resistance
Weiner et al. [71] 17/53 (32) 15/16 (94) 1/11 (9) 1/2 (50) o/24 (o)
Schneider et al. [70] 16/55 (29) 13/16 (81) 1/4 (25) 2/16 (12) o/19 (o)
Timor-Tritsch et al. [69] 16/94 (17) 14/14 (100) 1/11 (9) 1/2 (50) ol67 (o)
Kawai et al. [72] 40/109 (37) 27132 (84) 9/28 (32) 1/5 (20) 3/44 (7)
Total 89/311 (29) 69/78 (88) 12/54 (22) s/25 (20) 3/154 (2)

Numbers in parentheses are percentages.
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the preoperative selection process [69,70]. Colour
Doppler has already been used by Bonilla-Musoles
et al. [43] to select patients before ultrasound-guided
puncture. Moreover one can see from Table 17.1 that
combining preoperative colour Doppler and an ultra-
sound scoring system can improve the preoperative
selection [69~72].

Can we improve the selection process using serum
CA 1257¢

Selection before surgery may be improved using serum
CA 125 [73]. However several reviews have confirmed
that abnormal CA 125 is very common in premenopausal
patients with benign disease and that about 50% of
patients with stage I ovarian cancer have a normal serum
CA 125 [74]. CA 125 is more useful in postmenopausal
patients, in whom a threshold of 65 Ul/ml was proposed
by Malkasian et al. [75]. An abnormal CA 125 should
be considered as a contraindication to non-surgical
managements in postmenopausal patients.

The value of intracystic tumour markers is more
questionable, as these results are not available until a
few days after the puncture, too late to minimize the
consequences of the puncture. Cyst fluid CA 125 level
cannot be used to distinguish benign and malignant
tumors [76]. In contrast Dargent et al. [77] published
very promising results on the correlation between
the pathological diagnosis and the results of a panel
of intracystic and serum levels of tumour markers.
Unfortunately these results were not confirmed [78].

IS IT ENOUGH?

We know from laparoscopic and ultrasonographic studies

that the recurrence rate after puncture of benign ovarian
neoplasms is very high, between 41 and 61% [44].
The recurrence rate is related to the diameter of the
cyst and to the success of aspiration, recurrence being
significantly more common after incomplete aspiration.

These results argue strongly for immediate surgical
treatment of cysts diagnosed as ovarian neoplasms
from the fluid appearance. The appearance of the cyst
fluid is a valuable diagnostic tool. As shown in Table
17.2, the cyst fluid of a functional cyst is generally yellow
or haemorrhagic. The colour of functional cyst fluid
is described as ‘saffron’ yellow, whereas that of serous
cyst is citrous, i.e. more whitish. Consequently, most
patients can be treated in only one surgical procedure.
When the cyst is yellow or haemorrhagic, the cyst may
be functional and laparoscopy is not necessary. The
diagnosis should be confirmed as soon as possible, using
cytological examination and cyst fluid oestradiol (E2)
and progesterone levels. Several years ago Abeille et al.
[79] showed that high cyst fluid E2 levels were found
in functional cysts. These results were confirmed by a
recent study from Andolf ez al. [8o] who showed that
an E2 level above 500 pg/ml was the single best predictor
of no recurrence. Cytological examination is useful to
distinguish functional and organic ovarian masses [81].
Unfortunately, ovarian cytology does not appear to be
a reliable tool in the diagnosis of malignancy, as the
sensitivity ranges from 27 to 93% [29-33]. All the
results required to decide the management of the cyst
should be available in less than 8 days. If the diagnosis
of functional cyst is confirmed, an ultrasonographic
examination is planned 3 months later. No further
ultrasound follow-up is required, except in patients
with recurrent clinical signs. As shown in Table 17.2,
when the cyst fluid is clear, chocolate, dermoid or

Table 17.2 Correlation between the appearance of cyst fluid and the final pathological diagnosis in benign adnexal masses.

Yellow Clear Haemorrhagic Chocolate Mucinous Dermoid Turbid

Pathology (n) 207 178 90 210 65 138 10

Functional (%) 46.4 4.5 55.6 3.8 1.5 0.0 0.0
Serous (%) 35.7 48.3 8.9 1.4 7.7 0.7 60.0
Mucinous (%) 9.2 11.8 I.I 0.5 72.3 0.7 40.0
Paraovarian (%) 6.8 31.5 2.2 0.0 0.0 0.0 0.0
Endometrioma (%) 1.4 1.7 3I.I 94.3 3.1 0.7 0.0
Teratoma (%) 0.5 2.2 1.1 0.0 15.4 97.8 0.0
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turbid, a functional cyst can be excluded in most cases
and immediate laparoscopic treatment is necessary.
Similarly when an organic cyst is diagnosed from the
results of fluid analysis, ultrasonography is performed
to confirm recurrence and surgical treatment is planned
as soon as possible.

Interestingly, none of the fluid encountered in the four
patients with entirely cystic masses reported above could
be confused with the saffron-yellow fluid encountered
in functional cysts [1]. Two were turbid, as often found
in malignant tumours, and two were clear, as usual
in serous cysts. Therefore if these masses had been
punctured vaginally, three of them would have been
diagnosed as non-functional from the appearance of
the fluid. In contrast, diagnosis of the fourth patient
would probably have been missed, since this small
tumour was found beside a 3-cm diameter functional
cyst that would probably have been the only lesion
punctured. This small malignant mass could even have
been missed at laparoscopy, since the laparoscopic
appearance was unusual because of the presence of
vessels rather than because it was highly suspicious.

Ultrasound-guided puncture has also been proposed
as the first step in the treatment of ovarian endo-
metrioma, the second step being medical treatment
and the third a laparoscopic procedure that would be
easier because of the preoperative drainage and medical
treatment. The following comments can be made about
this management.

1 From our experience in in vitro fertilization, it seems
that endometriomas may be difficult to empty.

2 Puncture without postoperative medical treatment is
useless [82].

3 Most patients with ovarian endometriomas can be
treated laparoscopically in one step with satisfactory
postoperative results.

4 In a recent report about 209 patients Zanetta et al.
[83] concluded that drainage alone is ineffective as a
therapeutic procedure, thus confirming previous reports
[42,82].

5 The advantages of the three-step procedure have never
been demonstrated by laparoscopy, so this management
should be further evaluated.

Concluding, we suggest that ultrasound-guided
puncture is one of the tools available in the manage-
ment of adnexal cystic masses. However, it should be
used following strict guidelines to avoid the spillage
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of unexpected malignant masses; benign ovarian neo-
plasms should be removed surgically.

Ultrasound-guided puncture is unnecessary prior to
the next menses and in masses of less than 2cm in
diameter (even in postmenopausal patients).

Ultrasound-guided puncture is possible if the cyst
is functional (hyperstimulation, less than 5 years after
menopause); if the patient has undergone multiple
previous surgical procedures and has extensive pelvic
adhesions; if the mass is entirely cystic or has a thin
septa; if CA 125 is below 3 § ml, the mass entirely cystic
and the patient postmenopausal; or if a thin septa is
found and a functional cyst is very likely or pelvic
adhesions are suspected.

Ultrasound-guided puncture is impossible if the
cyst is not functional and the patient has no previous
adhesions; if the mass is solid, mixed or septated; or
if the CA 125 level is above 35ml and the patient
postmenopausal.

Ultrasound-guided puncture is sufficient if the cyst
fluid is saffron yellow, the cyst fluid E2 level very high
and the diagnosis of functional cyst is confirmed by
cytological examination.

Ultrasound-guided puncture is not sufficient if the
fluid is clear, dermoid, mucinous or chocolate; if the E2
level and cytological examination exclude the diagnosis
of functional cyst; or if a recurrence is found.

In our clinic, ultrasound-guided puncture is used to
treat: (i) functional cysts in patients who wish to avoid
3 months of treatment with the birth control pill and/
or of follow-up; (ii) patients with extensive adhesions
who have either a functional cyst or peritoneal cysts
already diagnosed and treated surgically. In this last
indication, ethanol injection was recently proposed by
Lipitz et al. [84] to prevent the recurrence of the cyst.
The procedure is always performed in the operating
room. Patients are always informed before the procedure
about a possible laparoscopy and laparotomy.

Ultrasound-guided puncture of
ectopic pregnancy

‘While the incidence of ectopic pregnancy has increased
over the last 20 years [8 5], vaginal ultrasonography and
improved immunological human chorionic gonado-
trophin (hCG) and serum progesterone assays allow
early diagnosis and conservative treatment in most
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cases [86-89]. Consequently the treatment of ectopic
pregnancy has changed from laparotomy to laparoscopic
surgery [90,91] and more recently to non-surgical treat-
ments [4,6,8,92—95], such as expectant management
or medical treatment with methotrexate (MTX)
administered intramuscularly or in the tube. An early
diagnosis of the ectopic is essential to avoid tubal
rupture, which may be a life-threatening condition, to
allow conservative and non-surgical treatments, and to
avoid irreversible tubal damage thus decreasing the
recurrence rate after conservative treatment [96].
Fertility results recently published strongly suggest
that medical and ultrasonographic treatments are valu-
able alternatives to laparoscopic treatment {8,94,97].
Pregnancy rates after intramuscular and intrasaccular
injection were 69.3% and 58.6% respectively [8,95].
In these studies, tubal patency on the side of the ectopic
pregnancy was found in 82% and 90% of cases [8,95].
Our comments about other non-surgical approaches
will be brief. Expectant management requires very
careful preoperative selection and strict follow-up,
not always very convenient for the patients. Moreover,
failure rates of 27% have been reported in the best series
[95]. It may be used only in very specific patients with
a very low B-hCG level. Prostaglandins should no longer
be used because of the complications reported [98]. RU
486 does not appear to be an effective treatment [99].

Laparoscopic treatment

Laparoscopic management has become the gold stan-
dard. Most patients who require surgical treatment can
be treated endoscopically. Conservative laparoscopic
treatment has been described before [5,90,91]. After
aspiration of the haemoperitoneum, a linear salpin-
gotomy is performed on the proximal third of the
antimesenterial border of the haematosalpinx. A large
aspiration lavage cannula is inserted in the tube. The
ectopic pregnancy is separated from the tubal wall using
an intratubal lavage and is then aspirated. Thereafter
the tube is inspected, looking for persistent trophoblastic
tissue; the contralateral tube is checked to evaluate the
prognosis for future fertility. This last step is impossible
in non-surgical treatments. Postoperative prognosis may
be evaluated using hysterosalpingography. Postoperative
follow-up of the decrease in hCG is necessary for early
diagnosis of persistent ectopic trophoblastic tissue, which
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Table 17.3 Fertility after salpingectomy for ectopic
pregnancy.

Intrauterine  Extrauterine
No. pregnancy pregnancy
Dubuisson et al. [103] 125 30 (24.0) 16 (12.8)
Pouly et al. [5] 39 18 (46.1) o
Total 164 48 (29.3) 16 (9.7)

Numbers in parentheses are percentages.

occurs in about 6% of cases [1o0,101]. Postoperative
management according to the level of B-hCG on
postoperative day 2 has been reported previously [10o].
Postoperative fertility is above 60% with a recurrence
rate of 14% and the prognosis for fertility is related to
the patient’s medical history rather than to the diameter
or location of the ectopic pregnancy [8].

Laparoscopic salpingectomy for ectopic pregnancy
was reported by Dubuisson [102,103]. This procedure
is easy and allows laparoscopic treatment of a ruptured
ectopic if a powerful aspiration-lavage system that
allows the quick identification and treatment of the
bleeding is available. Postoperative fertility and recur-
rence rates are 29.3% and 9.7% respectively (Table
17.3).

Transvaginal intratubal injection of methotrexate
under sonographic control

First reported by Feichtinger and Kemeter [4] in 1987
this technique is achieved under local anaesthesia by
most authors. The ectopic sac must be visible at ultra-
sound, which should also be used to look for signs of
normal or abnormal intrauterine pregnancy and for
signs of haemoperitoneum. The ectopic sac is aspirated
using 16- or 18-gauge needle and injected with MTX
using either a standard dose of 5omg or a dose of 1mg/
kg. The use of folinic acid is not necessary [8]. Close
postoperative follow-up, including serial hCG titres and
clinical and ultrasonographic examination, is required
[6,8]. On postoperative day 2, a transient elevation of
B-hCG is observed in about 30% of cases. In the same
way, abdominal or pelvic pain is frequently observed
within 24 hours of the injection and should be dis-
tinguished from tubal rupture using both clinical and
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Table 17.4 Results of intratubal injection of methotrexate for the treatment of ectopic pregnancy.

Intrauterine Extrauterine

No. Success Patency pregnancy pregnancy
Feichtinger & Kemeter [4] 8 8 — - —
Ménard et al. [6] 8 6 — — —
Mottla et al. [106] 7 4 — — —
Fernandez et al. [8] 100 83 (83.0 72/80 (90.0) 31/58 (53.4) 3/58 (5.2)
Darai et al. [97] 100 78 (78.0) 13/26 (56.5) 15/75 (20.0) 6/75 (8.0)
Total 223 179 (80.2) 85/106 (80.2) 46/133 (34.6) 9/133 (6.8)

Numbers in parentheses are percentages.

ultrasonographic examination. If the hCG titres increase
steadily or if the clinical data suggest a tubal rupture, a
laparoscopy should be performed.

From a review of some studies published recently
this technique seems promising but slightly less effective
than laparoscopy. Among selected patients, the success,
fertility and recurrence rates were 80.2%, 41.3% and
16.3% respectively (Table 17.4). It should be em-
phasized that Fernandez et al. [8] and Stovall and Ling
[94] were able to treat about 40% of their patients
using this ultrasonographic approach. However several
injections of MTX may be necessary; a decrease of less
than 15% of the initial B-hCG titre 7 days after the
first injection is used to decide on a second or third
injection, Fernandez et al. [8] reported 11 failures among
55 patients 20% treated with one injection and 6 among
2.8 patients treated with two or three injections (21.8%).

Is an intratubal injection necessary?

Selection criteria for intramuscular and intratubal in-
jection of MTX are similar [8,94]. As the success
and postoperative fertility rates are similar, these two
approaches should be carefully compared in prospective
randomized trials.

A local injection decreases the systemic toxicity of
MTX and Fernandez et al. [8] reported no stomatitis
or neutropenia in a group of roo patients. However,
with a single injection, the systemic toxicity is also very
low when the intramuscular route is used. Single-dose
MTX treatment was reported to be successful in 94%
of cases [94]. If similar results are reported by other
authors, then systemic treatment will appear valuable.

Severe tubal damage has been reported after intratubal
treatment of an ectopic pregnancy that had a B-hCG
level of 15000IUllitre [104]. In contrast, Pansky et al.
[105] have reported an interesting patency rate after
laparoscopic MTX intratubal injection. Finally, although
non-surgical treatment appears to be a very attractive
alternative, poor results reported by others should be
noted. Indeed, because of the very poor results obtained
in the MTX group, Mottla et al. [106] discontinued
a prospective randomized study designed to compare
laparoscopic salpingotomy and laparoscopic injection.

Indications

Non-surgical management is becoming the standard
for the treatment of interstitial and cervical pregnancies
[z07,108], as in such cases surgical treatment is often
difficult and a conservative approach not always poss-
ible. An interstitial pregnancy should be injected using
a vaginal approach. The ectopic gestational sac should
be punctured through the myometrium whenever poss-
ible, thus minimizing the risk of bleeding induced by
the puncture [108].

We choose between the non-surgical and the
laparoscopic treatment of tubal ectopic pregnancies. The
first rule is to confirm the diagnosis of ectopic pregnancy.
Despite improvements in ultrasound, it may still be
difficult to distinguish an early intrauterine pregnancy
and an ectopic pregnancy. This question is even more
important when deciding on non-surgical management,
since MTX is an effective treatment of normal early
intrauterine pregnancy! Non-surgical treatments are
particularly useful in patients who are obese or have
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been previously operated many times. For instance,
ectopic pregnancies after in vitro fertilization and
embryo transfer are often diagnosed very early and are
a very good indication of medical treatment in patients
already operated on several times. In contrast, one may
consider that in such cases it is essential to prevent
recurrence and to perform laparoscopic salpingectomy.

The following criteria are required to propose
ultrasound-guided treatment:

1 the ectopic gestational sac should be visible;

2 its diameter should be less than 3 cm;

3 the haemoperitoneum should be less than rooml;

4 the patient should be haemodynamically stable;

5 MTX treatment should be possible (normal platelet
count, normal renal and liver function, normal
coagulation tests);

6 B-hCG level should be less than 5000 mIU/ml;

7 there should be no cardiac activity in the ectopic sac.
These last two criteria may be discussed, as some authors
have reported successful treatment of very active ectopic
pregnancies and recommend an intratubal injection only
when ectopic cardiac activity can be identified [108].
However, from the results of Fernandez et al. [8] it
appears that failure rates are much higher in patients
with a B-hCG level > so0omIU/ml and in patients with
ectopic cardiac activity (36% and 47% respectively).
Therefore these criteria are probably reasonable contra-
indications to ultrasound-guided treatment.

A pretherapeutic score has been proposed and used
prospectively by Fernandez et al. [109] (Table 17.5).
The success rate is 87 % when the score is <12 and only
60% when it is >12. A 60% success rate is satisfactory
but not high enough for patients. Although this score
may be difficult to use, as the progesterone assay is
not available in all departments, the other clinical and
biological criteria used in this scoring system should be
considered before managing a patient.

Surgical treatment is used in the remaining cases. In
experienced hands more than 98% of these patients are
successfully treated by laparoscopy. The main question
is to decide between salpingotomy and salpingectomy
in order to preserve postoperative fertility and to prevent
recurrences. In our department, a radical treatment was
introduced several years after the conservative treatment
so that we have been able to evaluate the limits and
consequences of conservative treatment. The following
conclusions can be proposed.
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Table 17.5 Pretherapeutic score. (From Fernandez et al.
[109], with permission.)

Score I 2 3
Gestational age (weeks) >8 7—8 <6

B-hCG level (mlU/ml) <1000 1000-5000 > 5000
Progesterone (ng/ml) <5 §—10 >10

Pelvic pain None Induced Spontaneous
Haematosalpinx (cm) <1 -3 >3
Haemoperitoneum {ml) o I-I00 >I00

1 Except in the case of massive haemoperitoneum,
most ectopic pregnancies can be treated conservatively
whatever the diameter or the -hCG level.
2 Fertility prognosis is not related to the diameter or
location of the ectopic pregnancy, the volume of the
haemoperitoneum or rupture of the tubal wall.
3 The indication for radical or conservative treatment
should be decided according to the previous medical
history and to the adhesions found at laparoscopy using
a therapeutic score reported by Pouly et al. [5].
(a) score < 4 perform salpingotomy;
(b) score = 5 perform salpingectomy;
(c) score>6 perform salpingectomy with a contra-
lateral sterilization. Obviously this management may
be used only if in vitro fertilization and embryo
transfer is available.
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Chapter 18/Pelvic masses and other

interventional targets

LOTHAR W.POPP and REGINE GAET]JE

Diagnosis and management of pelvic masses

Our obstetrical-gynaecological diagnoses are
based, however, to a very large extent on
impressions, which are, unaccessible to our eyes,
exclusively mediated by palpation. A striking
symbol of gynaecological diagnosis is the eye in
the palpating finger. Our finger shall palpate in
such sensitive manner, that the sensation shall
come as close as possible to the sharpness of a
visual impression [1].
Today, improvement in gynaecological diagnosis can
be expected from vaginal ultrasound examination
(vaginosonography) [2]. Even by using abdominal
ultrasound, Andolf and Joergensen [3] found higher
sensitivities for the detection of pelvic masses compared
with bimanual palpation.

Vaginosonography vs. bimanual palpation in the
detection of pelvic masses

The accuracy of measuring pelvic masses by vagino-
sonography is superior to estimation of the size of a
lesion by palpation [4]. Also, the potential of vagino-
sonography for detecting adnexal masses is superior to
that of bimanual palpation. In a multicentre prospective
study, sensitivity for detecting pelvic masses by palpation
was 37.6%, by vaginosonography 64.7% and by the
combination of both methods 77.7% [5].

The ‘normal palpation finding’ requires confirmation
by vaginosonography

Detection rates of adnexal masses smaller than 3cm
in diameter have been reported to be 15% by pal-
pation compared with 97% by vaginosonography.
The respective rates for masses between 3 and 5cm in

diameter were 37% vs. 96%, and for masses larger
than 5cm in diameter 51% vs. 94% (Table 18.1). As
bimanual palpation frequently misses pelvic masses,
including the early stages of ovarian carcinoma, the
necessity of routinely checking the ‘normal palpation
status’ by vaginosonography has been emphasized.
It was also recommended that vaginosonography be
routinely applied in annual preventive care examinations.
It has been proposed that conventional examination
together with vaginosonography be performed in one
procedure and that a single-purpose vaginosonographic
apparatus be installed to the right or left side of the
examination couch in order to have vaginosonography
available for each patient examination [5].

‘Sonographic criteria of malignancy’ do not exist
grap: gnancy

An analysis of vaginosonographic criteria of adnexal
masses revealed disappointing results, None of the
45 criteria used was exclusively found in benign or
malignant lesions (Table 18.2). The combination of
three criteria (anechoic lesion, no septations and sharp
outer delineation) was found in 43 of 135 benign
and in 1 of 13 malignant adnexal masses. It was
therefore concluded that the term ‘sonographic criteria
of malignancy’ should be avoided [5].

Conventional management of adnexal masses

In 1991 Lehman-Willenbrock et al. [6] reported the
histological examination of 1016 ovarian cysts, extirpated
by laparoscopy or laparotomy; 52.3 % were functional
cysts or simple serous cysts and only 3.5% were malig-
nant. The morbidity and even risk of mortality of
conventional interventions, which in retrospect are un-
necessary in the majority of cases, raises doubts about
their beneficial role in the management of adnexal masses.
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Table 18.1 Detection rates of pathological adnexal findings
of different sizes: bimanual palpation vs. vaginosonography.

Detection rates of adnexal findings

Preoperative (correct predictions only)

estimation of size

(diameter) Bimanual palpation Vaginosonography
<3cm (7= 39) 6 (15) 38 (97)

3-scm (n=78) 29 (37) 75 (96)

>sem (n=53) 27 (51) 50 (94)

Numbers in parentheses are percentages.

Modern management of ‘novel adnexal findings’

There is still some uncertainty about how to draw
the appropriate clinical conclusions from ‘novel
vaginosonographic findings’. Malignant pelvic tumours
should become treatable at an earlier stage and over-
treatment of non-malignant lesions should be avoided.
In Table 18.3 feasible management of adnexal findings
is proposed on the basis of the conventional diagnosis,
which represents clinical suspicion of the histological
diagnosis and, additionally, the novel vaginosonographic
information [5].

If all clinical findings, including vaginosonography,

Relative occurrence (%)

Table 18.2 Relative occurrence of
selected vaginosonographic criteria

in benign and malignant adnexal

Benign findings Malignant findings tumours.

Vaginosonographic criteria (n = 146) (n=13)
Outer delineation of the tumour
Smooth 64 31
Irregular 27 69
Internal echo patterns of the tumour
Homogeneous distribution 83 69
Inhomogeneous distribution 17 31
No internal echoes 44 24
Internal echoes present 56 77
No septations 86 83
Several chambers 14 17
Dorsal ultrasound enbancement 53 54
Echo qualities
Intensity of the echoes

Strong 17 15

Medium 30 23

Weak 53 62
Size of the echoes

Fine 54 54

Medium 28 31

Coarse 19 15
Density of the echoes

Scattered 45 39

Medium 27 15

Dense 29 46
Distribution of the echoes

Regular 46 46

Irregular 54 54
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Table 18.3 Modern management of adnexal findings.

Clinical diagnosis

Management

Normal finding

No-change finding

Functional cyst

Functional cyst
associated with pain
or recurrent
functional cyst

Inflammatory lesion

Pelvic abscess

Benign tumour

Malignant tumour

Recurrent malignoma,
metastasis or
residual malignoma

Cystic tumour in an
anaesthesiologically
inoperable patient

Annual control examinations

Control examinations every 3
months for 1 year; after that
annually

Control examination after 6-8
weeks; in case of persistence
consider laparoscopic diagnosis and
therapy

Consider vaginosonographically
guided puncture and evacuation;
control examination after 6-8
weeks

Treat as conservatively as possible

Consider vaginosonographically
guided puncture and drainage

Consider laparoscopic removal

Consider diagnostic laparoscopy:

1 in case of laparoscopic suspicion
of benign tumour: laparoscopic
therapy

2 in case of laparoscopic suspicion
of malignant tumour: immediate
laparotomy

Consider vaginosonographically
guided sampling and
vaginosonographically guided
interstitial brachytherapy

Consider palliative
vaginosonographically
guided puncture and evacuation

reveal a normal adnexal status, annual control exami-
nations may be recommended. However, precise
criteria of what is ‘normal’ in the adnexa are not
clearly defined so far. In future, it will be also necessary
to define ‘harmless no-change findings’, which are
slightly different from normal findings, e.g. a 2-cm
anechoic ovarian cyst in a 7o-year-old woman. If several

Pelvic masses

3-monthly control examinations reveal a no-change
status, this type of finding may not require interventional
verification and annual control examinations may be
adequate.

Pelvic findings that are suspicious of functional or
inflammatory lesions should be treated as conservatively
as possible. Only functional cysts associated with pain,
recurrent functional cysts and pelvic abscesses may be
an indication for vaginosonographically guided puncture
and evacuation. Adnexal findings that appear clinically
and vaginosonographically as benign neoplastic lesions
may be removed laparoscopically by an experienced
endoscopic surgeon. In cases of suspected malignant
lesions, diagnostic laparoscopy may precede conventional
surgical intervention in order to avoid unnecessary
laparotomies in cases of laparoscopically verified benign
lesions or in cases of inoperable malignant tumours.
Suspected recurrent malignomas, metastases and residual
malignomas can be sampled and subsequently treated
by interstitial brachytherapy under ultrasound guidance.
In anaesthesiologically inoperable patients, palliative
puncture and evacuation of pelvic cysts may be
considered.

Sonographically guided puncture of
pelvic lesions

Puncture is the establishment of a temporary tubular
connection between an intracorporeal target area and
outside. Ultrasound targeting has tremendously improved
the accuracy of puncture procedures and, consequently,
widened the spectrum of indications. Using the tubular
access as a route into the body, injections of fluids, e.g.
drugs, implantations of irradiating seeds and temporary
therapeutic procedures, e.g. afterloading irradiation, can
be performed. In the other direction, intracorporeal
fluids such as blood, ascites or cyst contents, cytological
or histological specimens and specific structures like the
cumulus oophorus within the oocyte can be removed
from the appropriate target area. For some indications
permanent devices such as drains can be implanted
after puncture, e.g. for repeat flushing of abscesses.
For pelvic puncture procedures the transabdominal
or the transvaginal route can be used. According
to pelvic topography, which is hidden behind the
symphysis, the transvaginal access may have obvious
advantages.
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The transabdominal route

In 1972 Bang and Northeved [7] introduced sono-
graphically guided transabdominal amniocentesis and
in 1974 Hahnemann [8] used ultrasound guidance
for transabdominal fine-needle sampling of chorionic
villi. Today, sonographically guided placentocentesis,
cordocentesis and fetal sampling, as well as injection
procedures, are routinely applied in prenatal diagnosis.

Sonographically guided transabdominal ‘needling’ of
pelvic masses was used in 1971 by Angstroem et al. [9]
and later by Sevin et al. [10] for fine-needle aspiration
cytology of pelvic masses. Today, fine-needle aspiration
cytology using needles with an external diameter of less
than rmm is accepted in the diagnosis of recurrent
or metastatic malignant tumours of many organs. Due
to the risk of needle tract or peritoneal seeding it was
recommended by Pasieka & Thompson [11] to avoid
fine-needle aspiration in curable tumours.

Low mortality rates (0.003 %) and low rates of major
(0.05%) as well as minor (0.49%) complications with
abdominal fine-needle aspiration procedures were
reported by Livraghi et al. [12]. The reported sensitivities
for diagnosing malignant lesions cytologically range
from 70 to 95% [9,10,13,14]. Missing the target by
using ‘blind’ puncture procedures may be the most
frequent reason for false-negative results [15]. Targeting
fine-needle aspiration by ultrasound improves the
predictive values of negative results and also minimizes
the risk of injury to adjacent organs and of bleeding.
The use of slightly wider needles allows tissue biopsy
that has an expected higher diagnostic accuracy.
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The transvaginal route

Vaginosonographically guided puncture techniques were
developed in 1984 by Popp [16,17]. Figure 18.1 shows
the first puncture experiments in a water-bath using
rubber balloons as targets. A needle guide was attached
to an experimental vaginosonographic probe (Bruel &
Kjaer, Naerum, Denmark) for free-hand puncture and
an electronic puncture line was established on the screen.
Also, an automatic, spring-loaded puncture device for
accurate, atraumatic and almost painless puncture was
developed in cooperation with Labotect, Goettingen,
Germany (Fig. 18.2). After successful experiments on fresh
cadavers, vaginosonographically guided puncture and
evacuation of ascites and ovarian cysts was performed.

It was astonishing, at that time, how close the
probe’s tip could be manoeuvred towards a target area
in the true pelvis and how short the puncture depths

Fig. x8.1 The first vaginosonographically guided puncture
experiments performed in a water-bath (1984).

Fig. 18.2 The first spring-loaded
automatic puncture devices
(Labotect) (1984-87).



were. It became obvious that the vaginosonographic
probe and the vaginally palpating finger were used
in a similar manner: palpable pelvic findings are closely
approachable by the vaginally palpating fingertip
(otherwise they would not be palpable) and, correspond-
ingly, the tip of the vaginosonographic probe can, under

Fig. 18.3 Vaginosonogram of a stimulated ovary with
puncture marks for vaginosonographically guided follicular
puncture (January 1985) (experimental vaginosonographic
probe with a 270° panoramic sector, Bruel & Kjaer).

Fig. 18.4 Automatic puncture
device (Labotect) mounted on a
vaginosonographic probe (Siemens).

Pelvic masses

ultrasound vision, closely approach a sonographically
identifiable pelvic finding. In January 1985 the first
vaginosonographically guided follicular puncture for
oocyte harvesting was done in our in vitro fertilization
(IVF) programme (Fig. 18.3). This method spread all
over the world within a few years and has today become
the method of choice [16,17].

FREE-HAND VS, AUTOMATIC
VAGINOSONOGRAPHICALLY GUIDED PUNCTURE

Most vaginosonographic probes are equipped with an
attachable puncture device for free-hand puncture. It
consists of a metal tube for guiding a needle along an
electronic target line on the screen. After manoeuvring
the target line into the region of interest, the examiner,
who is holding the vaginosonographic probe with one
hand, will push the needle forward into the target area
with the other hand. By doing so, the needle tip will
penetrate the vaginal wall and the parietal peritoneum
and come to a stop in the target area. A sharp forward
manoeuvre of the puncture needle is advantageous for
hitting the target with a minimum of pain and for not
pushing the organ of interest aside with the needle tip.
However, even in experienced hands it is difficult to
accurately coordinate needle speed and penetration
depth with the forward needle movement into the
target.

A spring-loaded automatic puncture device, which
can be mounted on the vaginosonographic probe,
provides presetting of the needle penetration depth and
atraumatic high-speed puncture (Fig. 18.4). After having




Today, automatic puncture is the most accurate
and atraumatic and also the least painful puncture

device steadily with two hands and triggering the needle-

release mechanism [16].

Free hand puncture n

manoeuvred the target line into the target area and
having measured and preset the appropriate puncture
depth, automatic puncture is carried out by holding the
vaginosonographic probe together with the puncture
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Fig. 18.5 Anaesthetic drugs used
for free-hand vs. automatic
follicular puncture for oocyte
retrieval.
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procedure. Figure 18.5 shows a comparison of the
amount of anaesthetic drug used for free-hand vs.
automatic follicular puncture for oocyte harvesting
(Popp and Stein, unpublished data).

Evacuation of cystic adnexal masses

Evacuation of cyst fluid using vaginosonographically
guided puncture is a safe, simple and almost painless
method, which can be performed without anaesthesia
on an outpatient basis. For removing the cyst fluid an
evacuated drainage system, e.g. a Redon system, can be
recommended.

Unfortunately, evaluation of cyst fluids has limited
reliability in the differentiation of benign and malignant
tumours. Only oestradiol levels above 1000 pg/ml may
be indicative of functional cysts and carcinoembryonic
antigen (CEA) levels above rong/ml may be suspicious
of benign as well as malignant mucinous lesions. For
these reasons, vaginosonographically guided puncture
and evacuation of cystic adnexal masses should be
limited to suspected functional cysts associated with
pain, recurrent functional cysts and palliative evacuation
of cysts in anaesthesiologically inoperable patients
(Table 18.3).

Evaluation of cyst fluids

COLOUR

Evaluation of 81 cyst fluids [18] from 74 benign, two
borderline and five malignant cystic adnexal masses
revealed the following results: water-like fluids were
found in 10% of benign and in none of the malignant
cysts; yellowish fluids were removed from 43% of
benign and from two of five malignant cysts; bloody
fluids were found in 22% of benign and in three of five
malignant cysts; of 1o endometriomas six had chocolate-
like, three bloody and one greenish contents.

CYTOLOGY

Well-preserved epithelial cells were found in the fluids
of 5 of 74 benign cysts (7%). Three benign cystic
teratomas were diagnosed by the presence of squamous
cells. However, squamous cells can also originate
from contamination of vaginal epithelial cells during

Pelvic masses

vaginosonographically guided puncture. This phenom-
enon is well known from transvaginal follicular puncture
for oocyte retrieval. One mucinous cystadenoma was
cytologically suspected to be malignant, as epithelial
cells in the cyst fluid showed pleomorphy.

Malignancy was cytologically diagnosed in two of
five malignant cystic tumours. One malignant lesion was
misdiagnosed as an endometrioid cyst and in the two
remaining cases no epithelial cells were found in the
cyst fluids. These poor results are in agreement with
other reports [9,19,20].

STEROID HORMONES

Oestradiol, progesterone and testosterone levels were
significantly higher in the fluids of lutein cysts and
follicular cysts compared with other cystic lesions.
Oestradiol levels may be the most suitable for a
differential diagnosis (Fig. 18.6). A cut-off level of
1000 pg/ml, which was suggested by Ammann et al.
[21], may be supported. Differentiation of benign and
malignant ovarian blastomas by measuring steroid
hormone concentrations in cyst fluids was not possible.

TUMOUR MARKERS

Fluids of non-mucinous benign cystic lesions had CEA
levels below 1ong/ml except for one endometrioid cyst
with 36.2ng/ml. CEA levels of cystic serous carcinomas
ranged from o.2 to 342ng/ml. Elevated CEA levels,
between 270 and 99 400 ng/ml, were found in the fluids
of 10 benign mucinous tumours and one mucinous
cystadenoma with a borderline lesion (Fig. 18.7).
Therefore, CEA levels above 1ong/ml may support the
suspicion of a mucinous, a malignant and perhaps an
endometrioid lesion. In contrast, the wide distributions
of CA 125 (5~1057 600U/ml) and CA 153 levels (0.4~
1700U/ml) and a complete overlap of the levels in
benign and malignant lesions did not allow for any
prediction.

Vaginosonographically guided
oocyte retrieval

Oocyte retrieval is the key for IVF and embryo transfer
and other assisted reproduction techniques and is the
most frequent indication for vaginosonographically
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Fig. 18.6 Oestradiol levels in cyst fluids of adnexal masses.

guided puncture. Thin needles of about xmm outer
diameter and an automatic puncture device are advan-
tageous for puncture without anaesthesia. However,
thick needles with a double channel or a wider lumen
are mostly used because of their stiffness, which allows
for multiple follicle puncture manoeuvres, ‘lining the
follicles up’ within a stimulated ovary. This procedure
is painful and traumatic, not only because of the larger
needle diameter but also because of the extensive intra-
ovarian injuries caused by the movements of the sharp
needle tip. A thin needle, which is almost painlessly
shot into each follicle, is the better alternative. For
flushing the follicle, needles with a double Luer lock
are equivalent to the double-channel needles [16].

As automatic follicular puncture using a thin needle
is a safe and almost painless method (Fig. 18.5),
thoroughly comparable to venous puncture for blood
sampling, natural cycles and mildly stimulated cycles

186

Fig. 18.7 Carcinoembryonic antigen levels in cyst fluids of
adnexal masses.

should be considered more often for oocyte harvesting.
By doing so in an appropriate case, costs of drugs and
hormonal assays and complications such as ovarian
hyperstimulation might be reduced. At the same time,
this may give a sterile couple some relief from the
desperate compulsion for the success of an expensive
and troublesome stimulated cycle [22].

Evacuation of free fluid in the
pouch of Douglas

Vaginosonographic detection of free fluid in the pouch
of Douglas is easy, and vaginosonographically guided
needle aspiration of the intra-abdominal fluid may
be safer and more accurate than conventional ‘blind’
puncture. Echogenicity of the fluid may give a hint about
serous, bloody or purulent liquids. Small amounts of
fluid are frequently found and may be due to follicular



rupture or retrograde menstruation. Rupture of larger
cysts will result in larger amounts of free fluid in the
pouch of Douglas.

Ascites may be removed safely and completely by
vaginosonographically guided puncture, as the pouch
of Douglas represents the deepest region of the abdominal
cavity and, at the same time, the intestines are floating
upwards in the intra-abdominal fluid.

Management of postoperative effusions

Vaginosonography is a simple and reliable tool for

Fig. 18.8 Vaginosonograms after vaginal hysterectomy:
(a) normal parametrial operation site 3 days after
operation (marked is the longitudinal diameter of 3.5cm);
(b) parametrial effusion 3 days after operation;

(c) vaginosonographically guided puncture of parametrial
effusion 10 days after operation (note the electronic
puncture line and the needle tip with echo field).

Pelvic masses

diagnosing postoperative intra-abdominal bleeding and
should be one of the first diagnostic considerations.
Vaginosonographic examination after hysterectomy is
more reliable in detecting an effusion and estimating its
size than vaginal or rectal palpation. It is therefore
recommended that all patients be examined with the
vaginal ultrasound probe 3—4 days after hysterectomy
or other gynaecological operations.

Figure 18.8a shows a vaginosonogram of a normal
right parametrial operation site 3 days after vaginal
hysterectomy. In Fig. 18.8b postoperative parametrial
effusion, which was punctured with a 2-mm diameter

(b)

187



Chapter 18

needle under vaginosonographic guidance (Fig. 18.8c¢)
is seen. Such attempts for evacuating postoperative
effusions may be unsuccessful, as the contents may not
be sufficiently liquefied. Instillation of a few millilitres
of physiological saline solution under ultrasound vision
and subsequent aspiration may give a hint in these
cases as to whether the contents are bloody, serous
or putrid. For surgical drainage of postoperative ef-
fusions the vaginal route might be preferable and
vaginosonographic diagnosis may indicate the most
efficient site of vaginal incision.

Evacuation, drainage and flushing of
pelvic abscesses

Sonographically guided puncture, evacuation and
drainage of liquefied pelvic abscesses may be performed
under general anaesthesia. In the literature, an 8o-
90% success rate has been reported for transabdominal
[23,24] as well as for vaginosonographically guided
catheter drainage and subsequent flushing for about
6 days [24-26]. We have used a suprapubic bladder
drainage set for transvaginal abscess drainage, daily
betadine flushing and systemic antibiotic therapy with
good success (Fig. 18.9) [17].

Pelvic tissue biopsy

Myometrial biopsy

Many women suffer from myometrial diseases, which
cause pain, bleeding and a variety of other symptoms.
The basis of possible new modalities of diagnosis
of adenomyosis uteri, myoma and leiomyosarcoma
for example, might be myometrial biopsy [27] using
an automatic cutting needle device. Morphological
and immunohistochemical examination of myometrial
samples may enable more specific ways of treatment.
However, precise indications for myometrial biopsy still
have to be defined.

TECHNIQUE AND RESULTS

For myometrial biopsy the spring-triggered Biopty
device (Danimed) and Biopty-cut needles of 14 and 18
gauge were used. In fresh uterine specimens with and
without adenomyosis uteri, sensitivity and specificity
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Fig. 18.9 Vaginosonographically guided puncture (a) and
evacuation (b) of pelvic abscess.



for the detection of adenomyosis uteri was evaluated.
When 10 samples were taken from a uterus, sensitivity
ranged from 40 to 70%, depending on the the grade of
adenomyosis uteri. For one sample, the respective sensi-
tivities ranged from 8 to 19%. For clinical application
it is therefore proposed that several samples are obtained
from one uterus. Specificity of the method was 100%.

In 34 patients, one to five myometrial biopsies were
taken at laparoscopy using a 14-gauge needle. After
removal of the puncture needle from the myometrium,
bleeding occurred for more than ro-min observation
time. Injection of 3—5 ml of an ornipressin solution (2.5 U
of POR 8, Sandoz, dissolved in soml of physiological
saline solution) around the puncture site was used to
stop the bleeding. Bleeding was prevented in six further
patients by injecting 2—3 ml of the ornipressin solution
into the biopsy cannula after having removed the mandrin
together with the specimen (Fig. 18.10).

Pelvic masses

Using the new, bloodless sampling method, 14
vaginosonographically guided myometrial sampling
procedures were performed in six patients with sus-
pected adenomyosis uteri. A Bruel and Kjaer 7-MHz
vaginosonographic probe type 8538 with an attached
puncture device type o875 was used (Fig. 18.11).
Repeat vaginosonographic examinations after biopsy
did not show evidence of intra-abdominal bleeding. No
adenomyotic foci were found in the specimens.

Prophylactic injection of ornipressin solution may also
be used for Trucut biopsy of other organs known for
bleeding after biopsy, e.g. the parametrium.

Chorionic villous sampling

Chorionic villous sampling under abdominal ultrasound
guidance can be performed either transcervically using
flexible instruments (catheters, forceps, brushes) or by
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Fig. 18.10 Automatic Trucut biopsy
with injection of ornipressin (e)
solution to prevent bleeding.
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transabdominal fine-needle aspiration. Vaginosonographi-
cally guided chorionic villous sampling was first done
by Ghirardini and Popp in 1983 [28,29]. Even though
vaginosonographically guided chorionic villous sampling
has obvious advantages, the method did not catch on
in a large way.

Preoperatively, all the different chorionic villous

Fig. 18.12 Vaginosonographically guided chorionic villous
sampling: (a) schematic drawing; (b) vaginosonographic
needle placement in the chorion frondosum at 8
postmenstrual weeks.

(a)
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Fig. 18.11 Vaginosonographic
Trucut biopsy system.

sampling procedures require a detailed vaginosonogra-
phic evaluation of the viability of the pregnancy and
localization and sonomorphological structure of the
chorion frondosum [28]. In most cases the electronic
puncture line can be manoeuvred into the chorion
frondosum area, parallel to the uterine wall. Con-
sequently, vaginosonographic puncture can be carried
out, taking the shortest possible puncture distance
(Fig. 18.12).

Ovarian biopsy

Large ovarian tumours require operative treatment

(b)



and preoperative biopsy may be unnecessary. Small
tumours might be considered for vaginosonographically
guided ovarian biopsy. However, it can be difficult to
define the target area within the sonomorphological
complexity of many ovarian tumours and high rates of
false-negative results must be expected. Also, the risk
of needle tract seeding in case of a malignant tumour is
unknown. Therefore, criteria for ovarian biopsy still
have to be defined.

Parametrial biopsy and biopsy of recurrent or
metastatic pelvic tumours

For obtaining samples for histological evaluation from
an infiltrated parametrium or a suspected recurrent or
metastatic pelvic tumour, Trucut biopsy as described
for myometrial biopsy may be recommended.

Injection procedures

Intrachorionic injection for ectopic pregnancy
treatment

Vaginosonography allows for the detection of 62%
of viable ectopic pregnancies during the seventh
postmenstrual week (Fig. 18.13) [30]. With diameters
of 1-2cm at that time [30], chorionic cavities of
viable ectopic pregnancies are convenient targets for
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Fig. 18.13 Vaginosonographic detection rates of
embryological structures in viable ectopic pregnancies.

Pelvic masses

vaginosonographically guided puncture, comparable
to follicular puncture (Fig. 18.14). The automatic
puncture technique is advisable, as the very mobile
pregnant tube may escape from the needle tip when the
needle speed is too slow.

Vaginosonographically guided intrachorionic injection
of antitrophoblastic substances has been performed
since 1987 [31] using methotrexate [32], potassium
chloride [33], hyperosmolar glucose solution [34]
and other substances. In a multicentre prospective
study, T of 18 injected ectopic pregnancies required
laparoscopic operation in spite of slightly decreasing
serum 3 human chorionic gonadotrophin (B-hCG) levels.
Decrease of serum B-hCG levels below 1o mIU/ml took
a minimum of 1 week and a maximum of 9 weeks

[35]-

Fetal reduction

Multiple pregnancies may create the dilemma of
aborting all embryos as against reducing the number
of pregnancies to a singleton or a twin pregnancy.
Reduction procedures are performed at about seven
postmenstrual weeks by intrachorionic injection of
potassium chloride solution [36] or by aspirating
the chorionic fluid [37] under abdominal or vaginal
ultrasound guidance. The use of an automatic puncture
device is recommended [36].

Endometrial, or intracavitary embryo, or gamete
implantation

Transmural intraendometrial embryo or gamete transfer
was proposed by Popp in 1986 [22]. The embryo or
the gametes should be implanted, preferably protected
by an absorbable capsule, into the endometrium in
the fundus area using a vaginosonographically guided
puncture technique (Fig. 18.15). By doing so, the site
of implantation would be chosen by the operator and
flotation of the embryo within the uterine cavity and
perhaps even loss of an embryo by cervical leakage
would be avoided. I vitro experiments with transmural
intraendometrial implantation were promising. However,
the method was never practically used. Transmural
intracavitary embryo transfer under vaginosonographic
guidance was occasionally done in cases of an obstructed
cervical canal.
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Fig. 18.14 Vaginosonograms of (a) follicular puncture for
oocyte retrieval and (b) therapeutic intrachorionic injection
of viable ectopic pregnancy at 7 postmenstrual weeks.

Interstitial brachytherapy

Brachytherapy plays an increasingly important role in
the treatment of gynaecological malignancies. Recurrent,
metastatic or residual tumours can be treated by
interstitial brachytherapy using irradiating implants
(seeds) or afterloading needles. They can be brought
into position by abdominal, rectal or vaginal ultrasound
guidance. Correct positioning is critical for the therapeutic
distribution of the isodoses.

Hoetzinger [3 8] has used rectosonographic guidance
for transvaginal positioning of afterloading needles,
2.2.mm in outer diameter, into recurrent pelvic tumours.
In a 2-year follow-up, 5 of 32 patients were free of
disease and 17 patients experienced a partial response.

Non-invasive, vaginosonographically
guided hyperthermia treatment of ectopic
pregnancy

In 1853 Bacchetti [39,40] reported on a non-invasive
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treatment of ectopic pregnancy using electric current.
His technique spread, with different modifications, to
France and North America [41]. In 1993, Popp et al.
[42] reported on successful experiments using a rabbit

Fig. 18.15 Proposal for vaginosonographically guided
endometrial embryo or gamete implantation.



model for induction of demise of pregnancy by the
application of hyperthermia (42-45 °C). On this basis,
non-invasive treatment of ectopic pregnancy in humans
by vaginosonographically guided application of local
hyperthermia was proposed (Fig. 18.16). This new
therapeutic principle has not been clinically applied so
far.

Outlook

Acceptance and further improvement of interventional
ultrasound in the true pelvis has technical, practical and
clinical aspects. Technical improvement is desirable with
respect to:

1 appropriate design of the vaginosonographic probes,
which should allow for puncture (free-hand and
automatic) and other devices (e.g. for hyperthermia);

Pelvic masses

2 further refinement of automatic puncture devices,
mainly for tissue biopsy; and

3 development of hyperthermic devices for vaginoso-
nographic application.

The practical and clinical aspects are closely related: as
vaginosonography in gynaecological examinations is
more and more accepted, the demand for interventional
vaginosonographic procedures will increase. The clinical
applications aim to minimize the invasiveness of diag-
nostic and therapeutic procedures. They are, however,
still under development or even in experimental stages.
More clinical applications, e.g. vaginosonographically
guided interruption of early pregnancy, and the
application of other technological principles, e.g.
vaginosonographically guided thermotherapy, may be
expected in the near future. Their clinical acceptance
is dependent on a variety of factors, not the least

Fig. 18.16 Proposal for
vaginosonographically guided local
hyperthermia treatment of ectopic
pregnancy.
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of

which is the psychological dimension. Common

sense, inventiveness and a sure eye for simplification of
procedures are necessary to meet patients’ needs on the
one hand and reasonable medical progress on the other.
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Introduction

The aim of this chapter is to present the reader with
another option, besides surgery, for the treatment
of ectopic pregnancies. Non-surgical management
of ectopic pregnancies includes systemic adminis-
tration of methotrexate or RU 486 (mifepristone), or
local injection of methotrexate, potassium chloride
or prostaglandins under laparoscopic or sonographic
guidance [1,2]. We concentrate on the transvaginally
guided local injection of either potassium chloride or
methotrexate.

Most obstetricians and gynaecologists in the world
first became familiar with transvaginal sonography
(TVS) after it was successfully used in in wvitro
fertilization/embryo transfer (IVF/ET) programmes.
Punctures performed under ultrasound guidance may
be used as diagnostic as well as therapeutic tools. The
rationale behind using ultrasound-guided punctures as
therapy is twofold: first, it saves the patient from a more
complicated surgical procedure, usually under general
anaesthesia; second, it renders treatment at least as good
as with conventional surgery.

The advantages of performing transvaginal punctures
are numerous. Among these advantages the important
ones are:

1 the needle is placed in an accurate fashion within the
target organ or site;

2 there is almost no injury to the neighbouring organs
since the procedure is carried out under real-time
sonography;

3 the technical skills to perform the puncture procedures
are easy to master;.

4 the ultrasound equipment is portable and therefore
the diagnostic test and treatment can be offered in a
variety of settings;

5 it has a relatively low cost per procedure;
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6 the risks to the patient from the procedure itself are
minimal.

When one engages in transvaginally directed puncture
procedures one should be familiar with the term ‘slice
thickness’. Obviously, due to its physical properties,
there is a third dimension to the ultrasound plane. This
is the ‘slice thickness’, and even though this thickness is
negligible and decreases with increasing frequency, it
still has to be taken into account. This is the reason
that at times, although the tip of the needle is seen within
the desired structure, in reality it may be in front or
behind the target structure.

Another important aspect is the ‘free-hand’ approach
to puncture procedures. Transabdominally, it is easy
to use the free-hand approach, which is dependent on
the operator’s eye-hand coordination. It is easy to
readjust the tip under sonographic control. However,
there is extremely limited mobility of the probe and
the needle when performing transvaginal punctures.
It is therefore much easier to ‘force’ the entire length
of the needle into the scanning plane. This can readily
be done, by using a needle guide, thus giving perfect
visual control over the exact placement of the tip of the
needle.

In this chapter there will be ample reference to an
automated spring-loaded puncture device (Labotect,
Gottingen, Germany) that is mated to the vaginal probe
(Fig. 19.1). This automated puncture device (APD),
which was first used in assisted reproduction [3], uses a
dotted double line that is displayed on the monitor and
is generated by the software program of the ultrasound
machine. This directional line measures depth for
accurate needle penetration. The APD is equipped with
a depth setting, which is then adjusted according to
the depth measured on the screen. In addition to its
accuracy, needle penetration is virtually painless due to
the high velocity of the needle. Very little or no analgesia



Fig. 19.1 The automated puncture
device (APD) mated to the Siemens
transvaginal probe. g, needle guide;
d, depth setting and housing of the
spring; t, trigger; s, safety; n, needle
within the device. Inset: the
directional and depth markers. The
needle penetrates and is visible
between. the dotted double line.

is needed. Almost all puncture procedures performed
in our centre are performed using this ingenious and
highly accurate device [4-8]. We determined the accuracy
of APD needle placement iz vitro and found this to be
within £ 1—2 mm (L.E. Timor-Tritsch, unpublished data).
Several of the punctures used in the diagnosis and
treatment of ectopic pregnancies are now discussed.

Puncture procedures

Culdocentesis

Before the advent of sonography, culdocentesis was the
‘gold standard’ diagnostic test to identify a ruptured
ectopic pregnancy. Transabdominal sonography in-
creased the detection rate of ectopic pregnancies, but
as recent as the early 1980s culdocentesis continued
to play a key role in the diagnosis of tubal preg-
nancy. More recently, with the increasing availability
of TVS and its high sensitivity in imaging the cul-de-sac
and any fluid that it may contain, the indications to
perform a diagnostic culdocentesis have significantly
decreased. Currently, in our institution the indications
to perform culdocentesis are changing and its use
in the diagnosis of a ruptured ectopic pregnancy is
declining fast. We perform culdocentesis mostly to
drain pelvic fluid collections such as peritoneal inclusion
cysts and inflammatory processes resulting in abscess
formation.

Transvaginal sonographic puncture

There are several problems with the diagnostic value
of culdocentesis in the work-up of ectopic pregnancies.
In one study Vermesh et al. [9] concluded that culdo-
centesis is an invasive and painful procedure with very
little value in the clinical setting where TVS and rapid
pregnancy testing are available. Patients in whom the
ectopic gestation cannot be ruled out by means of
ultrasonography and pregnancy testing are probably
best managed by laparoscopy rather than culdocentesis.
It is easy to understand this statement since TVS can
readily detect the smallest amounts of pelvic fluid
and even, at times, distinguish between completely
sonolucent pelvic contents and particulate matter
containing fluid in the pelvis. In the right clinical setting,
fluid containing particulate matter strongly suggests the
presence of blood.

If there is still a need to perform analysis of pelvic
fluid, we strongly suggest the use of sonographically
directed transvaginal puncture, which enables an accurate
needle insertion and avoids dry taps or inserting the
needle into unwanted structures such as dilated blood
vessels.

The technique of culdocentesis

Culdocentesis classically has been performed blindly,
but using TVS it can be performed under real-time
sonographic guidance. A needle guide or APD can be
employed in order to optimize needle placement.
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The technique of ‘blind’ culdocentesis is as follows.
The patient is placed in the lithotomy position in
reversed Trendelenburg. A speculum is inserted and the
vagina and cervix are cleaned with Betadine solution.
A 16-18-gauge spinal needle is attached to a 20-ml
syringe. The syringe is filled with air. The anterior lip
of the cervix is grasped with a tenaculum and the patient
is asked to cough or bear down as the cul-de-sac is
entered with the needle. If non-clotted blood or fluid is
present in the cul-de-sac, it would be aspirated with the
syringe.

Culdocentesis guided by TVS is similar to the above-
described technique but the important differences are
that there is no need to place a tenaculum, the needle
is introduced under real-time sonography and the
fluid pocket can be very precisely targeted, no air
is injected into the abdominal cavity and finally all of
the fluid present can be removed (this is important if
the indication for the culdocentesis was drainage of a
peritoneal inclusion cyst).

Treatment of ectopic pregnancies

Since the introduction of TVS, it has become clear that
the entity of ‘ectopic pregnancy’ contains a large number
of diseases with different manifestations requiring
different treatment. The classic approach to ectopic
pregnancies has always been surgical: the diseased tube,
ovary or cornual area was resected. In the case of a
cervical pregnancy, hysterectomy was the rule.

The possibility of classifying the different clinical
patterns of the disease has enabled the consideration of
different therapeutic approaches to this disease [10].
The introduction of high-frequency TVS, as well as the
knowledgeable use of local or systemic administration
of methotrexate, has opened new frontiers for the
treatment of ectopic pregnancies.

It is not by chance that the first transvaginally
guided puncture procedure performed to treat a tubal
ectopic pregnancy by injecting methotrexate was devel-
oped by a group proficient in assisted reproductive
technologies and IVE. This group took the skills
acquired for performing ovum aspiration and applied
them to the non-surgical treatment of ectopic pregnancy
[t1,12].

Three kinds of ectopic gestations and their punc-
ture treatment are discussed: (i) tubal pregnancies
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(salpingocentesis), (ii) cornual pregnancies and (iii)
cervical pregnancies.

TUBAL ECTOPIC PREGNANCIES
(SALPINGOCENTESIS)

The diagnosis of a tubal ectopic pregnancy is made when
a patient presents with a positive § human chorionic
gonadotrophin (B-hCG) and on TVS has an empty
uterus as well as the typical adnexal ‘ring’ or ‘bagel
sign’. Viable tubal ectopic pregnancies may be present
in up to one-third of all ectopic gestations. Cases of tubal
ectopic pregnancies to be considered for transvaginally
guided puncture must meet several criteria: the ectopic
gestational sac must contain a viable fetus with a
menstrual age of less than 8.5 weeks’ gestation, and the
tubal diameter should not exceed 2.5-3 cm.

We reviewed over 100 cases of tubal ectopic preg-
nancies published in the literature that were treated
by transvaginally directed injection of prostaglandin,
potassium chloride and/or methotrexate. Table 19.1
summarizes these cases [4,5,12—27].

The reported complication rates of salpingocentesis
at this time are about 15%. However, it is hard to
compare the success rate between different groups since
there is no agreed basis for comparison. In the literature,
different kinds of ectopic pregnancy, non-viable and
viable with different gestational ages and different sizes,
have been treated by injection. Careful evaluation of
these reports reveal that, due to lack of understanding
of the natural course of the disease after the injection,
some of the reported cases do not match the strict
definition of a failed treatment. Some of the authors,
including our group, were quick to consider a case a
failure and thus institute additional treatment because
of findings that now are considered part of the natural
sequence of events after injections are performed [28].
Only recently has this sequence of events been
elucidated. The most important signs and symptoms of
the post-puncture convalescent period include the
following.

1 A relatively slow decrease of serum B-hCG levels.
The slope of the decay curve for serum B-hCG levels
after salpingocentesis depends upon which substance
(potassium chloride or methotrexate) was injected during
the procedure. When potassium chloride is injected
during salpingocentesis it takes 30-80 days for the



Table 19.1 Reported cases of
salpingocentesis.

Transvaginal sonographic puncture

Success rate

Reference Year No. of cases no. (%)
Feichtinger & Kemeter [11,12] 1987, 1989 1T 8 (72)
Robertson et al. [13,14] 1987 12 5 (42)
Leeton & Davison [15] 1988 2 2 (100)
Timor-Tritsch ez al. [4,5] 1989, 1991 10 6 (60)
Ribic Paucelij et al. [16] 1989 2 1)
Menard et al. [17] 1990 17 13 (76)
Aboulghar et al. [18] 1990 T 1 (100)
Fernandez et al. [19] 1990 21 14 (66)
Tulandi et al. [20] 1991 12 10 (83)
Popp et al. [21] 1991 4 4 (ro0)
Shalev et al. [22] 1991 12 9 (75)
Venezia et al. [23] 1991 5 (100)
Jehng et al. [24] 1992 2 2 (100)
Atri et al. [25] 1992 25 19 (76)
Bider et al. [26] 1992 2 o
Caspi et al. [27] 1992 1 (100)
Total 139

B-hCG to become negative [5]. On the other hand, when
methotrexate is injected, the B-hCG levels fall more
abruptly, taking only 10-3 5 days to reach non-pregnant
levels [4,11,12,21-23,25].

2 Lower abdominal cramping or pain. Between 3 and
7 days after puncture the patient may experience lower
abdominal pain or cramping [28]. The possible cause
of this pain is either uterine contractions as the decidual
cast is being expelled from the uterus or tubal abortion
with varying degrees of intra-abdominal bleeding. If the
patient’s vital signs and the amount of free fluid (blood
in the pelvis) is not significant, the patient may be
followed up conservatively.

3 Transvaginal sonographic and colour Doppler
findings. These include increasing distension of the
haematosalpinx, increasing colour vascularity and
increasing venous spaces [25].

The technique of salpingocentesis

First we consider patient and probe preparation.
Generally, the punctures are performed after the patient
is informed and extensively counselled about her
treatment options. During the counselling session the
procedure, the risks and complications, and the nature
of the post-procedure follow-up are described to the

patient; lastly, the patient is asked to sign an informed
consent form. Before describing the technique, we would
like to stress that treatment of ectopic pregnancies with
these procedures should still be considered experimental,
and require the signing of the above-mentioned informed
consent form. In our institution a specially worded
consent approved by our Institutional Review Board is
used.

We perform the puncture employing a 5s—7.5 MHz
transvaginal probe (Siemens, Isaqua). The high-frequency
vaginal probe is covered with a sterile plastic sheath. A
needle guide should be used to ensure accurate and
steady placement of the needle. We prefer to use the
previously described APD; however other needle guides
mated to the vaginal probe can serve the same function.
The thinnest possible needle should be used; usually a
21-gauge needle is preferred.

The patient is placed in the lithotomy position. The
perineum is cleaned with a Betadine (iodine) solution.
A speculum is placed in the vagina and the vagina and
cervix are thoroughly cleaned using Betadine. Sterile
drapes are employed to create a sterile field. Sterile gel
is used for good sonic contact.

A software-generated fixed line is displayed on the
monitor by which the exact depth of the ectopic
pregnancy is located. If the APD is employed, the depth
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of needle penetration is controlled by the centimetre
scale located on the shaft of the APD (Fig. 19.1). The
patient is asked to stop breathing to prevent any
movement during normal inspiration/expiration and
the needle is released. If a standard needle guide is
used, the needle should be inserted in a rapid fashion
otherwise the ectopic pregnancy may be pushed away
from the field of view rather than penetrated. Before
the needle is inserted the location of the uterine artery
and vessels of the adnexa should be carefully estab-
lished and care should be taken not to puncture these
vessels during insertion of the needle (Fig. 19.2). The
target area is located near the fetal heart and either
methotrexate or potassium chloride is injected once
the needle is in place to stop cardiac activity. As
the needle is withdrawn, methotrexate may also be
injected into the area of the placental bed. Care
must be exercised not to overly distend the already
compromised tube.

Procedures are usually documented by still images
and/or by videotape recordings. It is important to
observe the pelvic structures and the cul-de-sac following
the withdrawal of the needle. Patients recover and are
rescanned after 2—3 hours for possible complications.
Complications we have encountered while performing
such puncture procedures include immediate bleeding
from the puncture site as soon as the needle is
withdrawn, as well as slowly enlarging haematomas
over several hours.

Fig. 19.2 Tubal ectopic pregnancy during the process of
salpingocentesis. Arrow points to the needle. GS, gestational
sac.

200

CORNUAL/INTERSTITIAL ECTOPIC
PREGNANCIES

Approximately 2—4% of all tubal ectopic pregnancies
are located in the cornual/interstitial area of the uterus
[29]. The rupture of a cornual pregnancy brings about
severe haemorrhage, exposes the patient to significant
morbidity and carries with it a maternal mortality rate
of up to 2.5% [29]. The procedure of choice to treat
these patients is cornual resection. Cornual resection is
feasible in over 50% of cases. However, in the remainder
of the patients hysterectomy is unavoidable [29].

Using TVS the diagnosis of a cornual ectopic preg-
nancy is made when: the patient presents with a positive
B-hCG; an empty uterine cavity; eccentrically placed
or very lateral chorionic sac seen separately and at
least Tcm from the most lateral edge of the uterine
cavity; thin myometrium covering the gestational sac;
myometrium present between sac and uterine cavity;
and no gestational sac visible above the level of the
internal os in the longitudinal plane of the uterus [6,30].
Another useful sonographic sign is the interstitial line
described by Ackerman et al. [31], which is a thin
echogenic line extending directly to the centre of the
interstitial gestational sac. In their hands this line had
an 80% sensitivity, 98% specificity and 96% positive
predictive value for accurate detection of interstitial
pregnancy. Care must be taken not to mistake a
bicornuate uterus with a cornual ectopic pregnancy. To
be candidates for TVS-guided puncture pregnancy must
have a viable pregnancy with a gestational age of less
than 12 weeks. To date, we have treated 12 patients
with cornual ectopic pregnancy using an injection of
either potassium chloride or methotrexate. We believe
that puncture injection of the very early (6-8.5 menstrual
weeks) gestation using the guidance of TVS is a valid
alternative to a more extensive surgical procedure. In
the subsequent pregnancy, after cornual resection, the
patient is exposed to the risks of uterine rupture and/or
Caesarean section.

We have reported on the successful injection of
cornual pregnancies [6] (Fig. 19.3). It is important
to emphasize that non-viable cornual pregnancies
with stable or declining B-hCG levels can be followed
by TVS, with or without parenteral methotrexate
treatment. There is no need to inject them or to take
them to the operating room for cornual resection {6].
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Transvaginal sonographic puncture

(a)

Fig. 19.3 A right cornual pregnancy is treated with puncture
and injection of methotrexate. (a) The open and the triple
arrows point to the right cornual pregnancy. The chorionic
sac measures about 1.1 X 0.8 cm. The yolk sac is seen and its
size is 3.6 mm. (b) The procedure is completed; after the
injection of about 1 ml of methotrexate the previously clear
image of the lesion is blurred. The needle is still in place and
is marked by three arrows.

Another publication dealing with the long-term non-
surgical management of non-viable cornual/interstitial
pregnancies is a case report by Zalel ez al. [32]. In both
of these publications long-term non-surgical follow-
up of non-viable cornual/interstitial pregnancy was
carried out using serial B-hCG levels and transvaginal
sonographic evaluation.

Karsdorp et al. [33] reported on the successful treat-
ment of five interstitial pregnancies using methotrexate.
One of five interstitial pregnancies initially was punctured
transvaginally, the contents aspirated and subsequently
injected with methotrexate and Leucovorin. Due to the
limited number of viable cornual ectopic pregnancies
treated with transvaginal puncture at present, the post-
injection complication rates have not been elucidated.
Similarly, as in salpingocentesis, the most feared com-
plication would probably be bleeding from the site of
the puncture.

Based on the present data, some preliminary post-
puncture convalescent information is available.

1 The serum level of 3-hCG returns slowly to non-

(b)

pregnant levels (and initially may even increase). In
cornual ectopic pregnancies treated with methotrexate,
similar to the salpingocentesis experience, B-hCG returns
faster to non-pregnant levels than when potassium
chloride is used or when followed expectantly without
treatment (12 weeks, 15 weeks and up to 23 weeks
respectively).

2 Most importantly, the sonographic ‘lesion’ and rich
vascular supply, as imaged with colour Doppler, persists
for a prolonged period of time [6,33]. In our original
report, in two patients who returned for follow-up 64
weeks after the puncture, the sonographic lesion (the
chorionic cavity) was still evident and measured over
1cm in size.

Due to our experience in injecting cornual/interstitial
pregnancies, we developed a certain technique for the
needle placement. In order to avoid rupturing the
bulging chorionic sac, covered only by a thin myometrial
layer, using a lateral approach, we now advocate
reaching the sac containing the live embryo through a
medial approach. This way the needle traverses first a
thicker muscular layer which at the extraction of the
needle prevents rupture or bleeding [34].

More information is desired, although these obser-
vations point toward the possibility of treating selected
cases of cornual pregnancy using transvaginal puncture
and local injection of potassium chloride and/or
methotrexate. The technique for this kind of puncture
procedure is identical to the one performed for tubal
salpingocentesis.
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CERVICAL ECTOPIC PREGNANCIES

The rare occurrence of cervical pregnancy is in clear
contrast with the severity of the complications seen in
other locations. Because of under-reporting, the true
incidence of cervical pregnancy is largely unknown. There
is usually severe bleeding and improvised, unplanned
emergency treatment. These sometimes unorthodox
treatment regimens have given rise to a significant body
of short communications. However, a general consensus
has not yet been developed regarding the detection and
prevention of the sometimes unavoidable hysterectomies
[35]

We evaluated the feasibility of transvaginal metho-

trexate injection of viable cervical pregnancies as a
means to avoid the complications of the more classic
surgical procedures and to preserve fertility [7] (Fig.
19.4). The first task of the obstetrician is to rule
out the possibility of a non-viable pregnancy in the
process of passing through the cervix from the uterine
cavity, this being the main differential diagnosis of a
cervical pregnancy. Only viable cervical pregnancies
should be considered. In addition, our group suggests
new sonographic diagnostic criteria for a cervical
pregnancy.
1 The placenta and the entire chorionic sac containing
the live fetus should be below the internal os. The level
of the internal os on a coronal view is considered to be
at the level of the insertion of the uterine arteries (using
Doppler or colour Doppler sonography).
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2 The uterine cavity should be empty.
3 The cervical canal is barrel-shaped and significantly
dilated.

We have published data on five viable cervical
pregnancies that were treated by transvaginal injection
of methotrexate [7]. In three, the APD was employed.
All five cases were successful. No complications were
noted and the more extensive surgical procedure
was avoided. Four additional cases of viable cervical
pregnancy were also injected with potassium chloride
[36]. These were also successful, and the highest
gestational age was 7 weeks and 1 day. This new treat-
ment modality should be considered as an additional
therapeutic modality when cervical pregnancies are
diagnosed early in gestation. Centini et al. [37] published
a case report of a cervical pregnancy diagnosed by TVS
and successfully treated at 6 weeks and 4 days by needle
aspiration of the products of conception and curettage
of the cervical canal and uterus.

Lately we published on the successful transvaginal
puncture and injection using KCl in two heterotopic
pregnancies targetting the cervical embryos [38]. Both
pregnancies ended with delivery (Caesarean sections)
of the intrauterine fetus. The cervix returned to normal
size and appearance several months later.

The technique of puncture of cervical pregnancy is
similar to that described for tubal ectopic pregnancy.
The most feared complication in this group of patients
is once again bleeding, either at the time of puncture
or several days after the procedure. In our group of

Fig. 19.4 A composite sagittal
section of an empty uterus with a
live cervical pregnancy. P, cervical
pregnancy; arrow points to the
external cervical os. Inset: M-mode
tracing of the cardiac activity.
(From Timor-Tritsch et al. [7], with
permission.)



five treated cervical ectopic pregnancies, a slow and
continuous discharge of small amounts of tissue was
observed over the first 2 weeks after the procedure.

Conclusions

It is our belief that an early, and maybe compulsory,
transvaginal sonographic examination of all pregnant
patients, especially the high-risk population for ectopic
pregnancy, should be considered and scientifically tested
to identify and classify ectopic gestations, and this must
take place when they do occur, in order to be able to
apply the best and most efficient therapeutic approach,
which leads to fewer complications and a better dis-
tribution of funds.

The advantages and disadvantages of transvaginally
performed puncture procedures to treat the different
types of ectopic pregnancy have been described and
summarized. It is clear that the transvaginal route
provides us with a simple and accurate way of inserting
a thin needle into the desired structure. These puncture
procedures enable diagnostic and therapeutic options.
In most cases, abdominal and vaginal surgery can be
avoided. There is a very low procedure complication
rate, and the technical simplicity and the ease with which
it can be performed renders it a desirable outpatient
procedure. The use of the APD has to be considered as
the most accurate and least painful needle insertion to
date.

A final statement should be made about the gradual
decrease of levels of B-hCG after the puncture and
injection of the different kinds of ectopic pregnancy.
After an initial rise or sometimes a plateau of the titres,
the values usually decrease and return to non-pregnant
levels within 3—13 weeks.

The experience brought to the reader in this chapter
should also raise the possibility of performing some of
the more simple transvaginal puncture procedures in
the office or in the emergency room.
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Chapter 20/Ultrasound-guided

transcervical metroplasty

DENIS QUERLEU

Introduction

Sectioning of uterine septa may be performed hystero-
scopically with low morbidity and good surgical
outcome [1,2]. Using this technique, in order to prevent
uterine perforation during division of the upper part
of a uterine septum, both laparoscopic or ultrasonic
monitoring have been proposed [3]. The aim of this
chapter will be to present our experience with the first
24 patients operated by the transcervical section of
uterine septa under ultrasonographic control without
the concomitant use of hysteroscopy or laparoscopy
[4,5]- All these ultrasound-guided transcervical metro-
plasty procedures were performed between June 1984
and June 1989. Ohl et al. [6], using the same ultra-
sonographically guided technique, reported their results
in 1991. Their post-operative results were excellent in
19 out of 37 patients. In five cases, the result was judged
unsatisfactory and required a repeat metroplasty. At the
time of publication, 18 pregnancies had occurred in 15
patients: two early and one late miscarriage, one ectopic
pregnancy, eight term pregnancies and four ongoing
pregnancies.

Operative technique

The operation is performed under general anesthesia
or neuroleptanalgesia. The bladder is filled with 250ml
of saline isotonic solution through a balloon catheter.
An assistant places the transducer of a real time ultra-
sound scanner in longitudinal or transverse position
according to the needs of the surgeon.

The uterine fundus is checked, and the differential
diagnosis from bicornuate uterus is made. The septum
is measured in width and in length (Fig. 20.1). A
pair of 4-mm diameter endoscopic scissors (26 175 MS,
Karl Storz, Tuttlingen, Germany) generally employed

for laparoscopic surgery are used (Fig. 20.2). The
scissors are introduced into the uterine cavity through
the cervix without any cervical dilation. The entire
operation is performed under ultrasound imaging of
the position of the instrument (Figs 20.3-6). The tip
of the scissors comes into contact with the lower edge
of the septum. The scissors are opened, and the blades
are placed respectively on the right and on the left side
of the septum. The septum is divided at an equal distance
from the anterior and posterior surface of the uterus.
The posterior serosal wall is always seen, without
necessitating the placement of liquid in the cul-de-sac.
The procedure is considered complete when the distance
between the upper limit of the section and the serosal
surface of the uterine fundus is romm. The operating
time is in some cases, less than 1o minutes. Since the
efficacy of this procedure in maintaining the uterine
shape is still under investigation, no intrauterine device
is inserted [5]. Although day care surgery is a reasonable
choice, in our series all patients remained hospitalized
for 24 hours. Patients were given cyclic hormonal
therapy for a period of three months (ethinyl estradiol
roomg daily for 21 days and norethisterone acetate 1 mg
daily during the final 7 days of estrogen therapy). The
goal of this hormonal therapy is to help endometrial
regeneration. Since the efficacy of such treatment is
considered controversial, a second look hysteroscopy
is proposed following the withdrawal bleeding three
months after the operation (Fig. 20.7). The result was
documented by hysterography only at the beginning of
our experience, but we believe that control radiography
is no longer justified.

Patient selection

The uterine septum was diagnosed in every case by
hysterography and/or ultrasonography. Twelve of the
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(a)

Fig. 20.1 Sonographic picture of a septate uterus.

Fig. 20.2 The 4-mm endoscopic scissors.

patients had previously suffered two or more spon-
taneous first or second trimester losses. Complete
work-up included hysterosalpingography, endometrial
biopsy, parental karyotype, plasma/thyroid stimulating
hormone (TSH) and 17-hydroxy-progesterone. Uterine
septum was the only factor of recurrent abortion in all
cases. Nine patients presented with primary infertility
of at least 18 months duration. The mean age of these
patients was 29 years. Work-up included hystero-
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salpingography, endometrial biopsy, postcoital test, and
sperm analysis. A male factor was diagnosed in one case.
Three patients registered in our in vitro fertilization
(IVF) program, because of tubal infertility. Five patients
presented with unexplained infertility. In the last three
patients, uterine septa were asymptomatic, and metro-
plasty was performed as an additional procedure during
section of a vaginal septum. All three patients had a
complete division of cervix and corpus diagnosed by
clinical examination and ultrasonography. No additional
evaluation of fertility was done in this group.

Of the entire series, 18 patients had a complete septum
including the internal (z:11) or external os (n:7). Six
patients had a partial septum reaching the lower third
of the uterine cavity. Patients with an arcuate uterus
were excluded.

Post surgical evaluation

No significant bleeding or intraoperative complications
were encountered in any of the 24 cases. Uterine
perforation was never observed and the postoperative
period was uneventful.

Eighteen patients had a morphological evaluation of
the uterine cavity. In eleven patients, the results were
considered excellent and no significant indentation of




(a)

Fig. 20.3 (a) Transverse ultrasound section. (b) Scissors are
placed in the right hemi-cavity.

(a)

Fig. 20.4 (a) Sagittal ultrasound section. (b) Scissors are
placed at the lower end of the septum.

the uterine fundus was detected at the time of the
second look hysteroscopy. The persistence of an arcuate
fundus, without clinical significance, was noted in four

Transcervical metroplasty

Scissors

Left hemi-cavity

(b)

Bladder __ \

Fundus

Cervix

(b)

patients. In two instances, a residual septum measuring
10—20mm was divided under hysteroscopic control
(these two patients had initially a complete septum to
the external os). In the last case, the result was judged
unsatisfactory because of the occurrence of an extensive
synechia. However, after hysteroscopic division of the
adhesion, the patient became pregnant.
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Fig. 20.5 (a) Sagittal ultrasound section. (b) Scissors are
placed at the uterine fundus, showing the thickness of the
uterine wall.

(a)

Fig. 20.6 Sonographic picture of opened scissors.

Long-term obstetrical outcome

Two patients did not want to become pregnant and
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obstetrical outcome will be presented for the remaining
22 patients. Of these, 20 conceived. One spontaneous
first-trimester abortion occurred in a patient with history
of recurrent abortions and who presented to us with a
partial uterine septum, and in whom the post operative
hysteroscopy showed a residual arcuate uterus. One



Fig. 20.7 Hysteroscopic follow-up, 3 months after
ultrasound-guided metroplasty.

ectopic pregnancy occurred and one patient aborted a
twin pregnancy at 2.2 weeks. Despite a history of cervical
incompetence, her obstetrician did not consider a
cervical cerclage. This patient conceived soon after this
loss, underwent a Shirodkar suture, and had a term
delivery. Eighteen patients delivered, including the
case described above. Fourteen patients were delivered
vaginally, and four Caesarean sections were performed.
The indications for Caesarean section were: cephalopelvic
disproportion, premature rupture of the membranes
with intra-amniotic infection and prematurity, pre-
eclampsia, breech presentation and fetal macrosomia.
Three premature deliveries occurred, all in the infertile
patients’ group. Two patients are still not cured. One
patient from the infertility group had an additional cause
of infertility due to a tubal factor. One additional patient
has persistent unexplained infertility.

Discussion

Asymptomatic patients with a septate uterus do not need
any surgical treatment. However, if surgery is indicated
in these patients to correct a vaginal septum, division
of the uterine septum may be proposed since there is
low additional risk, time and cost involved if done
under ultrasonographic control. Furthermore, there are

Transcervical metroplasty

no technical limitations to the procedure and wide
uterine septa can be incised in the majority of cases in
a single operation. Numbers of myometrial scars or
pelvic adhesions resulting from the ultrasound guided
metroplasty are comparable to those obtained after
hysteroscopic procedures [7]. Finally, since this pro-
cedure is performed without an additional laparoscopy,
the morbidity and potential mortality of the metroplasty
is also reduced when done under ultrasound guidance.

Conventional indications for surgical treatment of
a septated uterus include the history of one or more
spontaneous abortions [8]. In this series, 20 of 22
patients desired pregnancy and 92% had a success-
ful pregnancy. It seems reasonable to propose that
ultrasound-guided metroplasty may reduce the risk of
miscarriage. Some investigators have advised against
the incision of the cervical septum, so as to minimize
the risk of creating a single incompetent cervix from
two single cervices [8]. In seven patients of our series,
surgical incision of the cervical septum at the external
os was followed by ultrasound-guided division of the
remaining cervical and uterine septum. Six out of
these patients then became pregnant: one of them
suffered a second-trimester abortion, and later had a
term pregnancy with the help of a cervical cerclage. The
hypothesis of iatrogenic cervical incompetence in this
case must be raised [9,10].

Conclusion

Transcervical metroplasty is at this time the procedure
of choice for the treatment of septate uteri with repro-
ductive failure. Ultrasound scanning enhances the safety
of the procedure, as it allows precise checking of the
thickness of myometrium left intact. Progress in ultra-
sound imaging has led us to investigate the possibility
of performing metroplasty without hysteroscopic vision.
In our preliminary study, the absence of complications
and the observation of results comparable with those
obtained by abdominal as well as hysteroscopic
metroplasty provides evidence that ultrasound guided
transcervical approach is feasible and with a satisfactory
pregnancy outcome. Although some authors advocate
the use of radiologic monitoring [11], we feel that ultra-
sound guidance is simpler and safer. It may be used alone
or to monitor an hysteroscopic procedure.
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Chapter 21/Laparoscopic ultrasound technology

CEANA NEZHAT, FARR NEZHAT and CAMRAN NEZHAT

Introduction

Operative laparoscopy has revolutionized the approach
to surgery within many disciplines, and although few
can argue with the remarkable benefits of this technique
[1], there are limitations. Most notable is the absence
of tactile feedback. The introduction of laparoscopic
direct contact ultrasound is proving effective in over-
coming many aspects of this drawback. As laparoscopic
ultrasonography develops, we look forward to its
use in the diagnosis of intramural leiomyoma or small
intraovarian cystic or solid masses; identifying a ureter
behind an adherent ovary; identifying intraluminal
pathology in the appendix; and precisely defining the
bladder during laparoscopic hysterectomy, Burch or
Marshall-Marchetti-Krantz procedures. When utilizing
Doppler, retroperitoneal blood vessels can be identified
easily. Our own experience with this new technology in
identifying ovarian remnants has been positive [2].

A laparoscopic ultrasound probe contains a transducer
array that is placed in contact with tissue to form a
real-time ultrasound image. Figure 21.1 is a simplified
representation of such an array and the type of image it
produces. Typically these arrays have 96-144 indiv-
idual piezoelectric transducers, each of which is both
a transmitter and receiver of ultrasound. Each small
transducer element is connected to the imaging system
and its own processing electronics through a miniature
coax cable. Every element of the array can be the origin
of a line in the ultrasound image. To form an image, a
group of 32~64 elements is combined electronically to
make both a transmitting and receiving acoustic lens.

In the transmit mode, a group of elements is fired
by driving them with a short electrical burst. There
are small time differences between the bursts going to
the elements that create a converging acoustic field, as
shown schematically in Fig. 21.1. This focused acoustic

field propagates through tissue reflecting off tissue
interfaces and those reflections are detected by the same
group of elements.

The returning acoustic echoes are detected by each
element in the array and are in turn focused electronically,
creating a single line of data representing the echo
interfaces along that line. The electronic array system
then shifts this group of elements by one and repeats
the process to form the next acoustic line. These lines
are then interpolated to form the two-dimensional image
shown in the screen on the right side of Fig. 21.1.

The resolution in an ultrasound image is determined
by the frequency of the piezoelectric crystals that make
up the array and by the line spacing in the image. Higher
frequencies produce shorter pulses but are more rapidly
absorbed in tissue. As described above, the line spacing
in the image is determined by the width of the individual
array elements. To resolve small structures, lines must
be close together and hence the elements must be narrow.
For the work reported here, the array frequency was
1oMHz and there were 128 elements each 200um
wide. Thus, the line spacing is 200pum and the width
of the image is 128 X 0.2mm = 2.5.6mm. Table 21.1
lists specifications for other arrays used in laparoscopic
ultrasound.

First-generation laparoscopic ultrasound arrays have
been built into ro-mm diameter rigid and articulated
probes. Obviously, the packaging of large numbers of
transducers and their cables is a difficult task. With
further development, however, arrays with comparable
imaging capability will be built into 5-mm and smaller
diameter laparoscopic devices that are more suitable
for gynaecology.

Gynaecological case histories

We have used laparoscopic ultrasound to detect ovarian
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Fig. 2x.1 A representation of a
transducer array and the type of

and pixels image image it produces.
Table 21.1 System specifications.
Typical system 1o0MHz 7.5 MHz 6 MHz
specifications linear linear linear
Line spacing (mm) 0.2 0.3 0.41
Resolution: average of 0.3 0.4 0.5
axial and lateral (mm)
Image depth 30 75 120
(typical} (mm)
Array width/image 25 35 52
width (mm)
Typical clinical Opvaries, Uterus, Liver

application (organ) fallopian tubes

pancreas, liver

remnants in a 41-year-old woman who presented with
chronic pelvic pain. She had previously undergone
an abdominal hysterectomy and bilateral salpingo-
oophorectomy. A pelvic examination revealed extreme
vaginal cuff tenderness and transvaginal ultrasound
demonstrated a right cystic structure, but both exam-
inations were limited by the patient’s discomfort. A
CT scan with intravenous contrast indicated a smooth,
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non-septated cystic mass in the right pelvis, most likely
of ovarian origin. Ovarian hormone profile revealed
follicle-stimulating hormone and oestradiol levels within
the premenopausal, follicular phase range.

At videolaparoscopy, we found extensive pelvic ad-
hesions between the rectosigmoid colon and the vagina,
pelvic side wall and bladder. Because the pelvic mass
was not readily apparent on laparoscopic examination,



a 10-MHz, two-way articulating laparoscopic ultrasound
probe (Tetrad Corporation, Englewood, Colorado) was
introduced through a ro-mm suprapubic trocar (Fig.
21.2). Coupling of the ultrasound beam to the tissues
was accomplished by introducing 20-ml of sterile saline
solution into the pelvic cavity. The surface of the
probe was placed on the bowel and systematic sweeps
of the pelvic contents were performed on both sides.
Articulation of the linear-array probe was used to direct
the ultrasound beam into small lateral spaces and
between adhesions.

There was a sonolucent (echo-free) cystic mass
measuring approximately 8 X 5cm on the right, which
did not appear to have internal echoes, septations or

Fig. 21.2 (a) TETRAD Model 8A transabdominal probe
and (b) shows the probe’s control unit. (c) Shows its data
entry panel.

050 5 2% ¥ 5 0 O 4D 0 0 02 0
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(b)

Laparoscopic ultrasound technology

debris, and was positioned over the right external iliac
artery and vein and the right ureter. It extended from
the pelvic brim to the bladder and was severely attached
to the bladder, ureter and rectosigmoid colon.

Ultrasound examination of the left adnexa revealed
a smaller, sonolucent, cystic mass measuring 3 X 3cm
that also seemed free of internal debris and septations.
It was located in the pelvic brim and was attached to
the left external iliac artery and vein, left ureter and
rectosigmoid colon. This mass had not been imaged on
CT.

Both masses were resected at laparoscopy. Pathology
revealed that ovarian tissue was removed from the
left and right sides. The operation lasted approximately
4 hours and blood loss was less than 1ooml. A
postoperative hormone profile indicated that the patient
was postmenopausal. One year later, she is doing well
and reports significant improvement in her pain.

213



Chapter 21

In another gynaecological study, laparoscopic ultra-
sound was used to identify a previously undetected
uterine myoma and accurately show the size and location
in relation to the myometrium and endometrial cavity.
Laparoscopic ultrasound is also useful in evaluating
the ovary, as internal cystic structure can be clearly
defined. In some cases, invasive ovarian exploration by
aspiration, biopsy or excision may be precisely directed
or avoided based on intraoperative ultrasound findings

[3].

Other clinical applications

We expect an increase in the use of laparoscopic ultra-
sound through the remainder of this decade. Two current
examples are laparoscopic ultrasound for screening the
common bile duct (CBD) for stones [4,5] and abdominal
cancer staging [6,7].

Ultrasound imaging of the CBD during laparoscopic
cholecystectomy

Cholecystectomy is the most common general surgery
procedure. Over 600000 are performed each year in
the USA, over 90% at laparoscopy. Stones typically
accumulate in the gallbladder but can also lodge in the
CBD. The established X-ray procedure for detecting
stones in the CBD is cholangiography.

A recent prospective study compared the accuracy
of laparoscopic ultrasound and cholangiography in
detecting CBD stones [4]. Laparoscopic ultrasound
scans were done with a rigid, 7.5-MHz, linear-array
probe. Cholangiography was done with a C-arm digital
fluoroscopy unit that records a real-time image of the
dye being injected into the CBD. Results of the 95-
patient trial are compared in Table 21.2, and are similar
to those published in other studies [5,8].

To perform cholangiography, a small catheter, typically
less than 3 mm in diameter, is threaded into the cystic
duct. This is technically challenging and cannot be
done safely in roughly 5% of cases. In a small percentage
of patients, ultrasound scanning of the CBD cannot
be accomplished. Some small CBDs collapse entirely
and are difficult to image. The average time difference
between the ultrasound scan and cholangiography is
significant, for the cholangiogram can take up to 3o0min
of expensive operating room time. Both techniques
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Table 21.2 Comparison of laparoscopic ultrasound and
cholangiography for detecting common bile duct (CBD)
stones.

Ultrasound Cholangiography

Procedures successfully 93/95 90/95
completed

Average time of procedure 8+ 3 1416
(min) (mean * SD)

Observation of entire CBD  84/93 86/90
Observation of cystic duct  87/93 8o/90
Detection of duct stones 12/93 5/90

allow good visualization of the duct. There is a difference
in the rate of stone detection because ultrasound reveals
stones less than 2mm, which may be missed on a
cholangiogram but are not considered clinically
significant. The five large stones that were significant
were apparent on both scans. Ultrasound imaging of
the CBD compares favourably with cholangiography.
Regarding operating room cost, ultrasound is shorter,
eliminates X-ray contrast agents and disposable
catheters, and the equipment costs less. If surgeons are
comfortable with the real-time, high-resolution, cross-
sectional scans versus the single global view provided
by the cholangiogram, ultrasound may become the
preferred method for screening the CBD for stones.

Laparoscopic cancer staging

Laparoscopic cancer staging is effective in determining
the resectability of tumours before initiating open sur-
gery [6,7]. This may reduce exploratory laparotomy,
benefiting both the patient and payer. Patients who
are not surgical candidates can avoid open exploratory
surgery and receive chemotherapy immediately, rather
than after a long postoperative recovery. This approach
for cancer staging is being studied for use in gynaecology.

Minimally invasive surgery (MIS) cancer staging is a
hybrid consisting of a minimally invasive procedure
and a diagnostic imaging examination. The surgeon has
a magnified view of internal organs combined with
direct, organ-contact ultrasound. This is superior to non-
invasive imaging and provides an accurate and safe guide



Table 21.3 Summary of results of a laparoscopic staging
procedure on patients selected for tumour resection based
upon diagnostic imaging and clinical data.

No. (%)
No. of surgical candidates 50
Unresectable 22 (44)
Determined by laparoscopy alone 11 (22)
Determined by laparoscopic ultrasound alone 11 (22)
Resectable at laparoscopic staging 28 (56)
Successful resection 26 (96)

for tissue biopsy. An extensive diagnostic imaging work-
up that includes CT, angiography and CT portography,
examinations typically performed for staging cancer, can
be more expensive than this MIS procedure without
providing the level of detail or the quality of tissue
samples.

Over 40% of hepatobiliary and pancreatic cancers
that are deemed surgically resectable based on extensive
diagnostic studies are found to be unresectable during
open surgery [6,7]. In nearly half of patients with
metastatic lesions of the liver, additional lesions are
found during surgery with direct organ-contact ultra-
sound imaging.

In a recent report [6], 50 patients with tumours of
the liver (n=7), biliary tract (n = 11) and pancreas
(n = 32) were diagnosed as having surgically resectable
lesions, based on an average of 2.7 diagnostic studies
per patient. Studies included CT (96%), retrograde
cholangiography (72%), arterioportography (22.%) and
magnetic resonance imaging (14 %).

Laparoscopic ultrasound technology

These patients underwent a laparoscopic staging pro-
cedure that included ultrasound scans. The results are
summarized in Table 21.3. At laparoscopic staging, only
56% were still found suitable for resection, meaning
that 44 % would have had unnecessary laparotomy.
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Chapter 22/Techniques for assisted reproduction

MOSHE D.FEJGIN and ISAAC BEN-NUN

Introduction

Sonography was introduced to the field of infertility in
the early 1970s, for the evaluation of the ovaries [1] as
part of the infertile woman’s work-up. Several years
later, when a good correlation between the ultrasonic
and endocrine assessment of the developing follicle had
been shown [2], sonography became an integral part of
ovulation induction.

In vitro fertilization (IVF) has emerged as an im-
portant technique in the treatment of infertile couples.
This method, which was originally used in patients
with mechanical factors of infertility, has been recently
broadened to other indications such as endometriosis,
male and unexplained infertility. During the early years
of IVE aspiration of the follicles was performed via
laparoscopy during the middle of a normal cycle. Later
on, it was shown that following controlled stimulation
of the ovaries the follicles could be successfully accessed
and aspirated under ultrasonic guidance. The improve-
ments in ultrasonic imaging, combined with the fact that
the procedure is less costly and does not require general
anaesthesia, made ultrasound-guided ovum pick-up the
preferred technique.

This chapter deals with the use of ultrasonography
in the various techniques of assisted reproduction. In
addition to the description of the procedures, we suggest
approaches to special situations as well as hints for the
prevention and management of complications.

Ovulation induction—ovarian stimulation

In an effort to increase the number of retrieved oocytes
and to improve the success rate, most assisted repro-
ductive technologies use some form of ovarian stimu-
lation. The use of clomiphene citrate, human menopausal
gonadotrophins ((MG) and human chorionic gonado-
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trophins (hCG) with or without gonadotrophin-releasing
hormone (GnRH) agonist have been extensively reported.
Serial blood hormone assessments of oestradiol (E2) and
progesterone, combined with transvaginal sonographic
follow-up of follicular growth, are effective for estimating
follicular/oocyte degree of maturity. Ovulation is induced
by administration of hCG when one or more of the
follicles reaches 16 mm or more in size, combined with
E2 levels of 150-200 pg/ml per large follicle. Follicular
aspiration is scheduled 33~36 hours following hCG
administration.

Ovum recovery

Over the years, different approaches to ultrasonic-guided
ovum recovery have been suggested. Transabdominal
recovery can be performed while ultrasound imaging is
applied transabdominally or transvaginally. Transvaginal
recovery can also use either transabdominal or trans-
vaginal ultrasonic imaging. Other alternative approaches
for follicular aspiration are transvesical and perurethral.
Since transvaginal imaging and ovum recovery is the
method most commonly used, it is described in detail,
while the alternative methods are discussed briefly.

Transabdominal ovum recovery

This technique was first described in 1981 by Lenz
et al. [3]. The success of ultrasonic-guided ovum pick-
up was met with enthusiasm, and raised doubts about
the place of laparoscopy in IVF {4].

ANALGESIA/ANAESTHESIA

One of the shortcomings of percutaneous ovum retrieval
procedures is the fact that it may be painful and cause
a great deal of discomfort to the patient. A good



proportion of the patients do not tolerate the procedure
with just local anaesthesia and tranquilizers and require
general or epidural anaesthesia.

EQUIPMENT

The most useful ultrasound transducer is a high-
resolution 3.5-MHz sector or convex scanner. A biopsy
guide is also very helpful; however a free-hand technique
is possible for abdominal puncture.

Larger needles may increase the rate of ovum recovery,
but are associated with a more painful procedure. A
25-cm long, 16- or 18-gauge single-channel needle is
effective for most clinical situations and ovarian locations.
A disposable needle is recommended, since the blunt
tip of a reusable needle may make the procedure very
difficult and painful.

PROCEDURE

The ultrasound machine is covered with a sterile plastic
sheet and the transducer is placed in a sterile bag. The
abdomen is prepared and draped. The location and
accessibility of the ovaries may be changed by filling
and emptying of the bladder. Following the scanning
process a puncture site is selected. It is infiltrated with
1% lignocaine to the depth of the abdominal wall.
The needle is inserted into the most superficial follicle
in a brisk single motion, and the follicular fluid is
aspirated using an aspiration pump with controlled
suction of up to toommHg. The follicle is flushed using
a flushing medium and the collected fluid is inspected
for the presence of the oocyte. The adjacent follicle
is then punctured and the procedure is repeated until
all follicles of the ovary have been aspirated. The
same procedure is performed with the other ovary.
Transabdominal aspiration may be performed under
transvaginal ultrasonography.

Transabdominal ovum retrieval is the procedure of
choice for ovaries adherent to the abdominal and pelvic
side walls, but is quite impossible when the ovaries are
adherent to the cul-de-sac or the posterior wall of the
uterus.

Perurethral aspiration

This technique was first described by Parsons et al. 5]
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in 1985. The procedure is performed with the patient
in the lithotomy position. The needle is placed in a side
opening at the tip of a no. 14 Foley catheter. The catheter
with the needle are inserted into the bladder, which is
filled with saline. The needle is then advanced through
the posterior wall of the bladder into the designated
follicle and the aspiration performed as previously
described.

It was initially felt that this approach improved
the visualization of the needle compared with the
transabdominal route. However, since the development
of the transvaginal technique the perurethral route
has been practically abandoned, because of the relative
increased discomfort it causes to patients.

Transvaginal ovum recovery

Ultrasonic-guided transvaginal follicular puncture has
evolved into the most popular method for oocyte
retrieval, due to its simplicity, ease of replication and
the avoidance of deep general anaesthesia. The pro-
cedure is performed in the operating room under strict
antiseptic conditions, with the patient in the lithotomy
position.

EQUIPMENT

We have used one of the following ultrasound machines:
Elscint 1000 (Elscint Ltd, Haifa, Israel) (Fig. 22.1)
with a mechanical 5-MHz vaginal probe and a needle
biopsy guide attachment (Fig. 22.2); or Aloka 650
with a 7-MHz vaginal probe with a needle biopsy
guide attachment. We use the Jan Craft suction pump
(Rocket of London, model 29.699) with a floor control
(Fig. 22.3).

Disposable equipment includes: 16-ml tubes for fol-
licular fluid (Falcom, USA, catalogue no. 203 7); heating
blocks for follicular fluid temperature preservation
(DRI-Bath modular elements; Thermolyne Corp.,
Debuque, Iowa, USA) (Fig. 22.4); Wallace catheter
for embryo transfer (HG Wallace, UK); Teflon tubing
system for follicular aspiration (Kemeter—Feichtinger,
Vienna, Austria) (Fig. 22.5); and 16-gauge 25-30-cm
long needles for follicular puncture (Echo-Tip, Cook,
Spencer, Indiana, USA catalogue no. KSDN-163001)
(Fig. 22.5).

217



Chapter 22

Fig. 22.1 Ultrasound machine and vaginal probe covered
with a sterile plastic sheet.
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VAGINAL PREPARATION

Proper vaginal preparation is an integral part of a
successful IVF procedure. Meticulous cleansing helps
reduce the risk of pelvic infection as well as the risk of
contamination of the follicular fluid. Betadine solution
(povidone iodine) is commonly used for disinfection
of the vaginal mucosa and perineum. A self-retaining
vaginal speculum is used; in order to expose the vaginal
mucosa entirely, it must be rotated. The Betadine is then
washed off by sterile saline. At this point the bladder is
emptied by catheter.

PROCEDURE

The instruments are handled only after the glove powder
has been rinsed off. The ultrasound machine control
panel and the cord of the transducer are covered with
sterile plastic sheets (Fig. 22.1). A small amount of
viscous gel is applied to the tip of the probe, which is
placed in a sterile condom or glove from which the
powder has been rinsed off. The aspiration set and the
needle are flushed with a small amount of flushing
medium. The probe is placed into the vagina, firmly
pressed against the fornix (Fig. 22.6) and the ovaries
are visualized. The target follicle is punctured by a short
swift motion, while the other hand keeps the probe
firmly applied to the vaginal fornix. As soon as the
follicle has been entered, the pump is activated by the
foot pedal producing negative pressure. As the follicular

Fig. 22.2 Vaginal probe covered
with a condom, with biopsy guide
attached.



Fig. 22.3 Jan Craft suction pump.
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Fig. 22.4 Thermolyne heating blocks.

fluid is being aspirated, the collapsing follicle is
viewed on the screen. By proper manipulation of the
probe, all or most follicles of the same ovary can be
aspirated without the need to withdraw the needle.
However, in order to reach the contralateral ovary, the
needle usually must be withdrawn and the procedure
repeated.

Assisted reproduction

During follicular aspiration, special attention must
be devoted to the prevention of accidental puncture
of large vessels. These can be positively identified by
rotating the transducer and achieving a longitudinal
view of the vessel, in contrast to the follicle which
remains round-shaped and virtually unchanged. In
patients where the ovaries are adherent to bowel,
accidental aspiration of bowel contents can be avoided
by simply watching for peristalsis.

The tubes containing the follicular fluid are immedi-
ately placed on the heated block and transferred to the
laboratory.

CHOICE OF ANAESTHESIA/ANALGESIA

Different kinds of anaesthesia and analgesia have
been used for transvaginal follicular aspiration. One
is ‘superficial’ general anaesthesia using short-acting
barbiturates in combination with nitrous oxide and
halothane. This type of anaesthesia has the benefits
of a short induction time and provides complete pain
alleviation. Unfortunately, this combination of drugs is
suspected of having a toxic effect on the oocytes [6,7].
Paracervical block with 1% lignocaine and vaginal
mucosal infiltration at the puncture site, in combination
with a sedative drug, may be sufficient in most patients.
Epidural block is an excellent choice for this procedure;
however it is costly and time-consuming and therefore
cannot be used routinely.
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PROBLEMS AND COMPLICATIONS

Highly positioned ovaries, distantly located from the
fornices, may be difficult to puncture vaginally. Placing
the patient in the Fowler position and applying slight
external pressure to the abdomen may make the ovaries
accessible. Ovaries located behind the uterus can also
create technical problems. In order to avoid puncturing
the uterus or cervix, an attempt is made to reposition
the ovaries. This is done with the patient in the Fowler
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Fig. 22.5 Table set-up: Teflon
tubings, needles and biopsy guide.

Fig. 22.6 Handling of the probe
and the needle during a transvaginal
ovum pick-up procedure.

position and by sweeping the ovary to the desired
location with a firmly applied probe.

Following the completion of the procedure it is advis-
able to aspirate blood from the cul-de-sac and observe
for a minute or two whether any intra-abdominal bleed-
ing can be detected. Inspection through the speculum
for possible bleeding points in the vagina is also advisable.
Such bleeding sites can be controlled by applying pressure
or leaving a vaginal pack for several hours. Active
bleeding can be sutured with chromic catgut.



Several reports of life-threatening peritonitis or pelvic
abscesses following vaginal egg retrievals have appeared
in the literature [8]. Surgical drainage may be required
in such cases. Although transvaginal follicular aspiration
is considered a safe procedure, intra-abdominal com-
plications have been reported by several authors. In
one large series of 3656 ovum retrievals, Dicker et al.
[9] described 14 cases (0.38%) of acute abdomen. Of
those, nine patients had pelvic and/or ovarian abscesses,
three had severe intraperitoneal bleeding and two had
ruptured endometriomas. Eight of the 14 patients
required laparotomy or surgical laparoscopic inter-
ventions, while the other six underwent culdocentesis
drainage. Therefore, the use of prophylactic antibiotics
has been adopted by many groups. Our group, after
encountering two such cases of tubo-ovarian abscess,
choose to administer 1g of cefonicid (Smith Kline)
intravenously 4 5—6omin prior to the procedure. Since
this policy was adopted, we have had no other case of
infectious complication in over 500 procedures.

Transcervical embryo transfer

Transcervical embryo transfer is by far the most popular
technique today. Prior to the transfer, the catheter in an
open envelope and with a tuberculin syringe attached
to it are warmed in a CO, incubator at 37 °C for about
1 hour. The patient is placed in the lithotomy position.
A self-retained speculum is used to expose the cervix,
which is cleaned with a sponge soaked with flushing
medium. In order to explore the conditions for the
transfer, an empty transfer catheter is gently passed
through the cervical canal until it reaches the uterine
fundus. Failure to enter the uterus may be caused by a
sharply anteverted or retroverted uterus. In such a case,
the outer sheet of the catheter is bent to adapt to the
uterine shape. Another option is to grasp the anterior
lip of the cervix with a single-tooth tenaculum and apply
a gentle pull on it. A less traumatic option for solving
the problem of a sharply anteverted uterus is filling
the bladder with 300 ml of sterile saline. In patients with
known cervical stenosis, lamminaria tents may be
used 5—6 hours prior to the scheduled embryo transfer.
The selected embryos are put in a dish containing the
patient’s serum. The catheter is also flushed with the
serum and then emptied. The syringe is filled in the
following order: 0.1~0.15ml of air, serum, air bubble,
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embryos, air bubble, serum. The volumes must be kept
to a minimum, in order to prevent uterine contractions
following the embryo replacement. After touching the
uterine fundus with the tip of the catheter, it is pulled
back approximately rcm and the embryos are injected
into the uterine cavity. After waiting for about 20s, the
catheter is withdrawn and taken to the laboratory for
inspection. A small amount of medium is used to flush
the catheter into a dish without creating bubbles (which
may make it impossible to identify an embryo). If
bubbles do occur, they may be punctured with a fine
needle. Following the completion of the procedure the
patient is kept on bed rest for several hours before
discharge.

Since the majority of the oocytes aspirated (70-80%)
become fertilized, while only 10% implant, alternative
techniques for embryo transfer were attempted, such
as ultrasound-guided transfer. An abdominal transducer
is used to follow the catheter as it is being advanced
through the uterine cavity until it reaches the fundus.
Strickler et al. [10] compared this method with the blind
one and felt it was easier and more accurate. In cases
with severe cervical stenosis, surgical ultrasound-guided
embryo transfer has been described [11], in which the
embryos are replaced through a 16-gauge needle that
is inserted through the uterine wall, using the same
needle guide used for ovum pick-up. A small amount
of medium is injected. Lack of resistance to the injection
and its identification in the uterine cavity confirms the
location of the tip of the needle, and the embryos are
replaced. Again, this technique is reserved for special
cases in which transcervical replacement is impossible.

Another option, in which the embryos are passed
through the cervix and uterine cavity and into the tubes,
was described by Jansen et al. [12]. Transcervical zygote
intrafallopian transfer (ZIFT) is limited to patients
with normal fallopian tubes. The device used for this
technique consists of a flexible 5.5 French Teflon outer
cannula with a metal obturator, which is used to pass
through the cervix, and a 3.0 French inner cannula
(William Cook, Australia). Following the insertion of
the outer catheter into the uterine cavity, an endovaginal
probe is introduced. The inner catheter is then advanced
into the isthmic portion of the tubes under ultrasonic
guidance.

This approach allows access to the fallopian tubes
without the need for laparoscopy and general anaesthesia.
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Nevertheless, it is sometimes technically difficult to
reach the tubal isthmus, and during the manipulation
mucosal trauma and bleeding may occur. As a result,
since the pregnancy rate did not increase with the use
of transcervical ZIFT, this technique has not been widely
adopted.

Expected results

Transvaginal ovum retrieval is an effective technique.
In our unit, we have performed 2050 such retrievals.
Only in two cases were no oocytes obtained. A total of
21430 follicles larger than 1§mm plus many smaller
ones were aspirated, yielding a total of 27 332 eggs. Of
these, 13 377 embryos were obtained and 343 pregnancies
were achieved.
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Chapter 23/Urogynaecology

JACQUES BECO

Introduction

Until recently, the role of ultrasonography in exploring
urinary incontinence in women has been limited to
studying post-voiding residue and measuring the descent
of the bladder neck under stress [1,2]. New approaches,
now possible with the advent of high-resolution
endocavitary probes, have advanced this technique to
the point where it will soon be indispensable in carrying
out efficient exploration. Ultrasonography is easily
integrated into classical urodynamic exploration. It
provides very useful morphological information and
clarifies the meaning of manometric curves [3,4].

Materials and methods

As in any other exploration technique, final results
depend upon the choice of material and the method
used to carry out the examination.

Urodynamic ultrasonography may theoretically be
carried out using six different methods of approach:
transperineal, transparietal, transrectal, transvaginal,
introital and intraurethral. The transperineal [5] and
transparietal [1] pathways use low-frequency emissions
(3.5 MHz), since the structures to be studied are already
located beyond the exploratory range of high-frequency
probes. Image definition will be weak at a greater depth.
Due to the proximity of the structures to be studied,
endocavitary probes can use high-frequency emissions,
which offer excellent structural definition at a shallow
depth of exploration. Transrectal ultrasound mostly
uses linear probes emitting at § MHz [6-8]. Transvaginal
ultrasound may use either linear [9,10] or sector
probes (5 or 7.5 MHz). Depending on the depth of sector
probe insertion into the vagina, the ultrasonography
technique is termed introital [11-13] or transvaginal

[14,15].

Intraurethral ultrasonography using a 20 MHz, 3-
mm diameter probe (360° cross-sectional scan) is still
experimental [16].

Choice of methodology

CHOICE OF APPROACH PATHWAY AND PROBE

Linear probe use via the vaginal pathway offers advan-
tages over other techniques.

1 Visualization of the sphincteral zone and its contents
(urethral pulse, manometric catheter, echostructure,
suburethral sling) is without doubt the most effective.
This is due both to the proximity of the urethra and the
bladder base, allowing optimal high-definition probe
(7.5 MHz) utilization, as well as to the fact that the axis
of the urethra is perpendicular to the ultrasonic beam,
offering better definition of the structures compared
with the introital pathway (in ultrasonography, axial
definition is always much better than transverse
definition).

2 Patient discomfort is almost nil, in contrast to the
endorectal pathway.

3 No effort need be exerted to keep the probe in the
examination position. Therefore, simultaneous uro-
dynamic exploration by a single operator is facilitated.
This is not the case for perineal and introital techniques.
In fact, obstruction of the probe disturbs simultaneous
examination in the case of perineal ultrasonography.
Quality introital imagery necessitates great technical
skill on the part of the operator, who must take care to
maintain the probe at the threshold of disconnection
while maintaining a perfect section plane. To obtain a
quality image, this type of probe necessitates intimate
contact with, and therefore pressure on, the structure
to be studied. The greater the pressure, the greater
the increase in the number of artefacts, and the more
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the extremity of the probe runs the risk of becoming
displaced towards the interior of the vagina during
exploration [17].

4 The probe is placed in the vagina and on an external
support in a perfectly horizontal plane, which directly
gives a horizontal reference plane without requiring
technical tricks. During introital or vaginal sector
ultrasound, this plane can be derived with the aid of a
guide line echoguiding a biopsy, as long as the probe is
kept horizontal [14], or with an ‘ultrasonographic level’,
i.e. filling the balloon of the Foley catheter half-full with
liquid and the other half with air [18].

5 The difficulties encountered in transrectal ultra-
sonography under the stress of coughing or pushing,
due to the interposition of air or faeces, does not exist
when the vaginal pathway is chosen.

6 The artefacts induced by this technique are known
and have been controlled [19]. Two types of artefact
are induced by transvaginal linear ultrasonography: an
increase in the posterior urethro-vesical angle (revealed
by simultaneous transparietal ultrasonography) and a
reduction in the urethral angulation (measured with the
aid of a cotton swab and an orthopaedic goniometer)
at rest and during the stress of coughing. The first type
of artefact also exists if the linear probe is introduced
into the rectum. The second one is constant, and well
controlled by linear regression, and therefore without
clinical impact. Unlike introital sonography [17], no
significant modification of classical urodynamic para-
meters has been revealed.

~ Among the different possible approaches, transvaginal
ultrasonography is the only one (with endorectal
ultrasound) usable at any time during the urodynamic
exploration.

CHOICE OF PATIENT POSITION

The lithotomy position offers ideal comfort for the
patient and the operator, permitting better repeatability
of the measurements thanks to the quality of the image.
In addition, dorsal decubitus is the true rest position of
the urethro-vesical unit. In fact, Vierhout and Jansen
[8] have observed that, at rest, the bladder neck is
located lower in a sitting position that in the dorsal
decubitus position. Nevertheless, under the maximum
stress of coughing, the neck is located at the same level
in both positions. This means that the passage from
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dorsal decubitus to the sitting position is already an
effort that modifies the position of the neck and that
the maximum displacement is therefore measured in
dorsal decubitus. The study of micturition is perhaps
an exception, since miction is easier in the sitting
position [20].

UTILITY OF A MANOMETRIC CATHETER

A fine manometric catheter with continuous perfusion
is preferred, since it does not rigidify the urethra, as
a cotton swab does, and generates few artefacts. In
addition, it permits simultaneous measurement of
bladder and urethral pressures. This catheter must be
visualized along the full length of its supra-symphysary
portion to confirm the quality of the section plane. In
the absence of this catheter, the position of the bladder
neck and the urethra is very difficult to locate. This
is particularly true under the stress of coughing. The
bladder neck is, under these conditions, often confused
with the bladder base in a parasagittal plane.

In practice

Ideally, the probe is a linear array emitting at 7.5 MHz,
slight in diameter (1cm diameter maximum) with a
minimum length of 4.5cm. The non-emitting distal
extremity of the probe must be as short as possible
(1 or 2mm). To obtain a repeatable image, the patient
is installed in the dorsal decubitus position with the
knees half-bent and the feet on the level of the buttocks
(standard gynaecological position). The ultrasonographic
probe is positioned in the vagina in a perfectly horizontal
plane (resting on an external support), without exerting
any pressure, in such a way that the manometric catheter
(ideal diameter 2mm) is visible along the full length
of the supra-symphysary urethra, and the thickness of
the arcuate ligament of the pubis is maximum. If the
section plane is slightly parasagittal, the arcuate ligament
becomes thinner (Fig. 23.1).

If it is offset by several millimetres (wrong section
plane), the point of reference becomes ‘too clear’. This
reference point is the pubic bone, which appears in the
form of a hyperechogenic line with a posterior convexity.
The extremity of the probe must be introduced without
effort barely a few millimetres beyond the bladder neck.
If the visualization of the bladder neck is impossible
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Fig. 23.1 Ideal section plane.

1, Ideal sagittal section plane: the
arcuate ligament (AL) is the
thickest. Its echogenicity is
equivalent to that of the Retzius
space. A small vein often underlines
its posterior contour (V).

2, Slightly parasagittal section
plane: the arcuate ligament becomes
thinner but no hyperechogenic line
is visible. The section plane remains
in the space between the pubic
bones (SP, symphysis pubis).

3, Wrong section plane: it is offset
by several millimetres. The point of
reference becomes ‘too clear’. This
point is the pubic bone (P) which
appears in the form of a
hyperechogenic line with a posterior
convexity.

AL

under these conditions (short vagina), the transrectal
pathway must be preferred. The exploration is video-
taped. This reference technique is not exclusive and
can, in certain applications, be replaced by other
methodologies with excellent results.

The classical sagittal section

Some anatomical structures are well visualized in the
classical sagittal section imaged with linear endovaginal
ultrasonography (Fig. 23.2).

1 The sphincteral zone and its content: this fusiform
hypoechogenic structure corresponds to the totality of
muscular, elastic and vascular tissues surrounding the
urethral vent. The urethral pulse corresponds to a
hyperechogenic beating located along the manometric
catheter at the spot where the sphincteral zone is the
thickest.

2 The lower part of the bladder with anechogenic
content: its anterior wall is well individualized in

comparison with the Retzius space. The air bubble
introduced during bladder catheterization may be visu-
alized when the bladder is not very full. If the section
level is parasagittal, the hyperechogenic ureteral ‘squirts’
localize the position of the ureteral meatus. To study
the bladder completely (and the posterior urethro-vesical
angle), it is necessary to use the introital or transparietal
pathways.

3 The pubic symphysis and the arcuate ligament of the
pubis: the symphysis appears in the form of a slightly
hyperechogenic line with posterior convexity. It is
doubled backwards by the arcuate ligament of the
pubis, whose posterior extremity is an essential reference
point. This ligament is difficult to visualize, since its
echogenicity is equivalent to that of the Retzius space.
A small vein often underlines its posterior contour, but
it is revealed quite precisely by small backward and
forward movements with the ultrasonographic probe
maintained horizontally (compression—decompression
of the space between the probe and the arcuate ligament).
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(a)

Fig. 23.2 Classical sagittal section (transvaginal linear
ultrasound). SP, symphysis pubis; AL, arcuate ligament; MC,
manometric catheter; B, bladder; PP, ‘prepubien’; R, Retzius
space; SZ, sphincteral zone; V, vein.

These movements cause a relative displacement of soft
tissues in relation to the arcuate ligament, which should
then be easily located. To be perfectly sagittal, the section
plane must pass through the zone where the arcuate
ligament is thickest (5—romm).

4 The ‘prepubien’ structure is a small hypoechogenic
contractile structure 6 mm thick on average, located in
the space between the clitoris and the external urethral
meatus. This structure is involved in micturition and
urethral instability.

Ultrasound as an aid for
urodynamic exploration

Urodynamic exploration is divided into different steps:
urethrocystometry, urethral pressure profile at rest, during
coughing and holding, uroflowmetry, and electro-
myography. In each of these steps ultrasound could
contribute some information to classical urodynamics.

Urethrocystometry

Obviously, ultrasound is an aid in searching for the cause
of bladder or urethral instability (stone, diverticulum,
polyp, foreign body) but recently has become the best
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way to study the anatomical changes associated with
these manometric modifications.

Thus, bladder instability is well visualized in endo-
vaginal ultrasonography. If the urethra remains closed,
a centrifugal displacement of the vesical walls is observed,
with an opening of the bladder neck. During involuntary
urination, the urethra opens and the vesical walls move
in the opposite direction [4]. More recently, linear
endovaginal ultrasonography has revealed the existence
of three movements associated in a characteristic manner
to the urethral pressure drops of urethral instability
[4,10,21]. A muscular activity seems to correspond to
each of these movements. The first of these is a
shortening of the sphincteral zone, which occurs when
the striated sphincter relaxes. The second, linked to a
relaxation of the levator anii muscles, is revealed by
an increase in the distance separating the posterior edge
of the arcuate ligament from the ultrasonographic
probe. The last movement is called ‘contraction of the
prepubien structure’. This is a forward displacement of
the well-delimited hypoechogenic structure located in
the interclitorido-meatic space. This activity causes
traction on the anterodistal part of the sphincteral zone
and is associated with a drop in urethral pressure
(Fig. 23.3). The ‘prepubien’ structure very probably
corresponds to the bulbo-cavernosus muscles and the
fibrous tissue which joins them on the median line at
this level.

Ultrasonography can therefore confirm the existence
of urethral instability by breaking it down into different
muscular activities. It also allows echoguided infiltration



(a)

Fig. 23.3 ‘Contraction of the prepubien’. The ‘prepubien’
(PP) moves toward the clitoris inducing traction on the
anterodistal part of the sphincteral zone and a rapid drop in
urethral pressure. AL, arcuate ligament; SZ, sphincteral
zone; B, bladder.

Fig. 23.4 Total urethral length (TUL) is the distance
between the bladder neck (BN} and the upper edge of the
hyperechogenic line created by the calcified cursor (CC) of
the urethrometer (external urethral meatus). AL, arcuate
ligament; B, bladder; SZ, sphincteral zone.

(a)
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(b)

with lignocaine [22] or electromyography of the striated
sphincter of the urethra (see Fig. 23.8).

Finally, when the contraction of the prepubien struc-
ture occurs together with urethral instability, digital
compression of this structure under ultrasound control
inhibits the instability and the urge to urinate in
75% of all cases. This observation, and the absence of
therapeutic alternatives in some cases of symptomatic
instability, have been at the basis for the perfection
of the ‘section of the prepubien structure’ technique,
which gives good results in 68% of all cases overall
[21].
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Resting urethral pressure profile

The resting urethral pressure profile (UPP) qualifies
certain distances (functional profile length, total profile
length) and pressures (maximum urethral closure
pressure, bladder pressure and maximum urethral
pressure) that characterize the female urethra [23].

With ultrasound it is possible to study the urethra
itself and its position with respect to other anatomical
structures. By correlating the manometric and ultra-
sonographic parameters, it is possible to understand why
a pressure is low or high. Moreover, because the urethral
pressure sensor is clearly visualized on the screen, it is
easy to locate the different key points of the UPP curve
with regard to the urethra [11].

ULTRASOUND PARAMETERS

Total urethral length

The total urethral length (TUL) can only be obtained
by linear endocavitary ultrasonography [4]. The distal
quarter of the urethra cannot be studied using sectorial
probes [11,12]. Because the external urethral meatus

is barely visible using ultrasound, the TUL is measured
with the aid of a urethrometer with a calcified cursor.
The stem of this tool is introduced into the urethra and
the cursor placed against the meatus without exerting
any pressure. The latter creates a hyperechogenic line
that exactly locates the external urethral meatus (Fig.
23.4). The TUL is the distance between the bladder neck
(defined by the junction between the sphincteral zone
and the anterior bladder wall) and the external urethral
meatus (upper edge of the hyperechogenic line). The
TUL is 36 mm on average.

Thickness of the urethra (sphincteral zone)

Because the sphincteral zone is a well-defined oblong
hypoechogenic structure, its maximum thickness is easy
to measure. The maximum thickness of the anterior
half of the sphincteral zone is 7 mm on average [4,11].
The sphincter cross-sectional area can be studied using
intraurethral ultrasonography [16].

Ultrasonographic urethral pulse

In urodynamics, the urethral pulse appears as an

Fig. 23.5 Ultrasonographic
parameters. AL, arcuate ligament of
the pubis; AL-BN, arcuate
ligament-bladder neck distance;
AL-UO, arcuate ligament—urethral
opening distance; AL-C, arcuate

,,.-—-""‘XU—H :

ligament-anterior border of the
manometric catheter; ABW-H,
anterior bladder wall-horizontal
angle (use the 2cm of the bladder
wall near the bladder neck); U-H,
urethra-horizontal angle (the axis
of the urethra is the line between
the extremity of the urethral
opening and the manometric
catheter at the level of the posterior
border of the arcuate ligament).

\ This angle is positive if the bladder

Horizontal = US probe

neck is backward the mid-urethra
and negative in the other case.
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oscillation of the urethral pressure curve synchronous
with the heart beat. The ultrasonographic urethral pulse
(UUP) appears as a hyperechogenic beating located near
the manometric catheter [24]. With transvaginal colour
Doppler sonography, the submucosal vascular plexus
(location of the pulse) and its pulsatility can be visual-
ized. Its thickness and length are easily measurable.

Position of the urethro-vesical unit

Some reference points are indispensable for measuring
the parameters that define the position of the urethro-
vesical unit. Three of them are usable: the posterior
edge of the arcuate ligament of the pubis (often confused
with the symphysis or even the pubic bone), the horizontal
plane and the axis of the symphysis. A system of
reference including the anterior inferior border of the
symphysis and a perpendicular line passing through
its lower edge is used exclusively in transperineal
ultrasonography [5].

At the present time, authors use their own parameters.
While some of them are common to several teams, there
is no standardization. In practice, the measurements
must be easy, useful, precise and repeatable. The position
of the bladder wall in relation to the urethra, of the
urethra in relation to an orthogonal reference system
(including the arcuate ligament and the horizontal
or symphysis axis) and the size of the bladder neck
opening must appear in the data collected; if not, one
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runs the risk of underusing the ultrasonographic tech-
nique. Limiting ultrasound to locating the bladder neck
in relation to the posterior edge of the pubic symphysis
is obviously insufficient.

As an example, our system of reference includes the
horizontal axis, defined by the plane of the probe and
the posterior edge of the arcuate ligament of the pubis.
The five parameters chosen are described in Fig. 23.5.
The average value of these parameters in a population
of female patients who have never been operated and
their evolution depending on age, parity and urethral
closure pressure are described in Table 23.1. Interobserver
and intraobserver repeatability of these measurements
is excellent. All the measurements are made with the
bladder filled with 250ml water.

CORRELATIONS BETWEEN MANOMETRIC AND
ULTRASONOGRAPHIC PARAMETERS

Total profile length

The TUL measured with ultrasound is §mm longer
on average than the total profile length. This difference
is dependent on the length of the functional bladder
neck opening and on the distal zone of the urethra,
while exerting no pressure. The functional bladder
neck opening is the distance between the point where
the urethral pressure sensor is located just before the
urethral pressure rise and the bladder neck (junction of

Table 23.1 Ultrasonographic
parameters: values and correlations.
These values and correlations have

Pearson correlation coefficient

been obtained in a population of 91 Parameters Mean Min. Max. Age MUCP  Parity
female patients who have never
been operated (59 are incontinent AL-BN (mm) 16 -5 32 -0.58 0.51 NS
during stress). The average age is AL-UO (mm) 14.4 -5 3T ~0.56 0.55 NS
47.3 years and average urethral AL~-C (mm) 9.4 3 24 0.30 —-0.34 NS
closure pressure (MUCP) is ABW-H (°) 86.6 36 137 0.61 —0.46 NS
53.4cmH,0. U-H (°) —0.6 -35 116 0.38 -0.38 NS
BN descent (mm) 10.6 2 32 NS NS NS

AL-BN, arcuate ligament-bladder neck distance; AL-UQ, arcuate ligament-urethral
opening distance; AL~C, arcuate ligament-anterior border of the manometric
catheter; ABW-~H, anterior bladder wall-horizontal angle; U-H, urethra-horizontal
angle; BN descent, descent of the anterior edge of the bladder neck in relation to the
posterior edge of the arcuate ligament of the pubis during a maximum cough (see

Fig. 23.5 and 23.6).
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the sphincteral zone with the anterior bladder wall).
The radiological length is also shorter than the TUL
when there is a cervical opening. This difference is due
to the fact that the bladder neck is poorly defined using
X-rays under such a condition.

Maximum urethral closure pressure

The TUL is poorly correlated with the maximum
urethral closure pressure (MUCP) and the thickness of
the urethra is not correlated at all [4]. Thus the size of
the sphincteral zone has quite a weak effect on the
MUCEP. Actually, a small muscle can be strong and vice
versa. Nevertheless, a correlation was found between
the sphincter cross-sectional area and the degree of
continence [16].

The submucosal vascular plexus is like a sponge
surrounded by a fibromuscular sheath. This vascular
sponge seems to play a more important role in MUCP.
Thus, the amplitude of the urodynamic pulse and the
MUCP are closely correlated. The percentage of ultra-
sonographic visualization of the pulse increases with
the amplitude of the latter, measured urodynamically.
A pulse of more than 3cmH,O is always visualized
in ultrasonography. In practice, if one observes an
ultrasonographic pulse, it means that the MUCP is
normal or high (78cmH,O on average; never under
30cmH,O). If there is no ultrasonographic pulse the
MUCP is lower (43 cmH,O on average) [24]. With
transvaginal colour Doppler sonography the pulse in
the submucosal vascular plexus is frequently visualized
even when no pulse can be measured in urodynamics.
The thickness of the submucosal vascular plexus
measured with this technique is well correlated with
the amplitude of the urodynamic pulse. There is a reverse
correlation of this parameter with the age of the female
patient. The role of this vascular ‘sponge’ in MUCP has
already been emphasized [25]. Ultrasound seems to
confirm this hypothesis.

The position of the urethro-vesical unit also plays an
important role in MUCP [26]. In our practice, all the
parameters we use to define this position are correlated
with MUCP (Table 23.1). These correlations mean that
when the urethra is well supported, the MUCP tends to
be high, and vice versa.

It is possible to estimate MUCP by using some of
these parameters, selected by discriminant analysis,
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in addition to the visualization of a UUP. Using a
mathematical formula including these parameters, the
estimate is correct if the UUP is visible (Pearson’s
coefficient 7 = 0.58) and poor if the UUP is not visible
[26].

There are significant differences between all the resting
parameters measured in continent patients compared
with those measured in incontinent patients. In patients
presenting with urinary stress incontinence, the neck is
located lower and further back from the arcuate pubic
ligament. However, there is no discriminating threshold

[9,26].

Functional profile length

The functional profile length is best correlated to the
arcuate ligament—urethral opening distance (AL-UO
from Fig. 23.5).

UPP during coughing

The urodynamic parameter normally used to study
the urethra during coughing is the pressure trans-
mission ratio (PTR). This ratio is the increment in
urethral pressure under stress as a percentage of the
simultaneously recorded increment in intravesical
pressure. Unfortunately, this ratio and all the measure-
ments associated with this parameter are not reliable.
In the same patient, it depends on the type of manometric
catheter used, on the cough magnitude, on the position
of the urethral sensor in the urethra and on certain other
factors. More recently, a new parameter called the
‘critical pressure’ (CP) has been introduced by Schick
[27]. This parameter is defined as the minimal vesical
hyperpressure that induces urine leakage. The CP is a
constant value for a given patient provided the bladder
volume is kept constant and the position of the patient
during the examination is unchanged. Another name
was given to this parameter by McGuire et al. in 1993:
the ‘leak point pressure’ [28]. It has to be compared
with the ‘maximum cough bladder hyperpressure’
[29], which reflects the bladder solicitation during
everyday activities, to better approach the importance
of the lack of continence. Given the MUCP and the CP
measured with cough efforts, it is easy to obtain a more
precise pressure transmission ratio: PTR = 1 — MUCP/
CP [x9].



During abdominal hyperpressure, there is a backward
and downward displacement of the bladder neck. This
movement is significantly greater in stress-incontinent
patients than in continent patients. Nevertheless, there
is no real threshold, because the bladder neck is some-
times fixed in a stress-incontinent patient with low
MUCP or after surgery and sometimes hypermobile in
a continent patient with high MUCP [9,26].

While ultrasound does not play a determinant role in
the diagnosis of stress urinary incontinence, which is
better approached by simple clinical (stress test) or other
complementary examinations (distal urethral electric
conductance, ambulatory urodynamics, etc.), it is very
useful in measuring the descent of the bladder neck
under stress. It is important to be familiar with this
parameter, since a slight displacement of the neck is,
like a very weak closure pressure or ‘leak point pressure’,
synonymous with a high rate of failure in classical
surgery [28].

In linear endovaginal ultrasonography, the measure-
ment consists of evaluating the cephalo-caudal dis-
placement of the anterior edge of the bladder neck
(junction between the sphincteral zone and the anterior
bladder wall) in relation to the posterior edge of the
arcuate ligament during the effort of maximum
coughing [4,10,19,26]. The probe must move freely
along the horizontal plane while nevertheless preventing
the neck from leaving the field of exploration. Initial
measurement of the cephalo-caudal distance between
the arcuate ligament and the neck is taken in rest
position (Fig. 23.6). Then the patient is asked to cough
with maximum force. The ultrasonographic image will
be instantly captured at the peak of bladder pressure
induced by the effort of coughing, using a specially
designed software package (Geyre Electronique). A
second measurement is then taken, for calculation of
the bladder neck descent. To obtain a precise measure-
ment, without disturbing vagueness, the number of
images per second characterizing the equipment must
be as high as possible (at least 25 images/s). For the
same reason, a single focus must be used and the
autocorrelation system on the device must be disabled.

Under these conditions, while the endovaginal linear
probe reduces the tipping of the urethra (a known and
controllable artefact), it only slightly reduces the descent
of the neck, which is produced along the axis of the
probe. Other possibilities exist to evaluate the descent
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of the neck under effort [3,5-9,11,13,14]. Nevertheless,
none of them uses only anatomical landmarks as
structures of reference. The bladder neck is either
confused with the opening of the urethra, or located
indirectly by the extremity of a cotton swab or the
balloon of the Foley catheter. Other techniques using
no fixed anatomical reference point are even less precise
[6]. As for those which are carried out keeping the
ultrasonographic probe totally immobile, they inevitably
diminish the descent of the neck [9,30].

Bladder neck descent is correlated with MUCP only
if the patient is incontinent during stress (the bladder
neck descent of patients with very low MUCP is usually
very small).

UPP during holding

The effort of retention produces an upward and forward
displacement of the bladder neck in relation to the
arcuate ligament. If the levator anii contraction is weak
(no movement of the bladder neck), it is possible to be
sure that the patient is making an effort of retention by
looking at the prepubien structure. In such a situation
the prepubien structure moves toward the back (the
opposite of movement during urethral instability). To
obtain repetitive measurement using ultrasound, the
patient must remain with the buttocks on the table and
the probe must be kept horizontal.

Ultrasound is able to quantify the anatomical effect
of the perineal contraction. This effect is therefore com-
pared before and after re-education to make an objective
assessment of its efficacy. While the use of ultrasound
in biofeedback is theoretically possible, this application
necessitates costly material and a patient capable of
deciphering the ultrasonographic image.

In practice, it is not so much the amplitude of the
movement of the sphincteral zone as its position during
the effort of maximum retention that has an impact
on MUCP. The best two ultrasonographic parameters
correlated to the increase in MUCP measured during
the effort of maximum retention are the distances
from the arcuate ligament to the anterior edge of the
manometric catheter and to the ultrasonographic probe
under maximum effort [19]. The shorter these distances,
the greater the increase. Apparently, the sphincteral
zone is being crushed by the levators against the arcuate
ligament, which acts as an abutment.
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(b)
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Fig. 23.6 Descent of the bladder neck under stress. Parts (a)
and (b) refer to points 1 and 3 respectively in part (c). (c) 1,
At rest, the bladder neck (junction between the anterior
bladder wall and the sphincteral zone) is located at a
distance ‘A’ from the posterior edge of the arcuate ligament.
2, During a small cough, the bladder neck movement is
clearly visible. The imagery is not frozen because the bladder
pressure (BP) remains under the threshold (T). The latter is
set a level corresponding to the bladder hyperpressure
induced by a maximum cough, ~tocmH,O. 3, During a
maximum cough (if the bladder pressure goes beyond the
threshold), the imagery is instantly fixed at the peak of
bladder pressure thanks to a software package provided
(Geyre Electronique). The bladder neck is located at a
distance ‘B’ from the arcuate ligament. The descent of the
bladder neck is the distance A-B.
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Uroflowmetry

On a continuous urine flow recording, the four recom-
mended International Continence Society parameters
[23] studied are: the maximum flow rate, the time to
maximum flow, the flow time and the voided volume.
It is also possible to measure the detrusor and bladder
pressures during voiding and to construct a pressure—
flow relationship to classify micturition in three groups:
obstructed, unobstructed and equivocal.

The study of micturition using ultrasound demands
much patience on the part of the practitioner, who must
often employ various tricks to obtain urination. We
usually use the dorsal decubitus position. Others prefer
the sitting position because it favours urination [20].
The bladder is filled until the patient feels a strong desire
to void (sometimes with cold water). Then the filling



catheter is removed, a paper ball is set on the probe in
front of the urethral meatus to protect the practitioner
from urine and the patient is asked to urinate. Care
must be taken to remain in the axis of the urethra to
avoid false obstacle images due to oblique section planes
(a small manometric catheter is helpful).

SOFT TISSUE MOVEMENTS

The study of the soft tissues during urination can only
be carried out by ultrasound [4,11,12,31]. Thus, the
three movements characteristic of urethral instability
may be visualized during the drop in urethral pressure
initiating urination. Bladder contractions present the
same characteristics as those described in the context
of vesical instability. In addition to these movements,
abdominal pressure may intervene at any point during
urination producing a downward and backward dis-
placement of the bladder neck in relation to the arcuate
ligament.

URETHROGRAPHY DURING URINATION

Information concerning the appearance of the urethral
conduit during urination is equivalent to that ob-
tained by X-rays, but without radiation (Fig. 23.7). If
uroflowmetry and detrusor pressure measurements
suggest an obstacle, endovaginal ultrasonography often
allows its visualization [4,11,12,31]. It is frequently

Fig. 23.7 (a) Classical aspect during urination. (b) AL,
arcuate ligament; U, urethra; B, bladder.
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located at the posterior edge of the bladder neck.
Verification may be completed by an echoguided electro-
myography (if dyssynergy is suspected) or by withdrawal
under ultrasonographic examination of a ‘bougie a
boule’.

POST-MICTURITION RESIDUE

Transparietal ultrasonography has been used for sev-
eral years to measure post-voiding residue [2]. This
application is particularly useful in men, children and
neurological patients.

Electromyography (EMG)

Muscle action potentials may be detected either by surface
electrodes or by needle electrodes. Surface electrodes
detect the action potentials from a group of adjacent
motor units underlying the recording surface. It permits
study of the degree of contraction or relaxation of the
levator anii muscles or of the anal striated sphincter.
Needle electrodes are placed directly into the muscle
mass and permit visualization of the individual motor
unit action potential. Needle EMG is necessary to
search for denervation of the urethral intrinsic striated
sphincter.

After proper disinfection, the EMG needle is intro-
duced at 12 o’clock, 5mm in front of the external
meatus. Care must be taken to avoid contact with the
symphysis pubis or with the arcuate ligament, which is
very painful. The movement of the needle in the urethral
musculature is followed on the screen until it reaches

AL B
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(a)

Fig. 23.8 EMG needle guiding. (a) The movement of the
EMG needle is followed on the screen until it (b) reaches the
intrinsic striated sphincter in the anterior layer of the
sphincteral zone (at this level the striated sphincter is the
thickest). EN, EMG needle; B, bladder; MC, manometric
catheter; SZ, sphincteral zone.

the intrinsic striated sphincter in the anterior layer of
the sphincteral zone (Fig. 23.8). At this point, typical
EMG tracing and a ‘motorbike-like’ noise appear.

To facilitate needle guiding, the ultrasound probe must
be held parallel to the needle. This method decreases
patient pain by avoiding the useless and blind move-
ments that are otherwise necessary to insert the needle
in the right place without ultrasound guiding.

Urinary stress incontinence surgery
and ultrasound

Theoretically, ultrasonography can be used for preoper-
ative assessment, during surgery and for postoperative
assessment.

Preoperative assessment

This assessment must be used to confirm the stress
incontinence diagnosis, to evaluate the elements of a
possible prolapsus, to look for surgical contra-indications
and to help the surgeon in the choice of appropriate
surgery.

STRESS INCONTINENCE DIAGNOSIS

This diagnosis is chiefly clinical and anamnestic. Ultra-

234

(b)

sonography is not very useful in this application: if
urine loss is visible by ultrasonography, usually it can
also be assessed clinically. Furthermore, some insig-
nificant losses during stress tests cannot be observed
by ultrasonography. Moreover, none of the static or
dynamic ultrasonographic parameters, alone or in
association, can ensure valid discrimination between
continence and incontinence. There are significant
differences between the two populations, but cross-
overs are such that the use of this technique offers no
new elements compared with clinical examinations

[9,26].

EVALUATION OF PROLAPSES

The different elements of prolapses and the efficiency
of the continence mechanism can be clearly evaluated
clinically, using a valve to push back the vaginal wall
opposite the element to be studied. Without the valve,
the prolapsed elements can support each other, which
could lead to an underestimation of the extent of
the prolapse or of stress incontinence. Traction on
the uterine neck allows evaluation of the degree of
uterine descent. Ultrasonography helps to show hidden
prolapsed elements. By using endovaginal or introital
ultrasonography, enterocele diagnosis is easily obtained
if a rectal examination is performed during the Valsalva
effort. A pocket, often containing the small intestine,
infiltrates between the finger and the vaginal wall.
More rarely, ultrasonography will discriminate between
a cystocele and a prolapsus of the furthermost part of
the uterus, subsequent to a subvesical surgical basculation
of this structure (obsolete technique for stress incon-



tinence treatment). A significant lengthening of neck
beyond the vagina or a ‘sliding cystocele’ (bladder
sneaking between the vaginal wall and the urethra) can
also be easily diagnosed by ultrasonography.

DETECTION OF SURGICAL CONTRA-
INDICATIONS

Symptomatic urethral or bladder instability, the exist-
ence of an obstructive uroflowmetry (especially in the
presence of bladder hypocontractility), major sphincter
insufficiency and the absence of bladder neck descent
at the moment of the leak are the four classical surgical
contra-indications. Ultrasonography is indispensable to
detect a fixed bladder neck but it can also be used to
assess urethro-vesical instability (a ‘prepubien section’
can eventually be associated with the stress incontinence
treatment) and to search for an obstacle to urination.

OPERATIVE PROGNOSIS

The purpose of the preoperative examination of an
incontinent patient is theoretically to choose the most
appropriate operation, and to define the percentage
chance of cure for this operation. Thus, in the case of
Mouchel’s operation [32], by using discriminant analysis
on the preoperative ultrasonographic and urodynamic
parameters, it is possible to select seven parameters
which, introduced in a mathematical formula (‘first
canonical variable’), permit correct prediction of the
result of this operation in 96% of cases [19,33]. The
most effective parameter is without question the descent
of the bladder neck under maximum cough (see Fig.
23.6). The second parameter is the maximum urethral
pressure. The next four parameters are the static
parameters of Fig. 23.5 excluding the AL-BN distance.
The last parameter is the maximum cough pressure
measured in the bladder. When only urodynamic data
are used, the effectiveness of the prediction falls to 40%.
This approach, using the preoperative urodynamic and
ultrasonographic parameters, once extended to other
operations should permit a rational choice, depending
on the surgeon, of the most effective and the least
harmful operation for a given patient. Ultrasonography
allows urodynamics to graduate from a purely descriptive
or dissuasive technique to a predictive technique.
Measurement of TUL and the search for an intestinal
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interposition in front of the bladder are part of the
ultrasonic preoperative assessment.

Use of ultrasonography during surgery

There are five potential objectives of the technique:
control of the suspension’s position; assessment of the
tension of the vesical neck suspension; monitoring of a
tool in the Retzius space; injection of autologous or
heterologous material into the sphincter; placing a
cystocatheter.

1 The control of the suspension’s position is easier using
a Mouchel surgical urethrometer [32]. Since the TUL is
known, after preoperative ultrasonography the cursor
of the urethrometer must simply be placed at a certain
distance from its extremity, corresponding to the TUL.
The shaft of the instrument must then be introduced
into the urethra until the cursor reaches the external
urethral meatus. At that point, it is sufficient to touch
the extremity of the urethrometer to know the exact
position of the neck. If surgery is performed through
the vagina, the instrument can also be used to tilt the
urethra, which significantly facilitates placement of the
strip under the urethra.

2 The tension of the suspension is considered as optimal
when it allows long-term healing of the patient without
uncomfortable dysuria or significant residue. This ideal
tension can vary greatly according to the type of surgery,
the severity of incontinence, and vesical contractility.
As of today, no study has been able to prove the utility
of ultrasonography for this indication.

3 The passage of an instrument into the Retzius space
can, theoretically, be monitored by ultrasonography. The
clinical utility of this application has not been proven.
4 When urinary stress incontinence is observed in the
presence of a perfectly fixed vesical neck and a very low
MUCP, only two surgical solutions can be contemplated
to treat the patient: placing an artificial sphincter or
performing an intrasphincterial injection of autologous
or heterologous material. These injections are currently
performed under urethroscopic monitoring by the
intraurethral or periurethral pathway. According to our
experience, linear endovaginal ultrasonography can be
used to easily guide an infiltration needle under the
urethral mucous membrane at the level of the vesical
neck. The method is identical to the one described for
electromyography, but here the needle does not remain
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(a)

Fig. 23.9 Injection of heterologous material. The needle
must penetrate as far as just beneath the mucous membrane
(1 or 2mm from the manometric catheter) in the area of the
bladder neck. The distribution of the substance injected is
evaluated by changing the orientation of the ultrasonic
probe. N, needle; B, bladder; MC, manometric catheter; M,
substance injected (Macro-plastique).

in the superficial layer of the urethra but penetrates as
far as just beneath the mucous membrane (1 or 2mm
from the intraurethral catheter). The distribution of the
substance injected is easily evaluated by changing the
orientation of the echographic probe (Fig. 23.9). The
products that can be injected are numerous, from fat
taken from the abdomen to different types of heter-
ologous material (Teflon, Macro-plastique, collagen).
The operation can be performed under local anaesthesia.
A preoperative effectiveness test can be performed by
injecting physiological serum at the same point. However,
these recent techniques should be validated before they
become routine surgery.

5 The use of a suprapubic vesical catheter facilitates
the treatment of the patient who underwent surgery for
incontinence or the patient who suffers from retention
[34,35]. The placement of this type of catheter is usually
easy. The risks are even lower if, during preoperative
assessment, transparietal ultrasonography on a full
bladder is performed to make sure there is no intestinal
interposition in front of the bladder and to locate the
ideal puncture area. In case of difficulty, monitoring of
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(b)

the trocar will be performed classically (as for amniotic
liquid puncture). Although theoretically monitoring by
ultrasonography can help avoid some incidents due to
the fact that puncture is performed blindly, the low
complication rate of the classical technique does not
justify the systematic use of ultrasonography.

Postoperative assessment

ANATOMICAL MODIFICATIONS

Used after the operation, ultrasonography can help con-
trol the effectiveness and the position of the suspension.
Practically, static parameters (see Fig. 23.5), vesical neck
descent (see Fig. 23.6) and the urethrography performed
during urination are compared before and after the
operation. Furthermore, with the help of a urethrometer
with calcified cursor (see TUL), it is possible to measure
the distance between the suspension and the external
meatus. After a successful Burch anterior colposus-
pension, the neck is usually located in front and on top
of the posterior edge of the arcuate pubic ligament [4].
The urethra is bent from bottom to top and from back
to front. During effort, it remains completely closed and
the neck scarcely moves (max. § mm). During urination,
a ‘spur’ is frequently observed on the posterior edge of
the neck (Fig. 23.x0). Comparison between various
types of operation is possible. Thus, the bladder neck is
fixed more efficiently and in a higher position after a
Burch than after a Stamey or a Gittes procedure [30].



(a)

Fig. 23.10 Classical aspect during urination after a Burch
colposuspension (compare with Fig. 23.7). S, ‘spur’ induced
by colposuspension; AL, arcuate ligament; B, bladder; U,
urethra.

Ultrasonography associated with urodynamics can help
explain failure by insufficient traction or a collapse of
the assembly (excessive mobility of the neck), by an
alteration of the sphincter zone (collapse of urethral
closing pressure; opening of the urethra without
displacement of the neck), or by an excessive vesical
solicitation (very large ‘maximal cough pressure’).

Fig. 23.11 Polytetrafluoroethylene (PTEE) sling. The sling
appears in the form of two hyperechogenic lines with
marked attenuation of the echo towards the rear. PS, PTFE
sling; AL, arcuate ligament; B, bladder.

Urogynaecology

(b)

The postoperative obstacle to urination is investigated
classically (see p. 233).

VISUALIZATION OF THE EXOGENOUS TISSUES

The position of exogenous implanted tissue as well as
its behaviour under coughing and during urination can
easily be studied. Thus, a polytetrafluoroethylene (Gore
Tex) sling appears in the form of two hyperechogenic
lines with marked attenuation of the echo towards the
rear (Fig. 23.11) [4,32]. A polyacrylamide hydrogel
implant is a well-delimited hypoechogenic structure
[36]. Macro-plastique (see Fig. 23.9), Teflon, artificial
collagen [37] or sphincter can also be studied.

The movements of the implant and modifications over
time can be monitored by ultrasonography.

AL

(b)
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Conclusions

Urodynamic ultrasonography offers the practitioner,
at a reasonable cost and without radiation, valuable
morphological information on the female urethro-

vesical unit.

It perfectly completes urodynamic exploration and

should find its proper place among other methods of
investigation in the near future.
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Chapter 24/Breast mass preoperative localization

under ultrasound guidance

SYLVIE LEMERY, VIVIANE FEILLEL and CLAUDINE LAFAYE

Cancer screening and widespread systematic exam-
inations have increased the number of occult breast
lesions being found today, many of which were formerly
missed because of their small size, the depth of the
lump or the volume of the breast. At the same time,
breast surgical requirements for minimal and cosmetic
glandular excision as well as carcinological safety have
increased. When the surgical approach is required for
open biopsy confirmation or for complete excision of a
suspect breast lesion, a precise localization procedure
is needed to guide the surgeon in facilitating removal of
the smallest amount of breast tissue.

Itis necessary to know the range of possible localization
procedures. Ultrasound guidance can be chosen for
many lesions because it is easy to perform, comfortable
for the patient and highly accurate.

Historical review

Fine-needle biopsies for palpable breast masses were
first described by Martin and Ellis in 1930 [1].
Since mammography was shown to demonstrate occult
breast lesions, non-invasive and invasive techniques for
localization of these small lesions have been widely
described. Most of these methods include the use of
spot injection and metal localizers. Simon e al. [2] have
adapted the spot method, first introduced by Rabin in
1941 to localize lung abscesses, using a mixture of Evans
blue and Pantopaque. Egan et al. [3] preferred the
methylene blue injection, while Svane [4] presented
carbon marking.

As an alternative to dye solutions, many procedures
use insertion of simple needles or hookwires [5—7]. Both
techniques have advantages and disadvantages. In
addition, with the increased efficacy of ultrasonography
for breast mass determination, sonographically guided

interventional procedures began to be described: Kopans

et al. [7] performed ultrasound guidance using a hand-
held contact system for preoperative wire placement.
Meanwhile, we adopted a similar technique, using first
hand-held high-frequency probes and then real-time
scanners [8].

Technique

Preoperative ultrasound examination

Sonographic breast examination is performed using real-
time equipment with only high-frequency transducers
(7.5-10 MHz) and usually a linear probe. A water bag
is used for the preceding evaluation and is removed for
the localization procedure. Even if surgery has been
indicated after a complete breast evaluation, which
may include clinical, mammographic, sonographic and
perhaps cytological or histological studies, a new careful
breast ultrasound examination is mandatory. The lesion
must be described accurately. A new ultrasound-guided
fine-needle aspiration (21 gauge or 19 gauge) has to be
attempted every time a cyst is suspected during this
preoperative examination so that unnecessary surgery
may be avoided. Ultrasound examination will identify
other small breast lesions, which can be also removed
during the same operation. If the lesion is also visible
by mammography (which is a frequent situation), good
concordance between the ultrasonographically and
mammographically obtained locations must be veri-
fied. Every time there is a doubt, mammography with
craniocaudal and lateral view must be performed after
in situ insertion of one ultrasound-guided fine needle.
This procedure is particularly necessary for colour
marking (Fig. 24.1). The size and the depth of the
lesion in the breast in relation to the skin must be
noted.
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Fig. 24.1 Proper needle position confirmed by
mammography.
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Patient position and preparation

The patient is placed in a supine position with the
arm at 90° from the corporeal axis as it will be during
surgery. An oblique position is necessary in the case of
peripheral axillary lesions.

Patient consent is obtained after complete information
about the procedure is given. The skin is carefully
cleaned with alcohol or other disinfectant solution that
will be used as acoustic coupling during the localization
procedure. Sterile sono-jelly is also available but not
mandatory. The transducer is also cleaned with dis-
infectant solution. Although some physicians cover
the transducer with a sterile film, we think this is not
necessary if there is no contact between the needle and
the transducer. When needling, local anaesthetic is
required only if the lesion is directly under the areola
as this is a painful area. It is not required in other cases.

Ultrasound guidance

The ultrasound guidance procedure for occult breast
mass preoperative localization is the same as the
ultrasound guidance technique for percutaneous needle
biopsy described by Fornage et al. [9,10]. There are
two possible ways to reach the target.

1 Vertical needle insertion (Fig. 24.2). The suspicious
lesion is lying in the midline of the scan. The needle is
inserted tangential to the middle of the probe, with a

Fig. 24.2 Vertical needle insertion
for methylene blue marking.



Fig. 24.3 ‘Tip echo’ (arrow).

degree of obliquity determined by the depth of the
target. With this technique, only the tip of the needle is
seen when it is within the lesion, as a bright echo named
‘tip-echo’ (Fig. 24.3). This technique is preferred by
some authors [11] because it offers the shortest route
to the target, and also because the site of the needle
insertion point is in front of the lesion spot. The difficulty
for some beginners is being sure that it is the tip and
not a simple section of the needle that is seen inside the

Fig. 24.4 Oblique needle insertion
for methylene blue marking.

Breast mass localization

target on the sonogram. However this is not an obstacle
because of real-time control.

2 Oblique needle insertion (Fig. 24.4). The suspicious
lesion is displayed near the margin of the scan. The needle
is inserted close to the middle of the corresponding end
of the probe, along the scan plane, with the obliquity
depending on the depth of the lesion. Not only the tip
is seen but the entire distal portion, from its entry in
the scan to the target. Only the first few centimetres of
the progression are not visualized. Because of the oblique
course of the needle, this technique may be chosen for
safety when the lesion lies close to the chest wall.
Needle guides that maintain the needle within the scan
plane have been described as convenient for the beginner.
This additional equipment is expensive and must be
kept sterile. Moreover, the needle must be longer to
compensate for the length of the guide and, above all,
it can be difficult to relocate the needle if it is advanced
out of the scan plane of the target. The free-hand
technique is simple and readily performed.

Breast-mass marking: metal localizers or dye injection

Preoperative localization can be achieved with metal
devices or dye solutions.

METALLIC LOCALIZERS (see ref. {r2])

Today, hookwires are preferred to the simple needles
used in the past. They have two parts: a needle used
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like a nozzle (20-21 gauge) and a metallic thread with
a hook-shaped end that is introduced into the needle.
The ultrasound-guided, bevelled needle is inserted into
the breast (Fig. 24.5). During manipulation, the hook
is retracted into the needle. When the tip of the needle
is correctly placed within the lesion, the wire is advanced
and the hookwire is released. The curved extremity of
the hook anchors into the target and can be seen on
the scan (Fig. 24.6). Several lengths of wire and several
shapes of hookwire are available. The most widely used
devices used are listed below (Fig. 24.7).
1 Homer Mammalok Plus breast needle/wire local-
izer (20 gauge) [13] with a curved end (like a J). It is
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Fig. 24.5 Hookwire advancing into
the breast followed on the display
(oblique needle insertion).

Fig. 24.6 Curved end of the hook
released within the target visible on
the display.

repositionable if the wire placement is not satisfactory,
but its anchorage is not sure and the patient must be
operated on rapidly.

2 Kopans spring hook localizer needle: the metallic
thread is introduced with a sharp needle (2122 gauge)
and its end is shaped like a V. This hook was found
to be accurate for ultrasound-guided procedures [14].
It is not repositionable but risk of displacement is
exceptional [7-14].

3 Mammofix device (NycomedIngenior) is a variation
on the Kopans hookwire: there are appropriate lengths
of needle (20 or 21 gauge) marked with echo pinpoints.
4 Cook ‘X’ hook is not a recommended device for



Breast mass localization

Fig. 24.7 Different breast needle/hookwires used under
ultrasound guidance: (1) repositionable J wire (Homer);
(2) V wire (Kopans); (3) V wire (Mammofix).

ultrasound guidance because the needle is not sharp
enough to penetrate an unsqueezed breast and often a
preliminary scalpel nick in the skin is necessary.

When performing an ultrasound-guided hookwire place-
ment, pressure on the breast is less important than in
procedures performed under mammographic guidance,
where squeezing the breast is a necessity. For this reason,
the sharpest and finest devices are chosen for ultrasound
procedures because of their ease of penetration. In our
breast-imaging clinic, we prefer the Mammofix device
21 gauge/5 or 7cm.

DYE SOLUTIONS

Localization by dye injection in a non-palpable lesion
is easy to perform under ultrasound guidance. A syringe
containing dye solution is connected to the 21-gauge
bevelled needle. When accurate placement of the needle
is confirmed on the real-time ultrasound scanner the
dye solution is injected. If there is air in the lumen of
the needle, bright echoes are created that shade the target

(Fig. 2.4.8). However, this phenomenon is not seen when
the needle is correctly flushed.

Several coloured solutions can be injected.
1 Methylene blue (1 %) is the most commonly employed
dye. Pure methylene blue would be painful (burning)
and thus it is diluted with an equal volume of local
anaesthetic (lignocaine 1%) in order to prevent this
pain. About 0.2 5-0.5 ml of this mixture is injected. The
use of methylene blue is sometimes criticized because
of its tendency for rapid diffusion; localization should
therefore be done within a few hours of surgery, which
may not be convenient for departmental scheduling. In
our institution, we perform methylene blue injection 1
day before surgery and no surgeon has had trouble in
finding the dye [15]. It has also been emphasized that
methylene blue disturbs oestrogen receptor evaluation
[16]. However this problem seems dependent on the
oestrogen receptor evaluation method.
2 Evans blue (Azovan blue) [2~x17]. This is a dye that
has been used for the determination of blood volume
without adverse effects [18].
3 Sulphan blue is a patent blue used to colour lymph
vessels. Hypersensitivity reactions have been reported
[18]. It does not disturb the histological findings [19].
4 Toluidine blue [20] produces a smaller diffusion
radius than methylene blue but preparations ready for
injection are not widely available.
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(a)

Fig. 24.8 Localization by dye spot: with air in the lumen of
the needle, many bright echoes are created that may shade the
target. (a) Fibroadenoma before dye localization (arrow).

(b) Same case after dye, showing bright air echoes and
shadowing (arrow).

5 Indocyanine green dye [21] seems safe and yields a
small diffusion diameter.
6 Carbon marking has the advantage of long-term
duration. Tumours treated initially by neoadjuvant
chemotherapy can be marked at the beginning of the
treatment. Surgery of the residual tumour (or initial
site when a very good response carries no residual
abnormal tissue) is thus facilitated. Two carbon markers
can be used:
(a) India ink (initial studies by Svane [4]: because this
preparation is a complex suspension, complications
have occurred: inflammatory reactions, too large an
extension and distant migration into surrounding
parenchymay;
(b) suspension of charcoal seems well tolerated by
patients. A suspension of micronized charcoal was
developed by Bonhomme et al. [22]. In a preliminary
study, no inflammation or necrosis were seen. Char-
coal is fixed inside histiocytes and can be found by
the pathologist. It does not diffuse and thus remains
in place for several months.
7 Double mark (dye and metallic wire together) can be
performed.
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(b)

A spot is generally painted on the skin in front of the
lesion after completing the invasive localization. In case
of vertical needle insertion, this spot corresponds to the
needle insertion.

Confirmation of correct localization before surgery

Dye may spill all around the lesion when the mass is
very tough to penetrate (e.g. some fibroadenomas). This
mass may also not allow the penetration of metallic
wires. This is not a failure of the procedure if the
hookwire or dye solution is in the vicinity of the tumour
and visible to the surgeon. However, it will not be the
same in breast localization for cytological aspirations
or biopsies, which require exact positioning of the needle
in the target for the accuracy of the pathological
diagnosis.

Some additional information can be obtained to prove
the success of the localization before surgery: (i) when
using wire devices, two orthogonal mammographies
(face view and profile view) are always performed after
placement (Fig. 24.9); (ii) when using any dye solution,
if the lesion is detected by ultrasound as well as by
mammography two orthogonal mammographies are
proposed systematically by some authors as a control
for the ultrasound-guided needle placement before dye
injection (see Fig. 24.1). We think that this is not always
necessary if the lesion on ultrasound is well correlated



Fig. 24.9 Proper hookwire position
confirmed by mammography
(Mammofix 21 gauge/5cm).

with mammograms in the same area and when it is
clearly distinguishable from the surrounding parenchyma.
This cannot be done if the lesion is only visible by
ultrasound. Less frequently, a blue marker mixed with
radio-opaque water-soluble contrast may be used for
mammographic confirmation [17].

Report of the preoperative localization procedures

Communication between the radiologist and the surgeon
is essential. The procedure must always be reported to
the surgeon by mentioning the depth of the lesion and
describing the relationship of the lesion to the insertion
of the device or dye injection, because the insertion is
different depending on the ultrasound guidance tech-
nique. When using vertical needle insertion, needling is
directly in front of the lesion spot; when using oblique
needle insertion, it is out of line with the target. Finally,
a map of the breast localizing the lesions (one or multiple)
to be excised and a set of labelled mammograms if the
lesion is visible on X-ray should be assembled. Every
document should be taken to surgery.

Perioperative control

If the lesion is visible by mammography, the surgical
specimen is radiographed. One view is generally performed
(Fig. 24.10). In some questionable cases, confirmation

Breast mass localization

of the successful biopsy may be improved by an
additional orthogonal projection [23]. This perioperative
radiography is not an absolute requirement if the nodule
is visible and palpable by the surgeon.

An ultrasound scan of the excised specimen placed

Fig. 24.10 Surgical specimen radiography (Mammofix 21
gauge/5cm).
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in a container with saline may also be performed to
confirm the presence of the relevant lesion [24],
especially when the lesion in the specimen is not visible
by mammography.

Postoperative control

We recommend a postoperative ultrasound examination
or mammography after 3 or 6 months to confirm a
successful biopsy, especially if histological findings are
not compatible with preoperative diagnosis [15].

Indications for
ultrasound-guided localization

Sonography cannot replace mammography as a screening
method for occult breast lesions. In Gordon et al’s
study [25] of 213 malignant lesions only 15 occult
cancers (not visible on mammograms) were discovered
by ultrasound. In another study, one cancer was present
among 796 ultrasound examinations of asymptomatic
patients with dense mammography [26]. In these cases,
ultrasound is the only guidance possible for directing
surgical excision.

If a mass is found on X-ray mammography but is also
clearly distinguishable from the surrounding parenchyma
by sonography, ultrasound guidance is generally
preferred by many workers because of its simplicity,
greater convenience to the patient and low cost.

With ‘bad palpable’ lesions (it is well known that
palpation under sonography improves clinical examin-
ation), a simple cutaneous spot or an invasive mark under
ultrasound guidance will reduce the duration of surgery
and is helpful in choosing the appropriate incision.

Advantages and limitations of
ultrasound-guided procedures

The advantages include:

1 low cost and widespread use of equipment;

2. rapidity of the procedure (ultrasound localization lasts
5 min on average vs. 1§ min for stereotactic procedure);
3 supine position;

4 real-time monitoring of the needle tip during needle
insertion;

5 shortest way to the lesion, so vertical needle insertion
is preferred;
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6 efficacious for lesions lying at the periphery of the
breast and that are difficult to project on mammograms;
7 position of the patient is the same as for surgery.
The limitations include: (i) clusters of microcalcifi-
cations or some ultrasonographically undetected masses;
(ii) the technique is operator dependent and previous
experience is recommended for any procedure [27].

Complications

Breast localizations are well-tolerated procedures. No
serious complications are generally observed. Mild
reactions in the immediate periprocedural period are
rare and similar to those observed during fine-needle
aspiration under ultrasound guidance [11-28].

Vasovagal reactions have been described: Helvie
et al.,[28] in a prospective study considering all invasive
breast-imaging procedures, identified a minority of
patients who had vasovagal reactions; these were the
youngest and most anxious patients. The use of local
anaesthesia did not change the number of vasovagal
reactions. They never required specific treatment. Medi-
cation before the procedure was not indicated routinely.
Under ultrasound guidance these vasovagal reactions
are rare and always mild in comparison to those
occurring with localization under X-ray guidance [11].
This may be related to both the supine position and
lack of compression of the patient’s breast. When the
procedure is performed in the morning, immediately
before the surgery, the patient is fasting and generally
more anxious. It seems more advantageous to schedule
breast localization the day before surgery with the
woman being given reassurance and no specific dietary
instructions. Among premenopausal patients, those in
the second half of the menstrual cycle have more pain
because of their breast tenderness.

Haematomas and ecchymoses are rare, resulting from
vessel puncture and without consequences. Infection has
not been described but asepsis must be correct.

Localization of very deep lesions close to the chest
wall should be delicate due to the risk of needle insertion
too far into the chest (wire attached to the pectoralis
fascia [11] or pneumothorax). This serious complication
is an extremely rare event [28].

Pain has been reported to occur during the period
from breast mass localization to the time of surgery.
Some patients report pain after use of methylene blue



injection (burning sensation). This is variable, and
seems more acceptable to patients when they are well
informed. Hookwires do not cause any discomfort.
Hookwires may be dislodged from their intended
location in the case of excessive fat surrounding the
parenchyma. The accidental cutting of the wire is also
possible. Hookwire distal fragments may remain in
position within the breast indefinitely. However, some
authors recommend their removal because of potential
distant migration. The disappearance of the wire end
into the breast can be avoided by using long wires and
by bending and fixing the external wire end to the skin.
Previous investigations have reported failure to
excise a non-palpable mammographic abnormality after
localization with a frequency of 1.5-10% [6,11,19].
There are not sufficient reports about the failure rate
under ultrasound guidance. In our experience, failure
rate is about 1.4%. The success rate of biopsies under
ultrasound guidance appears to be higher than under
X-ray guidance, probably because of the continuous
control of the needle during localization. However,
because there is a possibility of missing a suspicious
lesion, we recommend a postoperative examination.

Choice between dye solution or
metallic localizers

Dye is often preferred when there is a possibility of wire
dislodgement in cases of excessive fat surrounding the
parenchyma. Dye will also be chosen when it is difficult
to penetrate a mobile non-palpable fibroadenoma: dye
may enclose the lump. In a large number of cases, the
surgeon chooses the most cosmetic incision, which is
not necessarily lying at the point of hook insertion
[29], and he does not dissect along the metallic wire.
The wire is sometimes in the way of the dissection
tract and the manipulations can increase the risk of
hook dislodgement. Overall, the choice depends on
the surgeon’s habit and selection of the incision. Some
surgeons prefer two markers for the same lump and in
case of multiple lesions. When two or more localizations
are done, dye may be used for the first and a hook for
the later.

Our experience

A review of 710 preoperative breast lesion localizations

Breast mass localization

under ultrasound guidance performed in our breast-
imaging department in 587 patients (Centre Jean Perrin,
Clermont-Ferrand) [15] identified 196 malignant lesions
(size, 11.8 + 4.8 mmj; range 5—3 5) and 514 benign masses
(size, 12..6 + 4.8mm; range 5—30). The indication to perform
a labelling procedure was a non-palpable lesion (70%)
or a very bad palpable lesion (30%); 17 localizations
were performed for residual tumour after chemotherapy;
325 localizations (46.5%) were done in patients with
other solid palpable or non-palpable lesions in the breast
which were excised during the same surgical procedure.

Methylene blue was the most frequently used
localization method: methylene blue, 669 (94.22%);
hookwires, 32; double mark (methylene blue and
hookwires together), 9.

Additional procedures before, during and after
localization were used to improve the success of the
excision, i.e. control mammography after needling,
palpation by the surgeon and specimen radiography.
Surgical excision was performed the following day
without disappearance of the blue dye. The diffusion
of blue dye was not a problem. Minor complications
were observed: two haematomas were found and two
patients reported pain during the procedure. Ten lesions
were missed (failure rate 1.4%): one carcinoma (size
1cm) and nine benign lesions (mean size 1o.r mm;
range 7-13). Of these, no blue dye was detected in three
cases. Blue dye was insufficient in seven other cases;
in five of them, the lesion was mistakenly found either
peroperatively by the surgeon (2 cases) or by the radio-
logist on the X-ray film of the surgical specimen (3
cases). We successfully performed repeated localization
and surgery in four of these patients, and six small
fibroadenomas were followed with the same protocol
that we used for lesions with a high probability of
benignity. We emphasize the importance of meticulous
attention to detail at all stages of the procedure by both
radiologist and surgeons because of the possibility of
failure in localization. We recommend a follow-up 6
months after incisional biopsy.

Conclusions

In spite of the emphasis on guided percutaneous needle
biopsies of occult breast lesions (fine-needle and core
biopsies) to decrease the number of open biopsies, most
abnormalities require surgery for definite and complete
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diagnosis or for therapy. Sonography can be used to
localize and mark a great number of these lesions. The
procedure is safe and rapid. Coordinated effort among
radiologist, surgeon and pathologist is required at each
stage of the procedure in order to obtain total excision
of the abnormality with removal of the smallest volume
of normal breast tissue for best cosmetic outcome.
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Chapter 2 5/Interventional ultrasound

of the breast

PHILIPPE PEETRONS, ANNE-FRANCOISE DE POERCK

and ANNIE VERHAEREN

There are many situations where the diagnostic tools,
including X-ray mammography, diagnostic ultrasound,
eventually even colour-coded Doppler, are not accurate
enough to determine the nature of breast masses. More-
over, it is often necessary to have a cytological analysis
to avoid unnecessary biopsy and to avoid undue delay
prior to any conservative or aggressive therapy.

There are many indications for needle puncture under
ultrasonic guidance [1,2]:
1 aspiration of cysts;
2. cytological analysis of solid masses;
3 wire localization (harpooning) or dye injection for
the localization of subclinical masses prior to open
surgery;
4 core biopsy of solid masses.
The puncture procedure will first be explained since
it differs little for any of these indications. The few
differences between them are detailed later.

Probe characteristics

Linear-array probes are much easier to use than any
other system, including mechanical or phased array. The
absence of any distortion of the ultrasonic beam,
focusing in the near field of investigation, the shape of
the probe itself and the possibility of seeing the needle
immediately are all reasons to use only linear-array
probes. We currently use probes of 7.5 MHz but higher
frequencies are now commercially available and give
very valuable information about the soft tissues,
including the breast.

Ultrasonic pad

An ultrasonic pad is neither required nor is it advised.
The nearer the puncture point is to the probe, the better.

Patient position

The supine position, as for diagnostic ultrasound, is
required. Sometimes, oblique decubitus is better when
the mass is located externally. In all cases, the lesion
must be readily accessible for puncture.

Puncture procedure

Antiseptic solution (alcohol, chlorhexidine) is spread
over the skin and over the part of that probe in contact
with the skin. Chlorhexidine (Hibitane) is preferred over
alcohol because of damage to the probe with repetitive
applications of alcohol. In addition, chlorhexidine will
also act as a conductive agent for the ultrasonic beam.
The quantity of liquid applied must be sufficient to last
for the entire puncture procedure.

No anaesthesia is required for cytological aspiration,
harpooning or dye injection. However, when a core
biopsy is required, injection of lignocaine is advisable.

The needle is a common intramuscular 21 gauge, 4-
5 cm long, short (or long) bevel. Short bevel, if available,
is preferred because of the somewhat larger destruction
of tissue due to the inclination of the bevel. It is normally
not necessary to use more sophisticated (and more
expensive) needles for cytology. However, core biopsies
need small Trucut or, in our experience, Bauer needles
with automatic gun.

The guidance technique depends on the localization
of the lesion and the skill of the operator. The easiest
and most frequently used technique is to puncture the
skin at the short end of the transducer, pushing the
needle obliquely exactly in the axis of the probe, from
right to left for a right-handed person and conversely
for a left-handed person. When the extremity of the
needle reaches the ultrasonic beam, it produces a strong
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‘metallic’ echo, called tip echo. The metallic origin of
the echo gives rise to characteristic reverberation echoes,
distal to the tip echo. The progression of the needle
towards the target is seen on the screen in real time.
This technique, called ‘hand-free’, allows the operator
to slightly change the direction of the needle tip before
reaching the nodule. If the needle tip is not seen, rotation
of the needle is advised to offer the biggest obstacle to
the progression of the beam. The orientation of the bevel
can sometimes be not reflective enough; by rotating the
needle, it can be seen more obviously on the screen. If
the needle is still not seen, it means that the needle is
not in the correct plane. The needle must be retracted
just under the skin and a new attempt carried out,
checking that the axis of the puncture is the same as the
axis of the transducer. In all cases, it is advisable that
the needle is firmly and directly introduced for 1 or
2.cm, depending on the depth of the target, instead of
introducing the needle millimetre by millimetre and then
trying to see the needle tip. If the target is on the screen,
if the introduction point on the skin is in the axis of the
transducer and if the needle is introduced in the same
axis, there is absolutely no reason to perform a slow
and delicate introduction that makes the entire
procedure longer than normal. Once again, to reach
the target immediately with one pass of the needle is
the goal.

Some manufacturers provide a dedicated puncture
device, linked to the probe and depicting on the screen
the route of the needle. Although this system seems very
easy and accurate to beginners, it does not embrace all
the possibilities of hand-free punctures, e.g. reaching
different parts of the nodule, changing orientation if
the nodule slips away, etc.

In some rare cases, puncture at the short end of
the transducer may be impossible due to some medially
or inferiorly located lesions, or some skin retractions.
In some other cases, like wire localization (harpooning),
the surgeon sometimes asks, for aesthetic reasons, which
is the shortest route from the skin to the lesion. In these
cases, it could be advisable to use another kind of
technique, called middle axis technique. Here the lesion
is depicted exactly in the middle of the transducer and
the puncture site is along the long side of the transducer,
caudal to it, as near as possible to the middle of the
probe itself. The obliquity of the needle depends on the
depth of the lesion: the deeper the lesion, the less
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obliquity and vice versa. The entire needle cannot be
seen on the screen using this route, only the tip echo
being depicted. This kind of puncture procedure is
somewhat more difficult for beginners, who should be
trained beforehand with phantoms. Indeed, when the
needle crosses the ultrasonic beam, the tip echo rises
(Fig. 25.1); however, if the needle is pushed forward,
the tip of the needle can progress distal to the lesion
and aspiration can be ineffective, in the normal tissue
distally surrounding the lesion.

In the particular case of wire localization, it is
advisable that the tip of the needle is placed at the distal
end of the lesion, eventually crossing both borders of
the lesion. Then, the wire is slightly pushed forward
while taking the needle away. This allows the hook end
of the wire to go through the target. The surgeon will
then be able to find the lesion more easily by following
the wire.

In the particular case of core biopsy by means of an
automatic gun, the patient must be in lateral decubitus,
so that the tip of the needle does not penetrate the
thoracic wall, which is clearly not recommended.
However, the indications for core biopsies under
ultrasonic guidance are very few compared with the
stereotaxic technique.

Aspiration (Fig. 25.2)

When the tip of the needle is within the target, aspiration
is performed with a syringe of 2oml coupled to the
needle. This could be difficult for a single operator,
looking at the screen, holding the transducer and
aspirating with the syringe. Mechanical guns are often
used, allowing aspiration with one hand only. Other
authors recommend not to aspirate and to wait until
tumoural cells fill the needle by capillarity. However,
filling by capillarity is often not accurate enough
when dealing with fibrous tissue as found in some
fibroadenomas or some squamous carcinomas. We
recommend aspiration of all the lesions, with help from
a second operator in some cases, where any movements
of the needle must be totally avoided, e.g. in very small
targets. In the case of larger tumours, the needle can be
slightly pushed, pulled and rotated to obtain more
material.

Cystic lesions must be totally emptied. The emptying
of the cyst is clearly seen in real time on the screen.
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(b)

Fig. 25.1 Small 11 mm diameter neoplasm: (a) before
puncture; (b) tip echo within mass.

Fig. 25.2 Emptying a cyst under
ultrasonic guidance.
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Fig. 25.4 Fibroadenoma in a young patient (see text}.

Total emptying is said to avoid local recurrence of the
cyst (Fig. 25.2).

Spreading of the material

As in any other cytological aspiration, the material is
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Table 25.1 Pathological diagnosis of 220 successive
punctures.

Final diagnosis No. Palpable Non-palpable
Cancer 57 34 23 (40%)
Lymph node 3 2 T

Cyst 99 58 41 (41%)
Fibroadenoma 42 19 23 (55%)
Dystrophic lesion 15 4 I
Haematoma 2 e 1

Abscess 2 I 1

spread over glass and fixed with an appropriate fixing
solution obtained from the pathology department. The
fixation must be immediate, avoiding desiccation of the
cells. Commercially available hair sprays can be very
effective for fixing the material.

Indications for puncture

Cysts are punctured on rare occasions. We only puncture
large, unaesthetic cysts or lesions with internal echoes
or non-homogenic structure.

Solid lesions are almost always punctured (Fig. 25.3).
The only exceptions are calcified lesions on X-ray
mammography, typical of old fibroadenomas, and ovoid,
mobile, longer than thicker lesions in patients younger
than 30, typically described as fibroadenomas (Fig. 25.4).

Microcalcifications on X-ray mammography are, of
course, not an indication for ultrasonic-guided puncture
but for stereotaxic core biopsy.

Ultrasonic-guided punctures are clearly superior to
palpation-guided procedures. The rate of insufficient
material is reduced to 7% in our series [3,4]. Moreover,
a negative result means nothing when the puncture is
guided by palpation. If the tip of the needle is clearly
within the lesion during ultrasonic-guided aspiration
biopsy, a negative result (normal galactophoric cells) is
much more reliable. In our previous series, 1 of 60
(1.6%) malignancies was classified as benign by the
pathologist (Tables 25.1 & 25.2) compared to 7-22%
by palpation-guided procedure, as reported in the
literature [5].
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Table 25.2 Final vs. cytological

Final diagnosis in 220 successive
diagnosis Cytology Malignant  Dubious Benign Inaccurate punctures.

Malignancy 60 53 (88%) 6 1 (1.6%) o

Benign lesion 160 1 (0.6%) I 143 (89%) 15

Total 220 54 7 144 15

Conclusions References

Interventional procedures in breast pathology using
ultrasound are very safe and very accurate techniques.
We would recommend that every physician involved in
breast pathology and in mammography coupled with
ultrasound becomes familiar with these techniques as
soon as possible. Aspiration biopsy of a suspicious breast
lesion should be offered to every woman as a normal
additional diagnostic tool. The numbers of unnecessary
and inaccurate open biopsies will be dramatically
reduced this way. The delay between the discovery of a
lesion and eventual surgical removal will also be
reduced, allowing the best possible management of
breast malignancies.
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ultrasound detection, puncture and pneumocystography.
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5 Zajdela A, Ghossein NA, Pilleron JP, Ennuyer A. The value
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Chapter 26/The place of X-rays and ultrasound

in interventional mastology

ALAIN ISNARD, ARMELLE TRAVADE and FRANCOIS SUZANNE

The detection rate of breast lesions has progressively
increased with the development of breast screening pro-
grammes and improvement of mammographic images.
A diagnosis can sometimes be made immediately but
in a large number of cases the images are ambiguous
and could represent benign, borderline or neoplastic
lesions. To avoid performing too many surgical biopsies
for benign lesions and overlooking malignant ones,
preoperative diagnosis of mammographic lesions must
be refined using complementary techniques such as
ultrasound, cytology and, more recently, automated
needle-core biopsy. If the lesion is visible by ultra-
sound, cytological or histological samples may be
obtained under ultrasound guidance. If the abnormality
is purely mammographic, the only alternative is the use
of X-ray guidance. Both methods are also used for
preoperative localization of masses, guiding the surgeon
to impalpable lesions that would be otherwise difficult
to excise. In cases where both localization techniques
are possible, the choice between them will depend on
several factors that are reviewed in this chapter. The
shortcomings of one technique can often be made up
for by the other if we think of them not as opposed but,
on the contrary, as complementary.

X-ray guided fine-needle aspiration
cytology and needle-core biopsy

Indications and technique

Needling of breast masses can be done whether they
are stellate, nodular, irregular, form clusters of micro-
calcification or are mixed in nature with dense masses
accompanied by microcalcifications. It is important
to define the lesions under investigation very clearly
because this may explain some of the discrepancies
found by different authors. Ultrasonography now elim-
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inates typical cystic masses that generally do not need
to be punctured. Artefacts must also be ruled out to
eliminate pseudomasses produced when the two stereo-
taxic pictures are not concordant for the lesion. It must
be remembered that unlike the standard localization
methods using two orthogonal projections, the advantage
of stereoataxis is that it can still be used when the lesion
is visible from a single projection. Although several
X-ray techniques for fine-needle aspiration biopsies have
been described [1,2], in this chapter we only describe
the stereotaxic method because its reliability and safety
have been confirmed by a large number of studies [1,3,4].
The technique allows localization and performance of
either fine-needle aspiration cytology (FNAC) or large
needle-core biopsy in impalpable mammographic lesions
using stereotaxic devices derived from the Nordenstrom
apparatus (Sweden). A computer allows the stereotaxic
identification of an infraclinical radiological lesion and
the positioning of a needle within tmm of the lesion.
Calculation of the coordinates to puncture a point are
based on two mammographic views centred on the
lesion: (i) with the X-ray tube inclined to one side and
(ii) according to an angle set by each manufacturer.
This angle (on average 30°) enables the geometry to be
reconstructed in three dimensions. The position for the
aspiration guide is then selected by the software.
Currently there are two types of devices available on
the market. Some are relatively simple, inexpensive and
compact. They are attached to the usual mammography
equipment at the time of examination and therefore
do not limit its normal use. Others include a complete
examination table that integrates an X-ray source and
localization computers: they are only used for this
type of examination. The former devices, upright add-
on stereotactic equipment, require a seated patient
with her breast compressed in the same type of position
as that usually used during ordinary breast diagnostic



procedures [5]. With the latter devices the patient is
in prone position with the breast protruding through
an opening in the table. Each of these methods has
advantages and disadvantages [6,7]. The technique used
by these authors for the stereotaxic guidance procedure
relies on the upright add-on stereotaxic mammography
equipment. The patient is seated and her breast im-
mobilized within the aperture of the compression
plate located at the level of the area to be identified. It
is important to prepare the patient psychologically
because, although the aspiration itself is not very painful,
it is unpleasant to have to remain motionless with the
breast compressed for the duration of the examination
(about ro—-2omin). Choice of needle incidence is crucial
and is selected according to the position of the lesion

Fig. 26.1 Stereotaxic guidance localization procedure. (a)
Choice of the best incidence. (b) First view: the lesion is
localized in the window of the compression plate. (c) The
X-ray tube is inclined right then left (30°): two stereotaxic
views on the same film, to calculate the point to puncture
(the centre of the mass) (GE Medical Systems, stereotaxic
device). Well-circumscribed mass in a 62-year-old woman;
impalpable; fine-needle aspiration cytology: fibroadenoma.

(chi
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so that there is a minimum amount of tissue to cross
and the patient’s position is as comfortable as possible.
Selection between more than one path for the same
lesion will depend on which will later yield the best
localization of the centre of the lesion on two small
stereotaxic views. In addition, if the procedure is to be
completed by needle-core biopsy using an automatic
biopsy gun, care must be taken to avoid hitting the
Bucky with the needle [8]. The practical sequence of
events includes an initial view correctly centred over
the lesion to be punctured by inclining the tube-holder
arm to one side and then to the other. Based on the two
points selected by the radiologist and the two stereotaxic
views on a single film, the computer’s software will
calculate where the aspiration guide should be placed
(Fig. 26.1). The point to be targeted by the needle
will be calculated by the two small stereotaxic views
and must lie in the centre of the radiological anomaly
whether it is a cluster of microcalcification or a mass.
The needle is then inserted through the guide and
two further stereotaxic views made to confirm the
correct location (Fig. 26.2). Three possible alternatives
then follow: (i) FNAGC; (ii) needle-core biopsy using

(b)

()i
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an automated biopsy gun; and (iii) positioning of a
hookwire for preoperative localization of breast masses.

For FNAC the needle is a lumbar puncture-type
needle with a stilet. The sample is taken by capillarity
or aspiration. It is impossible to move the needle laterally
but the depth can be changed by moving the micrometric

(b)

Fig. 26.2 Stereotaxic views. Two stereo views are obtained
to document that the needle is in the lesion. Asymptomatic
45-year-old woman; ill-defined 8-mm mass; fine-needle
aspiration cytology (a) and needle-core biopsy (b): invasive
ductal carcinoma.
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screw ‘Z’. Sufficient aspiration is provided using a
20-ml syringe, which must be released before the needle
is removed from the breast [9]. Several punctures can
be made at the same point or after choosing another
point in the lesion. The number of punctures may also
explain the discrepancy in results obtained by different
authors [10,11].

FNAC may fail to obtain cells and cause false-negative
results [12,13]. Therefore, several authors have used
the same stereotaxic conditions to complete or even
replace FNAC by histological sampling using needle-
core biopsy with an automatic biopsy gun (Figs
26.3 & 26.4). This technique has allowed significant
improvement in the sensitivity and specificity of needling
stereotactic techniques [2,14,15]. The automatic biopsy
gun enables very fast movements of the cutting needle,
thus protecting the histological sample when it is
reintroduced automatically into the device: the speed is
impossible to reproduce manually. Furthermore, this
high speed makes it possible to punch out a piece of
tissue with sharp edges and avoids pushing tumours,
such as mobile fibroadenomas, with the needle. There
is also less curving of the needle in fibrous tissues. The
sample is taken at the exact level of the chosen target
and damage to surrounding tissues and patient
discomfort is minimal [16,17]. Two or three samples
can be taken. Local anaesthesia is necessary to allow a
cutaneous incision, which avoids contamination of the
sample by shreds of skin. Before and after firing under
stereotaxic view, the correct positioning of the biopsy
needle, fitted into the automatic biopsy gun, should be
determined. The biopsy needle has a notch and comes
in various diameters, 20, 18 or even 14 gauge. The
choice of needle depends on the type of lesion. However,
a large calibre improves the reliability from the
histological point of view but is also associated with a
greater risk of bleeding [18,19]. The distance to travel
will determine the set-up of the biopsy gun. Naturally,
this set-up must be taken into account when choosing
the initial position so that the needle does not hit the
film-holder.

Pitfalls

Small stereotaxic control views may not allow visu-
alization of the tip of the needle within the lesion. If the
error is small, the difference in positioning may be



Fig. 26.3 Automatic biopsy gun
with biopsy needle (BIP USA Inc.,
Niagara Falls, New York, USA).
Two penetration depths, long
throw, short throw, several
diameters.

(a) (b)

Fig. 26.4 Penetration of the biopsy needle, with biopsy gun
(pre fire, post fire).

acceptable for preoperative localization because surgery
is usually fairly ample. However, in FNAC the procedure
must be repeated. Reasons for calculation errors may
include the following.

1 Incorrect calibration of the instrument and faulty
handling. The technique used must be very strictly
followed and this is achieved by training and experience.
2 Patient movements. These can be considerable and
are generally due to poor cooperation or faulty com-
pression. There may also be micro-movements, which
are both very difficult to prove and sometimes difficult
to avoid. The patient is seated in a position that is often
uncomfortable and the mammary compression may
not be well tolerated. Some cases of vasovagal reaction
have been noted [20]. This type of problem can be
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kept to a minimum by ‘psychological’ support with
clear explanations given at repeated intervals about the
course of the examination and what is to be expected.
Once again, this type of problem can be avoided by a
dedicated team.
3 Flexibility of the needle. This problem can be partly
solved if stiffer needles are used with a double puncture
guide. However problems will still remain in very fibrous
breast tissues.
4 Poor indication caused by the type of radiological
image. Some mammographic images are difficult to use
for this type of exploration because a point corresponding
exactly to the same anomaly is not found on each
stereotaxic view. Polymorphous clusters of microcalcifi-
cation can easily be identified because one calcification
with a recognizable shape is chosen. Similarly, well-
defined dense masses, such as stellar lesions, stand out
clearly from the surrounding parenchyma and present
no problem. However, it can be extremely difficult to
locate the same point on both stereotaxic views when
dealing with disorganized masses with monomorphous
calcification and with subtle architectural distortion.
It must be remembered that the quality of stereotaxic
views, spatial resolution and kinetic blurring are inferior
to those used diagnostically with no grid or o.1-mm
focusing. Diagnostic applications provide enlargement
possibilities and less compression, explaining the prob-
lems experienced with minimal stereotactic images. We
hope that progress in digital imaging technology will
lead to the end of this problem.

Prepectoral deep lesions, opposite to the window
in the compression plate, may not allow needling [5].
Superficial lesions and those lying near the nipple may
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also present difficulties in sampling because correct
compression cannot be applied if the aperture overlaps
with the edge of the breast. In these cases an alternative
technique should be used. For example, deep lesions
are best explored using an examination table with a
dedicated prone equipment.

Complications

If proper aseptic and technical conditions are observed,
there is no risk of infection or dissemination of malignant
cells. There are several large studies proving the safety
of FNAC for neoplastic tumours. Only one case of
dissemination along the needle trajectory has been
reported after a core-needle biopsy with a 14-gauge
needle [21]. When malignancy is diagnosed, treatment
should not be delayed.

Bleeding is sometimes seen but is self-limiting or
resolves by local compression.

Other possible disadvantages include discomfort due
to prolonged breast compression during the procedure
as well as due to an awkward position of the neck,
especially in patients with cervical arthritis.

Summary of results obtained with FNAC

SMALL UNRECOGNIZED CYSTS

Typical cystic masses are ruled out ultrasonographically.
However, small and suspicious masses, due to their
irregular shape or long-term follow-up with mammo-
grams, may be missed by ultrasonography. These masses
may be hypoechoic and atypical lesions with no proof
of fluid content. In a number of cases, aspiration enables
the diagnosis of an ordinary cyst or cyst with thick
contents to be established, thus avoiding repeated check-
ups or unnecessary surgery (Fig. 26.5).

SMALL DENSE TISSULAR LESIONS

If the cytological result is benign, this is as reliable as
that obtained in palpable lesions and with the same false-
negative rate. Therefore, in specific cases such as round
masses with a large number of perfectly identifiable
cells, radiological follow-up may be sufficient (e.g. small
fibroadenomas or certain benign intramammary lymph
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nodes with atypical configuration from a radiological
point of view).

If the cytological result in stellate or more-or-less
regular circumscribed masses proves to be malignant,
the reliability of the result is very high. The accuracy of
the technique has allowed detection of malignancies of
3—5 mm within these mammographic lesions.

The cytological result may be inconclusive in up to
one-third of cases due to technical problems at sampling,
type of radiological image or histological nature of the
lesion in question. Because cells may not be obtained
or the result may represent a false-negative, FNAC
has almost been replaced by needle biopsies using an
automatic biopsy gun.

Results obtained with an automatic core biopsy gun

The rate of positive results depends on the number of
samples taken, the size of the lesion and its histological
type. Comparison of results from various studies [14]
demonstrates that failure occurs more frequently with
small lesions (e.g. < 1 cm, clusters of microcalcification
or in situ carcinoma).

In cases of neoplastic lesions, the quality of the sample
taken usually enables an exact histological analysis with
the possibility of ascertaining the SBR stage. Investigation
of hormonal receptors and cell proliferation markers
can also be carried out.

If the histological result proves benignity, simple
follow-up management is allowed, provided the following
conditions are met.

1 The radiological image itself must also be clear. The
histological result must be compared with the radiological
appearance of the lesion. Images that are statistically
unlikely to be neoplastic can be followed radiographically
(e.g. the risk of carcinoma in rounded, well-circumscribed
masses is 2—4%). Images that are far more likely to
correspond to malignant lesions, such as stellate lesions
and very suspicious clusters of microcalcifications,
should be managed more aggressively.

2 There must be proof that the sample was indeed taken
from the lesion in question. This is why it is an advantage
to have stereotaxic views with the needle in place.

3 The various elements of histological analysis and the
appearance of the radiological image must be coherent:
calcification, fibrous tissue, etc.
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(a)

Fig. 26.5 Screening in a so-year-old woman with familial
history. Mammogram: a round 6-mm mass, not seen on
previous mammogram. (a) Sonography: a small (6-mm)
hypoechoic lesion with internal echoes. It is not a typical
cyst. Stereotaxic guided fine-needle aspiration: fluid cyst.
This is confirmed by pneumocystography (b).

4 The patient must accept regular follow-up because a
low risk of false-negative results still remains, especially
in deep lesions located against the pectoral muscle where
there is a risk of the breast slipping and thus affect the
reliability of the biopsy sample.

Association of FNAC and needle-core biopsy

Given that needle-core biopsy gives a histological result
and is thus more reliable than simple cytology, it
is questioned whether it is necessary to continue to
associate the two types of sample or if the fine-needle
phase should be eliminated. Some authors report a
curious paradox between cytology and histology, where
false-negatives by needle biopsy have been demonstrated
by positive cytology. In the case of clusters of micro-
calcification the two techniques must continue to be

(b)

associated systematically because biopsy can overlook
carcinoma in situ, whereas cytology, due to its aspirative
nature, enables loose cells to be detached with improve-
ments of the results [14]. As previously mentioned, a
biopsy is unnecessary in previously unrecognized small
cysts, especially if not seen by ultrasonography or are
misleading in appearance. In this situation, aspiration
cytology may be both diagnostic and therapeutic [22].
Finally, the cutting needle used for biopsy does not
permit aspiration or pneumocystography.

Preoperative localization of breast masses

Accurate preoperative localization of breast masses
provides a guide to the surgeon. This will allow the
excision of the smallest amount of tissue, avoiding a
large and non-aesthetic quadrantectomy. In addition,
the pathologist’s task is easier because he or she can
multiply the number of sections over a smaller area.
Localization of the mass is essential for the excision of
small, deep lesions in a large breast.

Classic localization procedures

The usual mammographic views show the mammary
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gland in just one plane. Therefore, two orthogonal
images can locate the anomaly at the intersection of
their two planes the third dimension being the missing
depth. To localize the lesion the breast must be imagined
as a graph with the nipple at point o. The horizontal
coordinates (x) are measured from the front, with the
lesion located by specifying internal or external relative
to the nipple. The vertical coordinates (y) are measured
on a strict profile incidence, specifying upper or lower
sector relative to the nipple. With the x and y coordinates
transferred to the breast the lesion is localized. The
mammographic measurements are more important
than the real measurements because of the compression
and alterations secondary to the X-ray technique. The
coordinates must therefore be interpreted before making
the appropriate skin marking. How great a reduction
must be applied depends on a number of factors,
including the mammographic apparatus, the type of
breast, its volume, density and the degree of compression
and compressibility. Simple marks can be made on the
skin, which constitutes a ‘planimetry’.

Several authors use modified compression plates
consisting of multi-perforated plexiglass plates or
plates with a rectangular aperture with radio-opaque
centimetre graduations around the edges (coordinate-
grid compression plate) [1,23,24].

A fine needle can be guided to the intersection of
the two selected planes, confirming the position by
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two additional orthogonal mammographic views. If
the needle is more than ro—2omm away from the
lesion, and depending on the volume of the breast, the
procedure may need to be repeated. After confirmation
of the correct location of the needle there are three
alternatives: (i) the needle is left in place and the surgical
excision performed immediately; (ii) injection of a
colouring material such as methylene blue and surgical
excision as the colouring material diffuses in the tissue;
and (iii) introduction of a needle wire system that is
hook-shaped. This localization can be carried out the
day before surgery.

Stereotaxic localization procedures

As previously mentioned, stereotaxic localization enables
three-dimensional identification of the lesion to be
biopsied. After the needle is confirmed to be inside the
lesion, the procedure can be ended either by injecting
a colouring material or, more frequently, by implanting
a hookwire. The latter case requires two additional
orthogonal views to determine the correct position of
the hook. The surgeon now has an overall view of the
breast with the hook in place, improving evaluation of
the relationships between radiographic images, opaque
markers and mammary gland. There is, however, a risk
for the hookwire to move and it must be carefully
anchored to the skin. Compared with the classic local-

Fig. 26.6 Specimen radiograph.
X-shaped hookwire left in the
lesion; §-mm invasive ductal
carcinoma. Mammogram:
impalpable ill-defined 5-mm mass
visible only on profile views, 90°
and oblique mediolateral 60°, too
high to be seen on the craniocaudal
view. Not seen with sonography.
The only method for guidance is
stereotaxic guidance.



ization procedure, preoperative stereotaxic localization
has brought about a decrease in the volume of excised
tissue (an obvious advantage), a drop in the number
of repeat incisions and a reduction of the failure rate.
Repeat incisions are required when intraoperative
radiographic studies on surgical specimens demonstrate
that all or part of the lesion has been left behind. Even
the most experienced groups know how difficult this
type of surgery can be and have witnessed a certain
number of failures due to lesions remaining visible at
the post-excisional evaluation (Fig. 26.6).

Complementarity of ultrasound and X-ray
for management of breast masses

Ultrasound-guided techniques are reviewed elsewhere
in this book. However, we would like to stress that
ultrasonographic and X-ray techniques are not exclusive.
Some abnormalities can only be visualized by one of
the two methods of investigation. For example, clusters
of microcalcification are rarely seen by ultrasonography
and localization can only be made radiologically. Other
lesions can be seen by ultrasound and have no equivalent
visibility on mammography due to breast density or
because of the type of breast. In the latter cases,
localization may only be possible under ultrasound
guidance. In general, and when there is a choice,
FNAC under ultrasonography is the first option because
it is a simple procedure in trained hands [25]. In
small ultrasonographically detected lesions that are deep
or have poor contrast, stereotaxy is the first option
depending on breast volume, location of the lesion and
the operator’s experience or skill.

Stereotaxic needle-core biopsy can be used initially
or may be required after an aspiration if the cytological
sample has insufficient or no cells. Ultrasound-guided
methods of core biopsy are difficult to perform on a
routine basis and do not permit visualization of the
needle in real time. Stereotaxic techniques are more
reliable and easy to implement by trained personnel.
Furthermore, only relatively voluminous lesions (> 10~
12mm) can be punctured under ultrasound guidance,
whereas stereotaxy enables images of only 5 mm to be
punctured [2.6].

For preoperative localization ultrasound guidance
may be the best alternative. However, in those cases
where the lesions are small or difficult to visualize it
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may be desirable to confirm the concurrence of the
ultrasound and X-ray images: a needle can be positioned
under ultrasound and checked by two orthogonal
mammograms before its removal.
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chorionic villus sampling (CVS) 15,
45-57, 189-90
anatomical aspects 45-6
histology 46, 47
inadequate/contaminated samples 54
minimizing complications 56-7
in multiple gestations §2, 147
optimal timing 47, 56
patient counselling 6-7, 46—7
procedure 46-52
choosing technique s1-2
patient preparation 46—7
sampling techniques 49-52
PUBS after 92
safety/complications 52-6
transabdominal 20-1, 50, 51
catheters 48-9
double-needle technique st
single-needle technique 51
transcervical
catheters 48
minimizing complications 56—7
technique 49-51
vs amniocentesis §2—3, 63, 64
chromosomal abnormalities
in multiple gestations 72
prenatal diagnosis 47, 60
chromosomal analysis see karyotyping
chronic granulomatous disease 92
chylothorax, fetal 112
coelocentesis 39—43
embryology 39
for prenatal diagnosis 39, 43
safety/complications 43
success rates 41
technique 39-41
coelom, extraembryonic 39, 45, 46
coelomic fluid
biochemistry 39, 41~2
cell culture 43
physiological role 41—2

sampling volumes 41
colour Doppler
adnexal cystic masses 169—70
after ectopic pregnancy therapy 199,
201
amniotic fluid pockets 19
comet-tail (ring-down) artefact 13-14
congenital abnormalities see fetal
abnormalities
congenital heart disease 4
congenital infections, diagnosis 92—3
consent, informed 19
contraception, permanent 160
contrast resolution 13
Cook ‘X* hook 246-7
Coombs’ test 93
cordocentesis see percutaneous
umbilical blood sampling
cornual ectopic pregnancy 200-1
cortisol, fetal levels 28
coughing, urethral pressure profile
(UPP) during 230~1
counselling
for CVS 6-7, 46—7
in ectopic pregnancy 199
genetic 3—5
in multifetal pregnancy reduction
152
preconceptual 4
prior to interventional ultrasound
5=7
critical pressure 230
culdocentesis 186~7, 197-8
diagnostic 197
techniques 197-8
curettage, uterine 158, 160
CVS see chorionic villus sampling
cystic adenomatoid malformation
(CAM) type I 108, 112
cystic adnexal masses see adnexal cystic
masses
cystocele 235
cystostomy, fetal suprapubic 119
Cysts 1§
adnexal/pelvic, fluid evaluation
170-1, 185
breast see breast cysts
ovarian see ovarian cysts
peritoneal 171
pulmonary see pulmonary cysts, fetal
cytokines, amniotic fluid 803
cytology, fine-needle aspiration (FNAC)
breast 254, 255, 265
complications 262
spreading of material 255
summary of results 262
vs core biopsy 263
X-ray guidance 25863
ovarian/adnexal cysts 170-1, 185
pelvic masses 182
cytotrophoblast 46, 47
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dehydroepiandrosterone (DHEA), after
uterine/fetal surgery 36
Denver shunt 114
dermatocentesis (fetal skin biopsy) 15,
21
Doppler ultrasound
in intrauterine growth retardation

5
see also colour Doppler
Down’s syndrome (trisomy 21) 10, 47,
60
dye markers
breast masses 243, 247-8, 264
choosing 251
complications 250~1
in multiple gestations 723, 146

ecchymoses, breast 250
ectopic pregnancy I7I—4
after transcervical balloon tuboplasty
15960
cervical 2012
cornual/interstitial 200-1
diagnosis 173, 197
hyperthermia treatment 193
laparoscopic treatment 172, 174
transvaginal procedures 196-203
advantages 196
diagnostic 197-8
indications 173—4
pretherapeutic score 174
therapeutic 161, 162, 1971, 192,
198-202
tubal, salpingocentesis 172-3,
198-200
electromyography (EMG), needle
guidance 233—4
embolization, umbilical cord vessels
148—9
embryos
legal aspects 11
sex selection 8
embryo transfer 191-2, 2212
transabdominal 221
transcervical 221-2
endometrioma 167, 171, 221
endometriosis 168
‘end-on’ approach 16-17, 18
enterocele 234~5
ethical issues 7-10
abortion 8-9
multiple gestations 9-1o
prenatal diagnosis 7-8
Evans blue 247
exocoelomic cavity (ECC) 39, 40-1
exocoelomic fluid see coelomic fluid
experience, operator 14
in CVS 53
in multifetal pregnancy reduction
153
in PUBS 98
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fallopian tube
embryo transfer 221-2
occlusion, transcervical
management 159-60, 161
transcervical catheterization 158—61
fertility, after ectopic pregnancy 172
fetal abnormalities
after amniocentesis 68—9
after CVS 55-6
ethical issues 9
genetic counselling 3~5
legal abortion 11
in multiple gestations 9
PUBS in 92
fetal blood sampling 91—9
historical review 91
intracardiac approach 91
in twin pregnancy I47
umbilical cord approach see
percutaneous umbilical blood
sampling
fetal distress
in oligohydramnios 135, 137
see also eart rate, fetal
fetal hydantoin syndrome 10
fetal loss see miscarriage
fetal medicine
anaesthesia for 23—5
counselling 6-7
postoperative care 25§
preoperative assessment 24
ultrasound-guided techniques 20—2
fetal pressures see intrafetal pressures
fetal therapy 15
anaesthetic requirements 2.9
fetal monitoring 29, 125
tocolysis after 35—6
fetal therapy 15
patient counselling 7
principles of invasive 109
fetal transfusions 15, 103-6, 122
bolus 104
fetal immobilization 33
fetal stress response 28
indications 103-4
intrafetal pressure monitoring 138-9
intraperitoneal (IPT) 21-2, 104,
138—9
intrauterine exchange (IUET) rog4,
10§, I06
intravascular (IVT) 104, 139
results and follow-up 106
risks/preventive guidelines 104~6
technique 104
volume estimation 10§
feticide, selective
in multiple gestations 9-ro, 72,
1514
in twin-reversed arterial perfusion
sequence 148-9
see also multifetal pregnancy reduction
fetofetal transfusion syndrome see
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twin—twin transfusion syndrome
fetomaternal haemorrhage
post-procedure 5§, 70—I, 105-6
prenatal treatment 103, 106
fetoscopy 15,91
fetus
anaesthesia/analgesia see anaesthesia/
analgesia, fetal
compression, in oligohydramnios
135—6
effects of anaesthetic agents 24, 25
exsanguination risks 69, 94
immobilization 25, 334, 97, 114
monitoring of responses 28-9
pain sensation 2.7
perinatal assessment, PUBS for 94-5
research on 11
stress responses 27-8, 36
fibroadenomas, breast 251, 255-6
fine-needle aspiration biopsy see
cytology, fine-needle aspiration
fluids
intravenous, in fetal anaesthesia 35
overload, in fetal transfusion 105
fluorescence in situ hybridization
(FISH) 43, 92
Fraser syndrome 136
free-hand techniques 16-18
breast puncture 254
in ectopic pregnancy 196
in fetal medicine 20-2, 97
pelvic mass puncture 183—5
functional residual capacity (FRC),
after amniocentesis 70
Fusobacterium infections 78

gamete transfer 191—2
gastrointestinal tract
atresia, methylene blue-associated 73
fetal, injuries 69, To4
in pregnancy 2.3
general anaesthesia 25, 29
induction 23
maintenance 2.§
maternal/fetal blood gases 34
‘superficial’ 219
gene therapy, fetal 15, 125
genetic counselling 3-5
genetic disorders 43, 912
gestational age
amniotic pressure and 127, I30-I
CVS 47,56
early amniocentesis 63—4
gestational sac 39, 40, 45
glucose
amniotic fluid 8o, 81, 82
hyperosmolar 191
Gram stain, amniotic fluid 78-9, 81, 83
growth retardation, intrauterine see
intrauterine growth retardation

haematological disorders, inherited 92

haematoma
breast 250, 251
subchorionic, after CVS 54
umbilical cord, after amniocentesis
69
Wharton’s jelly 105
haemoglobin, target fetal level 105
haemorrhage/bleeding
after amniocentesis 68, 71, 72
after breast procedures 262
after CVS 54, 57
after ectopic pregnancy therapy 200,
202
after fetal transfusions 105
after myometrial biopsy 189
after PUBS 99
fetomaternal see fetomaternal
haemorrhage
intra-abdominal
after ovum recovery 220, 22T
postoperative 187
haemothorax, amniocentesis-associated
69
halothane, fetal anaesthesia 30~2
Harrison fetal bladder stent 114
hCG see human chorionic gonadotrophin
head, fetal, compression in
oligohydramnios 137
heart disease, congenital 4
heart rate, fetal
antepartum monitoring 94—5
monitoring during procedures 28-9,
99, 105, 122
in neuromuscular blockade 33
vs intrafetal pressure monitoring 139
hepatocentesis (fetal liver biopsy) 15, 21
Homer Mammalok Plus breast needle/
wire localizer 246, 247
hookwires, breast mass localization
complications 250, 251
mammographic guidance 2645
ultrasound guidance 243, 245-7
human chorionic gonadotrophin (hCG)
B-subunit see B-human chorionic
gonadotrophin
in coelomic fluid 42
hydrocephalus, congenital 109
hydrogel implants, polyacrylamide 238
hydronephrosis, fetal 110-11, 140
hydrops fetalis
fetal shunting 108-9, 112, 113, 117
fetal transfusions 103, 105
PUBS for evaluation 94
umbilical venous pressure 138
hydrothorax, fetal 112-13
intrapleural pressure 140
see also thoraco-amniotic shunting
hyperthermia treatment, ectopic
pregnancy 193
hypotension
fetal, in halothane anaesthesia 30
maternal, adverse effects 34
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in regional anaesthesia 24
hypoxaemia, fetal
in polyhydramnios 134
PUBS 94-5
hysterectomy, postoperative effusions
187-8
hysteroscopy, after transcervical
metroplasty 209
hysterosonography 158, 161

immunodeficiencies, congenital 92
immunoglobulin transfusion, fetal
1034
implants, in urinary stress incontinence
235-6, 237-8
India ink 248
indigo carmine, fetal identification 72
indocyanine green 248
indomethacin 24, 35, 132
infections
after CVS 55, 57
after fetal shunting 116
after ovum recovery 221
congenital, diagnosis 92—3
intra-amniotic see intra-amniotic
infections
transfusion risks o5
see also microbial invasion of
amniotic cavity
infertility, septate uterus causing 206,
209
inhalational agents
fetal anaesthesia 29, 30-2, 35
maternal anaesthesia 25
tocolytic effects 35
interleukin-6 (IL-6), amniotic fluid
80—3
interstitial line 200
interventional ultrasound
breast 253-7
cervix 161—4
counselling prior to 5-7
in daily gynaecological practice
157-64
ethical issues 7-10
fallopian tube 158-61
in fetal medicine 20—2
history of development 15-16
legal issues To-11
maternal abdomen entry sites 20
new techniques 6, 7
procedures 14-15
risks §5—6, 104—5
technical aspects 15-19
uterine cavity 157-8
intra-amniotic infections
after amniocentesis 68
amniocentesis for diagnosis 75-83
amniotic fluid culture 75-8
rapid diagnostic methods 78-83
intracardiac route

fetal blood sampling 91
fetal transfusion 104
intrafetal pressures 137—40
in body cavities 140
in intrauterine transfusions 138-9
measurement methods 129
referencing techniques 129
sources of error 129-30
vascular 137-8
intramuscular route, fetal anaesthesia
29, 33
intraosseous route, fetal anaesthesia 29
intraperitoneal pressure (IPP), fetal
138-9, 140
intraperitoneal route
fetal anaesthesia 29-30
fetal transfusion (IPT) 21~-2, 104,
138-9
intraumbilical pressure (IUP) 138
intraurethral ultrasonography 223
intrauterine device (IUD) 157, 159,
160
intrauterine exchange transfusion
(IUET) 104, 105, 106
intrauterine growth retardation (IUGR)
nutrient supplementation 125
PUBS 92, 94-5
intrauterine pressure 127—41
manometric measurement system
127-30
materials/methods 128-9
sources of error 129-30
see also amniotic pressure; intrafetal
pressures
intravascular transfusions, fetal (IVT)
104, 139
intravenous anaesthesia, fetal effects
25,32
intravenous fluids, in fetal anaesthesia
. 35
intravenous route
fetal anaesthesia 29, 33
fetal transfusion 104
intraventricular haemorrhage, fetal
stress and 27
introital ultrasonography 223, 224
invasive procedures, ultrasound-guided,
see interventional ultrasound
in vitro fertilization (IVF) 216
embryo transfer 221-2
oocyte retrieval 185-6, 216~21
ovulation induction-ovarian
stimulation 216
isoflurane, fetal anaesthesia 30-1, 32

karyotyping (chromosomal analysis)
amniocentesis for 60, 63
coelocentesis for 43
fetal blood sampling for 91—
kidneys
dysplastic 111
pressures within 140
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see also renal function
Kopans spring hook localizer needle

246, 247

laboratory errors/misdiagnoses 11
labour
amniotic pressure during 130
preterm see preterm labour
laparoscopic ultrasound technology
21115
equipment 21T, 212,272,213
gynaecological case histories 211-14
other clinical applications 214-15
laparoscopy
diagnostic 181
in ectopic pregnancy therapy 172, 174
Laplace’s law 127, 135
laser therapy
in fetal obstructive uropathy 119
in twin-reversed arterial perfusion
sequence 148
in twin-twin transfusion syndrome
147-8
lateral resolution 13
leak point pressure 230
legal issues 1o~11
levator anii, effort of retention 231
limb injuries, fetal 69
limb reduction defects, after CVS 556
liver
biopsy, fetal 15, 21
cancer, laparoscopic staging 215
local anaesthesia 18-19
for breast procedures 253, 260
in fetal medicine 20, 24—5
fetus 24-5, 30
in multifetal pregnancy reduction 153
in oocyte retrieval 219
local anaesthetics, fetal effects 24
lung
development, after amniocentesis 70
hypoplasia see pulmonary hypoplasia
liquid, in oligohydramnios 136
lymphocytes, cord blood 60, 92

magnesium sulfate 35
malignant tumours
breast 262
laparoscopic staging 214-15
pelvis
interstitial brachytherapy 192
laparoscopic staging 214-15
management 180, 181
ultrasound criteria 169, 179, 180
ultrasound-guided puncture 166—7
malpractice, medical 10-11
Mammofix device 246, 247
mammography
complementarity with ultrasound
265
for confirming lesion localization
248-9
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mammography, continued
in interventional mastology 258-65
complications 262
indications 258
pitfalls 261—2
technique 2§58-60
vs ultrasound guidance 262-3
postoperative 250
for preoperative localization 243,
244, 250, 2635
surgical specimens 249-50
manometry
fluid-filled systems 128-9, 130
intrauterine pressure measurement
127-30
pressure-tip systems 129, I3T
sources of error 129-30
in urogynaecology 224
maximum cough bladder hyperpressure
230
mechanical trauma, multifetal pregnancy
reduction 152
megacystis 110, ITT
membranes, fetal
injury in CVS 54, 57
premature rupture see premature
rupture of membranes
metallic devices
breast mass localization 245-7, 248,
264-5
choice 251
complications 250, 251
ring-down artefact 13-14
metastatic tumours, biopsy 191
methadone 32
methotrexate (MTX) injection
in cervical pregnancy 202
in cornual/interstitial pregnancy 200,
201
in ectopic pregnancy 174, 191
local vs systemic (intramuscular) 173
in tubal pregnancy 172-3, 198-9, 200
methylene blue
as breast mass marker 247, 251, 264
breast pain after 250—1
for fetal identification 72~3
metroplasty, transcervical 205-10
microbial invasion of amniotic cavity
(MIAC)
amniotic fluid culture 75-8
diagnosis using amniocentesis 75-83
rapid diagnostic methods 78-83
micturition see urination
middle axis technique, breast puncture
254
middle cerebral artery Doppler
pulsatility index 28
minimally invasive (MIS) cancer staging
214-1§
minimum alveolar concentration
(MACQC), in fetal anaesthesia-30,

31,31
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mirror-image artefact 14
miscarriage
after amniocentesis 63—4, 65, 66,
67-8
in multiple gestations 73-s5, 146—7
risk factors for 7o-1
after CVS 52, 53—4, 56
after multifetal pregnancy reduction
152-3
after PUBS 98-9
recurrent, in septate uterus 206
misdiagnosis, legal aspects 11
monkeys, amniocentesis studies 69—70
monoamniotic twinning, diagnosis 73
monochorial fetuses, in multiple
gestations 15T
morphine 32,35, 36
Mouchel’s operation 235
Mouchel surgical urethrometer 235
multifetal pregnancy reduction (MFPR)
TI§I—4, 19T
outcome/complications 1523
postoperative follow-up 152
preoperative counselling 152
transabdominal needling 152
transcervical aspiration 151
transvaginal needling 152
ultrasound guidance 151
multiple gestations
amniocentesis 72—§
monoamniotic twinning and 73
needle insertion techniques 73,
146
safety 73~5, 146-7
CVS 52, 147
ethical issues 9-10
fetal shunting 110
individual fetus identification 52, 72
selective termination 9-10, 72
see also twin gestation
muscle relaxants see neuromuscular
blockers
Mpycoplasma (hominis) infections
amniotic fluid discoloration 71
diagnosis 79
in preterm labour/PROM 76, 77, 78
myoma, uterine 214
myometrial biopsy 188—9

nail hypoplasia 56
narcotics, see opioids
National Organization for Rare
Disorders (NORD) 4
near-field artefact 13
needle guides, fixed 16
for amniocentesis 62
for fetal blood sampling 97
for pelvic mass puncture 183
needles
amniocentesis 61, 64
for breast procedures 243, 244-5,

253

flexibility, in breast puncture 261
free-hand insertion see free-hand
techniques
for PUBS 98
ring-down artefact 13-14
sono-enhanced 18
‘tip-echo’ 245, 254, 255, 256
visualization 17, 18
negligence, medical 1o
Neisseria gonorrhoeae cultures 46
neural tube defects
in multiple gestations 72
prenatal diagnosis 60, 62—3
neuromuscular blockers (muscle
relaxants)
fetal immobilization 2.5, 33~4, 97,
114
routes of administration 29
nitroblue tetrazolium dye reduction
test 92
nitroglycerin 35
nociception
adverse effects on fetus 27-8
fetal 27
Noonan syndrome 4
nuchal fold thickening 47

obstructive uropathy, fetal 108,
I10-12
fetal shunting see vesico-amniotic
shunting
new developments 119
outcome 118
urinary pressures 140
ocular injuries, fetal 69
oestradiol (E2), cyst fluid 170, 171,
185, 186
oestrogen, maternal levels 36
oligohydramnios 134—7, 140
after CVS 54-5
amnio-infusion 110, 115, 136~7
amniotic pressure I34—§
effect of amnio-infusion 136-7
fetal compression and 135-6
complications 134-5
diagnostic assessment 110
fetal shunting 111-12, 115
sequelae 135-6, 137
oocyte (ovum) retrieval 15, 185-6,
2I6-2I
anaesthesia/analgesia 184, 185,
216-17, 219
perurethral aspiration 217
transabdominal 216-17
transvaginal 217-21
anaesthesia/analgesia 219
equipment 217, 218, 219, 220
problems/complications 220-1
procedure 218-19, 220
vaginal preparation 218
opioids, in fetal analgesia 25, 32
ornipressin 189



oromandibular-limb hypogenesis
syndrome 55, 56
orthopaedic abnormalities, after
amniocentesis 69
ovarian cysts
expectant management 168
fluid appearance/analysis 170-1,
185, 186
fluid CA 125 levels 170
functional 168, 171, 181, 185
modern management 1701, 179,
181
ultrasound criteria 169
ultrasound-guided puncture 168-9
ovarian stimulation 216
ovarian tumours
benign 167
malignant 166~y
ultrasound criteria 169-70
ovaries
abscess, after ovum recovery 221
bimanual palpation 157
biopsy 191
laparoscopic ultrasound 214
remnants, detection 211-13
ovulation induction 216
ovum recovery see oocyte (ovum)
retrieval
oxygen
fetal supply, in anaesthesia 34—5
maternal supplementation 34
oxytocin antagonists 36

pain
breast interventional procedures
2501
fetal perception 27
in utero assessment 2.8
long-lasting sensitization 28
see also anaesthesia/analgesia
pancreatic cancer, laparoscopic
staging 21§
pancuronium 33
paracervical block 219
‘parallel’ (side-on) approach 16, 17
parametrial biopsy 191
parametrial effusions, postoperative
187-8
parasitic infections, congenital 92—3
parvovirus Brg infections 93, 103, 106
pelvic abscess
after oocyte retrieval 221
management 18x, 188
pelvic masses 179-85
benign tumours 179, 180, 181
biopsy 191
diagnosis and management 179-81
malignant see malignant tumours,
pelvis
sonographically-guided puncture
181~5
transabdominal route 182

transvaginal route 182~5
see also adnexal cystic masses;
ectopic pregnancy; ovarian cysts;
ovarian tumours
pelvis 179-94
future outlook 193-4
injection procedures 191-2
interstitial brachytherapy 192
postoperative effusions 187-8
tissue biopsy techniques 188-91
percutaneous umbilical blood sampling
(PUBS, cordocentesis) 15, 919,
I22
anaesthetic requirements 29, 97
complications/failure rate 98—9
fetal stress response 2.8
historical review 9x
indications 91~5
patient counselling 6-7
techniques 21, 22, 95-8
free loop of cord 96-7
intrahepatic umbilical vein 96, 98
in twin-reversed arterial perfusion
sequence 149
pericardial effusion, fetal 112-13
perinatal complications, after CVS 55
peritoneo-amniotic shunts 113, 115, 116
peritonitis
after oocyte retrieval 221
granulomatous 167
perpendicular offset approach 16, r7
phalanx, shortened distal 56
phantoms 17-18
piezoelectric effect 12
placenta
anastomoses, laser coagulation 147-8
position
CVS technique and 20-1, 52, 54,
56=7
umbilical vein catheterization
and 122
transfer of anaesthetic agents 29, 32
see also uteroplacental perfusion
placental lakes, avoidance during
CVS 47,57
platelet
alloimmunization 94, 103, 105
transfusions, fetal 94, 103
pleural effusions, fetal 108-9, 112~13
outcome 117-18
percutaneous aspiration II13
shunting see thoraco-amniotic
shunting
pneumonia, neonatal, after amniocentesis
70
pneumothorax
after thoraco-amniotic shunts 118
amniocentesis-associated 69
polyhydramnios 131—4, 140
amniotic pressure I3I—4
effect of fluid drainage 1313
impaired uteroplacental perfusion

Index

and 133—4
complications 131-2
fetal shunting procedures 108-9,
113, 115
treatment 132, 134
in twin pregnancy 147
polymerase chain reaction (PCR) 43,
93
polymorphic traits, prenatal selection 8
polytetrafluoroethylene (PTFE) slings
237,238
porencephalic cyst, after amniocentesis
69
positioning, patient
for anaesthesia in pregnancy 24
for breast procedures 244, 253,
258-9
in urogynaecology 224, 232
posterior urethral valves (PUV) 110
postoperative care, in fetal medicine 25
postoperative intra-abdominal effusions
187-8
potassium chloride (KCl) 191
in cervical pregnancy 202
in cornual/interstitial pregnancy 200,
201
multifetal pregnancy reduction 152,
191
in tubal pregnancy 198-9, 200
pouch of Douglas aspiration see
culdocentesis
prealbumin, coelomic fluid 42
preconceptual counselling 4
pregnancy
anaesthetic techniques 24—5
physiological changes 23-4
pregnancy loss
after amniocentesis 63—4, 73~5
after CVS 53-4
after PUBS 98—9
see also miscarriage
preimplantation diagnosis 8, 11
premature rupture of membranes
(PROM)
after umbilical cord ligation 149
amniocentesis and 68, 70
amniotic fluid indicators of
infection 81, 82
CVS and 54
fetal blood sampling 95
intra-amniotic infections and 75-8
premedication 24
prenatal diagnosis
amniocentesis for 6o
coelocentesis for 39, 43
ethical issues 7-8
genetic counselling 3—4
legal aspects 1o, 11
patient counselling 6-7
PUBS for 91—2
ultrasound-guided procedures 158
preoperative anaesthetic assessment 2.4
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‘prepubien’ structure 226
contraction 226, 227
digital compression 227
during holding 231
therapeutic section 227
pressure, definition 127
pressure transmission ratio (PTR) 230
preterm labour
amniotic fluid indicators of infection
80, 81, 82
interventional techniques inducing 2.4
intra-amniotic infections and 75-8
multifetal pregnancy reduction and
153
prophylaxis 25, 35-6, 116
primates, non-human
amniocentesis studies 69—70
umbilical vein catheterization 124,
12§
probes, ultrasound see transducers,
ultrasound
progesterone, cyst fluid 170, 185
prolapse, evaluation 234—5
propofol, patient-controlled sedation
34
prostaglandin injection, in ectopic
pregnancy 198
prostaglandin synthesis inhibitors 35,
132
protein, coelomic fluid 41-2
pseudomyxoma peritonei 167
pubic bone 224, 225
PUBS see percutaneous umbilical blood
sampling
pulmonary cysts, fetal 108-9, 112-13
aspiration 113
shunting see thoraco-amniotic
shunting
pulmonary hypoplasia (PH)
amnio-infusion for prevention 137
antenatal diagnosis 140
fetal shunting and 117-19
intrapleural pressures 140
in oligohydramnios 1346
in urinary tract obstruction III~12
pulmonic stenosis 4

radiography
surgical specimens 249
see also mammography
red blood cell alloimmunization
diagnostic amniocentesis 93
fetal transfusion therapy 106
see also Rhesus (Rh) alloimmunization
refractive shadowing artefacts 14
regional anaesthesia, in fetal medicine
24-5
renal function
after vesico-amniotic shunting 116
fetal assessment 111, 119
respiratory complications, after
amniocentesis 69—70
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respiratory distress syndrome, neonatal
70
respiratory function, in pregnancy 2.3
Retzius space 225, 226
reverberation artefact 13
Rhesus (Rh) alloimmunization
after CVS 35
after fetal transfusion 105-6
amniocentesis and 712
diagnosis 93
fetal transfusion therapy 103, 106
ring-down artefact 13-14
Rocket fetal catheter 114, 116
rubella, congenital 92—3

sagittal section, in urogynaecology
225-6
saline injection, multifetal pregnancy
reduction 152
salpingectomy, laparoscopic 172, 174
salpingocentesis 198-200
in ectopic pregnancy 172-3, £98-9
technique 199200
salpingotomy, laparoscopic 172, 174
sedation, maternal
for fetal anaesthesia 25, 29, 32, 35,
1
maternal/fetal blood gases 34
patient-controlled 34
premedication 24
severe combined immunodeficiency

(SCID) 92
sex
determination, from coelomic fluid
43

selection 7-8
shadowing artefacts 14
sheep
fetal anaesthesia 30-2, 33, 34-5
maternal intravenous fluids 35
shunts, fetal 21-2, 108-19
anaesthetic requirements 2.9
applications 108, 109
case selection 109-13
complications 115-16
contraindications 1ro
delivery and shunt removal 118
follow-up 117-18
insertion techniques 113-15, 116
outcome II8-I9
pathophysiology 108-9
types 114
sickle cell disease 43
side-lobe artefact 14
‘side-on’ (parallel) approach 16, 17
single-operator technique 16, 97
skin
biopsy, fetal 15, 21
fetal, inadvertent puncture 69
marking, breast masses 264
slice thickness 196

sphincteral zone, urethral 225, 226-228

spinal anaesthesia
fetal Jambs 30
maternal 24
stem cells, fetal transplants 15, 103—4
sterile techniques 18
sterilization, transcervical tubal
catheterization in 160
stress incontinence see urinary stress
incontinence
stress response, fetal 27-8, 36
subchorionic haematoma, after CVS 54
sulindac 132
sulphan blue 247
surgical specimens, breast lesions
249-50
syncytiotrophoblast 46, 47

talipes 135, 137
target size, minimum 19
Tay-Sachs disease 1o
termination, pregnancy see abortion,
induced
testosterone, cyst fluid 185
thoracic lesions, after amniocentesis 69
thoraco-amniotic shunting 2.2, 108-9,
112-13
aims II3
complications 115, 116-17
delivery and shunt removal 118
lung expansion after 117-18, 140
outcome II8-19
technique 114, 115
thrombocytopenia
with absent radii (TAR) syndrome
93
alloimmune 94, 103
amegakaryocytic 93
autoimmune 103
fetal 93—4, 103
idiopathic 93—4
‘tip-echo’ 245, 254, 255, 256
tocolysis 25, 35-6
toluidine blue 247
toxoplasmosis, congenital 93
transcervical metroplasty 205~10
long-term outcome 208-9
operative technique 205, 206, 207,
208
patient selection 205—6
post surgical evaluation 206-8
transducers, ultrasound 12, 16
for amniocentesis 61—2
curvilinear 16, 20
with fixed needle guides see needle
guides, fixed
linear 16, 253
with needle ports 16
sector-scanning 16
sterility 18
in urogynaecology 223—4
transfusion
fetal see fetal transfusions
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fetomaternal see fetomaternal
haemorrhage
intrauterine exchange (IUET) 104,
105, 106
risks 105
transparietal ultrasonography 223
transperineal ultrasonography
cervical length assessment 162
in urogynaecology 223—4
transrectal ultrasound 223, 224
transvaginal ultrasonography
in cervical incompetence 1623
in ectopic pregnancy see ectopic
pregnancy, transvaginal
procedures
ovum recovery 217-21
pelvic masses 179, 182—5
in urogynaecology 223, 224
trisomy 21 (Down’s syndrome) 10, 47,
60
trophoblast cells, in endocervical canal
46
tubal ectopic pregnancy, salpingocentesis
172—3, 198~200
tubocurarine, fetal immobilization 33
tuboplasty, transcervical balloon
159—60, I61
tumour markers, adnexal cysts 170,
185, 186
twin gestation 1469
amniocentesis 72—§, 146—7
safety 73-5, 146-7
single-needle insertion technique
73> 146
amniodrainage 147
CVS 52,147
diagnosis of chorionicity 146
fetal blood sampling 147
fetal transfusions 106
twin-reversed arterial perfusion (TRAP)
sequence
fetal blood sampling 95
selective feticide 148-9
twins
acardiac see twin-reversed arterial
perfusion sequence
monoamniotic, diagnosis 73
twin-twin transfusion syndrome 147
fetal blood sampling 95
laser coagulation of placental
anastomoses 147-8
polyhydramnios 132, 133—4
two-operator technique 16
for CVS 49
for fetal blood sampling 97

ultrasonohysterography 158, 161
ultrasound
artefacts 13-14, 224
beam see beam, ultrasound
frequency 12

optimizing machine settings 18
physics 12-13
umbilical artery blood velocity
waveforms 95§
umbilical blood sampling, percutaneous
see percutaneous umbilical
blood sampling
umbilical cord
catheterization see umbilical vein,
catheterization
compression, in oligohydramnios
135, 137
endoscopic ligation 149
haematoma, after amniocentesis 69
tamponade 105
vessels
laser coagulation 148
therapeutic embolization 148—9
umbilical vein
catheterization (chronic) 122-5
baboon model 124, 125
follow-up and complications 125
indications 122
operative guidelines 122
technique 122-4
checking origin of blood 98
cord insertion site sampling 96
intrahepatic
pressure 138
sampling 96, 98
laceration 105
sampling in free loop of cord 96-7
umbilical venous pressure (UVP) 138
in fetal transfusions 139
in hydrops fetalis 138
Ureaplasma urealyticum infections 68,
71,78
ureteral ‘squirts’ 225
urethra
angulation 224
instability 226, 227, 233
intrasphincteral injections 2356
sphincteral zone 225, 226, 228
thickness 228
total length (TUL) 227, 228, 229—
30,235
urethra-horizontal angle (U-H) 228,
229
urethral closure pressure, maximum
(MUCP) 229, 230, 231
urethral pressure profile (UPP)
during coughing 230-1, 235
during holding 231
measurement 22.4
resting 228-30
urethral pulse, ultrasonographic (UUP)
228-9, 230
urethral valves, posterior (PUV) 110
urethrocystometry 226-7
urethrography, during urination 233
urethrometer
calcified cursor 227, 22.8
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Mouchel surgical 235
urethro-vesical angle 224
urethro-vesical unit, position of 229,

230
urinary sphincter, artificial 235
urinary stress incontinence 223
diagnosis 230-1, 234
surgery 234-8
intraoperative ultrasound 235-6
postoperative assessment 236-8
preoperative assessment 234-—5
urinary tract
female lower
manometric parameters 229-30
ultrasonic parameters 228-9
obstruction see obstructive uropathy,
fetal
urination

soft tissue movements 233

ultrasound study 232-3

urethrography during 233
urine

fetal, analysis 111

residual 233
urodochocentesis 21
urodynamic ultrasonography

imaging methods/equipment 223-6

manometric vs ultrasonic parameters

22930

procedures 226-34
uroflowmetry 232-3
urogynaecology 223-38

choice of methodology 2234

classical sagittal section 225-6

imaging in practice 2.24-5

manometric catheters 224

patient positioning 224
uterine contractions

amniotic pressure changes 130

CVS and 47, 48

suppression of post-surgical 35-6
uterine infections

after amniocentesis 68

after CVS 55, 57

see also intra-amniotic infections
uterine septum 205-6

transcervical section 205-10
uterine tone, amniotic pressure and

130-1
uterine vein oxygen content 34—53
uteroplacental perfusion

in inhalational anaesthesia 32

raised amniotic pressure and 133—4
uterus

bimanual palpation 157

cornual/interstitial, ectopic pregnancy

200-1
instrument entry sites 20
interventional ultrasound procedures
157-8
minor surgery 157-8, 160
myoma 2I4
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uterus, continued
position, CVS technique and 52, 567
postpartum evaluation 158

vaginosonography see transvaginal
ultrasonography

vasovagal reactions, breast procedures
250, 261

ventilation, in maternal anaesthesia 25,

34
ventriculomegaly, fetal 108, 109, 113
vesico-amniotic shunting 21, 108,
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aims IIX, 112
complications 115-16
delivery and shunt removal 118
follow-up 117
technique 114, 115
viral infections
congenital 92-3
transfusion risks 1o§
vital capacity, crying, after
amniocentesis 70
vitelline duct 42

Wharton’s jelly haematoma 1os
white blood cell count,
amniotic fluid 79-80,
81, 82
Wiskott—Aldrich syndrome 93
‘wrongful birth’ actions 10
‘wrongful life’ actions 10

yolk sac 39, 40

zygote intrafallopian transfer (ZIFT)
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